
-DESCRIPTION Title of Invention    ANTIFOULING- COATING COMPOSITION,
ANTIFOULING - COMING FILM, .AND METHOD OF PREVENTING FOULING OF 5BASE
Technical Field [0001] The present invention relates to a two-pack
hydrolyzable antithuling coating composition that has a low
environmental burden and minimal effect on the human health, and that
can impart an 10 excellent antifouling property to the base surfaces
of ships, underwater structures, fishing nets, fishing gear and the
like, as well, as to an antifouling coating film employing the
antifouling coating composition, and to a method of preventing
fouling of bases. Background Art 15[0002] The surfaces of base
materials that are subjected to underwater conditions for long
periods, in ships, underwater structures, fishing nets and the like,
are prone to attachment of various types of aquatic creatures
including animal life such as oysters, mussels and barnacles or plant
life such as laver, as Well as bacteria. Proliferation of these
20aquatic creatures on base surfaces can lead to increased ship
surface roughness, and thus lower speed and greater fuel consumption,
while also potentially resulting in damage as anticorrosive coating
films provided on base surfaces can become damaged, reducing the
strength and function of underwater structures or notably shortening
their life. 25In addition, aquatic creatures adhere to and
proliferate on fishing nets such as aquaculture nets and fixed shore
nets, often causing serious   problems such as oxygen deficient
mortality of fit. catches due to mesh obstruction. Furthermore,
adhesion of aquatic creatures to seawater plumbing pipes for thermal
power and nuclear power plants, and their .proliferation, can create
hindrances to the plumbing circulation of  5 cooling water. Much
research and development has been devoted to antifouling coatings
designed to be coated onto base surfaces to prevent adhesion of
aquatic creatures. [0003] Antifouling coating compositions employing
hydrolyzable polyester resins as resins are . known as conventional
antifouling  10 coatings. Because polyester resins are produced by
esterification of acids and alcohols by dehydrating condensation,
they are prone to hydrolysis, and not only exhibit excellent
antifouling performance but are also readily taken up in the process
of metabolism of microorganisms, by hydrolysis. 15[0004] For example,
Patent document 1 discloses an antifouling coating wherein the
hydrolyzable resin used is an aliphatic polyester comprising one or
more from among glycerin, ethylene glycol and 1,4-butanediol
copolymerized in a polyester comPrising succinic acid and 1,2-
propylene glycol, Patent document 2 discloses an antifouling coating
20 comprising a hydrolyzable polyester resin obtained by reacting a
polyhydric alcohol with an oxyacid such as lactic acid and a
polyvalent carboxylic acid containing no hydroxy groups, Patent
document 3 discloses a hydrolyzable polyester resin for an
antifouling coating that is composed mainly of an aliphatic polyester
comprising a metal salt of a 25hydroxycarboxylic acid, and Patent
document 4 discloses a polyester resin for an antifouling coating,
having excellent coating suitability with  a suitable hydrolyzing
rate, obtained by copolymerization of a C2-40 dicarboxylic acid such
as glycolic acid, lactic acid or caprolactone, and a C2-40 glycol,
[0005] Also, Patent document 5 discloses an antifouling coating  5
composition comprising a resin with an acid value of 20-400, a
metal-containing antifouling agent and a monobasic acid compound with
a carboxyl group, Patent document 6 discloses an antifouling coating



Publication No. 2000-248206 [Patent document 8] Japanese Publication
SHO No, 57-128742 [Patent document 9] Japanese 15Publication BBI No.
