
;?@ABCDEFGHIJKLMNOPQRe3e|HHIDOrQ*B|6x|T|C"SF-898 1  DESCRIPTION ANTIFOULING
COATING COMPOSITION, ANTIFOULING COATING FILM AND, COVERED WITH THE
ANTIFOULING COATING FILM, MARINE 5 VESSEL, UNDERWATER STRUCTURE AND FISHING
GEAR OR FISHING NET TECHNICAL FIELD The present invention relates to an
antifouling coating composition, an antifouling coating film and, covered
with 10 the antifouling coating film, a marine vessel, underwater structure
and fishing gear or fishing net, and further relates to a method of fouling
prevention therewith. More particularly, the present invention relates to
an antifouling coating composition from which an antifouling 15 coating
film, which can reduce burdens on the environment, realizing uniform
wasting of coating film at a constant rate for a prolonged period of time
and which can maintain excellent antifouling performance for a prolonged
period of time, being applicable to even ocean-going vessels, can be 20
formed. Furthermore, the present invention relates to such an antifouling
coating film and, covered with the antifouling coating film, a marine
vessel, underwater structure and fishing gear or fishing net and to a
method of fouling prevention therewith.   SE-89c. 0 BACKGROUND ART Ship
bottoms, underwater structures, fishing nets and the like, when exposed to
water for a prolonged period of 5 time, are likely to have their appearance
and functions damaged by the attachment to surface and propagation thereon
of various aquatic organisms including animals such as oysters, mussels and
barnacles, plants such as seaweeds (layer) and bacteria. 10 In particular,
when such an aquatic organism attaches to a ship' s bottom and propagates
thereon, it may occur that the surface roughness of the ship as a whole is
increased to thereby lower the speed of the ship and increase the fuel
consumed by the ship. Removing of the aquatic organism from 15 the ship
bottom necessitates spending of extensive labor and working time. Also,
when bacteria attach to, for example, an underwater structure and propagate
thereon and, further, slime (sludgy matter) attaches thereto to cause
putrefaction, or when a large sticky organism attaches to the surface of 20
an underwater structure, for example, steel structure and propagates
thereon to thereby damage the coating for corrosion prevention provided on
the underwater structure, there is the danger that damages such as
deterioration of the strength and functions of the underwater structure and
Sr-898 3 thus marked shortening of the life thereof are invited. For
preventing such damages, it is common practice to apply various antifouling
paints to ship bottoms, etc. For example, the following antifouling paints
have been 



5 proposed. (1) Japanese Patent Laid-open Publication No. 63(l988)-l28084
discloses an antifouling paint comprising as a vehicle a metal-containing
resin composition obtained by heating a base resin containing an acid
group, a metal 10 salt of Iow-boiling-point organic basic acid (provided
that the metal is a bivalent or higher valence metal having lower
ionization tendency than those of alkali metals) and a high-boiling-point
monobasic acid while removing low-boiling-point organic basic acids from
the system so as 15 to effect reaction thereof. In Example 42 of this
publication, there is disclosed an antifouling paint comprising a varnish
of naphthenatocopper (meth)acrylate/MMA/2-ethylhexyl acrylate copolymer
mixed with a tetraphenylborane 20 pyridinium complex. Further, in Example
43 of this publication, there is disclosed an antifouling paint comprising
a varnish of oleatozinc (meth)acrylate/MMA/ethyl acrylate copolymer mixed
with cuprous oxide. (2) The present applicant in Japanese Patent Laid-open
SF-898 4 Publication No. 11;l999)-323209 proposed an antifouling coating
composi~ion comprising (a) a (meth)acrylic acid metal salt based copolymer
and (b) a pyridine triphenylboron or triphenylboron amine complex of the
formula: 3 B --NH2-R (in the formula, R is H, an alkyl having 3 to 30
carbon atoms, a substituted or unsubstituted pyridyl or a substituted or
unsubstituted aromatic group). (3) Furthermore, an antifouling paint
comprising a 10 complex, the complex composed of triphenylborane and an
amine having 6 or more carbon atoms, and a hydrolyzable resin is disclosed,
and as the hydrolyzable resin, there is mentioned a resin comprising a
(meth)acrylic resin having at side chain ends thereof the formula:
(CHz),t,~COO~M~L;, 15 (wherein m: integer of 0 to 2, n: atomic valence of
metal -1, M: Zn, Cu, etc. and L: alkyl, carboxyl, etc.) (see Japanese
PatentLaid-open Publication No. l1(1999)-302572). However, a11 the
antifouling coating compositions described in the above publications (1) to
(3) contain 20 antifoulants, such as cuprous oxide, causing relatively
heavy burdens on the environment. Accordingly, there has been room for
further improvement to the obtained coating   SE-858 5 films from the
viewpoint of, for example, reducing burdens on the environment. Moreover,
Japanese Patent Laid-open Publication No. l1(1999)-35877 and Japanese
Patent Laid-open Publication No. 5 2002-12630 describe antifouling paints
comprising metal-containing resin compositions. However, the development of
antifouling paints of further enhanced performance has been demanded. As
apparent from the above, there is a demand for the 10 development of an
antifouling coating composition capable 



of forming a superior antifouling coating film which is wasted at constant
rate irrespective of the coating location for a prolonged period of time
and which can maintain excellent antifouling performance for a prolonged
period of 15 time, being applicable to ocean-going vessels. In this
situation, the inventor has conducted extensive and intensive studies . As
a result, it has been found that the use of specified copolymer (A)
containing a metal as a resin component and the simultaneous use of 20
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) combined with a metal
pyrithione compound (C) as an antifoulant enable realizing excellent
antifouling performance even without the use of cuprous oxide and an
organotin. It has further been found that the coating film from the
obtained   SF-898 6 antifouling coating composition exhibits various
advantageous characteristics, such as reducing of burdens on the
environment, wasting of coating film at constant rate irrespective of the
coating location for a prolonged period 5 of time, maintaining of excellent
antifouling performance for a prolonged period of time, being applicable to
ocean-going vessels, resistance to cracking and peeling, increased adhesion
as compared with that of a coating film based on pyridine-triphenylborane,
etc., sharp hue and 10 reducing of discoloration after water immersion or
exposure. The present invention has been completed on the basis of these
findings. The present invention has been made with a view toward solving
the above problems of the prior art . It is an obj ect 15 of the present
invention to provide an antifouling coating composition from which an
excellent antifouling coating film, which can reduce burdens on the
environment, realizing uniform wasting of coating film at a constant rate
for a prolonged period of time (uniform wasting performance of 20 coating
film) and which can maintain excellent antifouling performance for a
prolonged period of time (long-term antifouling performance maintaining
capability), being applicable to even ocean-going vessels, can be formed.
It is other objects of the present invention to provide such   S~-898 n an
antifouling coating film and, covered with the antifouling coating film, a
marine vessel, underwater structure and fishing gear or fishing net and to
provide a method of fouling prevention therewith. 5 DISCLOSURE OF THE
INVENTION According to the present invention, there is provided an
antifouling coating composition substantially not containing cuprous oxide
and organotins, characterized by 10 comprising: (A) a metal-containing
copolymer obtained by copolymerization of a polymerizable unsaturated
monomer (al) containing a metal and an unsaturated monomer (a2) capable of
radical polymerization containing no metals; 



15 (B) 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one; and (C) a metal
pyrithione compound. It is preferred that substantially none of
triphenylborane and tetraphenylborane compounds be contained in the
antifouling coating composition of the 20 present invention. In the
antifouling coating composition of the present invention, preferably 0.5 to
100 parts by weight, still preferably 1 to 50 parts by weight of
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) is   sF-8~s s contained per
l00 parts by weight of metal-containing copolymer (A). Further, in the
antifouling coating composition o= the present invention, preferably 0.1 to
40 parts by weight, 5 still preferably 0.5 to 20 parts by weight of
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) is contained per 100 parts
by weight of antifouling coating composition. Still further, preferably 1
to 90 parts by weight, sti 11 10 preferably 5 to 55 parts by weight of
metal pyrithione compound (C) is contained per 100 parts by weight of
metal-containing copolymer (A). Still further, preferably 0.2 to 40 parts
by weight, still preferably 1 to 20 parts by weight of metal pyrithione 15
compound (C) is contained per 100 parts by weight of antifouling coating
composition. Moreover, it is preferred that the antifouling coating
composition of the present invention be loaded with zinc oxide (D). Still
preferably, 5 to 100 parts by weight of 20 zinc oxide (D) is contained per
100 parts by weight of metal-containing copolymer (A). Preferably, an
extender (E) selected from the group consisting of talc, silica, mica,
clay, calcium carbonate and kaolin is further contained in the antifouling
coating   SF-898 9 composition of the present invention. Furthermore, the
antifouling coating composition of the present invention is preferably
loaded with an organic antifoulant (F) (excluding the 5
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) and the metal pyrithione
compound (C)). In the present invention, it is preferred that the
polymerizable unsaturated monomer (al) containing a metal be at least one
monomer selected from the group consisting 10 of metal (meth)acrylates,
metal di(meth)acrylates and low polymerizates thereof. In the present
invention, preferably, the polymerizable unsaturated monomer (a1)
containing a metal is a polymerizable compound obtained by reacting an
inorganic 15 metal compound with (meth)acrylic acid in the presence of an
alcoholic organic solvent and water. Still preferably, the inorganic metal
compound is an oxide, hydroxide or chloride of a metal selected from the
group consisting of 



zinc, copper and magnesium. 20 Further, in the present invention, it is
preferred that the polymerizable unsaturated monomer (al) containing a
metal comprise a metal di(meth)acrylate (all) and a metal-containing
monomer (a12) of the formula: R1-C00-M-Ln ( 1 )   SF-898 10 wherein Ri
represents an organic group having unsaturated bond, selected from the
group consisting of CH==C(CH3)-, CH2=CH-, HOOC-CH=CH- and HOOC-CH=C(CH3)-,
provided that -COOH may form a metal salt or an ester; 5 M represents a
metal atom; L is an organic acid residue represented by -OCOR2 (wherein RZ
represents an alkyl, a cycloalkyl, a substituted or unsubstituted aromatic
hydrocarbon group or an aralkyl); and 10 n is the number equal to the
valence number of metal M - 1. In the present invention, preferably, the
polymerizable unsaturated monomer (al) containing a metal contains a metal
selected from the group consisting of zinc, copper and 15 magnesium.
Moreover, in the present invention, it is preferred that the unsaturated
monomer (a2) capable of radical polymerization containing no metals consist
of at least one monomer (a21) selected from the group consisting of 20
(meth) acrylic acids and (meth) acrylic esters represented by the formula:
R40C0-CH ( R3 ) =CHZ ( 2 ) wherein R3 represents a hydrogen atom or methyl,
and R4 represents an alkyl, a cycloalkyl or an aryl.   SF-88 11 In the
present invention, the unsaturated mcnomer (a2) capable of radical
polymerization containing no metals preferably consists of at least one
monomer (a21) of the above formula (2) and at least one monomer (a22) of
the formula: 5 R'R0C0-CH ( R5 ) =CH2 ( 3 ) (wherein RS represents a
:hydrogen atom or methyl, R6 represents an alkylene, a cycloalkylene or an
arylene, and R' represents a hydroxyl, an alkoxyl, a cycloalkoxyl or an
aryloxyl). 10 In the antifouling coating composition of the present
invention, the metal-containing copolymer (A) is preferably a copolymer
comprising 2 to 50 o by weight of component units derived from the
polymerizable unsaturated monomer (a1) containing a metal and 50 to 98 o by
weight of component units 15 derived from the unsaturated monomer (a2)
capable of radical polymerization containing no metals. In the present
invention, it is preferred that the metal-containing copolymer (A) be a
copolymer comprising 0.1 to 49.9% by weight of component units derived from
the metal 20 di (meth) acrylate (a11) , 0. 1 to 49. 9% by weight of
component units derived from the metal-containing monomer (a12) represented
by the formula (1) , and 50 to 98 o by weight of 



component units derived from the unsaturated monomer (a2) capable of
radical polymerization containing no metals.   SF-898 1 `? In the present
invention, also preferably, the metal-containing copolymer (A) isa
copolymer comprising 0.1 to 49.9o by weight of component units derived from
the metal di (meth) acrylate ( a11 ) , 0 . 1 to 4 9 . 9 o by weight of
component 5 units derived from the metal-containing monomer (a12)
represented by the formula (1), 0.1 to 97.9o by weight of component units
derived from at least one monomer (a21) selected from the group consisting
of (meth)acrylic acids and (meth)acrylic esters represented by the formula
(2) and 10 0.1 to 97.9% by weight of component units derived from the
monomer (a22) represented by the formula (3). The antifouling coating film
of the present invention is one produced from the above antifouling coating
composition of the present invention. 15 The marine vessel or underwater
structure according to the present invention is covered with a coating film
produced from the above antifouling coating composition of the present
invention. The fishing gear or fishing net according to the present 20
invention is covered with a coating film produced from the above
antifouling coating composition of the present invention. The method of
rendering a marine vessel or underwater structure antifouling according to
the present invention is   SE-898 13 characterized by covering a surface of
marine vessel or underwater structure with a coating film produced from the
above antifouling coating composition of the present invention. 5 The
method of rendering a fishing gear or fishing net antifouling according to
the present invention is characterized by covering a surface of fishing
gear or fishing net with a coating film produced from the above antifouling
coating composition of the present invention. 10 BEST MODE FOR CARRYING OUT
THE INVENTION The present invention will be described in detail below. That
is, the antifouling coating composition, antifouling coating film and,
covered with the antifouling 15 coating film, marine vessel, underwater
structure and fishing gear or fishing net according to the present
invention will be described in detail below. <Antifouling coating
composition> The antifouling coating composition of the present 20
invention is one substantially not containing cuprous oxide and organotins,
which comprises (A) a metal-containing copolymer, (B)
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one and (C) a metal pyrithione
compound.   



