1 DESCRI PTI ON ANTI FOULE H3) 4

PAI NT COMPCSI TI ON TECHNI CAL FI ELD _ The present 31/5
knvention relates to an antifouling pai nt conposition. Mre
particularly, it relates to an antifouling paint conposition which is
capabl e of 5 inhibiting attachnment and accunul ati on of marine

organi sns and seaweeds on the underwater structures, fishing nets and
the ship bottom BACKGROUND ARPESCRIPTION The subnerged portions
of the ships and marine 10 structures are provided with an antifouling
coating containing rosin or organic.tin for the purpose of

preventing corrosion or the 1.S) S ships due to
attachnment of narine 'creatur1§i'pfs)€f§“ﬁf"]§£éj éif@%rw'ﬁ@fedos, and al gae.

Such an antifouling 15 coating is also provided on the nets used at the

TECHNICAL FIELD
The present invention relates to an antifouling
paint composition. More particularly, it relates to an
. antifouling paint eompoeition which is capable of
5 dinhibiting attachment and accumulation of marine‘
organisms and seaweeds on the underwater structures,

fishing nets and the ship bottom.

'BACKGROUND ART
The submerged portions of the ships and marine
10 structures are provided with an antifouling coating
containing rosin or organic tin for the purpose of
’ preventing corrosion or the drop of cruising speed of the
ships due to attachment of marine creatures such as
barnacles, teredos, and algae. Such an antifouling
15 coating is also provided on the nets used at the
nurseries of fishes or marine products for the purpose of
preventing fatal effect on the reared fishes and
shellfishes by the attachment of marine organisms on the
nets. _
20 | The antifouling effect of these antifouling
coatings is demonstrated as the rosin and antifouling

substance(s) contained in the coating are eluted into



ndrseries of fishes or marine products for the purpose of . preventing
fatal effect on the reared fishes and shel | fi shes by the attachnent of
narine organisms on the nets. 20 The antifouling effect of
these antifouling coatings is denonstrajed as the rosin and antifouling
substance(s) contained in the coating are eluted into

2 seawater. Therefore, when the coating is left inmersed I n
seawater for a seawpteriodlherefoxe, twhenr|the geating bstiete iumgFsedal 1y
decreased while the non-eluting matter is left in the coating, and at
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excessively reduce. the effect'of the coating to prevent
attachment and accumulation of marine organisms. In the
case of organotin-containing self polishing type paint,
the coating surface is gradually dissolved away to

10 constantly renew the surface so that the antifouling
substance will be always kept exposed on the coating
surface to allow long-time retention of its antifouling

_ effect. This type of antifouling paint, however, has a

possibility to give banefﬁl influence to fishes and

15 shellfishes because of strong toxicity of organic tin
contained therein. Thus, request is intensifying in the
industry for the development of a self polishing type
antifouling paint composition which is low in toxicity
and capable of exhibiting its antifouling effect in the

20 sea for a prolonged period of time. Many studies have
been made on the self polishing type paints frée of
organic tin. For example, JP-A-62-57464 and JP-A-62-
84168 describe the antifouling paint compositions using
the copolymers having a metal-containing group at the end

25 of the side chain. Also, JP-A-5-171066 discloses an
antifouling paint composition containing a copolymer
comprising a metal-containing monomer having 2 to 3

double bonds, as a vehicle.



éffect. This type of antifouling paint, however, has a possibility to
gi ve baneful influence to fishes and 15 shellfishes because of strong

toxicity of organic tin contai ned therein. Thus, request is
iFfntensifying in the i ndustry for the glevel opnent of a self polishing
type antifouling paint conmposition which is lowin toxicity and

capabl e of exhibiting its antifouling effect in the 20 sea for a prol onged
period of time. Many st dlfiweverydhe antgfoulime paints wsing metahi ng type
paints free of ~organic tin. For exanple, JP-A-62-57464 and JP- A-62-
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havi ng a netal - contai_nin roup at the end_. 25 of the side chain. Al so,
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is increased for improving the self polishing
characteristics of these antifouling paints, the formed
coating becomes hard and frail and tends to develop
10 cracks or exfoliate.
On the other hand, the antifouling paint using
a copolymer such as described in JP-A-5-171066, although
capable of'maintaining its self polishing action for a
long period of time tends to have an insufficient rate of
15 consumption of the coating, hence is not necessarily
satisfactory in long-time antifouling effect df coating.
Also, the foamed coating tends to become hard and fragil
with the lapse of time, and further this type of paint is
unsatisfactory in its recoatability on the o©0ld coating

20 formed from an organotin-based paint and so on, so that

the recoating film tends to crack or exfoliate.

DISCLOSURE OF THE INVENTION
An object of the present invention is to
25 provide a self'polishingltype antifouling paint
composition which is capable of displaying an excellent
antifouling effect in seawater for a prolonged period of

time and also shows excellent crack resistance and



5.antifouling effect can hardly last for a | ong period of time. If the
nmetal content per polyner nol ecul ar wei ght IS increased for inproving
t-he sel f polishing characteristics of these antifouling paints, the
for med coating becones hard and frail4and tends to develop 10 cracks
or exfoliate. On the other hand, the antifouling paint using

a copol ymer such as descrlbed |n JP-A-5-17 6 t hou apabl e of
mai nt ai ni ng i <SRN PLIRTHELRE i T '?16? 9];9‘? co é*@gp€9¥'5%do‘€r$'f'n%nt ends
to have an |nsuff|C|ent rat e, of %ﬁ sunption of the coating, hence is
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or ganoti n- base pai nt and e recoating filmtends to
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obj ect of the present invention is to 25 provide a self polishing type
antifoul i ng pasdisistik@POSEpeONt 1B $&1 yriefEpable MEnchePs aYé NGapable

excel | ent antifouling effect in seawater for a prol onged period of
ti me and al so shaonsigkienimntanrexdel bentstancbfemlling effect in
seawater for a long period of time and also has excellent
recoatability on the old éoating formed from an
10 organotin-based paint and so on.
The present invention provides an antifouling
paint composition containing as vehicle a copolymer from
a mixture of (a,) a metal-containing polymerizable
monomér having two unsaturated groups'and (a,) a metal-

15 containing monomer represented by the following formula

(I):

CH, = C-C-0-M-R? | (1)

wherein R! represents a hydrogen atom or a methyl group:;
M represents Mg, Zn or Cu; and R? represents an organic
acid residue.