2-196869 [Patent document 10] Japanese Publication HBI No. 10-298455
Summary of Invention Technical Problem 20[0007] Incidentally, in
attention in the field of antifouling coatings has been focused in
recent years on reducing volatile organic compound (VOC) contents of
coating materials, in addition to providing prolonged antifouling
perfoimance (long-term antifouling properties) and reducing
re-coating operations. 25[0008] However, Patent documents 1-10 do not
sufficiently address the issue of reducing VOCs. Based on research by
the present inventors, it  has been found that conventional
antifouling coatings employing polyester resins are it need of
improvement in the following aspects. [0009] Specifically, all of the
conventional antifouling coatings have high molecular weights and
require the use of large amounts of solvent  5 to produce a viscosity
suitable for coating. Consequently, the coating materials that can be
provided for practical use have high VOC contents and therefore low
environmental friendliness. Using lower molecular polyesters for
viscosity reduction can reduce the amount of organic solvents used in
the coating materials, but this also excessively  10 increases the
hydrolyzing rate in seawater, and since the hydrolyzing rate cannot
be adjusted, the long-term antifotiling property is impaired. When
polylactic acid, polyglycolic acid or the like is used as a polyester
resin for an antifouling coating, the hydrolyzing rate is too high
and it is therefore difficult to maintain an antifouling property for
long periods.  15 [0010] In addition, Patent document 8 discloses an
embodiment of an antifouling coating which contains a polyester
resin, cuprous oxide and zinc oxide, but it cannot be considered a
hydrolyzable coating material, and it does not allow the VOC value to
be easily minimized. Furthermore, the resin used in Patent document
10 adopts a structure  20 having organic acid residues at the side
chain ends, and therefore does not form a metal crosslinked
structure. It is therefore extremely difficult to lower the VOC value
without impairing the coating manageability.     [0011] Thus, low VOC
and long-term antifouling are in a trade-off 25relationship, and it
has not yet been possible to realize an antifouling coating
exhibiting both.  [0012] The present invention has been accomplished
in light of the aforementioned problems of the prior art, and its
object is to provide an antifouling coating composition that allows
high levels to be achieved for both low VOC and long-teon
antifouling, and that can foim an 5antifouling coating film with
excellent mechanical strength, as well as an antifouling coating film
obtained using the antifouling coating composition, and a method of
preventing fouling of base materials. Solution to Problem [0013] In
order to. solve the problems described above, the invention  10
provides a two-pack hydrolyzable antifouling coating composition
(hereunder also referred to simply as "antifouling coating
composition") comprising a first component that contains a polyester
resin having a solid portion acid value of 50-200, a solid portion
hydroxyl value of no greater than 100 and a 25C viscosity of no
greater than 500 mlpa-s, and  15 a second component which is a paste
comprising zinc oxide and cuprous oxide, wherein the volatile organic
compound (VOC) content is no greater than 400 gfL based on the total
of the first component and second component. The term "two-pack
antifouling coating" refers to an antifouling coating of a type used



[0024] The invention farther provides an antifouling coating film
15obtained by curing a two-pack hydrolyzable antifouling coating
composition of the invention as described above. [0025] The invention
still anther provides a method of preventing fouling of a base
material, wherein a two-pack hydrolyzable antifouling coating
composition of the invention as described above is coated onto 20or
impregnated into a base material and then cured to form an
antifouling coating film. Advantageous Effects of Invention [0026]
According to the invention, it is possible to provide a low-VOC high
solid-type hydrolyzable antifouling coating composition with
25satisfactory balance between the various aspects of performance,
that can form antifouling coating films with excellent mechanical
strength  and having minimal environmental load and minimal effects
on the human health and a low VOC while also exhibiting satisfactory
coating manageability and an excellent drying property and long-term
antifouling properties (polishing degree and stationary antifouling
5property). According to the invention it is also possible to provide
an antifouling coating film with an excellent long-tenn antifouling
property and excellent mechanical strength. Furthermore, according to
the invention it is possible to provide a  10 method of preventing
fouling of base materials, which can prevent fouling of base material
surfaces of underwater structures, ship outer plating; fishing nets,
fishing gear base materials and the like, for prolonged periods.
