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METAL-CONTAINING MONOMER DISSOLVED MIXTURE,

ME TAL-CONTAINING _RESIN AND ANTIFOULING PAINT COMPOSITION

‘ BACKGROUND OF THE INVENTION
1. - Fleld of the Invention:
The present invention relates'to a metal-containing monomer
dissolved mixture,- a metal—containing resin and an antifouling

paint comp051tlon More partlcularly, the present invention

_relates to a metal- contalnlng monomer dlssolved mlxture which

is soluble in a general organlc solvent, excellent in storage
stability and can be mixed with a general acrylic monomer and
the like; a metal—containing resin solub_le in a general organic

solvent obtained by us ing the metal-containing monomer dissolved

: _mlxture as a- raw materlal, and antlfoullng palnt comp051tlon _

'manlfestlng antlfoullng effect in sea for a’'long perlod of tJ.me

2. Description'of the Prior' Art: |

Metal—.containing' monomers have been conventionally
investigated to be used as an additive into an aqueous paint,
aqueous ink, ultravmlet ray-curlng materlal and the like, and

usually, handled_ in the form of a powder or aqueous solution.

"In the case of a powder-) it can be used as a modifier and the

like for generally ﬁeed resins such as an acrylic resin, epoxy
resin,- urethane j:esin, polyester resin and the like, and in the
case of an aqueous solution, i_t can be used as a cross-linking
agent and the like for a water-soluble resin and emulsion resin.

Metal-containing resins can be applied to various uses, and

among them, use as a resin for an antifouling paint utilizing
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hydrolysis property thereof .is expected.
An antifouling paint is painted, for example, on parts of

ships and marine structures immersed in water for the purpose

of preventing corrosion due to adhesion of marine organisms such

as'barnacle,_teredo, algae and the like and reduction in -
navigatincj speed of a ship. Further; the same antifouling paint
is painted alsoona fish farming net for the purpose of preventing
death of fishes due to_adheSion of marine organisms.

A painted film formed of such an antifculing paint manifests
an entifouiingieffect, for example, by eluticn-of a roSin;based'
compound and antifouling component contained in the film into

sea. However, when this painted film is immersed in sea for a

" long period of time, the proportion of an elution component
. _decreases gradually to 1ncrease the proportion of non—eluting

'components, Simultaneously the surface of the painted film

becomes uneven, consequently, there is a tendency of significant
reduction in an effect of preventing adhes.wn of organisms such
as marine organisms and the like. .

An o‘rganotin—base'd paint is conventionally used as an
antifouling paint. 'fhis organetin—based antifouling paint is
characteristic in that a painted film formed is gradually solved
from-the' surface of the film to r_enew the su‘rf_ace.} and .en
antifouling component is constantly-exposed on the surface of
the film (self polishing), consequently, an antifouling effect
is manifested for a long period of time. |

However, there is an afraid that an organotin-based
antifouling paint exerts a reverse influence on fishes due to

strong toxicity of organotin. Therefore, paints containing no
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organotin are on investigation. For example, an antifoullng

paint using an organosilicon-containing resin in which an or-
ganosilicon ester is introduced in a side chain, and antifouling
paints using resins containing other metals then tin, havelbeen
suggested. Anong others, antifouling paints using resins con-
taining other metals.than tin are noticed from the standpoints

of an antifouling.effeCt, cost and the like. For example, JP-A

. No. 63-56510.describes that a disintegrating type vinyl resin

pafticle obtained by polymerizing a metal~es£er type
polyfunctional'polymefizable nonomer can be added in an
antifouling paint.

However, a palnted.film containing such a disintegrating
type vinyl resin particle has problem that when immersed in sea
for a. long perlod, the surface of the fllm beeomes uneven, "and
an antlfoullng ablllty thereof decreases 51g11f1cantly For_'“
solving this problem, it is necessary that the metal-containing
resin functions as a vehicle component of an'antifouling‘paint,
however,_slnee a particle of such a.metal—containing resin is
scarcely soluble in a general solvent, use as a vehicle component
is difficult. Namely, a metal- contalnlng resin soluble -in
general solvent has been des1red as a resin for an antifouling
paint. -

For example, JP-B No. 61-3830 suggests a metal-containing
resin obtained by ion-changing a high acid value polymer or.
copolymer haviné a carboxyl group with a metal salt solution,
and causing precipitation of a resin with an aqueous medium.
Further, JP-A No. 5-171066 suggests an antifouling paint

composition using as a vehicle component a copolymer .consti'tuted

T
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of a monomer having two or three double bonds and containing a
metal. Further, JP-A Nos. 62-57464 and 62-84168 suggest self
polishing type antifouling paint compositions using a copolymer

having a specific divalent metalfcontaining group at the end of

a side chain.

"Most of metal-containing monomers typified by metal salts
of polymerizable unsaturated organic acids are solid powdefs
under normal temperature'and normal pressure, and easily dis-
solved in water, however, are not easily dissolved in general
organic solvents. Such metal-containing monomers are dissolved
in slight amount io a large amount of alcohol-based soltent,
howevef, when left'for a certain'period, manifest a tendency of
deposition of a crystal,.leading to poor storage stability.

When a metal containing res:.n lS produced by copolymerimng :
a metal contalnlng monomer Wlth an acrylic monomer and the like.
in an organic solvent, copolymerizing property 1s low because
a metal- -containing monomer is not easily dissolved also with an
acrylic monomer, and it is difficult to introduce a metal in
sufficient amount into a polymer. Further, when a metal;
containing monoher is added as a cross-linking agent to an acrylic
oligomer or the li];:e‘ which is a ultraviolet ray-curing material,
to produce a metal-containing resin, degree of cross—linking is
low because the monomer is not easily solved uniformly in the
oligomer, consequently, it is difficult to obtain sufficient
abilities. |

When a metal-containing resin obtaihed by introducing a
metal salt into a high acid value resin described in JP-B No.

61-3830 is used as a resin for an antifouling paint, there is
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a tendency of decrease in water-resistance and antifouling

' property for a long period of a painted film. Further, this

metal-containing resin has a problem that when copper oxide
generally used as an antlfoullng agent causing duratlon of an
excellent antlfoullng effect in sea for a long perlod of time
is added, the paint is easily gelled.

Moreover, a _metal-contairiing monomer described in JP-A No.
5-171066 has a problem that copolymerizability with'acrylic

monomers and the like is low, and a copolymer insoluble in a

‘solvent is often obtained, because this metal-containing monomer

is not easily dissolved with an organic solvent and acrylic
monomer and the like as described above. Further, a filmobtained
from this antifouling paint composition tends. to easily cause .
cracklng and peellng w1th the". lapse of time. L

| Furthermore, when re51ns hav1ng a spec1f1c dlvalent
metal-containing group at the end of a 31de chain described in
JP-A Nos. 62—57464 and 62-84168 are used as a resin for an
antifouling resin, stability of hydrolysis of the film is low,
and antifouling property of a long period is insufficient.
Additionally, thereis al.problem that, when copper oxide is added,
self pollshlng property decreases, and this tendency becomes
remarkable partlcularly in a paint stored for a long perlod of

time.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
metal-containing monomer dissolved mixture which is soluble in

a general organic solvent, excellent in storage stability and
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can be mixed with a general' acrylic monomer and the like, a
metal-containing resin soluble in a general organic solvent
obtained by using this monomer dissolved mixture as a rawmaterial,
and an antifouling paint composition manifeoting -dura'tion of an.
Iantifouling effect in sea 'for a long period of time. |
The present inven,i:ors have'intensively studied for

attaining the above-mentioned obj e.ct, and résultantly found that
a metal-containing monomer dissolved miktnre comprising, as
constituent components, a reaction product of an inorganic metal
compound with a carboxyl group-containing radical polymerizable
monomer, a specificorganic solvent, and water of specific anount;
and a metal-containing resin obtained by u_sinq this monomer

dissolved mixture as a raw material, perform an excellent effect,

-and that. an antlfoullng palnt CompOSlthn contalnlng thls

metal conta1 ning resin as a vehicle component, and an anti foullng

resin composition comprising a divalent metal-containing resin,

a specific compound and copper oxide perforni an excellent effect,

leading to completion of the present invention.
Namely, the present invention provides a metal-containing
roonomer dissolved mixture comprising a reaction product of an

inorganic metal compound with a carboxyl group-containing

. radical polymerizable monomer, an organic solvent including at

least an. alcohol-based solvent, and water, wherein the water
content is from 0.01 to 30% by weight; further, ametal-containing
resin obtained by copolymerizino the metal-tontadning monomer
(A) in this mixture with the other radical-polymerizable
unsaturated monomer (B).

Further, the present invention provides an antifouling
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‘paint composition obtained by using the above-mentioned-

metal-containing resin, and an antifouling paint composition
comprising a divalent metal-containing resin (C), a compound (D)
of the followihg generél formula (I), and copper 6xide (E) s
CR-SH (I |
wherein, R! represents an organic group having 1 -to 30 carbon

atoms.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the present invention, the inorganic metal compound is

used as a constituent component of a metal-containing monomer

dissolved mixture which is soluble in an organic solvent, and

reacts with a carboxyl Igroup-contjaining radical polymerizable
monomer to -fbrn} a.metal salt: As the inorganic metal compound,
fof ékaxﬁplé, ox-ide"s-','.hydfoxideé-, chior-:.'L:de's and thé like ‘_c.>-f me'.tals',
are listed. The inofganic metal compound is not limited to them,
and those reacting with a carboxyl group to form a metal salt
can be used.

As the oxiqe of a metal, for example, zinc oxide, aluminum
oxide, calcium oxide, copper oxide, magnesium oxide, manganese
oxide and the like are listed. As the hydroxide of a metal, for
examplé, zinc hydroxide, aluminum hydroxide,' calcium hydroxide,
copper hydroxide, magnesium hydroxide and the like are listed.
As the chloride of a metal, for example, zinc chloride, aluminum
chloride, calciumchloride, cupric chloride, magnesiumchloride,
manganese chloride and the like are listed.

Metals of the inorganic metal compound are selected from

the group consisting of Ib, IIa, IIb, IIIa, IIIb, IVa, IVb, Va,
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Vb, VIb, VIIb, and VIII group metals in the periodic table, and
if necessary, two or more of them may be used. Among them, zinc,
magnesium, calcium, copper and aluminum are preferable because

a mixture containing them tends to be excellent in storage

stability. Further, zinc, magnesium, calcium and aluminum were

preferable because resins obtained from them are excellent .in
transparency. Particularly, divalent zinc and magnesium are
preferable because increase in viscosity in producing a resin
can be suppressed. When copper is used as ametal in the inorganic
metal compound, zinc is preferably used together for the purpose
of increasing copolymerizability with an acrylic monomer. From
the standpoint of use in an antifouling paint, when zinc or |
magnesium-is used as a metal in the inorganic metal comp'ound,
hue of a fllm of an antlfoullng palnt tends to become beautlful
because the resulted metal contalnlng resin has hJ.gh o

transparency, further, because solubility thereof in a general

organic solvent is high, productivity of a resin becones good, -

and Viscosity of the resultant resin and paint tends to be easily:

controlled by a diluting solvent.l Particularly, when zinc is

more preferably used because water-resistance of a film becomes

.good.

In the present invention, disclosed as examples of the
carboxyl group-containing radical polymerizable monomer are
methacrylic acid, acrylic acid, itaconic acid, (anhydrous)

maleic acid, monoalkyl itaconate (alkyl is, for example, methyl,

. ethyl, butyl, 2-ethylhexyl or the like), monoalkyl maleate (alkyl

is, for example, methyl, ethyl, butyl, 2-ethylhexyl or the like),

and the like. These can be used alone or in combination of two
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or more selected appropriately. Among them, methacrylicacid and
acrylic acid are preferable because storage stability of the
mixture for a long period is excellent. |

In the-present invention, the organic solvents include at
least an'aloohol—based solvent. As the alcohol-based solvent,
ethanol,isopropanol,butanol,propyleneglycolmonomethylether
and the like are preferable, particularly from the standpoint
of solubility of a metal salt compound (reaction product). It
is not preferable to use an organic solvent containing no
alcohol-based solvent because the solution easily loses flow-
ability and is solidified in reaction, and it is difficult to
obtain a solution in a transparent ‘state.

Further, if necessary, a mixed solvent composed of an

,alcohol based solvent and other organlc solvents can be used

" As other organlc solvents, there ‘are llsted, for example,

aliphatic hydrocarbon-based solvents such as pentane, hexane,
heptane and the like; aromatic hydrocarbon-based solvents such
as benzene, toluene, xylene and the like; ester-based solvents
such as ethyl acetate, butyl acetate, isobutyl acetate and the
like; ketone-based solvents snch as methyl ethyl ketone, methyl
isobutyl ketone, cyclohexanone and the like; etc. In the mixed
_sol_ven.t, the proportion of an alcohol-based solvent ispreferably
S wt® or more. When the proportion is 5 wt% or more, solubility
of ametal salt compound (reaction product) in a solvent increases
and a crystal is not formed, consequently, storage stability is
manifested. More preferably, the proportion is 25 wt$ or more.
The preferable metal content of the metal-containing

monomer dissolved mixture of the present invention is from 0.1
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to 60 wt%. By controlling the proportion to 60 wt% or less, it
becomes easy to obtain a metal-containing monomer dissolved
mixture in.a transparent state, and the copolymerizability of
the metal- containingmonomerw1thacrylicnwnomersbecomeshigh
By controlling the proportion to 0.1 wt$ or more, the amount of
organic solvent in the mixture can be decreased, and handling
property is improved, and in polymerizing the metalfcontaining
resin composition, high solidification is possible. More
preferably, the proportion is from 3 to 25 wt$.