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

represented by the following formula (II):



4 recoating properties on the old coatlng formed from an

organoti n- based pai nt and so on. As a result of extensive
studi es on the subject matter, the present inventors found that an
antifouling 5 paint containing as vehicles netal -containing copol ymer
consi sting of specific polynerizable nononers is capable of mai nti ani ng
an excellent antifouling effect in seawater for a long period of tine
and al so has excel | ent recoatability on the old coating formed from an
10 organotin-based paint and so,on. The present invention
provi des an antifouling parnt conposition containing as vehicle a
copol yner from a mxture o % rg %% g et al - contalnlng pol yneri zabl e
nmononer having two unsat &Hat 8dCotolpB R (a[err]) a{dal- 15 contai ni ng
nononer represented by the follojMng formul a (1): [err]

(1)

wherein R® represents a hydrogen atom or a methyl group;

R* represents an alkyl group having 1 to 10 carbon atoms,
5 a cycloalkyl group or a phenyl group: and R® represents

an alkyl group having 1 to 10 carbon atoms, a cycloalkyl

group or a phenyl group.

BEST MODE FOR CARRYING OUT THE INVENTION

10 The metal-containing polymerizable monomer (a)
used as a constituent of the copolymer serving as a
vehicle in the present invention is a substance which can
afford a lohg-lasting high self polishing characteristics
to the formed coating and also shows an excellent

15 antifouling effect. Preferably, it is selected from the
metal-containing polymerizable monomers (a;) having two
unsatuated groups or the metal-containing polymerizable
monomers (a,) represented by thé formula (I) shown above.

Examples of the metal-containing polymerizable

20 monomers (a;) having two unsaturated groups usable in the
present invention include magnesium acrylate
[ (CH,=CHCOO),Mg], magnesium methacrylate [CH,=C(CH;)C00],
Mgl, zinc acrylate [(CH,=CHC00).Zn], zinc methacrylate
t (CH,=C(CH;)C00).,Zn], copper acrylate.[ (CH,=CHCOO),Cu], and

25 copper methacrylate [(CH, =C{(CH )COO,Cul. These metal-



wherein Rl represents a hydrogen atomor a nethyl group; M represents
My, Zn or Cu; and R2 represents an organic acid residue. 20

The ‘present invention also provide an antifouling paint conposition
“eontaining as vehicle a copolymer frorsa mxture of (a) a

met al - cont ai ni ng pol ymeri zabl e nononer and (b) a pol yneri zabl e nononer
represented by the follomﬁnngPrnul

5t [err] :°ntam1ng pod; FiFarle mﬁ? K1) cBPEs BR ?sgdhff&'r:gﬁgn
atom or a met
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When the term "(meth)acrylate” is used in the present

5 specification, it means “acrylate or methacrylate”.
The metal-containing polymerizable monomers
(a;) usable in the present invention are those
represented by the above-shown formula (I). In the
formula (I), Rl represents a hydrogen atom or a methyl

10 group; M represents Mg, Zn or Cu as a metal; and R?
represents‘an organic acid residue. The organic acid
residues include, for instance, those derived from
monovalent orQanic acids such as monochloroacetic acid,
monofluoroacetic acid, propionic acid, octylic acidqd,

15 versatic acid, isostearic acid, palmitic acid, cresotinic
acid, <@ -naphthoic acid, B -naphthoic acid, benzoic acid,
2,4,5-trichlorophenoxyacetic acid, 2,4-
dichlorophenoxyacetic acid; quinolinecarboxylic acid,
nitrobenzoic acid, nitronaphthalenecarboxylic acid and

20 pulvinic acid. Of these organic acid residues, the fatty
acid type is especially preferred for the antifouiing
paints and can provide a'coating'which can stay free of
cracks or exfoliation for a long period of time.

‘Examples of the metal-containing polymerizable

25 monomers (a,) represented by the above formula (I)
include, for example, magnesium monochloroacetate
(meth)écrylate ( (meth)acrylate meaning acrylate or

methacrylate in the specification) zinc monochloroacetate



BEST MODE FOR CARRYI NG QUT THE | NVENTION 10 The met al - cont ai ni ng
pol yneri zabl e nononmer (a) = used as a constituent of the copol ymer
serving as a vehicle in the present-invention is a substance which can
afford a long-1asting high self polishing characteristics to the forned
coating and al so shows an excellent 15 antifouling effect. Preferably,

it is selected fromthe netal-contaimrma$olynerizable nNONOMer s

(a[err]) havi ng{Te¥dh) acTYARLR 1 HWPYF RCTHLIFRAGRYAYE cUMRh lagpylate,
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and 25 copper methacrylate [(CH err ese netal -

6 “cont ai Ni gL PANAES | GRdte) dBRPTEY S, (Md@iddlumBycPgraeed eit her
singly or as a mxture of two or nore of them as required. Zinc
(met h) acryl at e (nfet@spaetyldte prefimd reskylate (meth)acrylate, copper
octylate (meth)acrylate, magnesium versatate
(meth)acrylate, zinc versatate (meth)acrylate, copper
10 versatate (meth)acrylate, magnesium palmitate
(meth)acrylate, zinc palmitate (meth)acrylate, copper
palmitate (meth)acrylate, magnesium cresotinate
(meth)acrylate, zinc cresotinate (meth)acrylate, copper
cresotinate (meth)acrylate, magnesium & -naphthoate
15 (meth)acrylate, zinc @ -naphthoate (meth)acrylate,
copper @ -naphthoate (meth)acrylate, magnesium §B -
naphthoate (meth)acrylate, zinc B-naphthoatel
(meth)acrylate, copper B -naphthoate (meth)acrylate,
magnesium benzoate (meth)acrylate, zinc benzoate
20 (meth)acrylate, copper benzoate.(meth)acrylate,
magnesium 2,4,5-trichloroacetate (meth)acrylate, zinc
2,4,5-trichlorophenoxyacetate (meth)acrylate, copper
2,4,5-trichlorophenoxyacetate (meth)acrylate, magnesium
2,4-dichlorophenoxyacetate (meth)acrylate, zinc 2,4-
- 25 dichlorophenoxyacetate (meth)acrylate, copper 2,4-
dichlorphenoxyacetate (meth)acrylate, magnesium
quinolinecarboxylate (meth)acrylate, zinc

quinolinecarboxylate (meth)acrylate, copper



Wien the term " (neth)acrylate" is used in the present 5 specification, it
means -"acryl ate or nmethacrylate”. The netal - cont ai ni ng

pol yneri zabl e nononer s (al[err]) usable in the present invention are

t hose represented by the above-showngormula (I). In the formul a
(I'), Rerr] represents a hydrogen atomor a nmethyl 10 group; Mrepresents