Brief Description of Drawings 15[0027] Fig. 1 is a diagram showing
the evaluation levels in a coating film drying property test (wood
block pressing test) for the examples. Description of Embodiments
[0028] Preferred embodiments of the invention will now be described
in detail. 20[0029]  [Antifouling coating composition] The two-pack
hydrolyzable antifouling coating composition of this embodiment
comprises a first component that contains a polyester resin having a
solid portion acid value of 50-200, a solid portion hydroxyl 25value
of no greater than 100 and a 25C viscosity of no greater than 500
mPa-s (hereunder also referred to as "polyester resin (A)"), and a
second  component which is a paste comprising Zinc oxide and cuprous
oxide, wherein the volatile organic compound content is no greater
than 400 gfL based on the total of the first component and second
component. Each of the components will now be explained. 5[00301
<Polyester resin. (A)> The acid component of polyester resin (A) may
be a monocarboxylie acid such as benzoic acid or p4buty1benzoic acid,
an aromatic dicarboxylic acid such as terephthalic acid, isophthalic
acid, phthalic  10 acid or naphthalenedicarboxylic acid, an aliphatic
carboxylic acid such as adipic acid, sebacic acid, azelaic acid,
succinic acid, hymic acid or 1,6-cyclohexanedicarboxylic acid, a
trivalent or greater polybasic acid such as trimellitic acid or
pyromellitic acid, or a lower alkyl ester (for example, a CI-C4 alkyl
ester) or acid anhydride of the foregoing. A  15 monocarboxylic acid
and a dibasic acid such as an aromatic dicarboxylic acid or saturated
aliphatic dicarboxylic acid may each be used alone, or two or more
may be used in combination. Trivalent or greater polybasic acids may
also be used alone, or in combinations of two Or more, 20[0031]
Alcohol components for polyester resin (A) include ethylene glycol,
propylene glycol, 1,2-propanediol, 1,3-propanediol, 1,3- butartediol,
111-butanediol, neopentyl glycol, 1,5-pentanediol, 1,6- hexanediol,
3-tnethylpentanediol, diethylene glycol, 1,4- cyclohexanedimethanol,
3-methyl-1,5-pentanediol, 2-methyl-1, 3-



10 resin (A) (100 wt%) is preferably 5-95 wt10, more preferably 10-90
wt% and most preferably 20-80 wt%. The content of structural units
derived from the alcohol component is preferably 5-95 wt%, more
preferably 10-90 wt% and most preferably 20-80 wt%. [0033] As the
method for producing polyester resin (A), first the acid  15
component and alcohol component are Combined, and esterification
reaction or transesterification reaction is conducted by a known
production process such as a melting process or a solvent process
with toluene or xylene (reflux process) to prepare a saturated
polyester resin. For preparation of a polyester resin,
polycondensation reaction may be  ,20 conducted at 200-300C under
reduced pressure without a catalyst, or if necessary under reduced
pressure in the presence of a catalyst such as antimony trioxide,
germanium oxide or N-butyl titanate, to obtain a polyester resin.
[0034] The 25C viscosity of polyester resin (A) is no greater than
500 25mPa.s, preferably 100-500 mPa.s and more preferably 200-400
mPa-s. If the viscosity exceeds SOO mPa-s, it will be difficult to
prepare an  antifouling coating composition that is coatable while
having a volatile organic compound (VOC) content of 400 g/L or lower.