J~-~u~ 1~ (A) Metal-containing copolymer In the present invention, the
metal-containing copolymer (A) not only functions as a substrate for
coating film formation but also exhibits antifouling capability. 5 The
metal-containing copolymer (A) for use in the present invention is obtained
by copolymerization of apolymerizable unsaturated monomer (al) containing a
metal and an unsaturated monomer (a2) capable of radical polymerization
containing no metals. 10 Polymerizable unsaturated monomer (al) containing
a metal Although the polymerizable unsaturated monomer (al) containing a
metal is not limited as long as it contains a metal and acts as a
polymerization monomer, there can be mentioned, for example, a metal
di(meth)acrylate (a11) or 15 a metal (meth)acrylate. Further, there can be
mentioned a low polymerizate, such as a dimer or trimer, thereof which has
polymerization activity. At least one of these monomers may be used alone
or in combination. Herein, (meth)acryl means acryl and/or methacryl, and
(meth)acrylate means 20 acrylate and/or methacrylate. As the metal
di(meth)acrylate (a11), there can be mentioned, for example, magnesium
acrylate of the formula (CHz=CHCOO)ZMg, magnesium methacrylate of the
formula (CHZ=C(CH3)COO)2Mg, zinc acrylate of the formula   SF-8~8 15
(CH==CHC00)-=Zn, zinc methacrylate of the formula (CHZ=C(CH3)COO)~Zn,
copper acrylate of the formula (CH2=CHCOO)~Cu, copper methacrylate of the
formula (CHz=C(CH3)COO)2Cu or the like. At least one of these may 5 be
selected and used. With respect to these metal di(meth)acrylates, it is
preferred that a member selected from the group consisting of zinc, copper,
calcium, aluminum and magnesium be contained as the metal. It is still
preferred that a metal selected from the group consisting 10 of zinc,
copper and magnesium be contained. Further, as the polymerizable
unsaturated monomer (a1) containing a metal, there can be mentioned a
polymerizable compound obtained by reacting an inorganic metal compound
with a carboxylated compound. This component (al) can be 15 obtained by
reacting an inorganic metal compound with a carboxylated compound
preferably in the presence of water, still preferably in the presence of an
alcoholic organic solvent and water. Although the process for producing
this polymerizable 20 unsaturated monomer (al) containing a metal is not
particularly limited, for example, the component (al) can be obtained by
heating under agitation an inorganic metal compound and a carboxylated
compound in the presence of an organic solvent and water at temperature not
higher than the   SF-89~ 1G decomposition point of metal salt. As the
inorganic metal compound, use can be made of any 



of compounds which react with carboxylated compounds to thereby form metal
salts. Examples thereof include metal 5 oxides such as zinc oxide, aluminum
oxide, calcium oxide, cupric oxide, magnesium oxide and manganese oxide;
metal hydroxides such as zinc hydroxide, aluminum hydroxide, calcium
hydroxide, cupric hydroxide and magnesium hydroxide; and metal chlorides
such as zinc chloride, 10 aluminum chloride, calcium chloride, cupric
chloride, magnesium chloride and manganese chloride. The metal of the
inorganic metal compound is selected from among, for example, the metals of
Groups Ib, IIa, IIb, IIIa, IIIb, IVa, IVb, Va, Vb, VIb, VIIb and VIII of
the 15 periodic table. The inorganic metal compounds may be used alone or,
according to necessity, in combination. As the inorganic metal compound,
preferred use is made of an oxide, hydroxide or chloride of a metal
selected from the group consisting of zinc, copper, calcium, aluminum and
20 magnesium. Still preferred use is made of an oxide, hydroxide or
chloride of a metal selected from the group consisting of zinc, copper and
magnesium. When a compound of Cu is used as the inorganic metal compound,
it is preferred to use the same in combination with   S~-8i8 11 a compound
of 2n from the viewpoint that the copolymerizability withan acrylic monomer
can be increased. The use of a compound of Zn, Mg, Ca or A1 is preferred
from the viewpoint that the obtained resin tends to have 5 enhanced
transparency. It is especially preferred to use a bivalent 2n or Mg
compound from the viewpoint that the viscosity increase at resin production
can be regulated. In particular, when a compound of Zn or Mg is used,
favorably, the transparency of obtained metal-containing 10 copolymer (A)
would be high and the tone of coating film would tend to be beautiful.
Further, favorably, the solubility of such a compound in customarily
employed organic solvents would be high to thereby tend to improve
workability. The use of a compound of Zn is especially preferred from the
15 viewpoint that the water resistance of obtained metal-containing
copolymer (A) can be high. As the carboxylated compound, there can be
mentioned, for example, methacrylic acid, acrylic acid, itaconic acid,
malefic acid (anhydride), a monoalkyl (e. g., methyl, ethyl, 20 butyl,
2-ethylhexyl or the like) itaconate, a monoalkyl (e. g., methyl, ethyl,
butyl, 2-ethylhexyl or the like) maleate or the like. These can be used
alone or in combination. Among these carboxylated compounds, (meth)acrylic
acid is preferably used, and methacrylic acid   SP-8...8 18 is especially
preferably used. In the preparation of polymerizable unsaturated monomer
(a1) containing a metal with the use of an organic solvent, it is preferred
that the organic solvent contain an alcoholic 5 compound. The alcoholic
compound is preferably an alcoholic solvent, such as ethanol, isopropanol,
butanol or propylene 



glycol monomethyl ether. The organic solvent for use to obtain the
component (al) may contain, according to necessity, an organic solvent 10
other than the above alcoholic compound in combination with the alcoholic
compound. As the organic solvent other than the alcoholic compound, there
can be mentioned, for example, an aliphatic hydrocarbon solvent such as
pentane, hexane or heptane; an aromatic hydrocarbon solvent such as
benzene, 15 toluene or xylene; an ester solvent such as ethyl acetate,
butyl acetate or isobutyl acetate; or a ketone solvent such as methyl ethyl
ketone, methyl isobutyl ketone or cyclohexanone. When the organic solvent
other than the alcoholic compound is used in combination with the alcoholic
20 compound, the ratio of alcoholic compound to the total amount of organic
solvent is preferably 5 o by weight or more, still preferably 25o by weight
or more. When the organic solvent containing the alcoholic compound at this
ratio is used, favorably, the solubility of polymerizable unsaturated
SF-898 1~ monomer (a1) containing a metal in the solvent would be increased
to thereby inhibit crys~al formation, resulting in enhanced storage
stability. The metal content of polymerizable unsaturated monomer 5 (al)
containing a metal, although depending on the type of metal, is preferably
in the range of 0.1 to 60o by weight, still preferably 3 to 25o by weight.
The metal content not exceeding 60 o by weight is preferred from the
viewpoint that the monomer is soluble in an organic solvent and can be
mixed 10 with an acrylic monomer and polymerized. On the other hand, the
metal content of 0. 1 o by weight or more is preferred from the viewpoint
that the metal-containing copolymer (A) can be produced efficiently. In the
production of polymerizable unsaturated monomer 15 (al) containing a metal
in the above manner, although the ratio between inorganic metal compound
and carboxylated compound is not particularly limited, it is preferred that
the ratio of inorganic metal compound per mol of carboxylated compound be
0.6 mol or less from the viewpoint that the 20 obtained metal-containing
copolymer (A) can have high transparency. On the other hand, it is
preferred that the ratio of inorganic metal compound per mol of
carboxylated compound be 0.1 mol or more from the viewpoint that the
coating film formed by obtained antifouling paint can excel   SE-Q98 `?0 in
water resistance. In the production of polymerizable unsaturated monomer
(a1) containing a metal through reaction between an inorganic metal
compound and a carboxylated compound, as 5 aforementioned, it is preferred
to heat under agitation an inorganic metal compound and a carboxylated
compound in the presence of an organic solvent and water. In this reaction,
the ratio of water to the total amount of inorganic metal compound,
carboxylated compound, organic solvent and water 10 (excluding the amount
of water formed during reaction) is 



preferably in the range of 0.01 to 30o by weight, still preferably 0.2 to
15 o by weight. When water is present in the reaction system in an amount
of 0 . 01 o by weight or more, the polymerizable unsaturated monomer (a1)
containing a 15 metal as resultant reaction product is obtained in the form
of a solution, thereby enabling efficient copolymerization of the
polymerizable unsaturated monomer (al) containing a metal with an
unsaturated monomer (a2) capable of radical polymerization containing no
metals. 20 Upon the production of polymerizable unsaturated monomer (a1)
containing a metal through reaction between an inorganic metal compound and
a carboxylated compound in the presence of an alcoholic organic solvent and
water, generally, a mixture of component (a1) , organic solvent and
SE-Q98 21 water is subjected to copolymerization reaction with an
unsaturated monomer (a2) capable of radical polymerization containing no
metals. In the copolymerization with the component (a2), it is preferred
that the component (a1) 5 mixture contain water in an amount of 0.01 to 30
by weight, especially 0.2 to 15o by weight. When the amount of water is 30
o by weight or less, the miscibility with the unsaturated monomer (a2)
capable of radical polymerization containing no metals, such as an acrylic
monomer, organic solvent, etc. 10 would be high so as to enable efficient
copolymerization of components (al) and (a2) . The water contained in the
mixture containing the polymerizable unsaturated monomer (al) containing a
metal may be only water added to the reaction system for preparing the
component (a1) , or may include water 15 further added after the
preparation of component (al). It is preferred that the amount of water
contained in the mixture containing the component (al) be in the range of
0.0l to 5, especially 0 . 05 ~0 3 times the molar amount of inorganic metal
compound used (molar ratio) from the viewpoint of operation 20 efficiency.
As the above polymerizable unsaturated monomer (a1) containing a metal,
there can be mentioned, for example, a compound (a12) of the formula:
R1-C00-M-Ln ( 1 )   SE'-8J8 00 uaherein Rl represents an organic group
havinc unsaturated bond, selected from the group consisting of CHI=C(CH3)-,
CH2=CH-, HOOC-CH=CH- and HOOC-CH=C(CH3)-, provided that -COOH may form a
metal salt or an ester; 5 M represents a metal atom; L is an organic acid
residue represented by -OCOR2 (wherein R` represer_ts an alkyl, a
cycloalkyl, a substituted or unsubstituted aromatic hydrocarbon group, an
aralkyl, or the same organic group having unsaturated bond as 10
represented by the above R1) ; and n is the number equal to the valence
number of metal M - 1. In the above formula (1), M preferably represents
Mg, Zn or Cu, and especially preferably represents Zn. As the 



15 L representing an organic acid residue, there can be mentioned a residue
derived from a monovalent organic acid, such as monochloroacetic acid,
monofluoroacetic acid, propionic acid, octylic acid, versatic acid,
isostearic acid, palmitic acid, cresotic acid, cx-naphthoic acid,
(3-naphthoic 20 acid, benzoic acid, 2,4,5-trichlorophenoxyacetic acid,
2,4-dichlorophenoxyacetic acid, quinolinecarboxylic acid, nitrobenzoic
acid, nitronaphthalenecarboxylic acid or pulvic acid. Among these, fatty
acid residues are preferred.   sF-898 23 Examples of the compounds
represented by the above formula (1) include monochloroacetatomagnesium
(meth)acrylate, monochloroacetatozinc (meth)acrylate,
monochloroacetatocopper (meth)acrylate, 5 monofluoroacetatomagnesium
(meth)acrylate, monofluoroacetatozinc (meth)acrylate,
monofluoroacetatocopper (meth)acrylate, propionatomagnesium (meth)acrylate,
propionatozinc (meth)acrylate, propionatocopper (meth)acrylate, 10
octylatomagnesium (meth)acrylate, octylatozinc (meth)acrylate,
octylatocopper (meth)acrylate, versatatomagnesium (meth)acrylate,
versatatozinc (meth)acrylate, versatatocopper (meth)acrylate,
isostearatomagnesium (meth)acrylate, isostearatozinc 15 (meth)acrylate,
isostearatocopper (meth)acrylate, palmitatomagnesium (meth)acrylate,
palmitatozinc (meth)acrylate, palmitatocopper (meth)acrylate,
cresotatomagnesium (meth)acrylate, cresotatozinc (meth)acrylate,
cresotatocopper (meth)acrylate, 20 a-naphthoatomagnesium (meth)acrylate,
a-naphthoatozinc (meth)acrylate, a.-naphthoatocopper (meth)acrylate,
~i-naphthoatomagnesium (meth)acrylate, ~i-naphthoatozinc (meth)acrylate,
a-naphthoatocopper (meth)acrylate, benzoatomagnesium (meth)acrylate,
benzoatozinc   S F-:3 ~^ 8 yL (meth)acrylate, benzoatocopper
(meth)acrylate, 2,4,5-trichlorophenoxyacetatomagnesium (meth)acrylate,
2,4,5-trichlorophenoxyacetatozinc (meth)acrylate,
2,4,5-trichlorophenoxyacetatocopper (meth)acrylate, 5
2,4-dichlorophenoxyacetatomagnesium (meth)acrylate,
2,4-dichloroohenoxyacetatozinc (meth)acrylate,
2,4-dichlorophenoxyacetatocopper (meth)acrylate,
quinolinecarboxylatomagnesium (meth)acrylate, quinolinecarboxylatozinc
(meth)acrylate, 10 quinolinecarboxylatocopper (meth)acrylate,
nitrobenzoatomagnesium (meth)acrylate, nitrobenzoatozinc (meth)acrylate,
nitrobenzoatocopper (meth)acrylate, nitronaphthalenecarboxylatomagnesium
(meth)acrylate, nitronaphthalenecarboxylatozinc (meth)acrylate, 15
nitronaphthalenecarboxylatocopper (meth)acrylate, pulvatomagnesium
(meth)acrylate, pulvatozinc (meth)acrylate, pulvatocopper (meth)acrylate
and the like. The compounds of the above formula (1) may be those 