My, Zn or Cu as a netal; and R err] represents an organi c acid residue.
The organi c a@udnolinecardposyliats d&@,thf)@rdprly torcda erived from

nonoval ent or gani id h hl I C .aci

_rmnoI I uor oacegﬁfr;&?%z%t%g&mﬁ)g"ér{%ﬁ‘a&g'g%Cig}cgé%%‘%fgzvoeartseat ic acid,

i sostearic acid, m.ti,c.,acid (AT [ = hoi [
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preferred for e antifoull ng pai nts and can provide a coating which

can stay free fft ronapHtiflichdarbds§}iatid qndtd) dorylgt e maghedivm ne.

Exanpl es of the netal-containing polynerizable 25 nononers (a2)

represent ed bypdiRamiiey qrietidcrylidte, zinoguldeindtor @Enetip)l asrylkatesi um

nonochl or oacet at e (meth)acrylate ((neth)acryl ate .neani ng acryl ate or
and copper pulvinate (meth)acrylate. These metal-

containing polymerizable monomers (a;) may be used either
10 singly or as a mixture of two or more of them as
required. Zinc-containing polymerizable monomers are
especially preferred.
Combined use of a metal-containing
polymerizable monomer (a,) having two unsaturated groups
15 and a metal—containing'polymérizable monomer (a;)
represented by the formula (I) as the metal—containing
polymerizable monomer (a) is preferred as the self
polishing of the formed coating are maintained for a long
time and a sufficient rate of consumption of the coating
20 is exhibited. The combination of zinc (meth)acrylate and
fatty acid type zinc (meth)acrylate is espeéially
preferred. |
The composition of the metal-containing
polymerizable monomer (a) in the copoiymer used as a
25 +vehicle in the present invention is not subject to any
specific restrictions; but preferably it is within the
range of 10 to 80% by weight. A composition of 10% by

weight or more of said monomer (a) tends to afford a



met hacrylate in the specification) zinc nonochloroacetate

7 (met-h) acryl ate, copper nonochl oroacetate (neth)acryl ate,

nmagnesi um nonof | uor oacetate (meth)acrylate, zinc nonof | uor oacet at e
(meth)acryl ate, copper nonof | uor oacetate (meth)acryl ate, nmagnesi um
propi onate 5 (neth)acrylate zinc propionate (meth)acrylate, copper

pr opi onat e (neth%acr | at e, nesi um octyl ate . neth}acr Iate zi_nc
botyl ate (met BSEFIRERE, Sekbp 9llshiaet9¥a’fe°%ﬁ§%ﬁ§aﬁy it

vorsatate (motTRETYBar U ThE HBe] R RO M- a0 PROD iR SEC FyRaPBRt P,
O esot | nat (e”e”aéﬁ'?r*{’ S EcpiPaPEinen £of kbR ETRE) AL K1 b CrndRORERE

cresotinate (ng gwigﬁteismgassw@ ﬁy“@&?ﬂ%ﬁ?%ﬁ 1d9s( M ﬂéaﬁ ybate, zinc

a- napht hoat e (ne pper~ a- napht hoat e neth acry ate

magnesi um [ gr rﬂ)referr@&pf:‘éﬂ?ét Bf(E’SiH) 86fpb8i fiok! §]§ Egbi] 20288t 5aat By
(meth)acryl ate, copper [err]-naphthoate (neth)acryl ate, magnesi um

benzoate (nmethyagghtate, zinc benzoate

In case a metal-containing polymerizable
monomer (a,) having two unsaturated groups and a metal-
containing polymerizable monomer (a,) represented by the

10 formula (I) are used as the metal-containing
pqumerizable monomer (a) which is a constituent of the
vehicle-forming copolymer, the ratio (mol%) of (a,)
units/(a,;) units in the copolymer preferably falls within
the range from 20/80 to 80/20. This is for the reason

15 that the ratio of 80/20 or below tends to provide a
satisfactory self polishing characteristics, while the
ratio of 20/80 or above tends to enable the formed
coating to maintain its self polishing characteristics
for a long period of time. The more preferred range of

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

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

25 characteristics, as well as excellent crack resistance
and peel resistance, to the formed coating by being
combined with the above (a) component. Particularly,

when the above (a,) component is combined with the above



20 (meth)acryl ate, copper benzoate (neth)acryl ate, magnesi um
2,4,5-trichloroacetate (nmeth)acrylate, zinc

2, 4,5-trichl orophenoxyacetate (meth)acryl ate, copper

2;4,5-trichl orophenoxyacetate (neth)acryl a&ce, nmagnesi um

2, 4-di chl orophenoxyacetate (nmeth)acrylate, zinc 2,4- 25

d

i chl orophenoxyacetate (neth r | ate, copper 2, 4- .
dichlorpﬁenoxyghgt%?%P? F);E ?YE?Ee ﬂg E8§§Hﬂ?t1°n 8fi kBei AeaLiBgxGrAt e

(met h)acryl at zi nc

8 qU|noI|h%c@?f%x??%?@cfﬁe?ﬁ?géﬁéggééygigﬁgggth acrg%aﬁﬁ?og hgoate
(meth)acrylate, gh0ge Rkt L POREZO: {xfsoa H§%§fgﬂgcéﬁégée f“%gﬁ 4%&&9 onate

(meth)acryl ate; nagne5|un1n| ron enecar oxy acfyTate,

5 zinc nitronaphih fﬁﬂo ﬂéa%§o4gg %aESM aﬁgntCOEHErlonPthmeeself

ni t r onapht hal enecar ate acrylate, gnesi um

'(”Eth)acry|§tepoii@ﬁlﬂ§|Ehﬁféétéfféﬁiégr&kaiﬁe coat®lg E8RAPBE RYkY¥i nate
(nmeth)acrylate. These netal - cont ai ni ng pol yrmeri zabl e nononers (af[err])

may be used eiifipfovd® &knEbyiparedswithl ¥her @s@f ofWenher (4D) cdthpdiient as
required. Zinc-containing polynerizable nononers are
alone.
Examples of the polymerizable monomérs.(b)
include 2-methoxyethyl (meth)acrylate, 2-ethoxyethyl