[0035] The weight-average molecular weight of polyester resin (A) is
no greater than 5,000, preferably no greater than 4,000 and more  5
preferably no greater than 3,000. If the weight-average molecular
weight exceeds 5000, the resin viscosity will be high and the final
coating material viscosity excessively increased, tending to increase
the VOC content as dilution with solvent will be neCessary to obtain
a coatable viscosity. If it is less than 500 the low-molecular-weight
will 10lead to residual sticking after drying of the coating film,
and therefore the weight-average molecular weight is preferably 500
or greater. [0036] The weight-average molecular weight of polyester
resin (A) is the value obtained by measurement by gel permeation
chromatography (GPC) and calculation using a standard polystyrene
calibration curve. ISThe OPC conditions for molecular weight
measurement are as follows. <GPC conditions> Pump: L-6200 by Hitachi,
Ltd. Column: Gel packs GL-420, GL-430 and GL-440 by Hitachi Chemical
Co., Ltd. 20Einem: tetrahydrofuran [0037] The solid portion acid
value of polyester resin (A) is 50-200, preferably 80-150 and more
preferably 90-110. If the solid portion acid value is less than 50,
reaction with zinc oxide will be retarded and the drying property
will be. inferior, while if it exceeds 200, reaction 25with zinc
oxide will cause the coating material to have high viscosity during
mixing and tending to result in day-by-day viscosity increase.  The
solid portion acid value of the polyester resin of this embodiment
may be measured by titration using potassium hydroxide (KOH). [0038]
The solid portion hydroxyl value of polyester resin (A) is no greater
than 100, preferably no greater than 50, more preferably no  5
greater than 20 and most preferably no greater than 10. If the solid
portion hydroxyl value exceeds 100, the compatibility between the
rosin and petroleum resin used for the coating material will be
reduced and the outer appearance of the coating film impaired, while
the water resistance of the coating film will also be inferior.
10[0039] To obtain a solid portion acid value for polyester resin (A)
within the range specified above, there. may be applied a method of
introducing an acid at the ends using a dibasic acid, or a method of
modification with a polybasic acid. More specifically, a dibasic acid
and a divalent alcohol may be used to obtain a polyester with acid



metal salt orosslinked structure (for 'example, -000. -Zn2+. -00C-)
derived from a -COO group as the residue obtained by removal of  5
hydrogen ion from a carboxyl group of polyester resin (A), and Zn2+
as the metal ion of zinc oxide. The metal salt crosslinked structure
is readily hydrolyzed, allowing stable hydrolysis to be exhibited.
This allows the grinding and cleaning properties of the coating film
to be exhibited .for prolonged periods, so that a coating film with
excellent 10long-term antifouling performance and excellent
flexibility can be obtained, while preparing a two-pack reaction can
provide practical coating material viscosity even if the VOC value is
set to 400 g/L. [00461 The reaction between the zinc oxide and the
carboxyl groups of polyester resin (A) can often be confumed by, for
example, alteration of  15 the color tone of the solution after
mixing of paste (B) with the polyester resin (A) solution. It can
also sometimes be confirmed based on time-dependent viscosity
increase of the mixture. [0047] The zinc oxide in paste (B) may have
any of various particle sizes. When zinc oxide fine particles such as
active zinc oxide me  20 used, the situation is preferable as
reaction between the carboxyl groups of polyester resin (A) and the
zinc oxide is accelerated, compared to using zinc oxide with a large
particle size, while the coating flral hardness is also increased in
a shorter period of time and damage resistance of the coating film is
exhibited early_ 25[0048] In the antifouling coating composition of
this embodiment, the zinc oxide content is preferably 10-300 parts by
weight and more  preferably 50-200 parts by weight with respect to
100 parts by weight of polyester resin (A). If it is less than 10
parts by weight the coating properties including crack resistance
will tend to be poor, while if it is greater than 300 parts by weight
the curability and coated film strength 5will tend to be poor. [0049]
Paste (B) used for this embodiment comprise; as an essential
component cuprous oxide which 'serves as an antifouling agent.