obtained by reacting, as aforementioned, an inorganic metal 20 compound and
a carboxylated compound, such as (meth) acrylic acid, in the presence of an
alcoholic organic solvent and water, and also may be those obtained by
other processes. These polymerizable unsaturated monomers (a1) containing a
metal may be used alone or in combinat ion . In   sE'-89~ ~J the present
invention, it is especially preferred to use the metal di(meth)acrylate
(all) in combination with the metal-containing monomer (alt) of the above
formula (1) as the polymerizable unsaturated monomer (a1) containing a 5
metal. Unsaturated monomer (a2) capable of radical polymerization
containing no metals As the unsaturated monomer (a2) capable of radical
polymerization containing no metals that is copolymerized 10 with the above
component (al), use may be made of, for example: a (meth)acrylic ester
monomer, such as methyl (meth)acrylate, ethyl (meth)acrylate,
2-methoxyethyl (meth)acrylate, 2-ethoxyethyl (meth)acrylate, phenoxyethyl
15 (meth)acrylate, 2-(2-ethylhexaoxy)ethyl (meth)acryla:.e,
1-methyl-2-methoxyethyl (meth)acrylate, 3-methoxybutyl (meth)acrylate,
3-methyl-3-methoxybutyl (meth)acrylate, m-methoxyphenyl (meth)acrylate,
p-methoxyphenyl (meth)acrylate, o-methoxyphenylethyl (meth)acrylate, 20
m-methoxyphenylethyl (meth)acrylate, p-methoxyphenylethyl (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   c'- ti ':J 8 26
(meth)acrylate, benzyl (meth)acrylate, phenyl (meth)acryla~e, isobornyl
(meth)acrylate, cyclohexyl (meth)acrylate or glycidyl (meth)acrylate; a
hydroxylated monomer, such as 2-hydroxyethyl 5 (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate,
2-hydroxybutyl (meth)acrylate or 4-hydroxybutyl (meth)acrylate; an addition
product from 2-hydroxyethyl (meth)acrylate and ethylene oxide, propylene
oxide, y-butyrolactone, 10 s-caprolactone or the like; a dimer or trimer of
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate or the like;
a monomer having multiple hydroxyl groups, such as glycerol (meth)acrylate;
a vinyl monomer having a primary 15 or secondary amino group, such as
butylaminoethyl (meth)acrylate or (meth)acrylamide; a vinyl monomer having
a tertiary amino group, such as dimethylaminoethyl (meth)acrylate,
diethylaminoethyl (meth)acrylate, dimethylaminopropyl (meth)acrylate, 20
dimethylaminobutyl (meth)acrylate, dibutylaminoethyl (meth)acrylate,
dimethylaminoethyl(meth)acrylamide or dimethylaminopropyl(meth)acrylamide; 



a heterocyclicbasic monomer, such as vinylpyrrolidone, vinylpyridine or
viylcarbazole; or   Sf-898 `? r a vinyl monomer, such as s~yrene,
vinyltoluene, a.-methylstyrene, (meth)acrylonitrile, vinyl acetate or vinyl
propionate. Among these unsaturated monomers (a2) capable of 5 radical
polymerization containing no metals, preferred use is made of (meth)acrylic
acid or (meth)acrylic ester monomers (a21) represented by the formula:
R40C0-CH ( R3 ) =CHZ ( 2 ) wherein R3 represents a hydrogen atom or methyl,
and R4 10 represents an alkyl, a cycloalkyl or an aryl. Also, the
unsaturated monomer (a2) capable of radical polymerization containing no
metals for use in the present invention can preferably be monomer (a22) of
the formula: R~R60C0-CH ( RS ) =CH2 ( 3 ) 15 (wherein RJ represents a
hydrogen atom or methyl, R6 represents an alkylene, a cycToalkylene or an
arylene, and R' represents a hydroxyl, an alkoxyl, a cycloalkoxyl or an
aryloxyl. As the monomer (a22) of the above formula (3), there 20 can be
mentioned, for example, 2-methoxyethyl (meth)acrylate,2-ethoxyethyl
(meth)acrylate, phenoxyethyl (meth)acrylate, 2-(2-ethylhexaoxy)ethyl
(meth)acrylate, 1-methyl-2-methoxyethyl acrylate, 3-methoxybutylacrylate,
3-methyl-3-methoxybutyl acrylate, m-methoxyphenyl   SF_aa8 28
(meth)acrylate, p-methoxyphenyl (meth)acrylate, o-methoxyphe:ylethyl
(meth)acrylate, m-methoxyphenylethyl (meth)acrylate or p-methoxyphenylethyl
(meth)acrylate. At least one of these can appropriately be selected and
used. 5 Among these monomers (a22), 2-methoxyethyl acrylate, 3-methoxybutyl
acrylate or the like is preferred. These unsaturated monomers (a2) capable
of radical polymerization containing no metals may be used alone or in
combination. In the present invention, it is especially 10 preferred to use
the monomer (a21) of the above formula (2) in combination wits the monomer
(a22) of the above formula (3) as the unsaturated monomer (a2) capable of
radical polymerization containing no metals. Metal-containing copolymer (A)
15 The metal-containing copolymer (A) for use in the present invention is
obtained by copolymerization of the above polymerizable unsaturated monomer
(al) containing a metal with the unsaturated monomer (a2) capable of
radical polymerization containing no metals. 20 Although this
metal-containing copolymer (A) is not particularly limited, it is
preferably composed of 2 to 50 0 by weight, still preferably 5 to 40~ by
weight of units derived from the component (al) and 50 to 98 o by weight,
still preferably 60 to 90o by weight of units derived from the   



SF-898 29 unsaturated monomer (a2) capable of radical polymerization
containing no metals. Also, the metal-containing copolymer (A) for use in
the present invention is preferably composed of 0.1 to 49.9% 5 by weight,
still preferably 1 to 40o by weight of units derived from the metal di
(meth) acrylate (a11) , 0.1 to 49. 9~ by weight, still preferably 1 to 40o
by weight of units derived from the metal-containing monomer (a12) of the
above formula (1) and 50 to 98o by weight, still preferably 60 to 10 90 o
by weight of units derived from the unsaturated monomer (a2) capable of
radicalpolymerization containing no metals. Further, the metal-containing
copolymer (A) for use in the present invention is preferably composed of 0.
1 to 49. 9 0 by weight, still preferably 1 to 40o by weight of units 15
derived from the metal di (meth) acrylate (all) , 0. 1 to 49. 90 by weight,
still preferably 1 to 40o by weight of units derived from the
metal-containing monomer (a12) of the above formula (1), 0.1 to 97.9o by
weight of units derived from the monomer ( a21 ) of the above formula ( 2 )
, and 0 . 1 to 97 . 9 0 20 by weight, still preferably 1 to 90o by weight
of units derived from the monomer (a22) of the above formula (3). For
example, when a polymerizable compound obtained by reacting an inorganic
metalcompound with (meth)acrylic acid in the presence of an alcoholic
organic solvent and water   ~F-89g 30 is used as the polymerizable
unsaturated monomer (al) containing a metal, preferably, a mixture of
reaction product (al), organic solvent and water and an unsaturated monomer
(a2) capable of radical polymerization containing 5 no metals are subjected
to copolymerization in such a weight ratio that 16 to 97 parts by weight,
preferably 40 to 90 parts by weight, and still preferably 60 to 80 parts by
weight of component (a2) is used per 100 parts by weight of the total of
the mixture and component (a2). 10 The metal-containing copolymer (A) for
use in the present invention can preferably be obtained by copolymerization
of the copolymerization components in the above ratio. The metal-containing
copolymer (A) obtained by carrying out the copolymerization in the above
ratio, when 15 formed into a coating film, exhibits appropriate water
resistance and satisfactory hydrolyzabilityfor a prolonged period of time
and excels in a balance between coating film crack resistance and
hydrolyzability. Although the method of copolymerization for obtaining 20
the metal-containing copolymer (A) is not particularly limited, for
example, the metal-containing copolymer (A) can be produced by reacting a
mixture of the polymerizable unsaturated monomer (al) containing a metal
and the unsaturated monomer (a2) capable of radical polymerization
SE-8~~3 31 containing no metals in the presence of a radical initiator at
about 60 to 180C for about 5 to 19 hr. In this 



copolymerization reaction, a chain transfer agent can preferably be used.
It is preferred to use a chain transfer 5 agent other than mercaptan as
this chain transfer agent from the viewpoint of miscibility with the
polymerizable unsaturated monomer (al) containing a metal. For example, a
styrene dimer or the like can be used as the chain transfer agent. 10 With
respect to the method of copolymerization, use can be made of the solution
polymerization, suspension polymerization, emulsion polymerization, etc.
Among these, the solution polymerization conducted with the use of an
general organic solvent.is preferred from the viewpoint of 15 high
productivity. As the organic solvent, there can be mentioned: an aromatic
hydrocarbon, such as xylene or toluene; an aliphatic hydrocarbon, such as
hexane or heptane; an ester, such as ethyl acetate or butyl acetate; 20 an
alcohol, such as isopropyl alcohol or butyl alcohol; an ether, such as
dioxane or diethyl ether; a ketone, such as methyl ethyl ketone or methyl
isobutyl ketone; or the like. It is preferred that the weight average
molecular weight   SF-898 32 (Mw), measured by GFC (gel permeation
chromatography), of the metal-containing copolymer (A) for use in the
present invention be generally in the range of about l000 to 20, 000,
especially 3000 to 10,000. The weight average molecular 5 weight of 20, 000
or less is preferred from the viewpoint that the extreme increase of the
viscosity of copolymer solution can be prevented and that gelation of the
resin by metal crosslinking in the copolymer resin can be prevented. On the
other hand, the molecular weight of 1000 or over is 10 preferred from the
viewpoint that upon formation of a coating film, it exhibits crack
resistance. Although the amount of metal-containing copolymer (A) in the
antifouling coating composition of the present invention is not
particularly limited, it can be, for example, 15 in the range of about 15
to 30 o by weight, preferably 15 to 25o by weight based on the amount of
antifouling coating composition. (B)
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one In the .present invention, 20
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) together with the above
metal-containing copolymer (A) and the metal pyrithione compound (C)
described later constitutes the antifouling coating composition of the
present invention. The coating film from this antifoul ing coating
composition   SF-8u8 33 can reduce environmental load and can exhibit
excellent antifouling performance and excellent adherence to the surface of
aging deteriorated coating films. It is preferred that this component (B)
be generally 5 contained in an amount of 0.1 to 40 parts by weight,
especially 0.5 to 20 parts by weight per 100 parts by weight 



of the antifouling coating composition of the present invention. When the
component (B) is contained in the above amount in the antifouling coating
composition of the present 10 invention, the obtained coating film tends to
excel in antifouling performance and also adherence. Per 100 parts by
weight of metal-containing copolymer (A) , it is preferred that the
component (B) be generally contained in an amount of 0.5 to 100 parts by
weight, especially 1 to 50 parts by 15 weight from the viewpoint of coating
film properties. (C) Metal pyrithione compound As the metal pyrithione
compound (C) for use in the present invention, there can be mentioned
compounds of the formula: 9 R R16 g R Mn + . . 20   SF-8G8 34 wherein each
of R~ to Q211 independently represents a hydrogen atom, an alkyl group, an
alkoxy group or a halogenatea a 1 kyl group. M can represent a metal such
as Cu, Na, Mg, Ca, Ba, Pb, 5 Fe or A1, but it is preferred that M represent
Zn from the viewpoint of durability of coating film wasting. n is the
valence of metal M. The metal pyrithione compounds can be used alone or in
combination. 10 In the present invention, it is preferred that the metal
pyrithione compound (C) be generally contained in an amount of 1 to 90
parts by weight, especially 5 to 55 parts by weight per 100 parts by weight
of the metal-containing copolymer (A) (solid contents) in the antifouling
coating composition 15 of the present invention. When the metal pyrithione
compound (C) is contained in the above amount in the antifouling coating
composition of the present invention, there is such a tendency that an
antifouling coating film excelling in antifouling performance can be
obtained. 20 Further, it is preferred that this metal pyrithione compound
(C) be contained in an amount of 0.2 to 40 parts by weight, especially 1 to
20 parts by weight per 100 parts by weight of the antifouling coating
composition of the present invention. When the metal pyrithione compound
(C)   sF-8~8 35 is contained in the above amount in the antifouling coating
composition of the present invention, the obtained coating film tends to
exce~ in antifouling performance. The metal pyrithione compound (C),
different from 5 cuprous oxide, exhibits reduced environmental load. The
antifouling coating composition resulting from combination of this metal
pyrithione compound (C) with 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one
(B) excels in the penetrability into a substrate to be coated. The thus 10
obtained coating film excels in the long-term antifouling performance
maintaining capability and the long-term 



coating film uniform wastability, so that it can be appropriately applied
to long-term continuous uses such as ocean-going vessels. Further,
thecoatingfilm is resistant 15 to cracking and peeling, and the coating
film formed is one having high adherence as compared with that realized in
the use of pyridine-triphenylborane or the like. Thus, the antifouling
coating composition is suitable as an antifouling paint for marine vessels
and underwater 20 structures or as an antifouling paint for fishing gear or
fishing net. Optional components In addition to the above essential
components consisting of metal-containing copolymer (A),   SE-Q98 3(~
4,5-dichloro-2-n-octyl-4-isothiazclin-3-one (B) and meal pyrithione
compound (C), the antifculing coating composition of the present invention
may be optionally loaded with various components as commonly mixed in 5
antifouling paints, for example, plasticizers such as chlorinated paraffin,
color pigments such as zinc oxide (zinc flower) (D), extenders such as talc
(E), inorganic dehydrating agents, antifoulants, especially organic
antifoulants (F) other than the above items (A) to (C), 10 plasticizers,
antisagging/antisetting agents, coating film forming components other than
the above copolymer (A), solvents, etc. <Color pigment> As the color
pigment, use can be made of various common 15 organic and inorganic
pigments. Examples of the organic pigments include carbon black,
Phthalocyanine Blue, Prussian Blue and the like. Examples of the inorganic
pigments include those which are neutral and nonreactive, such as titanium
white, red iron 20 oxide, baryta powder, chalk and iron oxide powder; and
those (active pigments) which are basic and react with acidic substances in
the paint, such as zinc flower (ZnO, zinc oxide) , white lead, red lead,
zinc powder and lead suboxide powder. Dyes and other various colorants may
be contained in the   SP-f3J~ 3r pigments. In particular, zinc oxide (D) is
preferably used. When it is intended to add zinc oxide (D), it is preferred
that zinc oxide be added generally in an amount of 5 to l00 parts 5 by
weight per l00 parts by weight of metal-containing copolymer (A) and 0.1 ~0
90o by weight based on the amount of antifouling coating composition from
the viewpoint of wasting durability and adherence of obtained coating film.
<Extender (E)> 10 The extender (E) is a pigment which exhibits low
refractive index and which when blended with an oil or a varnish, is
transparent and does not mask a coating surface. As the extender, there can
be mentioned, for example, talc, silica, mica or clay; also used as an
antisetting agent, 15 calcium carbona~e, kaolin or alumina white; also used
as a 



flatting agent, white carbon, aluminum hydroxide, magnesium carbonate,
barium carbonate or barium sulfate; bentonite also used as an antisetting
agent; or the like. Among these, talc, silica, mica, clay, calcium
carbonate and kaolin are 20 preferred. These extenders (E) can be used
alone or in combination. The level of wasting can be regulated by the type
of extender employed. Taking into account the cost reduction and buildup
SF-8~~3 38 effect for obtai ned paint and the transparency and thickness
level for obtained coating film, the extender may generally be contained in
the antifouling coating composition in an amount of 0 to 50 o by weight,
preferably 0 to 30 o by weight . 5 <Inorganic dehydrating agent
(stabilizer)> The inorganic dehydrating agent (stabilizer) enables
enhancing the storage stability of the final antifouling coating
composition. Examples of the inorganic dehydrating agents include anhydrous
gypsum (CaS09), synthetic zeolite 10 adsorbents (trade name: Molecular
Sieve, etc.), orthoesters such as methyl orthoformate and methyl
orthoacetate, orthoboric esters, silicates, isocyanates (trade name:
Additive TI) and the like. Of these, anhydrous gypsum and Molecular Sieve
are preferably used. These inorganic 15 dehydrating agents can be used
alone or in combination. <Other organic antifoulant (F)> The antifouling
coating composition may contain, as the antifoulant, those other than the
above metal-containing copolymer (A), 20
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) and metal pyrithione
compound (C), especially organic antifoulants (F) . Examples of the organic
antifoulants (F) include tetramethylthiuram disulfide, carbamatepoisons (e.
g., zinc   SE-8~8 3~J dimethyldithiocarbamate and manganese
2-ethylenebisdithiocarbamate), 2,4,5,6-tetrachloroisophthalonitrile,
N,N-dimethyldichlorophenylurea, 5 2,4,6-trichlorophenylmaleimide,
2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazin e, basic copper
acetate and the like. These other organic antifoulants (F) can be used
generally in such an amount that the sum of antifoulants 10 (B) + (C) + (F)
is in the range of 1 to 70 o by weight, preferably 5 to 50 o by weight
based on the amount of antifouling coating composition. In the present
invention, it is preferred that substantially none of borane compounds,
such as 15 pyridine-triphenylborane and other triphenylborane compounds and
tetraphenylborane compounds, described in Japanese Patent Publication No.
54(1979)-1571 and none of cuprous oxide as inorganic antifoulant are
contained in the antifouling coating composition. 