'The‘ratio of inorganic metal compound-derived components
to carboxyl group—containing radical polymerizable monomer<
derived components in the metal-containing monomer dissolved
mixture of the present invention is not particularly restricted,
and- the preferable ratio (molar number) of. 1norgan1c metal
compound -derived components is 0.6 mol or less based on 1 mol
of carboxyl group- containlng radical polymerizable monomer-—

derived components. When this is 0.6 mol or less, transparency '

“of a mixture has no particular, however, when over 0.6 mol, an

unreacted inorganic metal compound tends to remain in a mixture,
leading to poor transparency of a monomer,'therefore,-varnish
(metal containing resin) obtained by polymerizing this tencis to
be turbid. | |
Further, when the metal-containing monomer dissolved

mixture of the present invention is used in production of a
metal-containing resin as a vehicle for an antifouling'paint as
described later, regarding the ratio of inorganic metal:com—
pound-derived components to carboxyl group-containing radical

polymerizable monomer-derived components in the metal-



10

20

11

containing monomer disselved nixture, it is particularly
preferable that the ratio (molar'number.) of inorganic metal
compound—derived components.is about 0.5 mol based on 1 mol of
carboxyl group containing radical polymerizable monomer- derlved
components. However, when the ratlo (molar number) of 1norgan1c
metal compound-derived components_ls falrly large based on
carbexyl group-containing radical polymerizable monomer-derived
components, there is no p‘erticular probiem on film abilities.
When the ratio is too small, water-resistance of a film decreases,
and when copper oxide is compounded, storage stability of a paint
lowers. |

The amount wae water contained in the metal-containing

monomer dissolved mixture of the present invention is preferably

- from 0.01. to 30. wt% In the present lnventlon, the term am‘ount .

of water” excludes the amount water produced by reactlon of an |
inorganic metal compound with a carboxyl group—contalnlng
radical polymerizable monomer. All of water may be added in the
reaction, or water may be added partially during the reaction
and added again after completion of the reection.

When water is not Iadded during the reactidn, a solution tends
to lose flowability and is solidified in or directly after the
reaction of an inorganic metal compound with a carboxyl'.
group-containing radical polymerizable monomer, consequently,
it is difficult that the metal-containing monomer is mixed with
an acrylic monomer and polymerized. Further, once solidified,
a large amount of water and solvent are necessary for re—.
dissolution, consequently, workability decreases due to

separation from an acrylic monomer or decrease in solid content.
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On the other hand, by adding water during the reaction, a reaction
solution maintaining flowability in which a metal-containing '
monomer is dissolved in an organic solvent can be obtained, and
it becomes easy to mJ.x and copolymerlze it with an acrylic monomer.

The amount of water added during the reaction is preferably
0.01 wt3 or more, more preferably 0.2 wt% or more, for keeping
solution condition without losing flowability of a solution:
during the reaction. If .a metal-containing monomer dissolved
mixture in form of a solution is obtained, it becomes easy to
mix and copolymerize it with an acrylic monomer. The amount of
water in a metal-containing monomer dissolved mixture is
preferably 30 wt% or less, more preferably 15 wt% or less from
the standpoints of storage stability at lower'temperature of a
metal contalnlng monomer dlssolved mlxture, solublllty J.n a
general acryl:.c monomer and ‘organic’ solvent, and '
copolymerizability with various acrylic monomers.

Further, when the content of organic solvents is increased
for the purpose of lowering the water content in a metal-
containing monomer dissolved mixture, solid content decreases
and the amount of organic solvents used in polymerization in-
creases, therefore, increase in organic solvents is not
preferable fromthe standpoint of high solldlflcatlon of the resin.
For reducing the amount of organic solvents in a metal~-containing
monomer dissolved mixture, it is preferable that the metal-
containing monomer dissolved mixture contains water in a
proportion of 0.01 to 5-fold based on the mol number of an
inorganic metal compound used, and it is preferable that the.solid

content of the mixture is from 25 to 70 wt$. Particularly, water
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of 0.05 to 3-fold mol is preferably' contained, and the solid
content of a mixture is preferably from 45 to 60 wt%.
Further, when the metal-containing monomer dissolved
mixture of the present 1nventlon is used in production of a
netal- contalnlng resin as a vehicle for an antlfoullng palnt as
described later, the water content in the metal—contalnlng
monomer dissol§ed mixture ie preferably 20 wt% or less. In this

case, the water amount contained in a metal-containing resin

decreases, and increase in viscosity in processing into a paint

can be suppressed and decrease in hydrolysis property of a film

can be suppressed. The water content is more preferably 15 wtd

" or less.

The metal—containing resin of the present invention is

. obtalned by copolymerlzlng the metal- contalnlng monomer (A7) in

. -the dlssolved mlxture of the present 1nvent10n descrlbed ‘above

with the other radical polymerizable unsaturated monomer (B).
.The metal-containing i:esin of the present invention is soluble
in a general organic solvent by using themetal-containing monomer
dissolved mixtuz_:e' as a raw material. When the metal-containing
resin of the present invention is used, for example, as a vehicle
for an antifouling paint, the film shows high self polishing
properfy for a long ioeriod of time and -menifests excelient :
antifeuling effect. |

In the metal-containing resin of the present invention as .
a vehicle for an antifouling paint, the amount of a radical
polymerizabie unsaturated monomer (B) used_is preferably from
16 to 97 parts by weight based on 100 parts by weight of the total

amount of the component (A) and component (B). By controlling
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the amount to 16 parts by weight or more, balance between various
propefties of the resulting antifouling paint tends to be
regulated. By controlling the amount to 97 parts by weight or
less; there is a tendehcy that exce}lent hydrolysis property for
a long period is imparted to the formed £ilm, and balarice between
cracking resistance and hydrolysis property becoﬁes good. The
amount is more preferably from 40 to 90 parts by weight,
particularly preferably from 60 to 85 parts by weight.

Examples of the radical polymerlzable unsaturated monomer

(B) include (meth)acrylate monomers such as methyl

(meth)acrylate, ethyl (meth)acrylate, 2-methoxyethyl
(meth)acrylate, 2-ethoxyethyl (meth)acrylate, phenoxyethyl
(meth)acrylate, 2—(2—ethylhexaoxy)ethyl (meth)acrylate, 1-

a.methyl 2-methoxyethyl (meth)acrylate,.3—methoxybutyl

(meth)acrylate,'S-methyl 3-methoxybutyl (meth)acrylate, ™ |
methoxyphenyl (meth)acrylate,‘p—methoxyphenyl (meth)acrylate,
o-methoxyphenylethyl (meth)acrylate; m-methoxyphenylethyl
(méth)acrylate, p—methoxyphenyethyl (meth)acrylaté, n—pfopyl
(meth)acrylate,i-propyl(meth)acrylate,n—butyl(meth)acrylate,
i-butyl (meEh)aérylate, t—butyl'(meth)acrylate, 2-ethylhexyl

(meth)acrylate, lauryl (meth) acrylate, stearyl (meth) acrylate,

benzyl (meth)acrylate, phenyl (meth)acrylate, isobornyl

(meth)acrylate, cyclohexyl (meth)acrylate, glycidyl-
(meth)acrylate and the like; hydroxyl group-containing monomers .
such as 2-hydroxyethyl (meth)acrylate, 2—hydrox§propyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2-hydroxybutyl
(meth)acrylate, 4-hydroxybutyl (meth)acrylate and the like;
adducts of 2—hydroxyethyl (meth)acrylate'with ethylene oxide,
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propvlene oxide, vy ~butyrolactone or ¢ -caprolactone a1j1d the
like; dimers or trimers such as 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate and the like:; primary and
éecondary amino group—c.ont'aining vinyl monomers such aé buty- -
laminoethyl (meth)acrylate, (méth)acryiamide and the like;
tertiary amino group-containing viﬁyl monomers such-as
dimethylaminoethyl (meth)acrylate, diethylaminmoethyl
(meth)acrylate, dimethy_laminopropyl (meth)acrylate, diméthy-
laminobutyl (meth)acrylate, dibutylaminoethyl (meth)adrylate,
dimethylaminoethyl  (meth)acrylamide, dimeth_ylaminbpropyl
(meth)acrylamide and the like; heterocyclic basic monomers such
as vinylpyrrolidone, vinylpiridine, vinsflcarbaéole and the liké; _
additionally, vinyl-based monomeré such as styrene, vinyltoluene,

c-methylstyrene, (meth)acrylonitrile, v_i_ny,l_. acetate, vinyl - .

' propion-ét'e:and the Iike. Inthe present invention “(meth)acryl”

means “acryl and/or methacryl” .

The contént of a metal in the metal-containing resin of the
present invention is preferably from 0.5 to 25 wth. By
coﬁtrolling the amount to 0.5 wt% or more, self polishing property
of the formed film tends to be manifested, and by controlling
the amount to 25 wt% or less, there is a tendency that an effect
to improved balance between cfa'cking_resistance' and hydrolysis
property becomes remarkable, self polishing property for a long
period of time is maintained, and an antifouling effect is
improved. More preferably, the amount thereof is from 1 to 10
wtd.

The weight-averagemolecular weight of the metal—containing

resin of the present invention is preferably from 1000 to 20000.
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By contfolling the molecular weight to 20000 or less, metal
cross-linking between polymers can be reduced by lowering the

viscosityof aresinsolution, gellingof aresin canbe suppressed,

- and a metal in amount to manifest hydrolysis property can be

integrated into a resin successfully. By 'contr'ol‘ling the
molecular weight to 1000 or more, cracking resistance tends to
be manifested. More preferably, the _molecular weight is from
3000 to 10000.

A method of producing the metal—cohtaining resin.of the
present invention is not particularly restricted. For example,

it can be produced by mixing a metal-containing monomer dissolved

- mixture with a radical p'olymerizable unsaturated monomer , and

copolymerizing them in the presence of a radical initiator at

-a temperature from 60 to "1_80°C'. for .5 to 14 hours. - When the metal .

content in a copolymer is increased, a chain transfer agent can

be used for high solidification and improvement ih productivity,
particularly, suppressing of production of insoluble substances
in polymerization. From the standpoint of compatibility with a
monomer containing a metal, chain transfer agents other.than
mercaptane are preferably, and particularly, a styrene dimer and
the_ like are preferable_. As the polymerization method, aﬁ
emulsion po_lymerization method, suspenéibn polymerization
method and the like can be adopted in addition to a solution
polymerization method effected in an organic solvent.
Particularly, a solution polymerization method using a general
organic solvent such as toluene, xylene, methyJ_. isobutyl ketone,
n-butyl acetate or the like is advantageous from the standpoints

of productivity and painting ability.
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The proportion of a copolymer as a vehicle in an antifouling
paint composition is not particularly restricted, and it is
preferable to use a copolymer usually in a proportion of 20 to
25 wt% (solid content).as a resin component in an antifouling .
paint-composition.- The reason for this is that, by appropriate
inclusion of a resin component, film abilities such as cracking
resistance and the like tend to become excellent, and by no excess
inclusion, inclusion of an antifouling agent in amount sufficient

for keeping excellent antifouling ability into an antifouling

. paint comp051tlon tends to become easy.

The ant1 foullng paint composition of the present invention
is obtained by uSJ.ng the metal-containing resin of the present
invention described above as a vehicle component. The
antlfoullng palnt compos:Ltlon of the present :anentlon can keep -
excellent antlfoullng ab:LlJ.ty of a fllm by us:.ng this metal—
containing resin. Further, by compounding, for example, an
antifouling agent, antifouling ability-can also be further
improved. |

The antifouling agent may be appropriately selected and used
depending on requisite abilities. For example, copper-based
ant:.foullng agents such as copper oxide, copper thlocyanate,
copper powder and the like, metal compounds of lead, z:.nc, nickel
and the like, am:.ne derivatives such as diphenylamine and the
like, nitrile compounds, ‘benzothiazole-based compounds,
maleimide-based compounds, pyridine-based compounds and the like
are listed. These can be used alone or in combination of two or
more. Particularly, compounds selected as subjects of

investigated by Nippon Senpaku Kogyo Kai are preferable, and
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specific examples thereof include manganeseethylene
bisdithiocarbamate, zincdimethyl dithiocarbamate, 2-
methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine,
2,4,5,6—tetrachloroisophthalonitrile, N,N- -
dimethyldichlorophenylurea;'ziné ethylene bisdithiocarbamate,
copper rhodanate, 4,5-dichloro-2-n-ocryl-3(2H) isothiazolone,
N- (fluorodichloromethylthio)phthalimide, N,N'-dimethyl-N'-
phenyl- (N-fluorodichloromethylthio)sulfamide, zinc 2~
pyridinethiol—l—oxide, tetramethylthiuranldiSulfide, Cu-10% Ni
solid solution alloy, 2,4, 6-trichlorophenylmaleimide, |
2,3,5,6-tetrachloro—4-(methylsulfonyl)pyridine,_3—iodo—2-

propylbutylcarbamate, diiodomethyl p—trisulfone[ bisdi-

'methyidithiocarbamoylzincethylene bisdithiocarbamate,
_,phenyl(blsnyrldyl)blsmuth dlchlorlde, 2- (4 thlazolyl)—

' ben21m1dazole and pyrldlne trlphenylborane

In the antifouling paint composition of the preseht

invention, silicon compounds such as dimethylpolysildxane,

silicone oil and the like, fluorine-containing compounds such
as carbon fluoride and the like can also be compounded,
additionally, for the purpose of imparting lubricity to the

surface of a film and preventing adhesion of organisms. Fufther,

extender pigmehts, coloring pigménts, plasticizers, various

paint additives, and other resins and the like cah.be compounds,
if necessary.