Cuprous oxide exhibits stable antifouling performance, from the
viewpoint of its antifouling property against a wide range of
organisms, 10and it exhibits its antifouling property in antifouling
coating films in a variety of sea regions. [0050] In the antifouling
coating composition of this embodiment, the cuprous oxide content is
used at preferably 50-800 parts by weight and even more preferably
200-600 parts by weight with respect to 100 parts 15by weight of the
polyester resin. [0051] <(C) Rosin and rosin derivative> The
antifouling coating composition of this embodiment may further
comprise a rosin and/or a rosin derivative. Rosins include gum rosin,
20 wood rosin and tall oil rosin, Rosin derivatives include
.hydrogenated rosins, polymerized. rosins, maleinized rosins,
aldehyde-modified rosins, rosin metal salts and rosin amines. The
rosin and/or its derivative used may be a single type or a mixture of
two or more types. The rosin and/or rosin derivative may be added to
either or both the first 25component and second component, or it may
be added to a prepared mixture of the first component and second
component, although it is  preferably added to the second component.
' [0052] The content of the rosin and/or rosin derivative is
preferably 0.5- 300 parts by weight, more preferably 0.5-200 parts by
weight and most preferably 0.5-150 parts by weight, with respect to
100 parts by weight  5 of the polyester resin (A) solution. At less
than 0.5 part by weight the coating material viscosity will tend to
increase, and at greater than 300 parts by weight impairment of the



The antifouling coating composition of this ernbodinient may comprise
at least one additive selected from the group consisting of
plasticizers (el), extender pigments (e2), pigment dispersants (e3),
color pigments  5 (e4), anti-running agents (e5) and anti-settling
agents (e6) (hereunder referred to collectively as "additive (E)"),
The additive (E) may be added to either or both the first component
and second component, or it may be added to a prepared mixture of the
first component and second component, although it is preferably added
to the second component.  10 [0056] The plasticizers (el), extender
pigments (e2) (other than zinc oxide), pigment dispersants -(e3),
color pigments (e4), anti-running agents (e5) and anti-settling
agents (e6) will now be explained in detail. [0057] (el) Plasticizers
15Plasticizers (el) include chlorinated paraffins, petroleum resins,
ketone resins, TCP (tricresyl phosphate), polyvinyl ethyl ethers and
dialkyl phthalates. The antifouling coating composition of this
embodiment preferably includes a plasticizer (el) from the viewpoint
of increasing the crack resistance of the coating film (antifouling
coating film) formed 20from the antifouling coating composition. As
chlorinated paraffins there may be used straight-chain or branched
ones that are either liquid or solid (powder) at room temperature,
but the average number of carbons is usually preferred to be 8-30 and
more preferably 10-26, and preferably the number-average molecular
weight 25is generally 200-1200 and more preferably 300-1100, the
viscosity is generally at least 1 (poise/25C) and preferably 1.2 or
greater  (poise/25C), and. the specific gravity is generally
1.05-1.80/25C and more preferably 1.10-1.70/25C. Using a chlorinated
paraffin with this specified number of carbon atoms -will allow a
coating film with low cracking and peeling to be obtained from the
resulting antifouling  5 coating composition. If the chlorinated
paraffin has less than 8 carbon atoms the effect of. inhibiting
cracking may be insufficient, while if it has more than 30 carbon
atoms the polishing degree (regenerability) of the obtained coating
film surface may be poor and the antifouling property inferior. The
degree of chlorination (chlorine content) of the  10 chlorinated
paraffin is usually preferred to be 35-75% and more preferably
35-65%, Using a chlorinated paraffin with this specified degree of
chlorination will allow a coating film with low cracking and peeling
to be obtained from the resulting antifouling coating compoSition.