20 <Plasticizer (chlorinated paraffin)> Examples of the plasticizers
include TCP (tricresyl phosphate), chlorinated paraffin, polyvinyl ethyl
ether and the like. These plasticizers can be used alone or in combination.
SE-898 ~0 These plasticizers contribute ~o enhancement of the crack
resistance of the coating film from obtained antifouling coating
composition (herein also referred to as "antifouling coating film"). Among
the plasticizers, 5 chlorinated paraffin (chloroparaffin) is preferably
used. Thechlorinated paraffin (chloroparaffin) may be linear or branched.
The chlorinated paraffin at room temperature may be liquid or solid
(powdery). The average number of carbon atoms thereof is generally in the
range of 8 to 30, 10 preferably 10 to 26. It is preferred to use a
chlorinated paraffin having a number average molecular weight of generally
200 to l200, especially 300 to 1100, a viscosity of generally 1 or higher
(poise/25C), especially 1.2 or higher (poise/25C) and a specific gravity of
1.05 to 15 1.80/25C, especially 1.10 to 1.70/25C. When the chlorinated
paraffin of the above number of carbon atoms is used, the obtained
antifouling coating composition enables forming a coating film that is
resistant to cracking and peeling. When the number of carbon atoms of
chlorinated 20 paraffin is less than 8, the crack inhibiting effect may be
unsatisfactory. On the other hand, when the number of carbon atoms of
chlorinated paraffin exceeds 30, the surface of obtained coating film may
exhibit poor wasting performance (renewability) and poor antifouling
performance. It is   JF-~~'~ Lt l preferred that the chlorination ratio
(chlorine content) of chlorinated paraffin be generally in the range of 35
to 75 ~, especially 35 to 650. When the chlorinated paraffin of this
chlorination ratio is used, the obtained antifouling coating 5 composition
enables forming a coating film that is resistant to cracking and peeling.
As such a chlorinated paraffin, there can be mentioned, for example,
"Toyoparax 150" or "Toyoparax A-70" produced by Tosoh Corporation.
<Antisagging/antisetting agent (thixotropic agent)> 10 The
antisagging/antisetting agent (thixotropic agent) may be added to the
antifouling coating composition in an arbitrary amount unless it is not one
detrimental to the storage stability of the antifouling coating
composition, such as an organic clay. Examples of the 15
antisagging/antisetting agents include organic clay salts such as stearate,
lecithinate, alkylsulfonate salts of A1, Ca and Zn, and further include
polyethylene wax, amide wax, hydrogenated castor oil wax, polyamide wax, a
mixture of hydrogenated castor oil wax and polyamide wax, synthetic 20
particulate silica and polyethylene oxide wax. Of these, polyamide wax,
synthetic particulate silica, polyethylene oxide wax and organic clay salts
are preferably employed. As the antisagging/antisetting agents, use can al
so be made 



of those commercially available, for example, by the trade   S~-89~ 12
names "Disparlon 305", "Disparlon 4200-20" and "Disparlon A632-20X", a11
products of Kusumoto Chemicals, Ltd. <Other coating film forming component>
The antifouling coating composition of the present 5 invention may contain,
as coating film forming components, resins other than the above
metal-containing copolymer (A) as long as these are not detrimental to the
object of the present invention. Examples of these "other coating film
forming components" include sparingly water-soluble or 10 non-water-soluble
resins (hereinafter also referred to as "sparingly/non-water-soluble
resins"), such as an acrylic resin, an acrylic silicone resin, unsaturated
polyester resins, a fluororesin, a polybutene resin, a silicone rubber, a
urethane resin (rubber), polyamide resins, vinyl chloride 15 copolymer
resins, a chlorinated rubber (resin) , chlorinated olefin resins, a
styrene/butadiene copolymer resin, an ethylene/vinyl acetate copolymer
resin, a vinyl chloride resin, an alkyd resin, a cumarone resin, a
petroleum resin and the like. 20 In particular, specific examples of the
above vinyl chloride copolymer resins include a vinyl chloride/vinyl
acetate copolymer resin, a vinyl chloride/vinyl acetate/vinyl alco_-Col
copolymer resin, a vinyl chloride/vinyl i-butyl ether copolymer resin, a
vinyl   SF-898 Q13 chloride/vinyl propionate copolymer resin and a chloride
of ethylene/vinyl acetate copolymer. In the present invention, these resins
and rubbers can be used alone or in combination. In the present invention,
5 the above sparingly/non-water-soluble resins can be used in combination
with the following water soluble resins. Examples of the water soluble
resins include rosin (e.g., trade name ~~rosin WW"), a monocarboxylic acid
and salts thereof . As the monocarboxylic acid, there can be mentioned, 10
for example, a naphthenic acid or fatty acid having about 9 to 19 carbon
atoms. Examples of the salts of monocarboxylic acids include Cu, Zn and Ca
salts . Examples of the rosins include gum rosin, wood rosin, tall oil
rosin and the like. These without exception can be used in the 15 present
invention. These water soluble resins can be used alone or in combination.
<Solvent> In the antifouling coating composition of the present invention,
the above various components are dissolved or 20 dispersed in solvents .
Use can be made of various solvents commonly added to antifouling paints,
such as aliphatic, aromatic, ketonic, ester and ether solvents. Examples of
the aromatic solvents include xylene and toluene. Examples of the ketonic
solvents include MIBK. Examples of the ether   SF-8~8 



44 solvents include propylene glycol monomethy'_ ether and propylene glycol
monomethyl ether acetate (PMAC). Production of antifouling coating
composition The antifouling coating composition of the present 5 invention
can be produced from the above metal-containing copolymer (A),
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) and metal pyrithione
compound (C) together with optional components according to necessity by
the appropriate use of common 10 methods. For example, the production can
be performed by adding in given proportion simultaneously or in arbitrary
sequence, agitating/mixing and dispersing in a solvent the metal-containing
copolymer (A), 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) and metal 15
pyrithione compound (C) together with, used according to necessity, a color
pigment, especially extender (E) such as zinc oxide (D), talc, silica,
mica, clay, calcium carbonate or kaolin, an inorganic dehydrating agent
(stabilizer), an antifoulant, especially organic antifoulant (F), a 20
plasticizer, an antisagging/antisetting agent, other coating film forming
components, a solvent (e. g., xylene), etc. The antifouling coating
composition of the present invention can be applied to the surface of
various shaped   SE-898 45 items such as underwater struc~ures, for
example, supply water inlets and waste water outlets for thermal power
plants and nuclear power plants; sludge diffusion preventive membranes for
use in various marine civil engineering works 5 such as coastal roars,
undersea tunnels, harbor facilities, canals and waterways; and marine
vessels and fishing materials (e.g., rope, fishing net, fishing gear, float
and buoy) once or multiple times according to the customary technique. As a
result, there can be obtained, for example, 10 marine vessels and
underwater structures covered with antifouling coating film which is
excellent in antifouling properties and can slowlyrelease antifoulant
components for a prolonged period of time and which, despite the thick
coating, has appropriate flexibility and is excellent in 15 crack
resistance. The antifouling coating film obtained by applying the above
antifouling coating composition of the present invention to the surface of
various shaped items and hardening the same is excellent in antifouling
properties 20 and, for example, can continuously inhibit attachment of
aquatic organisms such as sea lettuces, barnacles, green layers, serpulas,
oysters and Bugula for a prolonged period of time. In particular, when the
materials for marine vessels,   S F'- 8 ~? 8 46 etc. are FRP, steel, wood,
an aluminum a-loy and the like, the antifouling coa~.ing composition
satisfactorily adheres to the surface of these materials. With respect to a
steel boat or an aluminum boat, the application of the antifouling 5
coating composition of the present invention is generally carried out to a
substrate surface having been sequentially 



coated with a primer, an anticorrosive paint and, according to necessity, a
binder paint. Further, this antifouling coating composition may be applied
as an overcoat to the 10 surface of any existing antifouling coating films.
Moreover, for example, the application of the antifouling coating
composition to the surface of undersea structures enables inhibiting the
attachment of sea lives so that the capability of the undersea structures
can be 15 maintained for a prolonged period of time. The application of the
antifouling coating composition to the surface of fishing nets enables
avoiding the clogging of the meshes of the fishing nets while lessening the
danger of environmental pollution. 20 The antifouling coating composition
of the present invention may be directly applied to fishing nets, or may be
applied to the surface of marine vessels, underwater structures and the
like which has been furnished with an undercoat such as a rust preventive
agent or a primer.   SF-~J~ I Furthermore, the antifouling coating
composition of the present invention may be applied as an overcoat for
repair to the surface of marine vessels, especially FRP ships, underwater
structures and the like which has already been 5 coated with conventional
antifouling paints or the antifouling coating composition of the present
invention. The thickness of the antifouling coating film thus formed on the
surface of the marine vessels, underwater structures and the like, although
not particularly limited, is, for 10 example, in the range of about 30 to
l50 um per application. The thus obtained antifouling coating film, or
coating film on the surface of parts of marine vessels and underwater
structures brought into contact with water, according to the present
invention is formed from the above antifouling 15 coating composition,
lessens the danger of environmental pollution and excels in the long-term
antifouling capability against a wide variety of organisms which attach to
marine vessels and underwater structures. According to the present
invention, there can be 20 obtained an antifouling coating composition of
wide applicability enabling even production of a white antifouling paint,
which antifouling coating composition is capable of forming an antifouling
coating film excelling in long-term antifouling performance and exhibiting
various   5F-~8 ~~8 excellent characteristics, such as -realizing ef
excellen~ antifouling activity while reducing burdens on the environment,
uniform wasting of coating film at constant rate for a prolonged period of
time so as to excel in the 5 uniform wastability of coating film,
maintaining of excellent antifouling performance for a prolonged period of
time so as to excel in the long-term antifouling capability maintaining
performance of coating film, being suitable to ocean-going vessels,
resistance to cracking and peeling, 10 increased adhesion as compared with
that of a coating film 



based on pyridine-triphenylborane, etc., sharp hue and reducing of
discoloration after water immersion or exposure. Furthermore, there can be
provided an antifouling coating film formed from the antifouling coating
composition and, 15 covered with the antifouling coating film, a marine
vessel, underwater structure, fishing gear or fishing net. When the surface
of coating substrate, such as a marine vessel, a marine structure at its
part immersed in water, a fishing gear or a fishing net is
coated/impregnated with 20 the antifouling coating composition of the
present invention and a coating film -s formed on the surface, the fouling
and damaging thereof can be reduced to a striking extent, and the service
life thereof can be strikingly extended. In the use of antifouling coating
composition loaded with a color   SE-:3~8 ~19 pigment, a coating film. of
sharp nue can be obtained. The antifouling coating composition of the
present invention is soluble in organic so~~vents, so that it excels in
applicability to fishing nets, etc. 5 The marine vessel, underwater
structure, fishing gear and fishing net according to the present invention
are obtained with the use of the antifouling coating composition of the
present invention, and exert excellent antifouling performance over a
prolonged period of time. 10 EXAMPLE The present invention will further be
illustrated below with reference to the following Examples, which however
in no way limit the scope of the invention. 15 In the following Examples
and Comparative Examples, parts refer to parts by weight. Production
Example 1 (Production of metal-containing monomer al-1) In a four-necked
flask equipped with a condenser, a 20 thermometer, a dropping funnel and an
agitator, 85.4 parts of propylene glycol methyl ether (PGM) and 40.7 parts
of zinc oxide were charged and heated to 75C under agitation. From the
dropping funnel, a mixture of 43.1 parts of methacrylic acid (MAA), 36.1
parts of acrylic acid (AA) and 5 parts of   SF-c~~~ 50 water was dropped at
a constant rate over a period of 3 hr. Upon she completion of dropping, the
reaction solution turnedfrom milkywhite to transparency. Further, agitation
was carried out for 2 hr, and 36 parts of propylene glycol 5 methyl ether
was added, thereby obtaining transparent mixture solution (A) containing
metal-containing monomer al-1. The amount of solid contents
(metal-containing monomer al-1) in the obtained mixture solution was 44.8
wt. o. Production Example 2 10 (Production of metal-containing monomer
a1-2) In a four-necked flask equipped with a condenser, a thermometer, a
dropping funnel and an agitator, 24.3 parts of n-butanol (nBuOH), 61.1
parts of xylene and 40.7 parts of zinc oxide were charged and heated to 75C
under agitation. 