The antifouling paint composition of the present invention
is applied, for example, by an application means such as brush
painting, spraying, roller painting, deposition painting and the

like directly on the surface of a substrate of underwater
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structures such as ships, various fishing nets, bay facilities,
0il fences, bridges, submarine bases and the like, or on a film
formed by painting a wash primer, chlorinated rubber-based or
epoxy—based p:r_imers, intermediate coating paint and the like,
on a. substrate. The ;application' amount is usually an amount to
give a thicknessof a dr_y.film of 50to0 400 gm. Dryingof apainted
film is usually conducted at room temperature, and heat drying |
may be effected without prdblem.

| Another antifoul_ing paint composition of the present
invention is an antifouliﬁg paint composition comprising a
divalent metal-containing resin (C), a compound (D) of the
following general formula (I), and copper oxide (E):

| R'-SH (I)

whez_;_ein, R} represents -an organic group having 1 to 30 carbon .

- atoms.

The divalent metal-containing resin is a vehicle component
of an antifouling paint composition, and a film formed by this
is dissolved gradually in sea to show_self polishing. The divalent

metals canbe selected and used appropriately. From the standpoint

. of solubility into an organic solvent, zinc, copper, magnesium

and calcium are p_referable, among them, zinc and copper
particularly preferable. .

The metal content in the divalent metal-containing resin
(C) is preferably from 3 to 25 wt%. By controlling the content

to 3 wt% or more, excellent self polishing property tends to be

" imparted to a film. The content is more preferably 6 wt$ or more.

By controlling the content to 25 wt% or less; balance between

cracking resistance and hydrolysis propertyof a filmis excellent,
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andselfpolishingpropertyforalongperiodoftimeisn@intained,
and antifouling effect ié improved. The content is more
preferably 15 wt% or less. '

As a method fo; producing the divalent metaL-containing
résin'(C) , for example, a method of adding a metal té a hic:;h acid
value resin, and a méthod of copolymerizing a metal-containing
polymerizéble monomer, are listed; For keeping excellent
'stor_age stability of a film and maintaining stable self polishing
property of an antifouling film over a long period of time, a
method of copolymerizing a metal-containing polymerizable
monomer is preferable. This method is specifically a method in
which a metal-containing polymerizéble monomer (o) and ofher

radical polymerizable unsaturated monomers (B) are copolymer-

_dzed. -

'.Thé:métal—confaiﬂing poiymériiable mondmef”(adJié é
component used to impart high self polishing property fo the
resulting film over a long period and to manifest excellent
antifouling'effect, and particularly, metal-containing polym-
erizable monomers («;) having two unsaturated groups, and
métal—containing polymerizable monomers (a:) of the following
Qeneral formula (II) are preferable.

R2 |
I
"CHy=C-C-0-M-R® (I
é;
wherein R® represents a hydrogén atom or methyl group, M represents

Mg, Zn or Cu, R® represents an organic acid residue.

The amount of the metal-containing polymerizable monomer
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(a;) in the divalent metal-containing resin (C) is not '
particﬁlarly reStricted-, and preferably from 10 to 80 wt%. By
controlling the amount to 10 wt$% or more, suitable self polishing
property tends . to be imparted to a painted film. This amount is
more prefe'rably 20 wt% or more. By controlling this amount to
80 wt% or less, antifouling property of a film tends to be
maintained. This amoun‘e is more preferably 50 wt% or less.

As the metal-containing polymerizable monomer (ai) having
two unsaturated groups, there are listed, for example, magnesium
acrylate' [ (CH.=CHCOQ):Mg], magnesium methacrylate
[ (CH-=C (CH;3) CO0Q) :Mg], zinc acrylete [ (CH.=CHCOO) :Z2n], zinc
methacrylate [(CH3=C(CH3)COC)QZn], copper acrylate _

[ (CH-=CHCOO) :Cu], cbpper methacrylate [ (CH,=C (CH;)COO).Cul, and
the llke These metal contalnlng polymerlzable monomers (al)
can be used alone or in comblnatlon of two or more sultably
selected if necessary. Anong them, zinc (meth)acrylate is
preferable because due to high transparency of the resulting
polymer plroduct, hue of a film tends to be beautiful, and'due
to high solubility in a generally used organic solvent,
productivity of a resin tends to be excellent.

As a méthod of producing the metal-containing polymerizable
monomer () having two unsaturated groups; a Inefhod ‘is
preferable in which an inorganic metal compound and a carboxyl
group-containing radical polymerizable monomer are reacted
together with water in an organic solvent centaining an alco-
hol-based compound. The reaction product containing the (a,)
component obtained in this method is excellent in compatibility

with the organic solvent and other constituent components
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(acrylic monomer and the like), and when this reaction p;oduct
is ueed, polymerization for obtaining a divalent metal-
containing resin (C) tends to become easy. In this case, the
production is preferably so conducted that the water content
dﬁring the'feection is from 0.01 to 30 wt%.

As Rs(organic acid residue) of the metal—centaining
polymerizable monomer (ca:) of the general formula (II), there
are listed, for example, those derived from monovalent organic
acids such as monochloroacetic acid, monofluoroacetic acid,
propionic acid, octylic acid, versatic aeid, isostearic acid,
palmitic acid, cresotinic acid, a—ﬁaphtheic acid, B-nephthoic

acid, benzoic acid, 2,4,5~-trichlorophenoxyacetic acid, 2,4-

dichlorophenoxyacetic acid, quinolinecarbexylic acid,
_.nltrobenzo o] ac1d, nltronaphthalenecarboxyl1c acid, purv1n1c

'ac1d and the lJ.ke. These can be approprlately selected and used, |

if necessary. Among them, fatty acid-based residues are
particularly preferable because they tend to be able to maintain
a film causing no cracking and peeling over a long period of time.
Specific examples of the metal-containing polymerizable
monomer (&:-) of the general formula (II) include magnesium
monochloroacetate (meth) acrylate, zinc monochloroacetate
(meth)acrylate, copper monoehlqroacetate (meth)acrylatep
magnesium monofluoroacetate (meth)acrylate, zinc
monofluoroacetate (meth)acrylate, copper monofluoroacetéte
(meth)acrylate, magnesium propionate (meth)acrylate, zinc
propionate fmeth)acrylate, copper propionate (meth)acrylate,
magnesiumoctylate(meth)acrylete,zincoctylate(meth)acrylate,

copper octylate (meth)acrylate, magnesium versatate
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(meth)acrylate, zinc versatate (meth)acrylate, copper versatate
(meth)acrylate, magnesium isostearate (meth)acrylate, zinc
isostearate (meth)acrylate, copper isostearate (meth)acrylate,
magnesium,palmitate (meth)écrylate, zinc palmitate
(metﬁ)acrylate,-copper'palmitaté (meth)acrylate, magnésium
cresotate (meth)acrylate, zinc cresotate (meth).acrylate, copper
cresotate (meth)acrylate, magnesium a-naphtoate(meth)acrylate,
zinc a-naphtoate (meth)acrylate, copper o -naphtoate
(meth)acrylate, magnesium B -naphtoate (meth)acrylate, zinc 8
-naphtoate (meth)acrylate, copper B—naphtpaﬁe (meth)acrylate,

magnesiumbenzoate(meth)acrylate,zincbenzoate(meth)acrylate,

‘copper benzoate (meth)acrylate, magnesiumi2,4,5—

trichlorophenoxyacetate.(meth)acfylate, Zinc 2,4,5-
trlchlorophenoxyacetate (meth)acrylate, copper 2,4, 5;
trlchlorophenoxyacetate (meth)acrylate, magne51um 2,4~
dichlorophenoxyacetate (meth)acrylate, zinc 2,4-
dichlorophenoxyacetate (meth)acrylate, copper 2,4-
dichlorophénoxyacetate (meth)acrylate, magnesium
quinolinecarboxylate (meth)acrylate, zinc quinolinecarboxylate
(meth)acrylate,_copper quinolinecarboxylate (meth)acrylate,
magnesium nitrobenzoate (meth)acrYlate, zinc nitrobenzoate
(ﬁeth)acrylate, cbpper'nifrobenzoafe (meth)acrylate, magnesium
nitronaphthalenecarboxylate (meth)acrylate, zinc
nitronaphthalenecarboxylate (meth)acrylate, copper nitronaph-
thalenecarboxylate (meth)acrylate, magnesium purvate |
(meth)acrylate, zinc purvate (meth)acrylate, copper purvate
(meth)acrylate, and the like. These metal-containing

polymerizable monomer (a:) can be used alone or in combination



10

24

of two or more appropriately selected if necessary. Among them,
zinc-containing polymerizable monomers are preferable because
due to high transparency of the resulting polymer product, hue
of a film tends to be beautiful, and due to high solubility in
a gene'rally used organic ‘solvent, productivity of a res.ir'i tends
to be excellent.

As a method of producing the metal—contaihing polymerizable

"monomer (a-), a method is exemplified, for example, in which an

~inorganic metal compound, a carboxyl group-containing radical

polymerizable monomer and non-polymerizable organic acid in an
organic solvent containing an alcohol-based compound.
Combination of components {(«;) and (a;) as the metal-

containing polymerizable monomer (a) is preferable because self

: .‘-:poli'shing property of a film tends to be maintained for a long . -

20

25

;Seriod of time, 'an-d”su'ffi'cient dec’jrée’ of'wasting of a film tends
tobe manifested. Among them, combination of zinc (meth)acrylate
with fatty acid-based zinc (meth)acrylate is par_ti‘cularly
preferable. ' _

In the case of combination of compone'nt.s (a¢,) and (a:) as
the metal-éontaining polymeri zable monomer (a), the molar ratio
(@i1/a-) of a component (a,;) unit to a c;omponent (a2) unit in
a copolymer is pref'e:ab.ly 20/80 to 80/20. By controlling the
ratio to 80/20 or less, film properties excellent in cracking
resistance and close adherence tend to be obtained, and by
controlling the ratio to 20/80 or more, sufficient self polishing
property of a film tends to be maintained for a ldng period of
time. The fatio is preferably from 30/70 fo 70/30.

For example, by reacting an inorganic metal compound, a
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carboxyl group-containing radical polymerizable monomer and a
non-polymerizable organic acid in an organic solvent, a monomer

dissolved mixture containing a («;) component and a (a:)

component can be obtained. In this case, the amount of ‘the

non-polymerizable organic acid used is preferably from 0.01 to
0.95-fold mol base on the inorganic metal compound.' By
controlling the amount to. 0.01-fold mol or more, there occurs

a tendency that a-solid reaction product which is not easily

_ _copoiymerized with a radical polymerizable unsaturated monomer

'(B) is not produced easily, and self polishing pr.operty'and

cracking resistance of an antifouling paint for a long period
of time become excellent. By controlling the amount to 0.95-

fold mol or less, antifouling abi'lity of an antifouling paint

for a long period of t_imé. tends to be excellent. More preferable -

'iower limit is 0. 3-fold mol, ‘and more preferable upber linit is

0.7-fold mol.

As an orgaﬁic solvent used for the préparing f.he metal-
containing polymerizable moﬁdmér (a), an organic solvent con-
taining at least an alcohol-based solvent is preferably used.
By use of such ofganic solvents, production stability of a
metal-containing polymerizable monomer (@) tends tobe excellent.
In this case, the coptenf. of .an alcohol-based compound 1n the
organic solvent is prefe'r.ably 5 wt% or more. By controlling the
content to 5 wt% or more, s_olubiiity of the reaction product into
the solvent is improved, a metal-containing polymerizable
mononmer (a) can be produced stably, and storage stability of a
metal-containing polymerizable monomer (a) becomes excellent.

More preferably, the amount is 25 wt% or more. As the alco-
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hol-based compound, for example, ethanol, isopropanol, butanol,
propylene glycol monomethyl ether and the like are listed.

In the divalent metal-containing resin (C), the unit amount

_ of a radical polymerizable unsaturated monomer (B) is not

partlcularly restrlcted, and preferably from 20 to 90 wt% By
controlling this amount to 20 wt% or more, flex1b11_1ty and
cracking resistance & peeling property of a film tend to be
excellent. This amount is more preferably 50 wt% or more. .By
.controllin'g this amount to 90 wt$% or less, balance between
cracking re51stance & peellng property of a film and self
polishing property for a long period of time tends to be excellent.
This amount is more preferably 80 wt3 or less.

As the specific examples of the radical polymerizable

_unsaturated monomer (B ) ' the same examples as the spec1f1c -

-'examples of the radlcal polymerlzable unsaturated monomer (B)

listed above are exemplified.

A_method of producing the divalent metal—containing-resin
(C) is not particularly restricted, and for example, this resin
can be produced by mixing the various monomers described above,
and reacting this mixture in the presence of a radical initiator
at a temperature from 60 to 180°C for 5 to 14 hours. As the
polymerlzatlon method, an emulsmn polymerization method, -
suspension polymerization method and the llke can be adopted in
addition to a solution polymerization method effected in an
organic solvent. Particularly, a solutionpolymerizationmethod

using a general organic solvent such as toluene, xylene, methyl

| isobutyl ketone, n-butyl acetate, propylene glycol monomethyl

ether, n-butanol or the like is advantageous from the standpoints
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of productivity and painting ability.