10 (meth)acrylate, phenoxyethyl (meth)acrylate, 2-(2-
ethylhexaoxy)ethyl (meth)acrylate, l-methyl-2-
methoxyethyl acrylate, 3-methoxybutyl acrylate, 3-methyl-
3-methoxybutyl écrylate, m~-methoxyphenyl (meth)acrylate,
p-methoxyphenyl (meth)acrylate, o-methoxyphenylethyl

15 (meth)acrylate, m-methoxyphenylethyl (meth)acrylate, and
p-methoxyphenylethyl (meth)acrylate. These monomers may
be used either singly or as a mixture of two or more of
them as required. Of these monomers, 2-methoxyethyl
acrylate and 3-methoxybutyl acrylate are preferred.

20 No specific restrictions are imposed on the
composition of the polymerizable monomer (b) in the
vehicle copolymer used in the present invention; but the
composition preferably falls within the range from 1 to
90% by weight. When the composition is set to be 1% by

25 weight or above, the formed coating tends to improve in
flexibility and crack and peel resistance, while a
composition of 90% by weight or below of said monomer (b)

tends to make better the balance between crack and peel



éspeci ally preferred. Conmbi ned use of a netal -containing
pol yneri zabl e nononer (a[err]) having two unsaturated groups 15 and a

nmet al - cont ai ni ng pol ynmeri zabl e nononer (a2) represented by the fornula
(1) as the netal -containing pol yneri zabl e nonomer (a) is preferred as
the self polishing of the formed coating are naintained for a long

time and a sufficient rate of consunption of the coati 20 is exhjbited.
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the antifouling properties of the ¢oating tend to be maintained for a
| ong period ofpdngaprhen said : :

' | (c) copolymerizable with said monomer (a,), (a;) or (b)
as still another constituent of the copolymer used as
vehicle in the present invention. The monomer (c) used

10 in the present invention is not subject to any specific
restrictions as far as it is copolymerizable with said
monomer (a;), (a;) or (b). As such monomer (c), there
can be used, for instance, (meth)acrylic acid ester
nibiners such as methyl (meth)acrylate, ethyl

;5 (meth)acrylate, n-propyl (meth)acrylate, i-propyl

| (meth)acrylate, n-butyl (meth)acrylate,.i-butyl
(meth)acrylate, t-butyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, lauryl (meth)acrylate, stearyl
(meth)acrylate, benzyi (meth)acrylate, phenyl

20 (meth)acrylate, isobonyl (meth)acrylate, cyclohexyl
(meth)acrylate, and' glycidyl (meth)acrylate; hydroxyl
group-containing monomers such as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylatte, 2-hydroxybutyl |

25 (meth)acrylate and 4-hydroxybutyl (meth)acrylate; adducts
of 2-hydroxyethyl (meth)acrylate with ethylene oxide,
propylene oxide, &-butyrolactone or a-caprolactone:

dimers or trimers such as 2-hydroxyethyl (meth)acrylate



conposition is made 80% by wei ght or |less. The nore 5 preferred range of
said conposition is from20 to 50% by wei ght . In case a
net al - cont ai ni ng pol yneri zabl e nmononer (a[err]) having two unsaturated
groups and a netal - cont ai ni ng pol ynerjzabl e nononmer (a2) represented
by the 10 formula (I) are used as the netal -containing pol yneri zabl e
nononmer (a) which is a_constituent of the vehi cl e-form ng copol yner,
the ratio (nol 3doR-PEAEPKYPropPYl fMmeEh) aCEVLRLeanPROMBTELBAVARS| yirer
preferably falls withjn he range from 20/80 to 80/20,. This is . for the
reason 15 thaPlPRal BYAEoBY 85F?Bpgrsﬂﬁgoﬁ§t8 geergly (Pethdagrylate;

o above. {endsvEBTErRBRERERE PapRedaLed bEsmplY, oRg' REcapgeRY pded 0

20| SM 19t BELEDLSHIES, ge, et PofshBRSRSY e o el

Th I [ - It ; h
e po y”ErbzagégtﬁzggﬁgiaﬁEHevsggn ¥ ﬁBﬂBR@gsbconﬁggﬁihb %EE}%?%y;ng can

vehi cl e copoly one represente y the tormula ) “al
afford excell eghino grb@p8 8hchOBEUERIEeAY2BM1hBBENYLTEmEeh) aBRYIaRENT 25
characteristics, as well as excellent crack resistance and” peel

resi stance, togibeh{yRamefloe@hylngmByhbackglate, aameithedaminbpirbpyabove (a)
conponent. Particularly,
(meth)acrylate, dimethylaminobutyl (meth)acrylate,
dibutylaminoethyl (meth)acrylate, dimethylaminoethyl
10 (meth)acrylate, and dimethylaminopropyl.(meth)acrylate;
heterocyclic basic monomers such as vinylpyrrolidone,
vinylpyridine, and vinycarbazole; and vinyl monomers such
as styrene, vinyltoluene, a;methylstyrene,
(meth)acrylonitrile, vinyl acetate and vinyl propionate.
15 These monomers may be used either singly or as a mixture
of two or more of them.

The composition of the unsaturated monomer (c )
in the copolymer as a vehicle copolymer used in the
present invention is not specifically defined, but it is

20 preferably in the range from 0 to 89% by weight for the
reason that by defining the composition to be 89% by
weight or below, the formed coating is provided with
favorable hydrolyzing properties and tends to be made
better in balance between the long-time self polishing

25 characteristics and crack and peel resistance. The more
preferred range of said composition is from 7 to 75% by
weight, even more preferably from 10 to 60% by weight.