15 From the dropping funnel, a mixture of 43.1 parts of methacrylic acid,
36.1 parts of acrylic acid and 5 parts of water was dropped at a constant
rate over a period of 3 hr. Upon the completion of dropping, the reaction
solution turnedfrom milky write to transparency. Further, agitation 20 was
carried out for 2 hr, and 36 parts of xylene was added, thereby obtaining
transparent mixture solution (B) containing metal-containing monomer al-2.
The amount of solid contents (metal-containing monomer a1-2) in the
obtained mixture solution was 44.9 wt. o.   SF-89n 51 Production Example 3
(Production cf metal-containing monomer ai-3) In a four-necked flask
equipped with a condenser, a thermometer, a dropping funnel and an
agitator, 85.9 parts 5 of propylene glycol methyl ether and 46. 8 parts of
zinc oxide were charged and heated to 75C under agitation. From the
dropping funnel, a mixture of 46. 1 parts of methacrylic acid, 36.l parts
of acrylic acid and 5 parts of water was dropped at a constant rate over a
period of 3 hr. Upon the completion 10 of dropping, the reaction solution
turned from milky white tosemitransparency. Further, agitation was carried
outfor 4 hr, and 43.5 parts of propylene glycol methyl ether was added,
thereby obtaining slightly turbid mixture solution (C) containing
metal-containing monomer a1-3. The amount 15 of solid contents
(metal-containing monomer al-3) in the obtained mixture solution was 44.90.
Production Example 4 (Production of metal-containing monomer a1-4) In a
four-necked flask equipped with a condenser, a 20 thermometer, a dropping
funnel and an agitator, 70 parts of propylene glycol methyl ether, 15.4
parts of water and 40.7 parts of zinc oxide were charged and heated to 75C
under agitation. From the dropping funnel, a mixture of 43. 1 parts of
methacrylic acid, 36. 1 parts of acrylic acid and 20 . 6 parts   SF-89g 52
of water was dropped at a constant rate ever a period. of 3 hr. Upon the
ccmpletion of dropping, the reaction soluticn turnedfrom milky white
totransparency. Further, agitation was carried out for 2 hr, and 20.4 parts
of propylene glycol 5 methyl ether was added, thereby obtaining transparent
mixture solution (D) containing metal-containing monomer a1-4. The amount
of solid contents (metal-containing monomer a1-4) in the obtained mixture
solution was 44.20. Production Example 5 10 (Production of metal-containing
monomer al-5) In a four-necked flask equipped with a condenser, a
thermometer, a dropping funnel and an agitator, 85.4 parts of propylene
glycol methyl ether and 20.2 parts of magnesium oxide were charged and
heated to 75C under agitation. From 15 the dropping funnel, a mixture of
43.1 parts of methacrylic acid, 36.1 parts of acrylic acid and 5 parts of
water was dropped at a constant rate over a period of 3 hr. Upon the
completion of dropping, the reaction solution turned from milky white to
transparency. Further, agitation was carried 20 out for 2 hr, and 11 parts
of propylene glycol methyl ether was added, thereby obtaining transparent
mixture solution (E) containing metal-containing monomer a1-5. The amount
of solid contents (metal-containing monomer a1-5) in the obtained mixture
solution was 44.60. 



SE-88 53 Production Example 6 (Production of metal-containing monomer al-6)
In a four-necked flask equipped with a condenser, a thermometer, a dropping
funnel and an agitator, 85.4 parts 5 of propylene glycol methyl ether, 40.5
parts of zinc oxide and 0.2 part of cupric oxide were charged and heated to
75C under agitation. From the dropping funnel, a mixture of 43. 1 parts of
methacrylic acid, 36.1 parts of acrylic acid and 5 parts of water was
dropped at a constant rate over a period 10 of 3 hr. Upon the completion of
dropping, the reaction solution turned green. Further, agitation was
carried out for 2 hr, and 11 parts of propylene glycol methyl ether was
added, thereby obtaining transparent mixture solution (F) containing
metal-containing monomer a1-6. The amount of 15 solid contents
(meal-containing monomer al-6) in the obtained mixture solution was 44.9.
Production Example 7 (Production of metal-containing copolymer A-1) In a
four-necked flask equipped with a condenser, a 20 thermometer, a dropping
funnel and an agitator, 15 parts of propylene glycol methyl ether, 57 parts
of xylene and 4 parts of ethyl acrylate were charged and heated to 100C
under agitation. From the dropping funnel, a transparent mixture consisting
of 1 part of methyl methacrylate, 66.2 parts of   ~F-~39~i 54 ethyl
acrylate, 5.4 parts of 2-methoxyethyl acrylate, 52 parts of the mixture
solution (A) obtained in Production Example l, 10 parts of xylene, 1 part
of chain transfer agent (Nofmer MSD produced by Nippon 0i1 & Fats Co.,
Ltd.), 2.5 5 parts of AIBN (azobisisobutyronitrile produced by Japan
Hydrazine Company, Inc.) and 7 parts of AMBN (azobismethylbutyronitrile
produced by Japan Hydrazine Company, Inc. ) was dropped at a constant rate
over a period of 6 hr. After the completion of dropping, 0.5 part of 10
t-butyl peroctoate and 7 parts of xylene were further dropped over a period
of 30 min. Further, agitation was carried out for 1 hr 30 min, and 4.4
parts of xylene was added. Thus, there was obtained a light-yellow
transparent resin composition of 45.6oheating residue and Gardner
viscosity-Y 15 not containing any insoluble matter and containing
metal-containing copolymer A-1. Production Example 8 (Production of
metal-containing copolymer A-2) In a four-necked flask equipped with a
condenser, a 20 thermometer, a dropping funnel and an agitator, 15 parts of
propylene glycol methyl ether, 60 parts of xylene and 4 parts of ethyl
acrylate were charged and heated to 100C under agitation. From the dropping
funnel, a transparent mixture consisting of 10 parts of methyl
methacrylate, 62.6 parts   S- V9~ 55 



of ethyl acrylate, 5.4 parts cf 2-methoxyethyl acrylate, 4G parts of the
mixture solution (A) obtained in Production Example 1, 10 parts of xylene,
1 part of chain transfer agent (Nofmer MSD produced by Nippon Oil & Fats
Co., Ltd.), 2.5 5 parts of AIBN and 5.5 parts of AMBN was dropped at a
constant rate over a period of 6 hr. After the completion of dropping, 0.5
part of t-butyl peroctoate and 7 parts of xylene were further dr9pped over
a period of 30 min. Further, agitation was carried out for 1 hr 30 min, and
8 parts of xylene was 10 added. Thus, there was obtained a light-yellow
transparent resin composition of 46.1o heating residue and Gardner
viscosity+V not containing any insoluble matter and containing
metal-containing copolymer A-2. Production Example 9 15 (Production of
metal-containing copolymer A-3) In a four-necked flask equipped with a
condenser, a thermometer, a dropping funnel and an agitator, 15 parts of
propylene glycol methyl ether, 57 parts of xylene and 4 parts of ethyl
acrylate were charged and heated to 100C under 20 agitation. From the
dropping funnel, a transparent mixture consisting 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 mixture soluticn (A) obtained in Production Example 1, 10
parts of xylere, 1 part of chain transfer agent (Nofmer   SF-898 56 MSD
produced by Nippon Oil & Fags Co., Ltd.), 2.5 parts of AIBN and 8.5 parts
of AMBN was dropped at a constan~ rate over a period of 6 hr. After the
completion of dropping, 0.5 part of t-butyl peroctoate and 7 parts of
xylene were 5 further dropped over a period of 30 min. Further, agitation
was carried out for 1 hr 30 min, and 6.9 parts of xylene was added. Thus,
there was obtained a light-yellow transparent resin composition of 45.8o
heating residue and Gardner viscosity-22 not containing any insoluble
matter and IO containing metal-containing copolymer A-3. Production Example
10 (Production of metal-containing copolymer A-4) In a four-necked flask
equipped with a condenser, a thermometer, a dropping funnel and an
agitator, 15 parts of 15 propylene glycol methyl ether, 61 parts of xylene
and 4 parts of ethyl acrylate were charged and heated to 100C under
agitation. From the dropping funnel, a transparent mixture consisting of 18
parts of methyl methacrylate, 61 parts of ethyl acrylate, 37.8 parts of the
mixture solution (A) 20 obtained in Production Example 1, 10 parts of
xylene, 1 part of chain transfer agent (Nofmer MSD produced by Nippon Oil &
Fats Co. , Ltd. ) , 2. 5 parts of AIBN and 7 parts of AMBN was dropped at a
constant rate over a period of 6 hr. After the completion of dropping, 0.5
part of t-butyl peroctoate and   3E'-898 5i 7 parts of xylene were further
dropped over a period of 30 min. Further, agitation was carried out for 1
hr 30 min, and 8.2 parts of xylene was added. Thus, there was obtained a
light-yellow transparent resin composition of 46.0 



5 heating residue and Gardner viscosity+T not containing any insoluble
matter and containing metal-containing copolymer A-4. Production Example 11
(Production of metal-containing copolymer A-5) 10 In a four-necked flask
equipped with a condenser, a thermometer, a dropping funnel and an
agitator, 15 parts of propylene glycol methyl ether, 57 parts of xylene and
4 parts of ethyl acrylate were charged and heated to 100C under agitation.
From the dropping funnel, a transparent mixture 15 consisting of 5 parts of
methyl methacrylate, 64.9 parts of ethyl acrylate, 5.4 parts of
2-methoxyethyl acrylate, 40 parts of the mixture solution (A) obtained in
Production Example 1, 6 parts of the mixture solution (E) obtained in
Production Example 5, 10 parts of xylene, 1 part of chain 20 transfer agent
(Nofmer MSD produced by Nippon 0i1 & Fats Co. , Ltd. ) , 2.5 parts of AIBN
and 6 parts of AMBN was dropped at a constant rate over a period of 6 hr.
After the completion of dropping, 0.5 part of t-butyl peroctoate and 7
parts of xylene were further dropped over a period of 30 min. Further,
SF-898 58 agitation was carried out for 1 hr 30 min, and ? . 7 parts of
xylene was added. Thus, there was obtained a light-yellow transparent resin
composition of 46.2o heating residue and Gardner viscosity+U not containing
any insoluble matter and 5 containing metal-containing copolymer A-5.
Production Example 12 (Production of metal-containing copolymer A-6) In a
four-necked flask equipped with a condenser, a thermometer, a dropping
funnel and an agitator, 15 parts of 10 propylene glycol methyl ether, 57
parts of xylene and 4 parts of ethyl acrylate were charged and heated to
l00C under agitation. From the dropping funnel, a green mixture consisting
of 1 part of methyl methacrylate, 66.2 parts of ethyl acrylate, 5.4 parts
of 2-methoxyethyl acrylate, 52 15 parts of the mixture solution (F)
obtained in Production Example 6, 10 parts of xylene, 1 part of chain
transfer agent (Nofmer MSD produced by Nippon Oil & Fats Co., Ltd.), 2.5
parts of AIBN and 7 parts of AMBN was dropped at a constant rate over a
period of 6 hr. After the completion of dropping, 20 0.5 part of t-butyl
peroctoate and 7 parts of xylene were further dropped over a period of 30
min. Further, agitation was carried out for 1 hr 30 min, and 4.4 parts of
xylene was added. Thus, there was obtained a green resin composition of
45.2o heating residue and Gardner viscosity+V not   SF-8G8 59 containing
any insoluble matter and containing metal-containing copolymer A-6.
Production Example 13 (Production of metal-containing copolymer A-7) 5 In a
four-necked flask equipped with a condenser, a thermometer, a dropping
funnel and an agitator, 15 parts of propylene glycol methyl ether and 61
parts of xylene were charged and heated to 100C under agitation. From the
dropping funnel, a transparent mixture consisting of 49.55 10 parts of
methyl methacrylate, 50 parts of ethyl acrylate, 1 part of the mixture
solution (A) obtained in Production 



Example 1, 2.5 parts of AIBN and 2 parts of AMBN was dropped at a constant
rate over a period of 4 hr . After the completion of dropping, 0.5 part of
t-butyl peroctoate and 7 parts of 15 xylene were further dropped over a
period of 30 min. Further, agitation was carried out for 1 hr 30 min, and
38.45 parts of xylene was added. Thus, there was obtained a transparent
resin composition of 44.7o heating residue and Gardner viscosity+B not
containing any insoluble matter and 20 containing metal-containing
copolymer A-7. Production Example 14 (Production of metal-containing
copolymer A-8) In a four-necked flask equipped with a condenser, a
thermometer, a dropping funnel and an agitator, 15 parts of   S F- 8 ., 60
propylene glycol methyl ether, 61 parts of xylene and 9 parts of ethyl
acrylate were charged and heated to l00C under agitation. From the dropping
funnel, a transparent mixture consisting of 18 parts of methyl
methacrylate, 61 parts of 5 ethyl acrylate, 37.8 parts of the mixture
solution (B) obtained in Production Example 2, 10 parts of xylene, 1 part
of chain transfer agent (Nofmer MSD produced by Nippon Oil & Fats Co. ,
Ltd. ) , 2 . 5 parts of AIBN and 7 parts of AMBN was dropped at a constant
rate over a period of 6 hr. After the 10 completion of dropping, 0.5 part
of t-butyl peroctoate and 7 parts of xylene were further dropped over a
period of 30 min. Further, agitation was carried out for 1 hr 30 min, and
8.2 parts of xylene was added. Thus, there was obtained a light-yellow
transparent resin composition of 46.20 15 heating residue and Gardner
viscosity+Y not containing any insoluble matter and containing
metal-containing copolymer A-8. Production Example 15 (Production of
metal-containing copolymer A-9) 20 In a four-necked flask equipped with a
condenser, a thermometer, a dropping funnel and an agitator, 15 parts of
propylene glycol methyl ether, 57 parts of xylene and 4 parts of ethyl
acrylate were charged and heated to l00C under agitation. From the dropping
funnel, a transparent mixture   SF-898 61 consisting of 1 part of methyl
methacrylate, 64.9 parts of ethyl acrylate, 5.9 parts of 2-methoxyethyl
acrylate, 55 parts of the mixture solution (C) obtained in Production
Example 3, 10 parts of xylene, 1 part of chain transfer agent 5 (Nofmer MSD
produced by Nippon Oil & Fats Co., Ltd.), 2.5 parts of AIBN and 7.5 parts
of AMBN was dropped at a constant rate over a period of 6 hr. After the
completion of dropping, 0.5 part of t-butyl peroctoate and 7 parts of
xylene were further dropped over a period of 30 min. Further, agitation 10
was carried out for 1 hr 30 min, and 3.1 parts of xylene was added. Thus,
there was obtained a slightly turbid light-yellow resin composition of
46.3o heating residue and Gardner viscosity+W not containing any insoluble
matter and containing metal-containing copolymer A-9. 15 Production Example
16 