- The amount of the divalent metal-containing resin (C) in
the antifouling paint composition of the-present invention is
preferably from 15 to 25_wt%, By use in amounés in this range,
there occurs a téndency that paint abilities suéh aé crackiné
resistance and the like are maintained, énd.an antifoﬁling'agent
in amount sufficient to maintain excellent antifouling abiiity
can be compounded eésily'in an antifoﬁling paint.

The compound (D)'of the general formula (I) is a component

which maintains an excellent antifouling effect in sea for a long

period of time, and keeps self polishing property of a fllm.even_

'when copper oxide is compounded as an antifouling agent.

Examples of the compound (D) of the general formula (I)

include ethylmercaptane, allylmercaptane, 1sopropylmercaptane, .

"n-propylmercaptane, t butylmercaptane, 1sobutylmercaptane,}

n-butylmercaptane, t—amylmercaptane, s—amylmercaptane, n-

"hexylmercaptane, t-octylmercaptane, n-octylmercaptane, t-

.nonylmercaptane, n-decylmercaptane,. t-dodecylmercaptane, n-

dodecylmercaptane, t-tetradecylmercaptane, t-
hexadecylmercaptane, stearylmercaptane, 2-mercaptoethanol,

2-mercaptoethyl oétanoate, methyl thioglycolate, octyl

- thioglycolate, methoxybutyl thioglycolate, methYl mercapto-

propionate, octyi mercaptopropionate, methoxybutyl mercapto-
propionate,tridecylmefcaptopropioonate,cYclohexylmercaptane,
2-mercaptonaphthalante,4—mercaptopyridine,thiosalicylicacid,
2—mercaptopropipnic acid, 3-mercaptopropionic acid, butanediol
bisthioglycolaté, ethylene glycol bisthioglycolate, trimethy-

lolpropane tristhioglycolate and the like. These can be used
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alone or -in combination of two or more appropriately selected
if necessary. Among them, use of n-dodecylmercaptane, t-

dodecdylmercaptane, n-propylmercaptane, n-octylmercaptane and

the like of the general formula (I) in which Rl represents an .

~al-kyl-group is prefera'ble'because cracking resistance of a film

tends to become excellent. Fromthe standpoint of odor of a'film,
n-dodecylmercaptane is particularly preferable.

- In the case of use of 2-mercaptonaphthalene, 2-
mercaptopydirine and the like of the general formula (I) 1n which
R' has a ring structure such as phenyl and the like, a plast'icizer
is preferably used togethef for.suppressing cracking of a film.

In the case of use of 3—mercaptoproplon1c acid, ethylene
glycol.blsthloglycolate, 2-mercaptopyr1d1ne, 4- amlnothlophenol
and the llke of the general formula (I) 1n whlch R! contalns a -
carboxyl group, tthl g*oup or amino’ group, an alkyl ac1d is’
preferably used together for improving storage stablllty

In the antifouling paint composition of the present
invention, the proportion of fhe,compound (D) of the general
formula (I) is preferably from 0.01 to 0.99-fold based on the.
metal content.(mo;'number) contained in the ‘divalent metal-

containing resin (C). By'controlling the proportion to 0.01-

" fold or more, there- occurs a tendency that an excellent -

antifouling effect in sea can be maintained for a long period
of time, and self polishing property of a film can be kept even
when copper oxide is used as an antifouling agent. This

proport-ion is preferably 0.1-fold or more. BY controlling the
proportion to 0.99-fold or less, there occurs a tendency that

increase in viscosity in producing an antifouling paint is
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suppressed, and de-foaming property in painting and cracking
resistance of a film tend to become excellent. This proportion

is more preferably '0.9-fold or less, further preferably 0.8-

-fold or less.

The copper oxide (E) has a function as en antifouling 'agent.
It is desirable that the copper oxide (E) is contained in a
proportlon usually from 25 to 1500 parts by weight based on 100
parts by weight (solid content) of the dlvalent metal-containing

resin (C) By controlllng ‘this proportion to 25 parts by weigh |

or more, excellent antifouling for a long perlod of tlme tends

to be obtained. This proportlon is more: preferably 150 parts by

~ weight or more. By controlling the proportion to 1500 parts by

weight or less, cracking resistanceof a film tends tobe excellent.

, Thls proportlon 1s more preferably 500 parts by welght or less,

‘In the ‘antifouling palnt comp051tlon of the present
invention, other compounds can also be compounded as an
antlfoullng agent, if necessary, together with the copper oxide
(E). As the spec:.flc examples of other compounds, the same

compounds as listed previously as the SpelelC examples of an

-antifou;l.in.g agent are listed. BAmong them, zinc 2-

pyridinethiol—l—oxide is preferable because they show a tendency
of more exceil'ent antifouling effect. |
- Other materials compounded, if necessary, into this
antifouling paint composition, ‘and Imethods of forming a film are
the same as in another antifouling paint composition of the
present invention explained previously. |
The following examples and comparative examples illustrate

the present invention further in detail, but do not limit the
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scope of the present invention. In the following descriptions,
“parts” are by weight.
[Example 1] |

Into a four—necked flask equipped with a cooling tube,
thérmdmetef, dropping funnel and stirrer wa§ charged 85.4 parts
of PGM (propylene glycol methyl ether) and 40.7 parts of zinc
oxide,andthemixturgwasheataiqpto75%3ﬁmilestirring. Then,
amixture of 43.1 parts of methacrylic acid, 36.1 parts of aérylic
acid and 5 parts of water was added dropwise from the dropping
funnel over 3 hours ét'constant speed. After'completion of
addition, theireaction solution changed from 6péque condition

to transparent. Further, the solution was stirred for 2 hours,

then, to this was added 36 parfs of PGM to obtain a transparent

metal-containing mon¢ﬁer_dissdlved mixture Al.' The solid con-

tent was 44.8%.

[Example 2] _

Into the éame.flask was charged 61.1 parts of nBuOH (n-
bﬁtanol), 24;3'parts of xy1ene and 40.7 parts of zinc oxide,_ahd
the ﬁtixture was heated up to 75°C while stirring. Then, a mixture
of 43.1 pafts of methacrylic acid, 36.1 parts of acrylic acid

and 5 parts of water was added dropwj.se from the dropping funnel

-over 3 hours at constant speed. After completion of addition,.

the reaction solution changed from opagque condition to
transparent. Further,thesolutionwasstirredforZImmrs,then,
to this was added 36 parts of nBuOH to obtain a transparent
metal-containing monomer dissolved mixture A2. The solid con-
tent was 44.9%.

[Example 3]
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Into the same flask was charged 24.3 parts of nBuOH, 61.1
parts of xylene and 40.7 parts of -zinc oxide, and the mixture

was heated up to 75C while stirring. Then, a mixture of 43.1

parts of methacrylic acid, 36.1 parts of acrylic acid and 5 parts

of water was added dropwise from the dropping funnel over 3 hours
at constant speed. After completion of addit:ton, the reaction
solution changed from opaque conditicn to transparent. Further,
the solution was stirred for 2 honrs, then, to this was added
36 parts of 'XYIene to obtain a transparent metal-containing
monomer dissolved mixture A3. The solid content was 44.9%.
[Example 4] _ . _ | |

Into the same flask was charged 65.4 parts of PGM and 40.7
parts of zinc ox1de, ‘and the mlxture was heated up to 75C while

stirring Then, a mlxture or 43 1 parts of methacryllc ac1d, 36. 1

-.parts of acryllc ac1d and 0 5 parts of water was added dropw1se

from the dropplng funnel over 4 hours at constant speed, and after
completlon of_addltlon, 30 parts of PGM was added. The reaction
solution changed from opaque condition to semi—transparent.
Further, the solution was stirred for 4 hours, then, to this was
added 30.5 parts of PGM to obtain a transparent metal—containing
monomer dissolved mixture A4. The solid content was 44.8%.
[Example 5] | |

Into the same flask was charged 52 9 parts of PGM and 40.7
parts of zi_nc oxide, and the mixture was heated up to 75°C while
stirring. Then, amixture of 43.1 partsof methacrylicacid, 36.1
parts of acrylic acid and '12 parts of water was added dropwise
from the dropping funnel over 2 hours at constant speed. After

completion of addition, the reaction solution changed from opaque



10

20

25

32

condition to transparent. Further, the solution was stirred for
2 hours to obtain a transparent metal-;containing monomer dis-
solved mixture';AS. The solid content was 59.6%.
[Example. 6]

Into the same.flask was charged 85.4 parts of PGM and 40.7

parts of zinc oxide, and the mixture was heated up to 75C while

"stirring. | Then, amixture of 52.2 parts of methacrylic acid, 28.8

parts of acrylic acid and 7 parts of water was added dropwise

from the dropping funnel over 3 hours at constant speed. After |

completion of addition, the reaction solution changed fromopaque

condition to transparent. Further, the solution was stirred for
2 hours, then, to this was added 11.3 parts of PGM to obtain a
transparent metal-containing monomer dissolved mixture A6. The

SOlld content was 49 8%

- [Example 7]

.Into the aame flask -was charged 85.4 parts of PGM and 40.7
parts of zinc oxide, and the mixture was heated up to 75°C while

stirring. Then, amixture of 34.8 parts of methacrylicacid, 43.2

parts of acrylic acid and 6 parts of water was added dropwise

from the dropping funnel over 3 hours at constant speed. After
conmpletion of addltlon, the reactlon solutlon changed from opaque
cond;tlon to transparent. Further, the solution was stirred for
2 hours, then, to this was added 9.3 parts of PGM to obtain a
transpareht metal-containing monomer dissolved mixture A7. The
solid content was 49.9%.
[Example 8]

Into the same flask was charged 85.4 parts of PGM and 38.7

parts of zinc oxide, and the mixture was heated up to 75°C while
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stirring. Then, amixture of 43.1 parts of methacrylic acid, 36.1

parts of acrylic acid and 5 parts of water was added dropwise

_from the dropping funnel over 3 hours at constant speed. After

co_mpletion of addition, the reaction solution changed from opaque
condi‘tion to transparent. Further, the solution was stirred for
2 hours, then, to this was added 34.5 parts of PGM to obtain a
transparent metal-ccntaining rhonomer dissolved mixture A8. The
solid content was 43.1%.

[Example 9]

_ Into the same flask was charged 85.4 parts of PGM and 46.8
parts of zinc oxide, and the mixture was heated up to 75C while
stirring. Then, amixture of 46.1 parts of methacrylic acid, 36.1
parts of acrylic ‘acid and 5 parts of water was added dropwise
from the dropplng funnel over 3 hours at constant speed After__
completlon o:c addition, the reactlon solut1 on changed from opaque
condition to semi-transparent. Further, the solutlon was -
stirred for 4 hcurs, then, to this was added 43.5 parts of PGM
to obtain a 'sli'_ghtly turbid metal-containing monomer dissolved
inixture'A_Q. The solid ccntent was 44.9%.

[Example 10]

Into the same flask was charged 85.4 parts of PGM and 20.2
parts of magne51um ox1de, and the mlxture was heated up to 75°C
while stlrrlng. Then, a mlxture of 43, l parts of methacrylic acid,
36.1 parts of acrylic acid and 5 parts of water was added dropwise
from the dropping funnei over 3 hours at constant speed. After
conmpletion of addition, the reaction solu.’cion changed from opaque
condition to transparent.. Further, the solution was stirred for

2 hours, then, to this was added 11 parts of PGM to obtain a
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transparent metal-containingmonomer dissolved mixtureAl0. The
solid content was 44.6%. |
[Example 11]

Into the same flask was charged.70 parts of PGM, 15.4 parts
of water and 40.7 parts of zinc oxi_cle,' and the mixture was heated
up to 75T3while stirring. Then, a mixture of 43.1 parts of-
methacrylic acid, 36.1 parts .of acrylic acid and 20.6 parts of
water was added dropwise from the dropping funnel over 3 hours
at constant speed. After completion of addition, the reaction
solution changec.i-from opaque condition to transparent. Further,
the solution'was stirred for 2 hours, then, to this was added
20.4 parts of PGM to obtain a transparent metal containing monomer

dlssolved mixture All.. The solid content was 44 .2%.

:_[Example 12]

Into the same flask was charged 85.4 parts of PGM, 40 5 parts'
of zinc oxide and 0.2 parts of copper oxide, and the mixture was
heated up to 75C while stirring.’ Then, a mixture of 43.1 parts
of methacryllc ac1d, 36.1 parts of acryllc acid and 5 parts of
water was added dropwise from the dropplng funnel over 3 hours
at constant speed. After completion of addition, the reaction

solution changed to green. Further, the solution was stlrred for

2 hours, then, to this was added 11 parts of PGM to obtaln a

transparent metal-containing monomer dissolvedmixtureAl2. The

" solid content was 44.9%.

[Comparative Example 1]
Into the same flask was charged 85.4 parts of PGM and 40.7
parts of zinc oxide, and the mixture was heated up to 75°C while

stirring. Then, a mixture of 43.1 parts of methacrylic acid and
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36.1 parts of acrylic acid was added dropwise from the'dropping
funnel over 3 hours at constant speed. Before completion of
addition, the reaction solution was solidified and Qas not
obtained in the form of liquid.
[Comparative Example 2i

Into the same flask was eharged 85.4 parts of PGM and 40.7
parts of zinc oxide, and the mixture was heated up to_75?3 while.
stirring. Subsequently, a mixture of 43.1 parts of methacrylic

acid, 36.1 parts of acrylic acid and 0.01 part of water was added

| dropwise from the dropping funnel over 3 hours at constant speed.