The preparation process for the copolymer used



when the above (a[err]) conponent fs conbined with the above

10 (b) component, the rate of consunption of the coating can be
nore enhanced as conpared with the use of the (aferr]) conmponent

al one. Al so, when the above (a2) conponentz is- conbined with the above
(b) conponent, the long-tinme self 5 polishing characteristics of the
coating can be nore | nproved as conpared with the use of the (a2

conponent ag grehicle in the presengpeeniion hks ey ngpectbled nokbrer s

b i nclude 2-neth t hyl th | at 2-eth thyl 10
Errzeth)aclryl aféa'bh%fﬁ)é{%ﬁg%ég%ﬁ% %?efzt?'ﬁ-ea I%g‘g‘? ISR xy) et hyl

th | at 1- net hyl - 2-. h t hyl late, . 3-nmeth but
(rec ) s, oo FSLY g, AL OGN S50 b LR B

th | at e, - h I - hoxyph | et hyl
(e 2ct v 0 S e BRI AP FE30RLEL 081 s EleeuL oL
-meth tshyl t lLat q. : deith
5 TP Ly TS ) 1 e OIS Btymersdaeipaf o 1o

mononers,  2- M IE! tlere catf B Aifp Poe @ SELHOXMP Y1 yREF ¥4 &% fordl £n

preferred.

which the reaction is carried out in an organic solvent,
as well as other methods such as emulsion polymerization
and suspension polymerization, but employment of solution

10 polymerization using an ordinary organic solvent such as
toluene, xylene, methyl isobutyl ketohe; n-butyl acetate
or the like is advantageous in terms of productivity and
product performance.

The copolymer serving as a vehicle in the

15 antifouling paint composition of-the present invention is
preferably ﬁsed in a ratio of usually 20 to 25% by weight
(éolids) as resin component in the composition. This is
based on the fact that the presence of the resin
component in a proper content is conducive to the

20 improvement of coating properties such as crack
resistance and also makes it easier to contain a
sufficient amount of the antifouling toxicant in the
antifouling paint composition to let it maintain high
antifouling performance.

25 The antifouling paint composition of the
present'invention comprises said copolymer as vehicle, so
that the formed coating can hold antifouling performance.

The antifouling performance can.be further enhanced by



20 No specific restrictions are inposed on the conposition

of the. polynerizable nononmer (b) in the vehi cl e copol yner used in the
present invention, but the conposition preferably falls within the
range froml to 90% by wei ght. Wen ghe conposition is set to be 1% by
25 wei ght or above, the forned coating tends to inprove in flexibility
and crack and peel resistance, while a .  conposition of 90% by wei ght or
bel ow of sai d aaRt@iEingEn antifgddnd taRdcCadit er the bal ance bet ween
crack and peel resi stance of the forned. coating and its

long-tine self pol i ShenFdHForiang §tq1%‘s°.a“ﬁ1é1§ﬁﬂ' ethridt®rred range of
a1 0 comost S Gl Dalhe Vinkloe N o Y5k Bl en, HUREEIAY 1O
et urat o conl W00 lopennol HespR AN el R gl (LT
oot Fon” "R Sl emetl, TR ) M Sthod0 g e preset
copol ymer i zabli@ MidrfeSdiddppery antifouling toxicant such as cuprous
oxide, copper thiocyanate and copper powder, compoﬁnds of
other metals such as 1ead; zinc, nickel, etc., amine
derivatives such as dipheﬂylamine, nitrile compounds,

10 benzothiazole compounds, maleimide compounds, pyridine
compounds, and the like. These substances may be used
either singly or as a mixture of two or more of them.

In the antifouling paint composition of the
present invention, it is also possible to blend a silicon

15 compound such as dimethyl polysiloxane or silicone oil or
a fluorine-containing compound such as carbon fluqride
for the purpose of imparting lubricity to the coating
surface to prevent attachment-of organisms. It is
further possible to blend where necessary an extender

20 pigment, color pigment, plasticizer, various types of
paint additives, other resins, etc., in the composition
of the present invention. |

For forming a coating by using the antifouling
paint composition of the present invention, said

25 composition is coated either directly or after applying a
primer coat with a waéher'primer, chlorinated rubber or
epoxy primer, or an intercoét, on the surface of a base

such as ship, fishing net, or underwater structure such



nmononer (a[err]), (a[err]) or (b). As such nmonomer (c), there can be
used, for instance, (nmeth)acrylic acid ester ni bi ners such as net hyl
(neth)acrylate, ethyl 15 (nmeth)acrylate, n-propyl (neth)acrylate,

i -.propyl (meth)acryl ate, n-butyl (metRkacrylate, i-butyl
(meth)acrylate, t-butyl (neth)acrylate, 2-ethyl hexyl (meth)acryl ate,
| auryl (meth)acryl ate, stearyl (neth)acryl ate, benzyl (neth)acryl ate,

phenyl 20 (netas Rost Facilinorgil (FRRFH adhFidge, SYRMGRENS|

(nmeth)acrylate, and gl yci dyl th | ate; hyd I - i ni
mononer s }s/uch a@@#@g&&?éﬁérgtc-)?cé aﬂ)?%&? I%‘(i‘)‘é,;/ %hlgﬂa\‘%i;‘g$%€§$é?| ning

h | , 3- -
R i con RS IR ATELL bl BB . 2
- hydr oxye net h) acr e t i de. . . . -
[er )r/] - bu%/yr o?/ac i ‘?mr%r% -%‘\ém?)#%?gjc?%n ;ng g&gggﬁ}r%}%n o?é ?lrp%/éé?gyg%{éﬁﬁas

2- hydroxyet%Lréﬁ‘%{%@% M&e a coating thickness of 50 to 400 m agi2

and 2-hydro acrylate; nononers havi ng pl ural hydroxyl

groups such as glyceifh ("BHMAGTYE 3 Re coat is usually conducted at

room temperature, but it may be performed under heating.
The present invention is further illustrated by
the foliowing examples and comparative examples, but the
10 present invention is not restricted by these examples in
any way. In the following Examples and Comparative
Examples, all “pafts' are by weight unless otherwise

noted.