(Production of metal-containing copolymer A-10) In a four-necked flask
equipped with a condenser, a thermometer, a dropping funnel and an
agitator, 46.8 parts of propylene glycol methyl ether, 25.2 parts of xylene
and 20 4 parts of ethyl acrylate were charged and heated to 90C under
agitation. From the dropping funnel, a transparent mixture consisting of 1
part of methyl methacrylate, 66.2 parts of ethyl acrylate, 5.4 parts of
2-methoxyethyl acrylate, 52 parts of the mixture solution (D) obtained in
sF-8~~ Op Production Example 4, 10 parts of propylene glycol methyl ether,
1 part of chain transfer agent (Nofmer MSD produced by Nippon 0i1 & Fats
Co. , Ltd. ) , 2. 5 parts of AIBN and 8 parts of AMBN was dropped at a
constant rate over a period of 6 5 hr. After the completion of dropping,
0.5 part of t-butyl peroctoate and 7 parts of xylene were further dropped
over a period of 30 min and heated to 100C. Further, agitation was carried
out for 1 hr, and 4.4 parts of xylene was added. Thus, there was obtained a
slightly turbid light-yellow 10 resin composition of 45.9% heating residue
and Gardner viscosity+V not containing any insoluble matter and containing
metal-containing copolymer A-10. Table 1 lists, with respect to Production
Examples 1 to 6, the charged amounts (molar ratio) for obtaining 15
reaction products and the solvent amounts, water contents (wt.%) and solid
contents of mixture solutions containing reaction products. Table 2 lists,
with respect to Production Examples 7 to 16, the charged amounts (weight
ratio) for producing 20 metal-containing copolymers and the viscosities
(Gardner viscosity), solid contents (o) and resin molecular weights (MW) of
obtained resin compositions. The molecular weight of each of the resins was
measured by the use of HLC-8120 GPC wherein use was made of two   S F-2'J8
f3 separation columns of TSK-gel a type ;a-M) and further, as an eluent,
DMF ;dimethylformamide) containing 20 mM LiBr. The weight average molecular
weight was determined in terms of polystyrene. 5   Table 1 Volatile
component content ofgolidCharged amt. (mol ratio)metal-contg. monomer
mixture(mass%)cont.MAAAAZn0Mg0Cu0waterPGMn-BuOHxylenewater(Prod.0,50.50.50.
2749.3--2.044.8Ex. 1Prod.p,50.50.50.27-9.939.42.044.9Ex. 2
.Prod.0,50.50.5750.2749.6--1.944.9Ex. 3Prod.0,50.50.52.025.7--l4.644.2Ex.
4_Prod.0,50.50.50.2748.0--2.544.6Ex.
5Prod.0,50.50.49750.00250.2749.3--2.044.9Ex. 6 MAA: methacrylic acid AA:
acrylic acid  PGM: propylene glycol methyl ether   Table 2
Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Frod.Ex. 7Ex. 8Ex. 9Ex. 10Ex.
11Ex. 12Ex. 13Ex. 14Ex. 15Ex. 16Metal-contg.
polymerA-1A-2A-3A-4A-5A-6A-7A-8A-9A-10A(Prod.524047.437.8401Ex. 1)B(Prod.
37.8Ex. 2)Metal-contg.C(Prod.reaction5~Ex. 3)productmixtureD(Prod. 52Ex.
4)S 0111 . 



E(Prod.w 6Ex. 5)F(Prod.52Ex.
6)MMA11014.6185149.551811Copolymn.EA70.266.656.66568.970.2506568.970.2monom
er2-MTA5.45.45.45.45.45.4nBA7.5AIBN2.52.52.52.52.52.52.52.52.52.5InitiatorA
MBN75.58.5767277.5_8_ChainNofmertransferMSD111111111agent.Gardner_Y+V-Z2+T+
U+V+B+Y+w+VviscosityPropertiessolid45.646.145.846.046.545.244.746.246.345.9
cont . ( % )mol. wt.5200600048005000550052008000S60050004?00(Mw) MMA:
methyl methacrylate EA: ethyl acrylate 2-MTA: 2-methoxyethyl acrylate nBA:
n-butyl acrylate AIBN: azobisisobutyronitrile AMBN:
azobismethylbutyronitrile y   sF-8~~8 F6 Production Examples 17 to 29
(Production of metal-containing copolymers A-11 to A-23) In a four-necked
=lask equipped with a condenser, a 5 thermometer, a dropping funnel and an
agitator, 30 parts of PGM (propylene glycol methyl ether) and 40 parts of
xylene were charged and heated to 100C under agitation. From the dropping
funnel, each mixture consisting of monomers and polymerization initiators
as specified in Table 3 was 10 dropped at a constant rate over a period of
3 hr. After the completion of dropping, 1 part of t-butyl peroctoate and 10
parts of xylene were further dropped over a period of 2 hr. Thus, there
were obtained solutions containing metal-containing copolymers A-11 to A-23
which had 15 properties specified in Table 3.   Table 3
Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Prod.Ex. 17Ex.
18Ex. 19Ex. 20Ex. 21Ex. 22Ex. 23Ex. 24Ex. 25Ex. 26Ex. 27Ex. 28Ex.
2=iMetal-contg.
polymerA-11A-12A-13A-19A-15A-16A-17A-18A-19A-20A-21A-22A-23zinc
acrylate81216861216Metal-contg.zincmonomermethacrylate123586(al)
(pts.)copper 16 40 16acrylateversatato12182991829acrylate versatato 28 35
9-,Metal-contmethacrylateg. monomer isostearatozinc 12acrylate) (a2) ( ts.
pisostearatozinc
methacrylate12versatatocopperacrylate2-methoxyethyl2535101010101310Pol
meri-acrylatey3-methoxybutylzable4040304030monomeracrylate 3-methyl-3-.(b)
(pts.)methoxybutyl25acrylatemethyl30101313201010Unsatd.methacrylatemonomere
thyl25351035102510253447505050acrylateInitiatort-butyl7343744655546peroctoa
teGardner Pro erties viscosity
(25C)+Z+V-Z1i-W+Z1-Y+Z2+Z-Y+X-Z1-Z-Z3pheating50.950.150.650.351.150.450.950
.549.749.750.249.94 a9residue (wt.%). C; y.   SF-898 68 Examples 1 to 65
and Comparative Examples 1 to 44 Antifouling coating compositions of
formulations specified in Tables 9 to 12 were prepared according to
customary procedure from the resin compositions containing 5
`metal-containing copolymers A-1 to A-23 obtained in the above Production
Examples 7 to 29. 



Sand blasted steel plates (each 30 cm length x 10 cm width x 0.32 cm
thickness) having anticorrosive paints, namely, shop primer, tar epoxy
paint and vinyl paint applied 10 in advance thereto in respective
thicknesses of 20um, 150 ~m and 75 um were coated with the antifouling
coating compositions of formulations specified in Tables 4 to 12 so as to
have a dry coating thickness of 100 um and dried, thereby obtaining test
plates. 15 The test plates were left immersed in Hiroshima Bay of Hiroshima
Prefecture for 12 months, during which the area of attachment of organisms
(o), etc. were inspected every month. The results are also listed in Tables
4 to 12. 20 In Tables 9 to 12, as components of the formulations, use was
made of the following commercial products. Chlorinated paraffin: trade name
"Toyoparax 150" (average number of carbon atoms: 14.5, chlorine content
(wt.): 50%, viscosity: 12   S~-895 69 poise/25C, specific gravity:
1.25/25C, produced by Tosch Corporation) Zinc oxide: trade name "Zinc
Flower No.3" (produced by Kyushu 5 Hakusui K.K.) Talc: trade name "TTK
Talc" (produced by Takehara Kagaku Koayo K.K.) Red iron oxide: 10 trade
name "Bengara Gekko BB" (produced by Nippon Bengara Kogyo Co., Ltd.)
Titanium white: trade name "Titanium White R-5N" (produced by Sakai
Chemical Industry Co., Ltd.) 15 Copper rhodanide: produced by Nippon Kagaku
Sangyo Co., Ltd. Zinc dimethyldithiocarbamate: "Sanceler PZ" (produced by
Sanshin Chemical Industry Co., Ltd.) 20
2-Methylthio-4-t-butylamino-6-cyclopropylamino-s -triazine: trade name
"Irgarol #l05" (produced by Ciba-Geigy)
2,4,5,6-Tetrachloroisophthalonitrile: "Marincide C" (produced by San Nopco
Limited)   SE-89o 10 N,N-dimetpyldichlorophenylurea: "DCMU" (produced by
Hodogaya Chemical Co., Ltd.) N-(fluorodichloromethylthio)phthalimide:
"Preventol A-3" (produced by Bayer Japan) 5
N,N'-dimethyl-N'-phenyl-(N-fluorodichloromethylthio) sulfamide: "Preventol
A-4S" (produced by Bayer Japan) Tetramethylthiuram disulfide: "Sanceler TT"
(produced by Sanshin Chemical Industry 10 Co., Ltd.)
2,4,6-Trichlorophenylmaleimide: "IT-354" (produced by Ihara Chemical
Industry Co., Ltd.) 2,3,5,6-Tetrachloro-4-(methylsulfonyl)pyridine: 15
"Densil S100" (produced by Avecia Co., Ltd.) 3-Iodo-2-propynylbutyl
carbamate: 



"Troysan Polyphase P100" (produced by Troy) Diiodomethyl-p-tolyl sulfone:
"Amical 48" (produced by Abbott) 20 Bisdimethylditiocarbamoylzinc
ethylenebisdithiocarbamate: "TOC-3204" (produced by Tokyo Organic Chemical
Industries, Ltd.) Zinc ethylenebisdithiocarbamate:   SF-898 il trade name
"Zineb" (produced by Tokyo Organic Chemi cal Industries, Ltd.)
Pyridine-triphenylboron: trade name "PK Boron" (produced by Hokkc Chemical
5 Industry Co., Ltd.) Zinc salt of 2-pyridinethiol-1-oxide: trade name
"AF-Z" (produced by Yoshitomi Fine Chemical, Ltd.) Copper salt of
2-pyridinethiol-1-oxide: 10 trade name "Copper Pyrithione" (produced by
Olin Ltd. ) 4,5-Dichloro-2-n-octyl-4-isothiazolin-3-one: trade name
"Sea-Nine 211" (produced by Rohm and Haas Company) Cuprous oxide: 15
average particle diameter 8 um, trade name "NC-801" (produced by Nippon
Chemical Industries Co., Ltd.) Polyethylene oxide wax: trade name
"Disparlon 4200-20 (Dispal 4200-20X)" (produced by Kusumoto Chemicals,
Ltd.), 20o xylene paste 20 Aliphatic amide wax: trade name "Disparlon
A630-20X (Dispal A630-20X)" (produced by Kusumoto Chemicals, Ltd.), 20%
xylene paste Propylene glycol monomethyl ether: trade name "Kuraray PGM"
(produced by Kuraray Co. , Ltd. ) ,   SE-~~8 !2 solvent. The evaluation
criteria are as follows. Evaluation criteria <Evaluation criteria on area
of attachment of undersea 5 organisms (evaluation criteria on stationary
antifouling performance) > 5 marks..... the area of attachment of undersea
organisms is Oo; 4 marks..... the area of attachment of undersea 10
organisms is over Oo but not greater than 50; 3 marks..... the area of
attachment of undersea organisms is over 5o but not greater than 100; 2
marks..... the area of attachment of undersea organisms is over loo but not
greater than 250; 15 1 mark...... the area of attachment of undersea
organisms is over 25o but not greater than 500; and 0 mark...... the area
of attachment of undersea organisms is over 50. <Adherence to deteriorated
antifouling coating film> 20 The adherence to deteriorated antifouling
coating films 



was evaluated in the following manner. First, the surface of each of
deteriorated antifouling coating films resulting from applying of the
following now available antifouling paints to test plates and immersing of
the test plates in   SF-898 i3 seawater for one year was coated with each
of the antifouling coating composi~ions described in the Examples and
Comparative examples, thereby forming antifouling coating films of 100 um
dry film thickness. The test plates with 5 the antifouling coating films
were immersed in seawater, and upon the passage of 6 months, the adherence
was evaluated in accordance with the "JIS K-5400X cut tape method". The now
available antifouling paints used in the test were "Chugoku AF", "Ravax
AF", "Vinyl AF", "Marine Star 10 Kai", 10 "AF Sea Flo Z-100 LEHS", "Sea
Grandprix 500", "Sea Grandprix 700" and "Sea Grandprix 1000" (all produced
by Chugoku Marine Paints, Ltd.). <Method of measuring coating film wasting
rate> Iron plates with a size of 170 mm (length) x 70 mm (width) 15 x 4.5
mm (thickness) were provided, and curved in the longitudinal direction with
R=500 mm (radius of curvature). Threaded holes for mounting on a rotary
drum were formed at four corners of each of the plates, and sand blasted.
The sand blasted iron plates on the curved protrudent 20 surfaces were
sequentially spray coated with a shop primer, a tar epoxy paint and a vinyl
paint, and thereafter coated with various test paints (dry film thickness:
200 um). The thus obtained test plates were mounted on a rotary drum fixed
to a rotary test raft placed in Kure Bay of   SE-898 7a Hiroshima
Prefecture. The test plates were rota~ed at a rotational speed of 15 knots.
The coating film wasting rate was determined by drawing up the test plates
from the seawater and measuring the coating film thickness thereof every 5
month.   Table 4 Ex. 1Ex. 2Ex. 3Ex. 4Ex. 5Ex. 6Ex. 7Ex. 8Ex. 9Ex. 10Ex.
11Ex. 12Recipe of antifouling coating compsn. (pts.wt)metal-contg.
copolymer A-145q5metal-contg. copolymer A-24545metal-contg. copolymer
A-345metal-contg. copolymer A-445metal-contg. copolymer A-545metal-contg.
copolymer A-645metal-contg. copolymer A-745metal-contg. copolymer
A-845metal-contg. copolymer A-945metal-contg. copolymer A-1045chlorinated
paraffin22zinc
oxide1010101010101010101010"10talc171717171717171717171717red iron
oxide222222222222titanium white44444444444zinc salt of
2-pyridinethiol-1-oxide3333333333copper salt of 2-pyridinethiol-1-oxide 3
34,5-dichloro-2-n-octyl-4-
isothiazolin-3-one*101010101010101010101010cuprous oxidepolyethylene oxide
wax, 20o xylene paste222222222222aliphatic amide wax, 20o xylene
paste333333333333xylene2222222222propylene glycol monomethyl ether ~ 2 2 2
2 2 