Before completion of addition, the reaction solution was
solidified and was not obtained in the form of liquid.
[Comparatlve Example 3]

Into tne same rlask was charged 85.4 parts of xylene and
40.7 parts of zinc ox1de, and the mlxture was heated up to 75°C

whlle stirring. Subsequently, a mixture of 43.1 parts of

methacrylic acid, 36.1 parts of acrylic acid and 5 parts of water

was added dropwise from the dropping funnel over 3 hours at
constant speed. Before completion of addition, the reaction
solutionwas solidified and was not obtained in the 'form of liquid.
[Comparative Example 4]

| Into the same flask was charged 85.4 parts of- water and 40 7
parts of zinc oxide, and the mixture was heated up to 75C while
stirring. Subsequently, a mixture of 43.1 parts of methacrylic
acid, 36.1 parts of acrylic acid and 5 parts of water was added
dropwise from the dropping funnel over 3 hours at constant speed.
Directly after addition, an aggregate began to be formed, and

before completion of addition, the reaction solution was
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solidified and was not obtained in the form of liquid.

The charging amount (molar ratio), the amount of a solvent
in metal-containing monomer dissolved mixture and water tontent
thereof (wt%), and the solid content in metal-containing monomer °
dissolved mixture in Exampies and Comparative Examples are shown
in Table 1.

(1) Test of storage stability of metal-containing monomer
dissolved ﬁixture

Themetal—qontainingnpnomerdissolvedndxturesjJ1Examples
1 to 12 were stored for 3 months at room temperature (25C) and
lower temperature (5C), and the transparency of the monomer
diésolved mixture was confirmed évery one month. The results are
shbwn in Table 2.

A case of no.deposition of an insoluble substance at all

' in a mixture was evaluated by O, a case of slight deposition. of

an inSoluble substance in a miiture was evaluated by A, and a
case of significant deposition of insoluble substances and
turbidity of a mixture was evaiuated #y X.

(2) Test of mixing of metal-cbntaining monomer dissolved 'mixture
with acrylic monomer

The metal-containing monomer dissolvedmixtures in Examples

1 to 12 were mixed with a general acrylic monomer, MMA (methyl

methadrylate), nBA (butyl acrylate), iBMA
(isobutylmethacfylate), 2-EHA (2-eth§lhexyl acrylate) or SLMA
(lauryl methacrylate), respectively at a ratio of 1:1, and the
.mixture was left for one hour, then, this mixed solution was
checked. The results are shown in Table 2.

A solution mixed uniformly manifesting transparency is
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evaluated as transparent, a solution showing slight turbidity

is evéluated_as slight turbidity, and a solution showing complete

separation is evaluated as separation.



Table 1

. Content in metal-containing L
Charging amgunt monomer dissolved mixture Solid
(molar ratio) (WtS) content
- (%)
i MAA | AA Zn0 MgO| CuO Water PGM | nBuOH | Xylene | Water
Ex.1l 0.510.5 0.5 | 0.27 49.3 - - 2.0 44 .8
Ex.2 0.5]0.5 0.5 0.27 - 39.4 9.9 2.0 44 .9
Ex.3 0.510.5 0.5 ©0.27 C - 9.9 39.4 2.0 44 .9
Ex.4 0.5]0.5 0.5 0.027 51.1 - - 0.2 44.8
Ex.5 0.510.5 0.5 0.67 28.6 - - 6.5 59.6
Ex.6 0.610.4 0.5 0.39 42.9 - - 3.1 49.8
Ex.7 0.4]10.6 0.5 0.33 43.2 - - 2.7 49.9
Ex.8 0.5]0.5{ 0.475 - 0.27 49.4 - - 2.1 43.1
Ex.9 0.5}10.5] 0.575 _ 0.27 49.6 - - 1.9 44.9
Ex.10 0.5(10.5 0.5 [ 0.27 48.0 - - 2.5 44 .6
Ex.1l1 0.5]0.5 0.5 2.0 25.7 - - 14.6 44 .2
Ex.12 .10.510.5] 0.4975 0.0025 0.27 49.3 - - 2.0 44.9
Comp. Ex.1 {0.5]0.5 0.5 e 41.6 - - - —
Comp. Ex.2 |0.5|0.5 0.5 10.0006 | 41.6 - - 0.005 —
Comp. Ex.3 {0.5]/0.5 0.5 0.27 - - 40.6 2.4 —
Comp. Ex.4 (0.5]0.5 0.5 ~5.02 - - - 43.0 —
Note) Content of water in metal-containin

g monomer dissolved mixture described in Table 1
means value excepting water produced by reaction.

8¢




Table 2

Storége stability of monomer

Acrylic monomer mixing property

5C 25C
3 3.1 mm iBMA | 2-EHA | SLMA
Initial | months | Initial | months nBA 1
after after
| Trans—- | Trans- | Trans- | Trans- | Trans-
Ex.1 O -0 o O parent | parent | parent | parent | parent
" .1 Trans- | Trans- | Trans- | Trans~ | Trans-
Ex.2 O o C) O 1 parent | parent | parent | parent | parent
- Trans- | Trans- | Trans- | Trans— | Trans-
Ex.3 O o o O - parent | parent | parent | parent | parent
Trans— | Trans— | Trans- | Trans— | Trans-
Ex.4 O o O O _parent | parent | parent | parent | parent
" {'Trans~ | Trans-~ { Trans- | Trans- | Trans-
Ex.5 o O O O .| parent | parent | parent | parent | parent
.| Trans- | Trans- | Trans—- | Trans— | Trans-
Ex.6 O o o O _ | parent | parent | parent | parent | parent
Trans—- | Trans- | Trans- | Trans— | Trans-
Ex.7 O o O O . parent | parent | parent | parent | parent
Trans— | Trans— | Trans—- | Trans—- | Trans-
Ex.8 o O O . O parent | parent | parent | parent | parent
Slight | Slight | Slight | Slight | Slight
Ex.9 AN A A A . | turbi~- | turbi- | turbi- | turbi- | turbi-
' ' - dity dity dity dity - dity
: 7| Trans- | Trans- | Trans- | Trans— | Trans-
Ex.10 o O O O parent | parent | parent | parent | parent
Trans— | Trans- | Trans- | Trans- | Trans-
Ex.11 O Z; O O . parent | parent | parent | parent | parent
| Green, | Green, | Green, | Green, | Green,
Ex.12 . O A O A  |no tur-|no tur-|no tur-|no tur-|no tur-
' -l bidity | bidity | bidity | bidity | bidity

6€
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The reaction product in Comparative Examples 1 to 4 was
solidified in reaction and was not obtained in the form of
dissolved mixture. On the other hand, the metal-containing
monomer dissolved mixture in Example.s_l to 12 was not solidified
in reaction, dissolvedina general organic'selvent, and excellent -
in storage stability, and had a good mixing propertywith a general;
acrylic monomer as shown in Table 2. .
[Example 13]

Into the same flask was charged 15 parts.of PGM, 57 parts
of xylene and 4 -parts of ethyl acrylate, and the mixture was heated

up to 100°C while stirring. Subsequently, a transparent mixture

_of 1 part of methyl methacrylate, 66.2 parts of ethyl acrylate,

5.4 parts of 2-methoxyethyl acrylate, 52 parts of the metal-

contalnlng monomer dlssolved mlxture Al descrlbed in Example 1,

- 10, parts of xylene, 1 part of- a chaJ.n transfer agent (Nofmer MSD" |

manufactured by NOF. Corp.), 2.5 parts of AIBN_ (azobis
isobutyronitrile) and 7 parts o'f AMBN- (azobis methylbutyroni-
t*lle) was added dropw:Lse over 6 hours at constant speed from .
the dropplng funnel. After completlon of addition, 0.5 parts of
t-butyl peroctoate and 7 parts of xylene were added dropwise over
30 minutes, the-.mixture was further stirred for 1 hour and 30
minute's, then, 4.4 parts of xylene was added, to ‘obtain a pale
yellow transparent metal-t:ont_aining resin composition Pl having
a heated residue proportion of 45.6%, having a Gardner viscosity
of -Y and containing no insoluble substance.
[Example 14]

Into the same flask was charged 15 parts of fGM, 60 parts

of xylene and 4 parts of ethyl acrylate, and themixture was heated
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up to 100°C while stirring. .Subsequlently, a transparent mixture
of 10 parts of methyl methacrylate, 62.6 parts of ethyl acrylate,
5.4 parts of 2—me£hoxyethyl acrylate, 40 parts of the metal-
containing monomer dissolved mixture Al described in Example 1,_.
10 pafts of xylene, 1 .paft of a.chain transfer agent (Nofmer.M-SD) ’
2.5 parts of AIBN and 5.5 parts of AMBN was added dropwise over
6 hours at constant speed from the dropping funnel. After
completion of addition, 0.5 parts of t-butyl peroctoate and 7
parts of xylene were added dropwise over 30 minutes, the mixture
was further stirred for 1 hour and 30 minutes, then, 8 parts of.
Xylene was added, to obtain a pale yellbw transparent metal-
containing resin composition P2 having é heated residue

proportion of 46.1%, having a Gardner viséosity of +V and

containing no. insoluble substance.

[Example .15} - | |
Into the same flask was charged 15 parts of PGM, 57 'parts |
of xylene and 4 parts of ethyl acrylate, and the mixture was heated
up to 100TC whilé stirring. Subsequently, a transparent mixturé
of 14.6 parts of methyl methacrylate, 52.6 parts of ethyl acrylate,
7.5 parts of n-butyl acrylate, 47. 4 parts of the'metal-éontaining
monomer dissolved mixture Al described in Example 1, 10 parts
o.f xylene, 1 part .of a chain transfer agent (Nofmer MSD, 2.5 parts
nf AIBN and 8.5 parts of AMBN was added dropwise over 6 hours
at constant speed from the dropping funnel. After completion of
addition, 0.5 parts of t—butyi peroctoate and 7 parts of xylene
were added dropwise over 30 minutes, the mixture was further
stirred for 1 hour and 30 minutes, then, 6.9 parts of xylene was

added, to obtain a pale yellow transparent metal-containing resin
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composition P3 havinga heated residue proportion of 45.8%, having
a Gardner viscosity of -22 and containing no insoluble substance.
[Example. 16] | -

Into the same flask was. charged 15 parts of PGM, 61 parts
of xylene and 4 parts of ethyl acrylate, and the mixture was heated |
up to 100°C while stirring. Subsequently, a transparent mixture
of 18 parts of methyl methacrylate, 61 parts of ethyl acrylate,
37 .8 parts of the metal-containing monomer dissolved mixture Al
described in Example 1, 10 parts of xylene, 1 part of a chain
transfer agent (Nofmer MSD), 2.5 parts of AIBN and 7 parts of
AMBN was added dropw'ise over 6 hours at constant speed from .the
dropping funnel. After completlon of addition, 0.5 parts ef

t-butyl peroctoate and 7 parts of xylene were added dropwise over

30 mlnutes, the mlxture was further stlrred for 1 hour and 30_ o

'_'mlnutes, then, 8.2 parts’ of xylene ‘was added, to. obtaln a pale

yellow transparent metal-containing resin composition P4 hav1ng
a heated residue proportion of 46.0%, having a Gardner viscosity
of +'l‘ and containing no insoluble substance.

[Example 17]

| Into the same flask was charged 15 parts of PGM, 57 parts
of xylene and 4 parts of ethyl acrylate, and the mixture was heated
up to 100°C whlle stirring. Subsequently, a transparent mlxture
of 5 parts of methyl methacrylate, 64.9 parts of ethyl acrylate,
5.4 parts of 2-methoxyethyl acrylate, 40 parts of the metal-
containing monomer dissolved mixture Al described in Example 1,
6 parts' of the metal—containing ;tionomer dissolved mixture AlO
described in Example 10, 10 parts of xylene, 1 part of a chain

transfer agent (Nofmer MSD), 2.5 parts of AIBN and 6 parts of
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AMBN was added-dropwise over 6 hours at constant speed from the
dropping funnel. After completion of addition, 0.5 parts of

t-butyl peroctoate and 7 parts of xylene were added dropwise over
30 minutes, the mixture was further stirred for 1 hour and 30

minutes, then, 7.7 pai:ts of xylene was added, to obtain a pale

yellow transparent metal-containing resin composition P5 having

a heated residue proportion of 46.2%, having a Gardner viscosity
of +U and containing no insoluble subStance.
(Example 18]

Into the same flask was charged 15 parts of PGM, 57 parts
of xYlene énd 4 parts of ethyl' acryiate, and the mixture was heated -
up to 100°C while stirring. Subsequently, a green mixture of 1
part of methyl methacrylate, 66.2 parts of ethyl acrylate, 5.4

parts of 2—methoxyethyl acrylate, 52 parts of the metal-

,contalnlng monomer dlssolved mixture Al2. descrlbed in Example

12, 10 parts of xylene, 1 part of a chain transfer agent (Nofmer
MSD), 2.5 parts of AIBN and .7 parts of AMBN was added dropwise
over 6 hours at constant speed from the dropping funnel. After

completion of addition, 0.5 parts of t-butyl peroctoate and 7

parts of xylene.were added dropwise over 30 minutes, the mixture

was further stirred for 1 hour and 30 minutes, then, 4.4 parts
of xylene was addéd, to obtain a green metal-containing_ resin
cémposition P6'héving a heated residue ﬁroportion of 45.2%, having '
a Gardner viscosity of +V and containing no insoluble substance.
[Example 19]

Into the same flésk was charged 15 parts of PGM and 61 parts
of xylene, and the mixture was heated up to 100°C while stirring.