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

(PGM) and 40 parts of xylene were supplied into a four-
necked flask provided with a condenser, a thermometer, a
dropping funnel and a stirrer, and heated to 100C with

20 stirring. Then a mixture of the monomers and
polymerization initiator shown in Table 1 was added
dropwise from the dropping funnel at a constant rate over
‘a period of 3 hours. After completion of the dropwise
addition, one part of t-butyl peroctoate and 10 parts of

25 xylene were further added dropwise over a period of 2
hours, followed by 2-hour stirring and succeeding
addition of 20 parts of xylene to obtain the vehicle

copolymer solutions Al-Al13 and B1-B4 having the property



vinyl nononers containing prinmary and éecondary am no groups such as
butyl am noet hyl (meth)acrylate and 5 (nmeth)acrylam de; vinyl nononers

containing tertiary -am no groups such as di net hyl am noet hyl
(et h)acryl ate, di et hyl am noet hyl (nmetihgacryl ate, di nethyl am nopropyl
(meth)acryl ate, dinethylam nobutyl (neth)acrylate, di but yl am noet hyl

(met h) acryl at e, dinetgélaninoethgl 10 (neth)acryl ate, and
di net hyl ani nopVapies( fBPWRadnylfabPde 1. heterocyclic basic nononers such as

i nyl lid , i nyl. i di d.vyi b l.e: d vinyl
fuch s sone, vIBHBLAE S P Gl s o
may be usgq ei%ﬁér Epﬁﬁﬁgwgieaé%ésﬁ?%gu¥égyan%&%%P%ﬁﬁgrpﬁ&# of them
The conp03|t|ogoﬁ£8§2§i§ﬁgskgkghsgegnqugg_ggéofdinbngghg %opolyner as a

vehi cl e copol yner present ‘i nvention~i s n specifically

defined, bug iko@%uggigggf ghenhty%hnwhﬁser angeahkem %s&guéf%yebﬁo%i d or

t he reason t i ni ng e conposition to be 8 wel ght or

bel ow, the forggdué9ahsN81-84p" @HededweireN prepairadoitalal anty¢oldaighd _
properties and tends to be nade better in bal ance between the 1ong-tine

self polishi ngpaihtckampokerttdhisCdfagdmparalk ived ERamplessilsiaaeecoriiagror e
preferred range of said conposition is from7 to 75% by wei ght, even
nore preferabl gof then £6rmaléf%wbyg showht in Table 2. Further, using a
tributyltin methacrylate/methyl methacrylate copolymer
10 solution Cl (solid content: 50%; tin content in solids:
20%; solvent: xylene), there was prepared an antifouling
paint compoéition of Referential Example 1 according to
the formulation shown in Table 2.
The above antifouling paint compositions were
15 then subjected to a coating consumption test, an
antifouling test aﬁd a crack and peel test in the
following ways.
(1) Coating consumption test
Each of the antifouling paint compositions was
20 applied on a 50 x 50 x 2 mm thick hard vinyl chloride
plate to a dry coating thickness of 240 4m, and the
coated plate was secured to a submerged rotary drum. The
drum was rotated at a peripheral speed of 15 knots, and
the consumed coating thickness on the plate secured to
25 the drum was measured every three months. The results
. are shown in Table 3.
(2) Antifouling test

Each of the antifouling paint compositions was



The preparation process for the copol yner used

13 as vehicle in the present invention is not specified; it can,

- foor instance, be produced froma process which conprises mxing said
nmenoners and reacting-this m xture in the presence of a radical

pol ynmerization initiator at 5 60 to 180[err]C for 5 to 14 hours. As the
pol yneri zati on net hod, there can be enpl oyed solutlon‘folynerlzatlon I n
whi ch the reacePBtied o8 @ sandiplasies éﬂﬁ?@ﬂﬂﬁnﬁﬂate stgel\dla

ot her net hods such as enuIS|on %%!ynerlzatlon susgen3|on

pol yneri zat i ontO& 9&¥p 1gkpgsSo Rt fdopdenﬁplTﬁ Poft ﬁ??ﬁg an
ordi nary organi al ve es%%g as t ol tene th A 1sob ¥ﬂn
ket one, n- but yP*8¢&rat 5 BlRke ﬂ9§ df A58
duct t d
Cerving as & vaRagRger i B Bindl FBNEE ryzosnina Presed tF%%S Ly
bresent 1 VaNt LORthS, anddiBC Ay (l%%e%f b pAlite Ghoridldd vl 0 25% by
a t on

wel ght S resin conmponent 1n I’TpOSItI IS IS

based on the f%&&r%ﬁ%bu%hﬁaﬁ&ﬁéeW%% ekdiifdf Svery siSOMOMNIY. | TH Proper

content is conducive to the
results are shown in Table 4.

(3) Crack and peel test
Each of the antifouling paint compositions of
10 Examples 1-13 and Comparative Examples 1-4 was applied on
the following bases (1),(2)and (3) to a dry coating
thickness of 240 Uum to make the test plates (A), (B) and

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

_antifouling praint as used in making the base (3).

15 Base (1): A sandblasted steel plate with antirust
coating.

Base (2): A 240 um thick coating of the antifouling
paint composition of Referential Example'l was
formed on the base (1), and this was immersed

20 in sterized and filtered seawater for three
months and then dried at room'temperature for
one week.

Base (3): A 240 um thick coating of each of the
antifouling paint compositions of Examples 1-

25 13 and Comparative Examples 1-4 was formed on
the base (1), and this was immersed in
sterilized and filtered seawater for three

months and then dried at room temperature for



26 | nprovenent of coating properties such as crack resi stance and al so

makes it easier to contain a sufficient anmount of the antifouling
toxicant in the antifouling paint conposition to let it nmaintain high
antifouling performance. 25 Thggntifouling paint conposition
of the present invention conprises said copolyner as vehicle, so

that the forned coating can hold antifouling performance. The
antifoul i ng performnce caPP®e¥eekther enhanced by ) f I.

14 contai ning an antifouljng, toxicant The antifouling

t oxi cant used ingthe ?i#%%Fiﬂgaﬁﬁ?anEonﬁBEi??Gn(G? YaEe pipgersed

por o mance reqhl rRRERT L TS B0 b bECTRBasoputer "ebrcr & BeREhs o o They
ant 1 oul 9 {ONEADLy e 55 HP' iaror SdEy, fHERTRL ARERRELE, 8RS,
ete., amne s rogh Yahbyearaten( 26 NI Nddld | the W HRon 10
enzot hi azol e conpounds, nal el m de conpounds, pyri di ne conmpounds,  and
the like. ThesefUBSAGRERS &RA PEel'PRY of the coating was observed. The
condition was indicated by © when the coating was free
of cracks and peeling; O when the coating was partly
cracked; A when the coating was partly peeled; and X
10 when the coating was.cracked and peeled allover. The
results are shown in Table 5.
In the case of the antifoﬁling paint
compositions of Comparative Examples 1-4, although some
of them showed self polishing characteristics for a
15 prolonged period of time, these compositions had a
tendency to deteriorate in recoatability on the old
coating of an organotin-containing coating, etc.. Also,
the coatings formed with these compositions were cracked
and peeled. In contrast, the antifouling paint
20 compositions of the present invention (Examples 1-13)
using the copolymers Al-Al2 showed long-time self
polishing characteristics and excellent antifouling
performance, and had good recoatability on the old
coating of.an organotin-containing coating etc., and

25 their coatings had high crack and peel resistance.