2 2 2 2 2 2'Total100100100100100100100100 I100 ~100100lCiO__ c~ (To be
corutinue;   Table 4 (Continued) Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7
Ex. 8 Ex. 9 Ex. 10 Ex. 11 Ex. 12 Properties of antifoulingcoatingstationary
antifoulingperformance/5 marks555555555555full score(3 mo. seawater
immersion)stationary antifoulingperformance/5 marks555555555555full score(6
mo. seawater immersion) stationary antifouling__performance/5
marks555555555555full score(12 mo. seawater immersion)adherence to
deterioratedantifouling coating film1010101010101010101010).0(6 mo.
seawater immersion)_wasting of coating
film42.539.943.091.593.144.940.892.047.393.491.738.63 mo. totalwasting of
coating film7g.27p.588.285.491.7 ~90.3 ~85.6 ~79.0 ~92.1 ~80.8 ~85.7.77. 6
mo. total-  * 30~ xylene soln. of
4,5-dichloro-2-n-octyl-9-isothiazolin-3-one   Table 5 Ex. 13Ex. 14Ex. 15Ex.
16Ex. 17Ex. 18Ex. 19Ex. 20Ex. 21Ex. 22Ex. 23Ex. 24Ex. 25Recipe of
antifouling coating compsn. (pts.wt)metal-contg. copolymer
A-1140metal-contg. copolymer A-1240metal-contg. copolymer
A-1340metal-contg. copolymer A-1440metal-contg. copolymer
A-1540metal-contg. copolymer A-1640metal-contg. copolymer
A-1740metal-contg. copolymer A-1840metal-contg. copolymer
A-1940metal-contg. copolymer A-2040metal-contg. copolymer
A-214pmetal-contg. copolymer A-224pmetal-contg. copolymer A-2340chlorinated
paraffinzinc
oxide1010101010101010101010l010talc17171717171717171717171717red iron
oxide2222222222222titanium white4444444444444zinc salt. of
2-pyridinethiol-1-oxide,;3333333333~3copper salt of
2-pyridinethiol-1-oxide4,5-dichloro-2-n-octyl-4-
isothi.azolin-3-one*1010101010101010101010I010cuprous oxidepolyethylene
oxide wax, 20s xylene paste2222222222222aliphatic amide wax, 20~ xylene
paste3333333333333xylene '777777777777.._ .propylene glycol monomethyl
ether22222222227 -2Total10U100100100100100100l0U100100100100100 ~ -J (To be
continue)   Table 5 (Continued) Ex. 13 Ex. 14 Ex, 15 Ex. 16 Ex. 17 Ex. 18
Ex. 19 Ex. 20 Ex. 21 Ex. 22 Ex. 23 Ex. 24 Ex. 25 Properties of
antifoulingcoatingstationary antifoulingperformance/5
marks55555555555~5full score-(3 mo. seawater immersion)stationary
antifoulingperformance/5 marks5555555555555full score(6 mo. seawater
immersion)_stationary antifoulingperformance/5 marks55555555555~5full
score(lJ mo. seawater immersion)adherence to deterioratedantifouling
coating film101010101010lUl01010l01010(6 mo. seawater immersion)wasting of
coating film32.339.446.048.146.440.944.839.845.037.738.494.74S.23 mo.
totalwasting of coating
film69.072.3B5.193.590.279.386.768.084.972.468.890.091.26 mo. total y.
,:rC'3 * 30, xylene soln. of 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one
Table 6 Ex. 26Ex. 27Ex. 28Ex. 29Ex. 30Ex. 31Ex. 32Ex. 33Ex. 34Ex. 35Ex.
36E~;. 37Recipe of antifouling coating compsn. (pts.wt)metal-contg.
copolymer A-19545metal-contg. copolymer A-24545metal-contg. copolymer
A-34545metal-contg. Copolymer A-44545metal-contg. copolymer
A-54545metal-contg. copolymer A-64545_metal-contg. copolymer
A-7metal-contg. copolymer A-8metal-contg. copolymer A-9metal-contg.
copolymer A-10chlorinated paraffinzinc
oxide101010101010101010101010talc151815181518151815181518red iron
oxide222222222222titanium white444444444444zinc salt of
2-pyridinethiol-1-oxide 5 1 5 1 5 1 5 1 5 1 5 1copper salt of
2-pyridinethiol-1-oxide9,5-dichloro-2-n-octyl-4- 



isottriazol in-3-one*515515515515515515cuprous oxidepolyethylene oxide wax,
20a xylene paste222222222222aliphatic amide wax, 20`o xylene
paste33333333333:3xylene77777- 7propylene glycol  monomethyl ether 2 2 2 2
2 2Total1001001001001U010010010010010010010U  (To be continu~:)   Table 6
(Continued) Ex. 26 Ex. 27 Ex. 28 Ex. 29 Ex. 30 Ex. 31 Ex. 32 Ex. 33 Ex. 34
Ex. 35 Ex. 36 Ex. 37 Properties of antifoulingcoatingstationary
antifoulingperformance/5 marks full sco-a555555555555(3 mo. seawater
in~nersion)stationary antifoulingperformance/5 marks full
score555555555555(6 mo. seawater immersion)stationary
antifoulingperformance/5 marks full score555555555555(12 mo. seawater
immersion)adherence to deterioratedantifouling coating
film10l010l01010101010lU1010(6 mo. seawater immersion)wasting of coating
filmqU_g42.539.040.844.142.540.439.238.94U.043.544.13 mo. totalwasting of
coating filmg3,185.070.584.989.189.274.668.272.475.390.387.66 mo. total
30~ xylene soln. of 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one   Table 7
EX. 38Ex. 39Ex. 90Ex. 41Ex. 42EX. 43Ex. 44Ex. 45Ex. 46EX. 97Ex. 48Ex.
49E_i. 50E:.. 51Recipe of antifouling coatingcompsn. (pts.wt)metal-contg.
copolymer A-14545459545954545454545954545zinc
oxide1010101010101010101010101010talc1419141914141414141914191914red iron
oxide222222222222titanium white44444449949999copper rhodanide3_zinc
dimethyldithiocarbamate32-methylthio-4-t-butylamino-6-cyclopropylamino-s-tr
iazine32,9,5,6-tetrachloroisophthalo-
nitrile3N,N-dimethyldichlorophenylurea3N-(fluorodichlvromethylthio)-phthali
mideN,N'-dimethyl-N'-phenyl-(N-fluorodiChloromethylthio)-3sulfamidetetramet
hylthiuram
disulfide32,4,6-trichlorophenylmaleimide32,3,5,6-tetrachloro-4-(methylsulfo
nyl)pyridine3-iodo-2-propynylbutylcarbamate3diiodomethyl-p-tolyl
sulfone3bisdimethylditiocarbamoylzincethylenebisdithiocarbamate3zinc
ethylenebisdithiocarbamate3zinc salt of33333333333
2-pyridinethiol-1-oxide333copper salt
of-2-pyridinethiol-1-oxide4,5-dichloro-2-n-octyl-9-
isothiazolin-3-one*1010IO101010101010IO10101010cuprous oxidepolyethylene
oxide wax, 20~22~ _;ylene paste22222 - - - -aliphatic amide wax, 20%
xylene33333333333333paste _x.ylen22222e 222222_-_,propylene glycol
monomethyl ether22222222222 Total 100 100 100 100 100 100 100 100 100 7.00
100 100_ 100 100 rG (Te be uo!-atin~_i=   Table 7 (Continued) Ex. 38 Ex. 39
Ex. 90 Ex, 91 Ex. 42 Ex. 43 Ex. 44 Ex. 45 Ex, 96 Ex. 47 Ex. 98 Ex. 99 E:..
50 E:.. 51 prties of antifouling coating Fstationary
antifoulingperformance/5 marks full score55555555555555(3 mo. seawater
immersion)stationary antifoulingperformance/5 marks full
score5555555555555S(6 mo. seawater immersion)stationary
antifoulingperformance/5 marks full score55555555555555(12 mo. seawater
immersion)adherence to deterioratedantifouling coating
film1010101010101010101010101010(6 mo. seawater immersion)wasting of
coating film43.390.242.945.039,992.943.393.542.792,440.894.191.5~?0.83 mo.
totalwasting of coating
film75.q76.981.0B3.270.273.380.480.074.779.668.589.27275.66 mo. total 30~
xylene soln. of 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one   Table 8 



Ex. 52Ex. 53Ex. 59Ex. 55Ex. 56Ex. 57Ex. 58Ex. 59Ex. 60Ex. 61Ex. 62Ex. 63E~.
64E:~;, 65Recipe of antifouling coatingcompsn. (pts.wt)metal-contg.
copolymer A-24595459595954595454545459595zinc
oxide1010101010101010101010101010talc _1414141419141419141919191419red iron
oxide22222222222titanium white44444494444443copper rhodanide3zinc
dimethyldithiocarbamate32-methylthio-4-t-butylamino-6-
cyclopropylamino-s-triazine3^,4,5,6-tetrachloroisophthalo-
nitrile3N,N-dimethyldichlorophenylurea3N-(fluorodichloromethylthio)-
phthalimide3N,N'-dimethyl-N'-phenyl-(N-fluorodichloromethylthio)-3sulfamide
tetramethylthiuram
disulfide32,9,6-trichlorophenylmaleimide32,3,5,6-tetrachloro-4-(methylsulfo
nyl)pyridine33-iodo-2-propynylbutylcarbamate3dii.odomethyl-p-tolyl
sulfone3bi.sdimethylditiocarbamoylzincethylenebisdithiocarbamatezinc
ethylenebisdithiocarbamate3pyridine-triphenylboranezinc salt of33333333333
2-pyridinethiol-1-oxide333copper salt
of-pyridinethiol-1-oxide4,5-dichloro-2-n-octyl-4-10101010ID101010101010
isothiazolin-3-one*1010l0cuprous o:_idepolyethylene oxide wax,2~ '0% xylene
paste222222222 - - -aliphatic amide wax,333 ^0=xylene paste3333333333 ':;
ylene222222222222''propylene glycol monomethyl ether22222222222_
?_Total100100100100100100100100100100100100100100 Y"J -iJ (To be continu a
Table 8 (Continued) Ex. 52 Ex. 53 Ex. 59 Ex. 55 Ex. 56 Ex. 57 Ex. 58 Ex. 59
Ex. 60 Ex. 61 Ex. 62 Ex. 63 Ex. 69 E_~:. 65 Properties of antifouling
coatingstationary antifoulingperformance/5 marks full score5555555555555513
mo. seawatez inunersion)stationary antifoulingperformance/5 marks full
score555555555555(6 mo. seawater immersion)stationary
antifoulingperformance/5 marks full score55555555555555(12 mo. seawater
immersion)adherence to deterioratedantifouling coating
film10101010lU10101010101010101'.7(6 mo. seawater immersion)wasting of
coating film', 3 t l3g,g9D.839.67.7
341,090.390.139.238.540.291.942..439.538.3mo. to . awasting of coating
film73.179.977.184.190.375.477.180.276.5B3.0 ~80.3 ~75 04 ~ 8879 26 mo.
total... 30o xylene soln. of 4,5-~ichloro-2-n-octyl-4-isothiazolin-3-one
Table 9 Comp. Ex. 1Comp. Ex. 2Comp. Ex. 3Comp. Ex. 4Comp. Ex. 5Comp. Ex.
6Comp. Ex. 7Comp. Ex. 8Comp. Ex. 9Comp. Ex.lOComp. Ex.llComp. Ex. l2Recipe
of antifouling coating compsn. (pts.wt)metal-contg. copolymer
A-14545metal-contg. copolymer A-24545metal-contg. copolymer
A-34545metal-contg, copolymer A-44545metal-contg. copolymer
A-54545metal-contg. copolymer A-64545zinc oxide1010101010101010101010_
1C!talc20152015201520152015201~~red iron oxide222222222222titanium
white444444449949zinc salt of 2-pyridinethiol-1-oxide555555copper salt of
2-pyridinethiol-1-oxide4,5-dichloro-2-n-octyl-4-
isothiazolin-3-one*10101010. 1010cuprous oxidepolyethylene oxide wax, 20%
xylene paste222222222222aliphatic amide wax, 20 xylene
paste333333333333xylene21221221221221221;propylene glycol monomethyl
ether222222222222Total100100100100100100100100lUU7.0010U`lUU  (To be
continue)   