Subsequently, a transparent mixture of 49.55 parts of methyl
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methacrylate, 50 parts of ethyl acrylate, 1 part of the
metal-containing monomer dissolved mixture Al described in
Example 1, 2.5 parts of AIBN and 2 parts of AMBN was added dropwise
over 4 hours at constant speed from the dropplng funnel After
completlon of addition, 0.5 parts of t-butyl peroctoate and 7
parts of xylene were added dropwise over 30 minutes, the mixture
was further stirred for 1 hour and 30 minutes, then, 38.45 parts
of xylene was added, to obtain a transparent metal-containing
resin composit'ion P7 having a heated residue proportion of 44.7%,
having_a Gardner viscosity of +B and containing no 'insoluble'
substance. |

[Example 20]

Into the same flask was charged 15 parts of PGM, 61 parts

of xylene and 4 parts of ethyl acrylate, and themixture was heated

“up to 100C" whlle stirring Subsequently, a transparent mixture

of 18 parts of methyl methacrylate, 61 parts of ethyl acrylate,
37.8 parts of the metal-containing monomer dissolved mixture A2
described in Example 2, 10 parts of kylene, 1 part of a chain
transfer agent (Nofmer MSD), 2.5 parts of. AIBN and 7 par.ts of
AMBN was added dropwise over 6 hours at constant speed from the
dropping funnel After completion of addition, 0.5 parts of

t-butyl. peroctoate and 7 parts of xylene were added dropwise over
30 minutes, the nixture was further stirred for 1 hour and 30
minutes, then, 8.2 parts of xylene was added, to obtain a pale' |
yellow transparent metal-containing resin composition P8 having
a heated residue proportion of 46.2%, having a Gardner viscosity
of +Y and containing no insoluble substanoe.

[Example 21]
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Into the same flask was charged 15 parts of PGM, 57 parts
of xylene and 4 parts of ethyl acrylate, and the Inixture was heated
up to 100°C while stirring. Subsequently, a transparent mixture
of l part of methyl methacrylate, 64.9 parts of ethyl acrylate,
5.4 parts of 2—methoxyethyl acrylate, 55 parts of the metal--
containing monomer dissolved mixture A9 described in Example 9,
10 parts of xylene, 1 part of a chain transfer agent (Nofmer MSD),
2 5 parts of AIBN and 7.5 parts of AMBN was added dropw1se over
6 hours at constant ‘speed from the dropping funnel. After
completion of addition, 0.5 parts of t-butyl peroctoate and 7
parts of xylene were added dropwise over 30 minutes, the nixture
was further stirred for 1 hour and 30 minutes, then, 3.1 parts
of xylene was added, to obtain a slightly turbid pale yellow
metal contalnlng res1n compos1tlon P9 hav1ng a heated residue
proportlon of 46 3% and hav1ng a Gardner v1sc051ty of +W
[Example 22] |

Intothesameflaskwascharged46.8partsofEGM,25.2parts
of xylene and 4 parts of ethyl acrylate, and the mixture was h_eated
up to 90°C while stirring. Subsequently, a transparént mixture

of 1 part of methyl methacrylate, 66.2 parts of ethyl acrylate,

5.4 parts of 2-methoxyethyl acrylate, 52 parts of the metal-

containing monomer dissolved mixture All described in Ekample

11, 10 parts of PGM, 1 part of a cnain transfer agent (Nofmer
MSD), 2.5 parts of AIBN and 7.5 parts of AMBN was added dropwise
over 6 hours at constant speed from the dropping funnel. After
completion of addition, 0.5 parts of t-butyl peroctoate and 7
parts of xylene ;wére added dropwise olver 30 minutes, then, the

mixture was heated up to 100°C and further stirred for 1 hour,
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then, 4.4 parts of xylene was added, to obtain a slightly turbid
pale yellow metal- -containing resin composition P10 having a
heated residue proportion of 45. 9% and having a Gardner viscosity
of +V.

[Ptoduction .Example Cl]

Into the same flask was charged 15 parts of PGM, 61 parts
of xylene and 4 parts of ethyl acrylate, and the mixture was heated
up to 100°C while stirring. _Subsequently, a solution of 18 parts
of methyl methacrylate, 61 parts of ethyl acrylate, 7.75 parts
of zinc diacrylate in the form of powder (manufactured by Asada
Kagaku K. K.), 9.25 parts of zinc dimethacrylate in the form of
powder (manufactured by Asada Kagaku K. K.), 18.79 parts of PGM,
2.2 parts of water, 10 parts of xylene, 1 part of a chain transfer
agent (Nofmer MSD) ' 2 5 parts of AIBN and 6. parts of AMBN, the
mixture beJ.ng opaque due to undissolution of the zinc
di (meth)acrylate, was added dropwise over 6 hours at constant
speed from the dropping funnel. After completion of addition,
0.5 parts of t-butyl peroctoate and 7 parts of xylene were added
dropwise over 30 minutes, and further stirred for 2 hours, then,
7.46 parts of xylene was added, to obtain a white resin composition
Cl containing mixed insoluble substances hav1ng a heated residue
proportien of 44.2%. and having a Gardner viscosity of A or less. .
{Production Enample.CZ] |

Into the same flask was charged 120 parts of xylene and 30
parts of n-butanol, and the mixture was heated up to 110°C while
stirring. Subsequently, amixture of 60 parts of ethyl acrylate,
25 parts of 2-ethylhexyl ac_rylate, iS parts of acrylic acid and

2 parts of AIBN was added dropwise over 3 hours at constant speed

»
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from the dropping funnel. After completion of addition, the
mixture was stirred for 2 hours to obtain varnish having
characteristic values of a heated residue proportion of 39.7%
and a Gardner v15c051ty of +J.

Then, into the same flask was charged 100 parts of the
resulted varnish, 20 parts of naphthenic acid and 7 parts of copper
hydroxide, and the mixture was heated up to 120';C and stirred for
2 hours, and water (2.6 g) produced in.this operatidn was
de-hydrated to obtain a metal-containing resin composition C2
having characteristic values-of a heated residue proportion of
51.9% and a Gardner viscosity of +H.

The charging amounts (ratio by weight) of the metal-
containing resin compositions Pl to P10 described in Examples
13 to 22, the v1sc051t1es (Gardner) and SOlld contents (%) of
the resulted re51n.comp051tlons, ‘and the. molecular welghts (MW)'
of the resins are described.in Table 3. The molecular weight of
a metal-containing resin according to HLC-8120GPC was measured
by a DMF eluate to which 20 mM LiBr was added, using two TSK-gel
.a types (a-M). The weigh~average molecular weight was measured

in terms of po'lystyrene.



Table 3

_ Example
13 14 15 | 16 17 18 19 20 21 22
(P1) (P2) (P3) (P4) (P5) (P6) (P7) (P8) (P9) (P10)
Al 52 40 47.4 | 37.8 40 1 - :
e A2 - ' 37.8
Metzl-:- ' ) 55
containing
monomer All 22
Al0 6
Al2 52
MMA 1 10 14.6 18 5 1 49,55 18 1 1
Copolymeri- |EA 70.2 66.6 | 56.6 65 68.9 | 70.2 50 65 68.9 | 70.2
zing monomer | 2-MTA 5.4 5.4 5 5.4 5.4 5.4 5.4
n-Nba 7.5 .

. ‘ AIBN 2.5 2.5 2.5 | 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Initiator  IZomy 7 5.5 | 8.5 7 6 7 2 7 7.5 8
Chain trans- '
fer agent Nofmer MSD 1 1 1. ; 1 1 1 1 1

Gardner
viscosity Y +V ~-Z2 +T. +U +V +B +Y. +W +V
Property Solid _
value content (%) 45.6 46.1 45.8 .46.0 46.2 45.2 44 .7 46.2 46.3 45.9
Molecular '
weight (Mw) 5200 6000 4800. 5000 5500 5200 8000 _5600, 5000 4200

8t
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[Examples 23 to 31 and Compara_tive Examples 5 and 6]

Then, antifouling paints of the present invention (Examples
23 to 31) were prepared according to compounding ratios shown
in Table 4, using the resin compositions Pl to P6 , P8 to P10.
Further, antifouling palnts of Comparative Examples 5 and 6 were
prepared according to compounding ratios shown in Table 4, u51ng

the resin compositions Cl and C2.



Table 4

Example

Cbmp.Ex.

23

24

25

26

21

28

29

30

31

Copolymer

Pl

40

P2

40

P3

40

P4

40

P5

40

P6

40

| P8

40

P9

40

P10

40

Cl

c2

Copper oxide

50

50

50

50

Iron oxide

1

.5

1‘

5

1.5

1.5

Powdered Silica

DISPERON 4200

1.

5

1.

11.5

1.5

Xylene

0S
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Next, the storage stability test, -test of degree of wasting
of film, antifouling test, and crack-resistance & peeling
resistance test were conducted according to the following
explanations, using the above-prepared antifouling paints. .
(i).Storage stability test | .

The results of measurement of viscosities of peints directly
after production of antifouling paints and after storage in
constant temperature water tenk at 40°C for 1 month ere shown in
Table 5. |
(2) Test of degree of wasting of film

Each antifouling paint was applied by an applicator on a

hard vinyl chloride plate of 50X50X2 mm (thickness) so that the

dry film thickness was 240pm, the plate was attached to a

rotatlon drum p-laced in sea water, the .drum was rotated at a.

. c:chumferentJ.al speed of 15 knot, and the wasted f:le thickness - :

was measured every 3 months. The results are shown in Table 6.
(3) Antifouling test | |
Each antifpuling paint was painted on a sand blasted steel
plate onwhich an anti-corrosive paint had been previouslypainted
se that the.dry £film thickness was 240um to produce a test plate,
and this plate was left immersed still for 36 months in Hiroshima
bay in Hiroshima prefecture, and the edhes:ton area (%) of adl.'l.es'ive _
matters was checked every 6 months. Theresultsare shown in Teble
7. |
(4f Cracking and peeling test
The antifouling paint compositions of Examples 23 to 31 and
Comparative Examples 5 and 6 were painted on the following boards

(1) and (2) so that the dry £ilm thickness was 240 um, to produced
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test plates @ and @. On the test plate @, the same antifouling

paint as applied in producing the board (2) was applied.
Board (1) : A board composed of a sand blasted steel plate on which
‘an anti- corroswe palnt had been prev1ously pa:.nted
Board (2): A board obtained by formlng on the ‘board (1) a painted
film having a film thickness of 240 pm made of the
antifouling paint composition of Examples 23 to 31 and
Comparative Examples 5 and 6, and immersing this in
sterilization-filtrated sea water for 3 months, then,
drying it at room temperature for 1 week.
The above-mentioned test plates (@D and @ were immersed in
sterilization-filtrated sea water for 24 months, and the test
plate taken out of eea water was dried for 1 week at room

temperature of 20'C every six months, and cracklng and peellng

' condltlons of the fllm were. observed No cracklng and peellng'

at all is represented by O, slight occurrence of cracklng is
represented by A, and occurrence of cracking on the whole surface

or of peeling is represented by X. The results are shown in Table

8.



- Table 5

Egample Comp. Ex.
. 23 | 24 25 26 | 27 28 29 30 31 5 6
Viscosity directly after ' T '
paint production (CPS) 764 | 685 | 832 621:_555 702 | 793 |1 755 | 670 | 178 302
Viscosity after one’ :
O 7 .
month at 40°C (CPS) 863 33 | 922 642. 745 | 763 | 883 | 805 722 201 4820

CPS:Centipoises

€S




Table 6

14

' Example Comp. Ex.
23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 5 6

Aftiﬁ 3 32 14 | 7 | '8 | 22| 28| 7 35 | 20 | 62 | 13
Wasted film [RoR 36 —
thickness [Pfter 65 30 15 |.18 | 46 | 55 | 17 | 72 | 42 | 81 17
(um) months .

After 9 | g9. | 45 | 22 |.29 | 69 | 84 | 26 | 108| 63 | 85 | 18

months .

After 12} 135 | 59 | 28 |39 | 93 {112 | 36 | 144 | 85 | 85 | .18

months , .