Industrial Applicability

The coating formed from the antifouling paint



‘either singly or as a mxture of two or nore of them : In the
antifouling paint conposition of the present invention, it is also
-possi ble to blend a silicon 15 conpound such as dinmethyl polysiloxane or
silicone oil or a fluorine-containi ngtgonpound such as carbon fluoride
for the purpose of inparting lubricity to the coating surface to

h . [ Lt .k her i, bl l.end wh
necessary an ERRBRGLFLSB00H BRENPTeEBhs, LBVEHEAPD FRALPIER, EROSTIFPouS
t f LL diti ot her NS, - h Lti f
the prosent i ROEREPBRINY' 828ect’ 8" 14235 BasfbRved datel s HBRRE 1o he
anti foul ing . oop0BbLAkGORROS! bERRENtNERLESRA! CbBYBIL! 8B midhdaifing
conposition i s coated either directly or after appfyling a Tprimer coat

with a “ﬁSheriE%ngiffQBHQE?@gbeGhﬁEQE@ErQEtics EBRXY ???ﬁ?herﬁ&dan

intercoat, ont surface o base such as ship, g net, or
underwat er 5st £ jipbur 8ndUahiso has excellent recoatabilit? on the old® as
port facility, oil fence, bridge, submarine infrastructure, etc., by a

means such ascBadshgce8athNeés formed from an organotin-based paint and
so on. Thus, the product of the present invention is |
very beneficial to the industries as an antifouling
coating for preventing attachment of marine organisms and
10 seaweeds to submerged structures, fishing nets and the

bottom of ship.



;spray coating, roller coating,

coating of the conposition is usually such 5 as wll

deposition coating, etc.

~thi ckness of 50 to 400 [err]m as
-usual 'y conduct ed at

The anount of

provi de a coating

dry film Drying of the coat is

room t enper at urd®, but

it may be perfornmed under

heat i ng. The present invention is further illustrated by
the foll owi ng exanpl es and conparative exanples, but the 10 present
i nvention i s not estricted h\J/ these exanples | any way _ln th
fol |l ow ng Exanpl ¢s pnd] Cqnparati ve Exinp es, All ["parts" jareldy| wei ght
unl ess otherw sefn [wnotdd. |o |15 EXanml e$nli 13| and Gampar atifwe EXahpl es
1-4 < rhilrty par'ts of dropyl éfel gl ycdl 1@t kPl et|der |0 (PGV)
and 40 parts of xylene wgrejsuppljed intola our- : hecked fl gk
provided with a ¢gnfenser, a therponetar, |a dEpp§|1g funnel(gnd a
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_ ) : : o
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‘copol ymer sol utions Al-Al3 and Bl-B4 having the property

16 . val ues shown in Table 1. _ Usi ng the thus obtained
-copol ymer sol utions Al- Al3, there were prepared the antifouling paint
conpositions (Exanples 1-13) according tdlthe 5 fornulations shown in
Tabl e 2. Al'so, using the copol yner solutions Bl-B4, there were prepared
the antifouling pai nt conpositions of Conparative Exanples 1-4
accordi ng to the fornulati ons shown in Table 2. Further, using a
tributyltin methacryl ate/ methyl nethacrylate copolynmer 10 solution Cl
(solid content: 50% tin content in solids: 20% sol vent: xyl ene),
there was prepared an antifouling pai nt conposition of Referenti al
Exanple 1 according to the formul ati on shown in Table 2.
The above antifouling paint conmpositions were 15 then subjected to a
coating consunption test, an antifouling test and a crack and peel test
in the foll ow ng ways. (1) Coating consunption test
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:Each of the antifouling paint conpositions was 20 applied on a 50 x 50 x 2

mm thick hard vinyl chloride plate to a dry coating thickness of 240
-[err]m and the - coated plate was seClérzed to a subnerged rotary drum
The drurpwas—rotated at a peripheral "Sheed of 15 knots _and the
consuned cog#di ng thijckrlesg on the |pl gtese¢urpd jto| 2 he| drium|was
measured eV&r yot hree nontfhs Theg rdsulits are |shown|inf Tabl g 3,
(2) Antifouli',;’pgatar§t Eqchlof |the gnti|{f ol i hg pai|nt |
conposi ti ong Brwaf ' ' L7 appl ijed|lon a
sandbl ast ed |@andXant i |r udt - goal ed| stjeel} pllat ¢ tola Jﬂry cojpti|ng [t hilckphess
of 240 [err]'ﬁt'ﬂ rakle g tgst pl atje. | The test| pllat ¢ was Kept o
stationaril y® mrefsed i|n sepwat er] i m H roghijma |Bay, HirjosHing |}«
Prefecture, [for 3p |5 [nonth$, pnd the areqa (P9 [of [The p|afle rjncrfustediwith
extraneous rgtter|yas gxam ned pvery |six npnths.| The rejsullts [Qré¢ shown
in Tabl e 4. > 0(3) CrgckTant—peet—test - Erchrof—t+He
antifoul i ng |paift| conpdsi tfi ops pf | 10 Exanples 1-13 ahd Conpar|atijve
Exanpl es 1- 4 Bwaf a‘_';’_).pllicd qn <
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ihe foll owi ng bases (1), (2)and (3) to a dry coating
[err]mto nmake the test plates (A), (B) and

been coated with the sane

(3).
Base (2): A 240
pai nt conposition
base (1), and thi
seawater for thre
for

each of the

25 13
t he base (1), and
filtered seawater
tenperature for
one week.

in sterilized and

Table 2 (Cont'd)