Table 9 (Continued) Properties of antifoulingcoatingstationary
antifoulingperformance/5 marks full555555555555score(3 mo. seawater
immersion)stationary antifoulingperformance/5 marks fullqqq44444444score(6
mo. seawater immersion)stationary antifoulingperformance/5 marks
fullq34343439343score(12 mo. seawater immersion)adherence to
deterioratedantifouling coating film.101010101010101010101010(6 mo.
seawater immersion)wasting of coating
filmq3.g40.242.840.044.742.340.839.438.937.045.144.63 mo. totalwasting of
coating film80.176.571.074.280.580.175.469.378.167.384.982.e6 mo. total
c,~.. 30~ xylene soln. of 4,5-dichloro-2-n-octyl-9-isothiazolin-3-one
Table 10
Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp,Comp.Comp.Comp.Comp.Ex.
13Ex. 14Ex. 15Ex. 16Ex. 17Ex. 18Ex: 19Ex. 20Ex. 21Ex. 22Es. 23Ex. 24E~_.
2SE.:. 26Recipe of antifouling coatingcompsn. (pts.wt)metal-contg.
copolymer A-195459545454545459545954545-15zinc
oxide10101010101010101010101010_ 10talc1717171717171717171717171717red iron
oxide22222222222titanium white49949494999449copper rhodanide3zinc
dimethyldithiocarbamate32-tnethylthio-4-t-butylamino-36-cyclopropylamino-s-
triazinek
4,5,6-tetrachloroisophthalo-3nitrileN,N-dimethyldichlorophenylurea3N-(fluor
odichloromethylthio)-3phthalimidetd, N' -di.methyl-N' -phenyl-
(N-fluorodichloromethylthio)-3sulfamidetetramethylthiuram
disulfide32,4,6-trichlorophenyl-maleimide32,3,5,6-tetrachloro-4-(methylsulf
onyl)pyridine33-iodo-2-propynylbutyl carbamate3diiodomethyl-p-tolyl
sulfone3bisdimethylditiocarbamoylzincethylenebisdithiocarbamatezinc
ethylenebisdithiocarbamate34,5-dichloro-2-n-octyl-4-LO101010101010101010101
01 isothiazolin-3-one*010cuprous oxidepolyethylene oxide wax,22222 2 2 2
220s xylene paste22--aliphatic amide wax,3333333333 20~ xylene
paste3333xylene222222222?22propylene glycol monomethyl
ether222222222222Total100100l00100100100100100100100l001001U0l00  (To be
continue'   Table 10 (Continued) Comp. ~ Comp. ~ Comp. ~ Comp. ~ Comp. ~
Comp. ~ Comp. ~ Comp. ~ Comp. ~ Comp. ~ Comp. ~ Comp. ~ Comp. Comp. Ex. 13
Ex. 14 Ex. 15 Ex. 16 Ex. 17 Ex. 18 Ex. 19 Ex. 20 Ex. 21 Ex. 22 Ex. 23 Ex.
24 Ex. 25 E:._. 26 Properties of antifouling coatingstationary
antifoulingperformance/5 marks full score55555555555555(3 mo. seawater
immersion)stationary antifoulingperformance/5 marks full
score49494449944944(6 mo. seawater immersion)stationary
antifoulingperformance/5 marks full score (12444444444949-1mo. seawater
immersion)adherence to deterioratedantifouling coating
film1010101010101010lU1010101010(6 mo. seawater immersion)wasting of
coating film41.739.237.540.141.938.042.394.840.736.939.041.140.739.33 mo.
totalwasting of coating film ~79.268.1 ~67.478.085.1~ 73.077.1 ~86.975.9
~63.172.576.28..3?0 26 mo. total.  30~ xyl.ene soln. of
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one   Table 11
Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Comp.Ex.
27Ex. 28Ex. 29Ex. 30Ex. 31Ex. 32Ex. 33Ex. 39Ex. 35Ex. 36Ex. 37E::. 38E.:.
39E... .1C1Recipe of antifouling coatingcompsn. (pts.wt)metal-contg.
copolymer A-14545454545454545954595459545zinc
oxide1010101010101010101010101010talc121212121212121212121212121-red iron
oxide2222222222222titanium white49494944449441copper rhodanide3zinc
dimethyldithiocarbamate32-methylthio-9-t-butylamino-6-3cyclopropylamino-s-t
riazine2,4,5,6-tetrachloroisophthalo-3nitrile_N,N-dimethyldichlorophenylure
a3 N-(fluorodichloromethylthio)-
3_phthalimideN,N'-dimethyl-N'-phenyl-(N-fluorodichloromethylthio)-3sulfamid
etetramethylthiuram
disulfide32,9,6-trichlorophenylmaleimide32,3,5,6-tetrachloro-4-(methylsulfo
nyl)pyridine33-iodo-2-propynylbutyl 3carbamatediiodomethyl-p-tolyl
sulfone3bisdimethylditiocarbamoylzincethylenebisdithiocarbamate'zinc
ethylenebisdithiocarbamatezinc salt of555555555555552-pyridinethiol-1-o};
idecuprous oxidepolyethylene oxide wax, 20~2222222222 xylene paste22 `
-aliphatic amide wax, 20~
xylene33333333333333pastexylene121212121212121212_ 121212121._.propylene
glycol monomethylether222222222_
22Total10010010010010010010D1001001D0100100100100 W (fo be contlIiLl~'
Table 11 (Continued) Comp. Comp. Comp. Comp. Comp. Comp. Comp. Comp. Comp.
Comp. Comp. Comp. Ccmp. Comp. Ex. 27 ~ Ex. 28 ~ Ex. 29 ~ Ex. 30 ~ Ex. 31 ~
Ex. 32 ~ Ex. 33 ~ Ex. 39 ~ Ex. 35 ~ Ex. 36 ~ Ex. 37 ~ E~_. 38 ~ E::. 39 ~
E__. :10 Properties of antifouling coating_stationary
antifoulingperformance/5 marks full score5555555555555,.(3 mo. seawater
immersion)stationary antifoulingperformance/5 marks full
score4444944449449(6 mo. seawater immersion)stationary
anti.foulingperformance/5 marks full score3333333333333(1.2 mo. seawater
immersion)adherence to deterioratedantifouling coating
film1010101010101010101010101010(6 mo. seawater immersion)wasting of
coating film36.839.540.244.335.090.839.842.742.093.438.240.992.543.13 mo.
totalwasting of coating
film65.272.275.888.062.476.470.6B2.176.590.268.774.980.284.06 mo. total p *
30o xylene soln. of 4,5-dichloro-2-n-octyl-isothiazolin-3-one   G? Table 12
Comp. Ex. 41Comp. Ex. 42Comp. Ex. 43Comp. Ex. 49Recipe of antifouling
coating compsn. (pts.wt)metal-contg. Copolymer A-145454545zinc
oxide10101010talc10101010red iron oxide2222titanium white4444zinc
dimethyldithiocarbamate2-methylthio-4-t-butylamino-6-
cyclopropylamino-s-triazine 5 5 5
52,4,5,6-tetrachloroisophthalcnitrile5N,N-dimethyldichlorophenylurea5N,N'-d
imethyl-N'-phenyl-(N- 



fluorodichloromethylthio)sulfamide5zinc ethylenebisdithiocarbamate5cuprous
oxidepolyethylene oxide wax, 20% xylene paste2222aliphatic amide wax, 20o
xylene paste3333xylene121212i2propylene glycol monomethyl
ether2222Total100100100100Properties of antifouling coatingstationary
antifouling performance/5 marks full score (3 mo. seawater immersior_) 5 5
5 5stationary antifouling performance/5 marks full score (6 mo. seawater
immersion) 3 3 3 3stationary antifouling performance/5 marks full score (12
mo. seawater immersion) 1 1 ' 1adherence to deteriorated antifouling
coating film (6 mo. seawater immersion) 10 10 10 10wasting of coating film
3 mo. total35.534.24C.437.3wasting of coating film 6 mo.
total60.267.674.879.3 * 30% xylene soln. of
4,5-dichloro-2-n-octyl-isothiazolin-3-one   SE-89d 92 CLAIMS 1. An
antifouling coating composition substantially not containing cuprous oxide
and organotins, characterized by 5 comprising: (A) a metal-containing
copolymer obtained by copolymerization of a polymerizable unsaturated
monomer (a1) containing a metal and an unsaturated monomer (a2) capable of
radical polymerization containing no metals; 10 (B)
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one; and (C) a metal pyrithione
compound. 2. The antifouling coating composition as claimed in claim 1,
characterized in that substantially none of 15 triphenylborane and
tetraphenylborane compounds is contained therein. 3. The antifouling
coating composition as claimed in claim 1 or 2, characterized in that 0.5
to 100 parts by weight of 20 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one
(B) is contained per 100 parts by weight of metal-containing copolymer (A).
4. The antifouling coating composition as claimed in claim   SE'-898 93 1
or 2, characterized in that 1 to 50 parts by weight of
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) is contained per 100 parts
by weight of metal-containing copolymer (A). 5 5. The antifouling coating
composition as claimed in any of claim 1 to 4, characterized in that 0.1 to
40 parts by 



weight of 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) is contained per
100 parts by weight of antifauling coating 10 composition. 6. The
antifouling coating composition as claimed in any of claim 1 to 4,
characterized in that 0.5 to 20 parts by weight of
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) 15 is contained per 100
parts by weight of antifouling coating composition. 7. The antifouling
coating composition as claimed in any of claims 1 to 6, characterized in
that 1 to 90 parts by weight 20 of metal pyrithione compound (C) is
contained per 100 parts by weight of metal-containing copolymer (A). 8. The
antifouling coating composition as claimed in any of claims 1 to 6,
characterized in that 5 to 55 parts by weight   5E-898 94 of metal
pyrithione compound (C) is contained per 100 parts by weight of
meal-containing copolymer (A). 9. The antifouling coating composition as
claimed in any 5 of claims 1 to 8, characterized in that 0.2 to 40 parts by
weight of metal pyrithione compound (C) is contained per 100 parts by
weight of antifouling coating composition. 10. The antifouling coating
composition as claimed in any 10 of claims 1 to 8, characterized in that 1
to 20 parts by weight of metal pyrithione compound (C) is contained per l00
parts by weight of antifouling coating composition. 11. The antifouling
coating composition as claimed in any 15 of claims 1 to 10, characterized
in that zinc oxide (D) is contained therein. 12. The antifouling coating
composition as claimed in claim 11, characterized in that 5 to i00 parts by
weight of zinc 20 oxide (D) is contained per l00 parts by weight of
metal-containing copolymer (A). 13. The antifouling coating composition as
claimed in any of claims 1 to 12, characterized in that an extender (E)
SF-898 ~J5 selected from the group consisting of talc, silica, mica, clay,
calcium carbonate and kaolin is contained therein. 14. The antifouling
coating composition as claimed in any 5 of claims 1 to 13, characterized in
that an organic antifoulant agent (F) (excluding the
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) and the metal pyrithione
compound (C)) is contained therein. 10 15. The antifouling coating
composition as claimed in any of claims 1 to 14, characterized in that the
polymerizable unsaturated monomer ( al ) containing a metal is at least one
monomer selected from the group consisting of metal (meth)acrylates, metal
di(meth)acrylates and low 15 polymerizates thereof. 16. The antifouling
coating composition as claimed in any of claims 1 to 14, characterized in
that the polymerizable unsaturated monomer (al) containing a metal is a 20
polymerizable compound obtained by reacting an inorganic metal compound
with (meth)acrylic acid in the presence of an alcoholic organic solvent and
water. 



17. The antifouling coating composition as claimed in claim   SF-39S 9G 16,
characterized in that the inorganic metal compound is an oxide, hydroxide
or chloride of a metal selected from the group consisting of zinc, copper
and magnesium. 5 18. The antifouling coating composition as claimed in any
of claims 1 to 17, characterized in that the polymerizable unsaturated
monomer (a1) containing a metal comprises a metal di (meth) acrylate (a11)
and a metal-containing monomer (a12) of the formula: 10 R1-COO-M-Ln ( 1 )
wherein R1 represents an organic group having unsaturated bond, selected
from the group consisting of CHz=C(CH3)-, CHZ=CH-, HOOC-CH=CH- and
HOOC-CH=C(CH3)-, provided that -COOH may form a metal salt or an ester; 15
M represents a metal atom; L is an organic acid residue represented by
-OCOR2 (wherein Rz represents an alkyl, a cycloalkyl, a substituted or
unsubstituted aromatic hydrocarbon group or an aralkyl); and 20 n is the
number equal to the valence number of metal M - 1. 19. The antifouling
coating composition as claimed in any of claims 1 to 18, characterized in
that the polymerizable   SF-8G8 0r unsaturated monomer (a1) containing a
metal contains a metal selected from the group consisting of zinc, copper
and magnesium. 5 20. The antifouling coating composition as claimed in any
of claims 1 to 19, characterized in that the unsaturated monomer (a2)
capable of radical polymerization containing no metals consists of at least
one monomer (a21) selected from the group consisting of (meth)acrylic acids
and 10 (meth)acrylic esters represented by the formula: R40C0-CH ( R3 )
=CHZ ( 2 ) wherein R3 represents a hydrogen atom or methyl, and R9
represents an alkyl, a cycloalkyl or an aryl. 15 21. The antifouling
coating composition as claimed in any of claims 1 to 19, characterized in
that the unsaturated monomer (a2) capable of radical polymerization
containing no metals consists of at least one monomer (a21) of the formula:
20 RqOCO-CH ( R3 ) =CH2 ( 2 ) (wherein R3 represents a hydrogen atom or
methyl, and R4 represents an alkyl, a cycloalkyl or an aryl), and at least
one mcnomer (a22) of the formula: R~R60C0-CH ( R5 ) =CH2 ( 3 )   SF-8~8 98
(wherein R' represents a hydrogen atom or methyl, R" represents an
alkylene, a cycloalkylene or an arylene, and R' represents a hydroxyl, an
alkoxyl, a cycloalkoxyl or an 



aryloxyl). 5 22. The antifouling coating composition as claimed in any of
claims 1 to 21, characterized in that the metal-containing copolymer (A) is
a copolymer comprising 2 to 50% by weight of component units derived from
the polymerizable 10 unsaturated monomer (a1) containing a metal and 50 to
980 by weight of component units derived from the unsaturated monomer (a2)
capable of radical polymerization containing no metals. 15 23, The
antifouling ccating composition as claimed in claim 18, characterized
inthat the metal-containing copolymer (A) is a copolymer comprising 0.1 to
49.9o by weight of component units derived from the metal di (meth)
acr.ylate (a11) , 0. 1 to 49.9a by weight of component units derived from
the 20 metal-conta-~ning monomer (a12) represented by the formula (1) , and
50 to 98o by weight of component units derived from the unsaturated monomer
(a2) capable of radical polymerization containing no metals.   sE-898 99
24. The antifouling coating composition as claimed in claim 21,
characterized in that the metal-containing copolymer (A) is a copolymer
comprising 0.1 to 49.9 by weight of component units derived from the metal
di (meth) acrylate (all) , 0. 1 to 5 49.9o by weight of component units
derived from the metal-containing monomer (alt) represented by the formula
( 1 ) , 0 . 1 to 97 . 9 a by weight of component units derived from the
monomer (a21) represented by the formula (2) and 0.1 to 97. 9% by weight of
component units derived from the monomer 10 (a22) represented by the
formula (3). 25. An antifouling coating film produced from the antifouling
coating composition as claimed in any of claims 1 to 24. 15 26. A marine
vessel or underwater structure characterized by being covered with a
coating film produced from the antifouling coating compcsition as claimed
in any of claims 1 to 24. 20 27. A fishing gear or fishing net
characterized by being covered with a coating film produced from the
antifouling coating composition as claimed in any of claims 1 to 24.
SF-898 100 28. A method of rendering a marine vessel or underwater
structure antifouling, characterized by covering a surface of marine Vessel
or underwater structure with a coating film producedfrom the antifouling
coating composition as claimed 5 in any of claims 1 to 24. 29. A method of
rendering a fishing gear or fishing net antifouling, characterized by
covering a surface of fishing gear or fishing net with a coating film
produced from the 10 anti fouling coating composition as claimed in any of
claims 1 to 24. .AF.AYY.AlN.A(.All.AYY.AY;.Al(.AlaY.AYNl.Al;
.AYN.AYuY.Alal.Al;Y.AYNY.AlNl.AYal.A(Y.AYNY.AYu.Al.Aln.Al;.AYal.AN.Al;
.AlaE.AYaY.Al;.A.AY.AYu.A(Y.Al;.AYl.AlN.AlNY.Al;
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