After 15 |\ 165 | 73 | 34 | 48 | 115|139 | 44 | 179|105 85 | 18

Jmonths o

After 18 | 104 | g8 | 41 | 57 | 139|168 | 52 | 217|127 | 85 | 18

months -

After 21 - - ~

b 227 | 104 | 47 | 67 | 163|196 | 61 | - | 147 | 85 | 18

After 24 .

b 120 | 52 | 78 | 188 | 223 | 70 165 | .85 | 18
Monthly average wasted - o

10.8] 5.0 | 2.2(3.3|7.8|9.3]2. ) ) . )

film thickness (um) s . S 2.9112.016.913.510.8




55

Table 7
Example Comp .EX.,
5372425126127 [28]29]30[31] 5 3
iggﬁgssooooooooooo
Adhered After 12 -

.ez;?a s o|lofoflojojofojofo ‘o 0
1777 |pfter 18 | gl ol oo |olo|lo|lo] o s0| 30

_months
After 24 | o | ol ofoJo|lo]o|o}o]z00] 70

months
After 30 [ o1 o |10l o| o] o] o]o] o]100]100

nmonths
After 36 | 5| o |30|10] 0| 0 |20] 0| 0| 100] 100

months :
Table 8

Comp
Example Ex .
53124125126]127128|29]30|31]| 5 | 6
After 6 @OOOOOOOOOXO
months @OOOOOOOOOXO
Crack- After 12| @ |O|O[O|0O|0O]|0O|0|0JO| X | O
© |resistance/, months” [ @ |O|O|O]|O|0O[C[O|O|Of X | A
fpesting-  “farter 18| @ O olololololololo x| A
resistance inonths [@ [O]O]O|0O[O|O|O|O|O| X | X
After 24| @ |O|O[O|OIO|OI0|0O|A] X | X
months @ |0[0|0|0[0|0|0|0]A] X | X

Regarding the antifouling paint compositions (Comparative
Examples 5 and 6), self polishing property aﬁd antifouling
property are observéd jnitially, however, after a long period
of time, they were not found and antlfoullng'was poor Further,
in Comparatlve Example 6 in which a metal salt was added to and
reacted with a high acid value polymer, increase in viscosity
of a paint was observed and storage stability was insufficient,
and in Comparative Example 5.in which a powder of a metal salts
was polymerized, cracking resistance & peeling resistaﬁce was

poor and re-coating property was not good.
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On the other hand, in the antifouling paint compositions
using the metal—containing resin compositions P1 to P6, P8 to
P10 (Examples 23 to 31}, self polishing property for a long period

of t:Lme and excellent antlfoullng ability were shown, further,

_cracklng resistance and peellng res:.stance were excellent, and

re-coating property was excellent.
[(Production Example M1]

In the same manner as in Example.l, into a fout—neeked-flask
equipped with a cooling tube, thermometer, drbpping funne‘l and
stirrer was charged 85.4 parts of PGM and 40.7 parts of zinc onide,
and the mixture was heated up to 75C while.stirring. Tnen, a
mixture of 43.1 parts of methacrylic acid, 36.1 parts of acrylic
acid and 5 parts of water was added dropwise from the dropping

funnel over 3 hours at constant speed. Af_ter comp_letio_n of

. addition, ‘the:rea'ction 'so'l'ution ‘changed f,ro_m"' opaque condition

to transparent. Further, the solution was stirred for .2 hours,
then, to this was added 36 parts of PGM to obtain a transparent
metal-containing monomer dissolved mixture Ml. The solid con-
tent was 44.8%. |
[Production Example M2] | .

Into the same flask was charged 72.4 parts of PGM and 40.7

parts of zinc oxide‘i, and the mixture was heated up to 75C while

' stirring.' Then, amixture of 30.1 parts of methacrylic acid, 25.2

parts of acrylic acid and 51-.6 parts of versatic acid was added
dropwise from the dropping funnel over 3 hours at constant speed.
After completion of addition, the reaction solution changed from
opaque condition to semi~-transparent. Further, the solution was

stirred for 2 hours, then, to this was added 11 parts of PGM to
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obtain a transparent metal-containing monomer dissolved mixture
M2. The solid content was 59.6%. |
[Production Example M3]

Into the same flask was cha_rged 60 parts of xylene, 13 parts__
: of PGM (propylene lecol methyl ether) 'and 40.‘7 parts ef zinc
oxide, and themixture was heatedup to 75°C while stirring. Then,
a mixture of 32.3 parts of methacrYlic acid, 27 parts of acrylic
acid, 37.7 parts of oleic acid, 2.3 parts of acetic acid and 5.8
parts ef propionic acid was added dropwise from the dropping
funnel over 3 hours at constant speed. After completion of
addition, the reaction solution changed from opaque condition
to t.ransparent. Further, the solution was stirred for 2 hours
to obtain a transparent metal-containing monomer dissolved
mixture M3 The SOlld content was .39.6%. |
-[Productlon Example Pll]

Into the same flask was charged 15 parts of PGM, 60 parts
of xylene and 4 parts of ethyl acrylate, and the mixture was heated
up to 100C while stirring. Subsequently, a transparent mixture
of 15 parts of methyl methacrylate, 48 parts of ethyl acrylate,
15 parts of n-butyl acrylate, 40.2 parts of the metal- contaJ.n:Lng
monomer dissolved mixture descrlbed in Production Example M1,
10 parts of xylene, 1.2 parts of a chain transfer agent (Nofmer_
MSD), 2.5 parts of AIBN and 6.5 parts of AMBN was added dropw1se
over 6 hours at constant speed from the dropping funnel. After
completion of addition, 0.5 parts of t-butyl pernctoate and 7
parts of xylene were added dropwise over 30 minutes, the mixture
was further stirred for 1 hour and 30 minutes, then, 8 parts of

xylene was added, to obtain a pale yellow transparent metal-
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containing resin composition P11 having a solid content of 46.1%,
having a Gardner viscosity of -V and containing no insoluble
substance.

[Production Example PlZ}_ _

Into the same flask was charged 15 pérts of PGM, 57.parts
of xylene and 4 parts of ethyl acrylate, and the mixturé was heéted
up to 100°C while stirring. Subsequently, a'transpareﬁtdnixture
ofi4.6partsofmethylnethacrylate(52.6par£sofethylacrylate,
7.5 parts of n-butyl acryiate, 47.5 parts of the metal—copta‘iniﬁg
monomer dissolved mixture described in Prﬁduction Exampie M1,
10 parts of xylehe, 1 part of a chain transfer agent (Nofmer MSD),
2.5 parts of_AIBN and 8.5 parts of AMBN was added dropwise over

6 hours at constant speed from the dropping funnel. After

' completion of addition, 0.5 parts of t-_butyl peroctoate and 7

ﬁérfs of -'xy'lene wer-e added dfo.pv.aise'o-ve.r 30 minhtes} th’é ﬁiixt'ﬁré
was further stirred for 1 hour and 30 minutes, then, 6.9 parts ,
of xylene was added, to obtain a p_ale yellow transparent
metal-containing resin composition P12 having a solid _content
of 45.8%, having a Gardner viscosity of -Z2 and contéining no
inéoiuble substance.

[Production Example P13]

Into the same flask was ﬁharged 15 parts’_ of PGM, 61 ;S_arts
of'xylene and 4 parts of ethyl acrylate, and the mixfure was heated
up to 100C while stirring. Subsequently, a transparent mixture
of 18 parts of methyl méthacrylate, 61 parts of ethyl acrylate,
37.9'parts of the metal-containing monomer dissolved mixture
described in Example M1, 10 parts of xylene, 1 part of a chain

transfer agent (Nofmer MSD), 2.5 parts of AIBN and 7 parts of
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AMBN was added:dropwise over 6 hours at constant speed from the
dropping funnel. After completion of addition, 0.5 parts of
t-butyl peroctoate and 7 parts of xylene were added dropnise over

30 minutes, the mlxture was further stirred for 1 hour and 30

:mlnutes, then, 8.2 parts of xylene was added, to obtain a pale

yellow transparent metal- contalnlngre51ncomp051tlonP13haV1ng
a solid content of 46.0%, having a Gardner v1sc031ty of +T and
containing no insoluble substance.
[Production Example P14]

Into the same flask was charged 15 parts of PGM, 65 parts

of xylene and 4 parts of ethyl acrylate, and the mixture was heated
up to 100°C while stirring. Subsequently, a transparent mixture

of 28.2 parts of methyl methacrylate, 55 parts of ethyl acrylate,

1 28.6 parts of the metal contalnlng monomer dlssolved mlxture

descrlbed in Example Ml 10 parts of xylene, 1.2 parts of a chain’
transfer agent (Nofmer MSD) ’ 2.5 parts ef AIBN and 4 parts of
AMBN was added dropwise over_ 6 hours at .constant 'speed from the
dropping funnel. After completion of addition, 0.5 parts of

t-butyl peroctoate and 7 parts of xylene were added dropwise over
30 minute_s, the mixture was further stirred for 1 hour and 30

minutes, then, 9.4 parts of xylene was added, to obtain a pale

. yellow transparent metal-containing resin composition P14 having

a solid content of 45.8%, having a Gardner viscosity of +Y and
containing no insoluble substance.
[Production Example.P15]

Into the same flask was charged 10 parts of PGM, 63 parts
of xylene and 3 parts of ethyl acrylate, and the mixture was heated

up to 100°C while stirring. Subsequently, a transparent mixture
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of 9 parts of methyl methacrylate, 58 parts of ethyl acrylate,
50.3 parts of the htetal-containing monomer dissolved mixture
described in Example M2, 10 parts of PGMI and 5 parts of AMBN_ was
added dropwise over 4 hou_rs_at constant speed frem.the dropping
funnel. After completion of addition, 05 parts of t-butyl
peroctoate and 7 parts of xylene were added dropwise over 30
minutes, the mixture was further stirred for 1 hour and 30 minutes,
then, 7 parts of xylene was added, to obtain a pale yellow
transparent metal-containing resin composition P15 having a
solid content of 44.9% and having a Gardner viscosity of +T. No
productioh of cullet such as insoluble_substances_and the like
was found in the resulted resin solution.

[Production Example Pl 6]

Into the same flask was charged 27. 3 parts of PGM, 44.9 parts

of xylene and 2 parts of ethyl acrylate, and the mixture was heated

up to 100°C while stirring. Subsequently, a transparent mixture

of16.2 parts of methyl methacrylate, 58.6 parts of ethyl acrylate,

'59.9 parts of the metal-containing monomer dissolved mixture

described in Example M2, 2.5 parts of AIBN and 1.5 parts of AMBN '
was added dropwise over 6 hours at constant speed from the dropping
funnel. After completion of addition, O. 5 parts of t—butyl
peroctoate and 7 parts of xylene were added dropw1se over 30
minutes, the mixture was further stirred forl hour and 30 mlnutes '
then, 8 parts of xylene was added, to obtain a pale yellow
transparent metal-containing resin composition P16 having a
solid content of 45.4% and having a Gardner viscosity of +R. No
production of cullet such as insoluble substances and the like

was found in the resulted resin solution.
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[Production Example P17]

Into the same flask was charged 120 parts of xylene and 30
parts of n-butanol, and the mixture was heated up to 110C while
stirring. Subsequently, amixture of 60 parts of ethyl acrylate,

25 parts of 2—ethylh_exyl acrylate, 15 parts of acrylic acid and

2 parts of azobisisobutyronitrile was added'dropwise over 3 hours

at constant speed from the dropping funnel. After compietion of
addition, the mixture was .stirr'ed for 2 hours to obtain varnish
having characteristic values of a solid content of 39.7% and a
Gardner viscosity of +dJ. |
Next, into the same flask was charged 100 parts of the

resulted varnish, 20 parts of naphthenic acid and 7 parts of copper
hydr-oxide, and the mixture was heated up to 120°C and stirred for
2 hours, and water (2.6 ¢g) produced in this operation was

de-hydrated to obtain a metal-containing ‘resin P17 having

characteristic values of a heated residue propo'rt'ion of 51.9%

and a Gardner viscosity of +H.

The charging amounts (molar ratio) of the metal-containing

resin compositions M1 to M3 in the examples, the amount of a

solvent and metal content (wt%) in the metal-containing monomer
dissolved mixture, and the solid content (wt$) of the metal-~

containing monomer dissolved mixture are described in Table 9.

' The charging amounts (ratio by weight) of the metal-containing

resin compositions P11l to PiG in the examples, the viscosities
(Gardner) and.solid contents (%) of the resulted resin
compositions, and the molecular weights (MW) of the resins are
desc;ribed in Table 10. The molecular weight of a metal-

containing resin according to HLC-8120GPC was measured by a DMF
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eluate to whiéh 20 mM LiBr was added, using two TSK-gel « types

(a-M). The weigh-average molecular weight was measured interms

of polystyrene.



Table 9

Volatile con-

tent in
: St metal- _
Charging amount (molar ratio). containing .
- monomer Metal Solid
: content | content
mixture (Wt$) (Wt %)
. (wt%) note) o
Versa . Propi- .
MAA AA ZnO | Water | -tic 2&32? ~onic Agﬁgéc' Xylene | PGM
acid “acid
Pro. . ' _
Ex M1 0.5 0.5 0.51 0.27 49.3 13.? 44.8
Pro. ' : _ _
Ex .M2 0.35 ]| 0.35 ] 0.5 0.3 | _ 36.1 14,2 59.6
§§°b'43 0.375]0.375| 0.5 0.133 | 0.078| 0.039 | 40.2 17.2 {39.6]| 9.6 39.6

Note) Excepting water produced in reaction

€9




Table 10

Production Example

P11 P12 P13 P14 P15 Plo
18 21.3 17 12.8
- M1 (40.2) | (47.5) | (37.9) | (28.6)
Metal- 30 -
containin |M2 '(50‘3).
g monomer 23 .2
M3 (58.4)
Copolyme— |MMA 15 14.6 18 28.2 9 16.2
rization EA 52 56.6 65 59 6l 60.6
monomer n-BA 15 7.5 _

T ATBN 2.5 2.5 2.5 2.5 1.5
Initiator. "aveN 6.5 | 8.5 7 4 5 2.5
Chain .
transfer Nofmer MSD 1.2 1 1 1.2
agent :

Gardner -V -22 +T +Y +T +R
viscosity E
Property |Solid content (wt$) 46.1 45.8 46.0 45.8 44.9 | 45.4
value Molecular weight (Mw) 5400 - 4800 5000 6500 6500 - 6500
Metal content in
polymer (wt$) 5.3 6.3 5.0 3.8 7.1 5.6

Note) Value in bracket means amount of metal- contalnlng monomer dissolved
mixture used _

9
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[Examples 32 to 42 and Comparatix}e Examples 7 to 13]

Then, antifouling paints of the present invention (Examples
32 to 42) were prepared according to compounding ratios shown
in Table 11, uging'the resin composition,slPll to P17. Fu;ther,
antifoulihg pai.nts lof Comgaaratli'v'e Examples 7 to 13' were prepared
according to coinpounding_ ratios shown in Table 11, using the resin

compositions P11, P15 and P17.