15 Base (1);

a

t hi ckness of 240
(©. The test plate (O has
ntifouling paint as used in nmaking the base

sandhl asted steel pRate with antirust coat i ng.
[ err]m thick cpating of the antifouling
of| Rgfeentii al Exanple 1 was formed on the
5 was |i myer $ed| 20 in sterized and filtered
P nonths and then dried at roomtenperature
one |wegk. Base (3): A 240 [err]mthick coating of
o hn ant| fouling paint conpositions of Exanples 1-
caneH Gonper a#di e Exanpl es 1-4 was formed on
thi's (wag 1 mrefsed in sterilized and
LoD tlky ea | mont hs and then dried at room
18 :
S 19 |m Ihqntest plates (A), (B) and (C) were i mrersed
Yi|? afed™s¢Buat er for 12 nonths. They
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were taken out of seawater every 6 nonths and dried at 5 room

temperature (20[err]C) for one week, and the condition of cracking and
-peeling of the coating was observed. The condition was indicated by
ferr] when the coating was free of c2écks and peeling; [err] when the
coating was partly cracked; [err] when the coating was partly peel ed,;
and X 10 when the coating was cracked and peel-ed allover. The results
are shown in Table 5. _ In the case of the antifouling paint
conpositions of Conparative Exanples 1-4, although sone of them showed
self polishing characteristics for a 15 prolonged period of tine, these
conposi tions had [a tendengy tjo ¢letprijorgte 1n reg¢oatabileoty on the old
coating of an organgti n-cpntji nil_pch pat | ngl, gc.. Al sg, The coatings
formed with thesd composi hops [wena ¢rapked |« and peel ed. ¥n contrast,
the antifouling painE [20/ToThdsl dfops bt khe™present fi nventi@n (Exanpl es
1-13) usi ng tlhe |copol yners |AL{A12 showed |l ong-ti self © polishing
characteristics gnd|gx¢s! | 5N 48 i|BotBi [ [ |“Performance, angd had good
recoatability on jthg=old |© |*cqatilrig|df |-Anbriganotin-¢ontaini@g coating
etc., and 25 thdir [coati pgs| hgd hi gh clack e‘r;,d peel resistange.'
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The coating forned fromthe antifouling paint

19 conposition of the present invention exhibits excellent
antifouling effect as it is dissolved into seawater constantly at a
pertinent rate and capabl e of naintaining?® its self polishing
characteristics for a |l ong period of 5 tinme, and al so has excell ent
recoatability on the old coating such as fornmed from an organoti n-based
pai nt and so on. Thus, the product of the present invention is very’
beneficial to the industries as an antifouling coating for preventing
attachnment of marine organisns and 10 seaweeds to subnerged structures,
fishing nets and the bott om of ship. 20 [err]
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23 [err] 24 [err]

22 [err]
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25 [err]
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26 [err] 27 [err] 28

CLAI V5 1. An antifouling paint conposition conprising, as a
yvehicle, a copolyner froma nononer m xture conprising of (aferr]) a

met al - cont ai ni ng pol yneri zabl e nononer - ha2@/ng two unsaturated groups and
(a2) a netal-containing polynerizable nononer represented by the foll ow ng

formula (1): [err (1
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wherein Rlerr] represents a hydrogen atomor a nethyl group; Mrepresents
My, Zn or Cu; and R[err] represents an organic acid residue. 2. An
antifouling paint conposition conprising, as a vehicle, a copolyner froma
nmononer m xture conprising (a) a netal -ceagtaining polynerizabl e nononer
and (b) a polynerizable nononmer represented by the followng formula
(rr)y: [err] (rn) wherein gherr].represents a hydrogen atom
or a nethyl group; Rerr] represents afl M§I group having 1 to 10 carbon
atons, a cycloal kyl group or a phenyl group; and Rlerr] represents

29 an al kyl group having 1 to 10 carbon atons, a cycloal kyl group or a

| ' osition according to
phenyl group. 4 3. Ho%%"}#&%‘{#gﬁ%?s&tlon comprlsu?g, as

J
GaHnZ\MHeﬁ1Hmnma-cmﬁa
' ' a vehicle, a copolymer from a monomer mixture comprising

of (a,;) a metal-containing polymerizable monomer having
two unsaturated groups and (a,) a metal-containing
polymerizable monomer represented by the following

formula (I):

. CH, = C-C-0-M-R? (1)

wherein R' represents a hydrogen atom or a methyl group;
M represents Mg, Zn or Cu; and R? represents an organic
acid residue.

2. . An antifouling paint composition comprising, as
a vehicle, a cobolymer from a monomer mixture comprising
(a) a metal-containing polymerizable monomer and (b) a
polymerizable monomer represented by the following

- formula (II):

CH, = C-C-0-R*-0-R’ (11)

wherein R® represents a hydrogen atom or a methyl group:;
R* represents an alkyl group having 1 to 10 carbon atoms

r

a cycloalkyl group or a phenyl group; and R® represents

* c L M S *




*mononer (a) is a netal -containing polynerizable nononmer (a[err]) having
_two unsaturated groups. 4. An antifouling paint conposition
~according to Caim2, wherein the netal -containing polynerizable nononer
«(a) is a nmetal -containing polynerizal be pgnonmer (a2) represented by the
formula (1): [err] () wherein R err] represents a
hydr ogen atom or a nethyl group; Mrepresents My, Zn or Cu; and R err]
represents affordiil QQQHRjnﬁﬁﬁﬁﬂni tg 10 carbom, afams o i9HriRakEYL
conposi tion accordin m 2, wherein the netal -containing

pol yreri zabl X ra (%eri 3 SRR -ur e of (a[err]) a netal -.cont ai ni ng
ot 41 - contai g potymd AT RHRE o4 G SHRA R aRcaoiihg £91) .
Claim 2, wherein the metal- containlng polymerizable
monomer (a) is a metal-containing polymerizable monomer
(a,) having two unsaturated groups.
4, An aﬁtifouling paint composition according to
Claim 2, wherein the metal-containing polymerizable
monomer (a) is a métal-éontaining polymerizalbe monomer
(a,) represented by the formula (I):
Rl
CH; = cl:-cnz-o-M-R2 (1)

o)

wherein R!' represents a hydrogen atom or a methyl group:;
M represents Mg, -Zn or Cu; and R? represents an organic
acid residue.

5. 'An antifouling paint composition according to
Claim 2, wherein the metal-containing polymerizable
monomer (a) is a mixture of (a;) a metal-containing
polymerizable monomer having two unsaturated groups and

. (a;) a metal-containing polymerizable monomer represented

by the formula (I).
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