Table 11

Example

com

32

33

34

35

36

37.1 38

39

41

42

9

parative Example
10

11

12

13

P11

490

40

P12

40

P13

40

P14

40

P15

40

Pl6

40-

P11

40

P11l

40

Comp. [F17

36

(C) |p1l1

40

P11

40

P11

40

P15

40

(P17

36

P11l

40

“{P13

40

P17

36

P11

40

n-propylmercaptan

1sobutylmercaptan

0.7

mp. |[n=-octylmercaptan

0.9

1.2

‘D) [n—-dodecylmercaptan

1.3

2—mercagtona2hthalene

11.0

—mercagtogroglonlc acid

mponent (E) (copper oxide)

50

20

50

50

50

55150

50

50

50

50

pper rhodanate

50

Zlnc 2-pyridinethiol~l-oxide

(N

Iron oxide

1.5

1.5

1.5

1.5

1.5

1.511.5

1.5

1.5

{2
(Sy

1.5

1.5

Titanium oxlde

Powdered silica

3

3

3

3

3

3

DISPERON 4200

1

1

1

1

1

1

Xylene

5

8

5

5

5

il

Lnji== W)

8

(81 | o L ¥V

~Jf =] L)

ufi=fw

(1) :metal content in component {C)
m mol}

14.9

17.6

14.1

10.6

19.5

6{14.9

14.9

20.8

14.9

19.5]20.9

oa =
. W =10]

1

14.9

t amount of component (D) [mmol]

6.4

2.7

6.2

8.2

6.6

7.816.2

6.6

9.9

32

6.4

fold

0.43"

0.15

0.44

N.77

0.34

0.50]0.42

0.44

0.4%

.15

0.43

0

0

Note) In example 41, xylene was added in 23-fold amount because paint viscosity at the beglnnlng

increases.

- DISPERON 4200 (manufactured by Kusumoto Kasei,

sagg;ng inhibitor)

99
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Then ,using the above-prepared antifouling paints, tests
were conducted in the same manner as mentioned above. (1) The

results of storage stability test are shown in Table 12. (2) The

‘results of wasting test are shoWri in Table 13. Further, 6 nonths

after produétion of the 'pa::Lnt, thé pain't was appliéd and tested,
and the results are shown in Table 14. (3) The results of
antifouling test are shown in Table 15. Further, 6 months after
production of the paint, the paint was épplied and tested, and
the results are shown in Table 16. (4) The results of c.rack-
resistance/peeling resistance teét are shown in Table 17.
Further, . 6 months after production of the paint, fhe' paint was

applied and tested, and the results are shown in Table 18.



Table 12

Paint
viscosity

Example

Comparative Example

(mPa.s) 32 | 33|34 |35

36 § 37 | 38

39,

41

42

8 9

10

11

12

13

directly
iafter paint| 554 | 646 | 515 | 589
>roduction C

482 | 511 | 621

512.

288

607

632

832

660 | 302

713

573

480

922

\fter one .
nonth 562 | 650 | 513 | 594
at 40°C

490 | 502 | 644

3502

4410

622

655

922

752 | 4820

705

581

471

gelled

Jotice) The painted films of
months after in Examp

le 36 and 15 ‘months after in Comparative Example 11..

about 240 pgm disappeared utterly 21 months after in Example 34, 18

89




Table 13

Example. - : Comparative Example
32133134 35]36 37383940 4142 7 ] 8] 9 |10]11]12
Wasted [After 3 | 19 | 35 {38 | 15|52 | 30|24 | 19|30 |26|15| 5 | 15| 13| 16| 50 | 29
film months : ' -
thick- [After 6 | 37 | 59 | 72 | 27 | 99 | 57 | 27.| 29 | 45 | 32 | 28 | 9 | 28 | 17 | 33 | 102 | 48
ness months ; — : .
(um) |After 9 | 4o | g7 | 107| 37 |144| 84 | 40 | 38 | 55| 49 | 42| 14 | 41 | 18 | 49 | 151 60
months i :
After 121 g4 | 115|142 | 48 | 101 | 110| 54 | 47 | 63 | 66 | 56 | 19 | 55 | 18 | 65 | 205 | 69
months )
After 15) o 11441 176| 57 | 235|136 69°] 54 | 68 { 82 | 69| 23 |68 | 18| 82| - | 75
‘jmonths : :
After 18| o6 | 195 211| 68 | - |162| 83| 62 | 70 | 98 | 84 {28 [ 82 | 18| 99| - | 78
months -
After 211,541 200| - | 78| - |188| 96 | 70 | 71 | 124] 97 | 33 | 95 | 18 [115]| - | 79
months ‘ . :
After 241 ,.5 | 227 87 | - | 214|120 78 | 71 | 129|109 37 |111| 18 | 132} - | 79
months . : . B
Monthly average - .
wasted film 5.0 9.5{11.7} 3.6 |15.7]/ 8.2 4.6.{3.213.0|5.4|4.5]1.5]4.6}0.8}15.5|17.1| 3.3
thickness (um) . :

Notice) The painted films of about 240 unldiéappeared utterly 21 months after in Example 34,
18 months after in Example 36 and 15 months after in Comparative Example 11.

69




Table 14

Example . - . Comparative Example
32 133134 135136[37[38[39][40]41]42| 7 [ 89 [0 1D
Wasted PEEeX 3 115 | 59 | 40 [ 17 |50 | 28 | 13| o | 31 | 16 | 14 | 4 6|10 | 19 | 56 | 30
£ilm months i
thick- (After € 4 oo | 55 | 75 | 29 | 06 | 54 | 27 | 10 | 44 | 31 | 27 | 5 10 | 10 | 35 | 104 | 47
ness months - : - :
(um) [PEEET 9 4 44 | g1 {109 .41 | 141 | 81 41 | 27 | 52 | 46 | 41 | 10 | 15 | 10 | 42 | 153 | 62
months : . .
After 12/ 59'l 108 | 144 | 52 | 185 107 | 54 | 35 | 58 60 | 55 | 12 | 19| 10 | 59 | 203 | 71
months .
After 151 93 |1as | 177 62 [ 230 | 132 67 | a2 | 61 | 75 68 | 15 (24 | 10| 75| - | 76
months _
Dfter 18187 |1e2|212| 73 | - |159| o1 | 52 | 63 | o1 | 81 18301092 - |76
months - .
After 211101 f100| - | 84| - | 185 94 | 61 | 64 | 108 95 1 20 | 34 | 10 |109] - | 77
months g _
After 241,51 519 35| - (2101107 69 | 64 | 119|108 22 [ 38 | 10 | 126 - | 77
months . _
Monthly average : - | : .
wasted film 4.819.0111.814.015.3/ 8.8 1 4.512.9|2.7 (5.0 4.5|0.9| 1.6 | 0.4|5.3 |16.9] 3.0
thickness (um) '

Notice) The painted films of about 240

18 months after in Example 36

pm disappeared utterly 21 months after in Example 34,

and 15 mpnths after in Comparative Example 11.

074
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Table 15

Example o Comparative Example

32[33|34]35[36]37[38]39(40]41[42] 7 | 8 [ o [ 10 [ i1 |5

igzgr‘?g) ptrer ® Jolofofo]o]olo]o ofoflofl o o | o |s50]30] s0
monens . |0 0(0]ofololo]o]olo]o] o] o | o 100 | 70 | 100
hrrex 18 lololololo]olo]o ojo|o 0 | o | 30 |100] 100100
hrtex 24 1o | o Ojojofojofofofofo| 10| o | 70 |100]100] 100
prrer 3% Jofoofolo]o]olo]30 010 50 | 10 | 100|100 | 100 | 100
prrer 3¢ 1olofolo]o]ool10 70f 0|0 | 8 | 50 [ 100100100 100

LL




Table 16

_ Example Comparative Example
32[33]34[35[36(37]38]39]40[41]42 8 | 9 | 10 ] 11 | 12
:“rf;er(e%‘% 22;5;56 ofojofofofolofolofojo| o | o | ¢ |s0]f30] s
S er 2 |ololofofofofofo]o]o]o 30 0o [ o |100] 70 | 100
Aners o] ofololo]ololo]o olo| 70| o | 30 |100]100 100
ﬁg;‘éﬁs” ojofojofojlojofo|lo]jo|o|100]| 30| 70 | 100! 100 100
Atter 3% | o olojojo|ofo|o|3]o]o]100 150 | 100 | 100 | 100 | 100
s lofofo|olo|o|o]30]70] 0] 0]100]200] 200 | 100 100 100

cL
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In Comparative Examples 7 to 9 using'no component (D),

tests of painting 6 months after revealed a tendency of

' significant reduction in self polishing prdperty of a_painted

-£ilm and- also of decrease in antifouling effect over a long

period, as compared with tests of painting two weeks after
production of the paint. In Comparative Example 13, storage
stability was low and the sample was gelled during evaluation.

In Comparative Examples 10 to 12 using no component (E)

_ (copper oxide), some samples showed high self polishing

property, however, antifouling effect for a long period was not

found.

On the other hand, in Examples 32 to 42, as a result of

tests of pa1nt1ng two weeks after productlon of a palnt and tests

. of palntlng 51x months after, self pollshlng propertles were ”

approximately equivalent, and decrease in antifouling effect
over a long period of time was not found. Even when copper oxide
was used, the approximately the same hydrolyzing property as

in the case of no use of copper oxide was found.

As described above, according to the present invention,
a metal -containing monomer dlssolved mlxture can be prov1ded
which is dlss_olved in a general organic solvent, excellent in
storage stability, and excellent in mixing property with a
general acrylic monomer; and a metal-containing resin can be
provided wherein the polymer obtained by using the mixture as
a raw material is dissolvable in a general organic solvent.

An antifouling paint composition using a polymer herein
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obtained manifests excellent antifouling effects such as
uniforﬁ dissolution in sea water at appropriate speed and
- maintenance of self poiishing property for a long periodof time,
and has excelleﬁt cracllcing—resis‘tan'c-:e;and peeling-resistance.
Further, the antifouliné paint composition of the present
invention can maintain excellent anfifouling effect for a long
period without mar_lifesting significant rédubtion in self
polishing property of a filin forﬁted, even aft_er. a long period

of time passed after produ_ction.
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WHAT IS CLAIMED IS:

1. A metal-containing monomer dissolved mixture com-

~ prising a reaction product of an inorganic' metal compound with

a carboxyl group-containing i‘adica'l polymerizable monomer, an

h

and water, wherein the water content is from 0._01 to 30% by
weight. |

2. The metal-containing monomer dissolved mixture

organic solvent including at least an alcohol-based solvent,

according to Claim 1 wherein water is contained in a proportion

10 of 0.01 to 5-fold based on the mol number of the inorganicmetal
compound. |

3. The metal-containing monomer dissolved mixture

- according’ té Claim 1 wherein the ratio of the alcohol-based

"solvent 1nthe organlc Sélfrerit is from 5 to 100% by.wéi'gh.t.:'.'

15 4, The metal-containing monomer dissolved mixture

according to Claim 1 comprising a reaction product of an oxide,

~ hydroxide or chloride of a metal composed of zinc, copper or

magnesiumwith (meth)acrylic acid, an organic solvent including

at least an alcohol-based solvent and water, wherein water is

20 contained in a proportion of 0.05 to 3-fold based on the mol

number of the oxide, hydroxide or chloride of a metal composed

of zinc, copper or magnesium.
5. Ametal-containing resin obtained by copolymerizing
the metal-containing monomer (A) in the mixture of Claim 1 with

25 the other radical-polymerizable unsaturated monomer (B).

6. An antifouling paint composition obtained by using
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the metal-containing resin of Claim 5.

7. The antifouling paint composition according toClaim
6 wherein the weight-—ave.r_ag_e molecular weight of the metal-
contaihiné resiﬁ is from iQOO to 20000. |

8. An antifouling paint composition comprising a

divalent metal-containing resin (C), a compound. (D) of the

following general formula (I), and copper oxide (E):
| R!'-SH (I) |
wherein, R! represénts an organic group having 1 to 30 carbon
atomé. | |
9. The antifouling paint' composition according to Claim

8 wherein the divalent métal-tontaining resin (C) contains at

least one metal selected from.c_opper_-,' zinc and magnesium.

10. The :a'nt.ifoﬁiilric-_.y pﬁint Cc->m'po.sitio'n é’écdrding to Clai'm'.
8 wherein the divalent metal-_containing resin (C) is a copolymer
of a metél—containing monomer. | |

11. The anti'fouling pairit composition according to Claim
10 wherein a polymerizable compoﬁnd having two unsaturated
groups and/or a compound of the. following general formu_la (II)
is used, as the m'etal—containing' monomer:

CH2'=c': -C-0-M-R} (D)

I
O

wherein R° represents a hydrogen atom or methyl group, M
represents Mg, Zn or Cu, R® represents an organic acid residue.

12. The antifouling paint composition according to Claim
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8 wherein the divalent metal-containing resin (C) is a resin
obtained by using a metal—containing monomer dissolved mixture
comprlslng a reaction product of an 1norgan1c metal compound .
with a carboxyl group contalnlng radical polymerl zable monomer,
an organic solvent including at least an alcohol-based solvent,
and water, whereln the water content is from 0. 01 to 30% by
welght

13 .. The antifouling paint composition according to Claim
12 wherein the tatio of an alcohol-based solvent in the organic
solvent is from 5 to 100% by weight.

1_4 - Theantifouling paint composition according to: Claim

8 wherein the content of the compound (D) of the general formula

(I) is from 0 01 to 0. 99- fold based on the metal content (mol': -

'number) in the dlvalent metal contalnlng re51n (c).