Such chlorinated paraffins include TOYOPARAX 150  15 and TOYOPARAX
A-70, by Tosoh Corp. As petroleum resins there may be used,
specifically, CS-based, C9-based, styrene-based and
dicyclopentadiene-based compounds, as well as their hydrogenated
forms, with commercial products including QUTNTONE 1500 and QUUNTONE
1700 by Zeon Corp. Pleferred among these are  20 chlorinated
paraffins, petroleum resins and ketone resins. These plasticizers may
be used either alone or in combinations of two or more, [0058] The
plasticizers (el) are preferably added at 0.1-300 parts by weight,
more preferably 0.1-200 parts by weight and most preferably 0.1-150
parts by weight, with respect to 100 parts by weight of the
25polyester resin (A) solution. [0059]  (e2) Extendeipigments
Extender pigments (e2) (other than zinc oxide) include talc, silica,
mica, clay, potassium feldspar, or calcium carbonate, kaolin and
alumina white that are also used as anti-settling agents and white
carbon,  5 aluminum hydroxide, magnesium, carbonate, barium carbonate
and hart= sulfate that are also used as delustering agents, among



0.1-100 parts by weight and more preferably 0.1-50 parts by weight,
with respect to 100 parts by weight of the polyester resin (A)
solution. [0067] (e6) Anti-settling agents 5Anti-settling agents (e6)
include organic clay-based Al, Ca and Zn amine salts, polyethylene
waxes and polyethylene oxide-based waxes, with polyethylene
oxide-based waxes being preferred. Commercial products include
DISPARLON 4200-20X by Kusurnoto Chemicals, Ltd, The antifouling
coating composition of this embodiment preferably  10 contains an
anti-settling agent (e6) from the viewpoint of preventing deposition
of the solvent insolubles during the storage period and improving the
sfirrability. [0068] An anti-settling agent (e6) is preferably added
in an amount of 0.1-100 parts by weight and more preferably 0,1-50
parts by weight, 15with respect to 100 parts by weight of the
polyester resin (A) solution. [0069] <(F) Solvent> The antifouling
coating composition of this embodiment may further comprise a solvent
(F). Publicly known solvents with a wide range of  20 boiling points
may be used as the solvent (F), and specifically there may be
mentioned aliphatic solvents such as terpenes; aromatic solvents such
as toluene and xylene; alcohol-based solvents such as isopropyl
alcohol, u-butyl alcohol and isobutyl alcohol; esteric solvents such
as ethyl acetate and butyl acetate; ketone-based solvents such as
methyl ethyl 25ketone, methyl isobutyl ketone and methyl amyl ketone;
and ether-based or ether ester-based solvents such as ethyleneglycol
monomethyl ether,  ethyleneglycol mons:butyl ether, propyleneglycol
monomethyl ether and propyleneglycol monomethyl ether acetate, with
xylene, methyl isobutyl ketone and propyleneglycol monomethyl ether
being preferred. These solvents may be used as single compounds or as
combinations of two or 5more compounds. [0070] The antifouling
coating composition of this embodiment comprises the first component
and second component described above, and the volatile organic
compound (VOC) content is no greater than 400 g/L and preferably
100-350 g/L. A VOC content of no greater than 10 400 g/L can minimize
environmental load and effects on the human. health. The VOC is the
value determined under the measuring conditions, explained in the
Examples section. [00711 The antifouling coating composition of this
embodiment can be produced by stirring and mixing the first component
and second 15 component that have been previously prepared. The
stirring and mixing may .be accomplished using a known mixer/stirrer
such as a high-speed Diaper mixer, sand grinding mill, basket mill,
ball mill, triple roll, Ross mixer, planetary mixer, universal
Shinagawa mixer or the like. 20'[0072] [Antifouling coating film and
method of preventing fouling of base materials] The antifouling
coating film of this embodiment is obtained by curing the antifouling
coating composition of the embodiment described above. 25In the
method of prevehting fouling of base materials according Lo this
embodiment, the antifouling coating composition of the aforementioned
embodiment is coated onto or impregnated into a base material and
then cured to form an antifouling coating film. [0073] There are no
particular restrictions on the base material that is the target of
the method of preventing fouling, but it is preferably an  5
underwater structure, ship, flshing net or fishing gear item. For
example, the antifouling coating composition may be applied once or
several times by a common method onto the surface of underwater
structures such as plumbing drains in therinal power or nuclear power
plants, sludge diffitsion-blocking films for various ocean civil  10



[0077] As explained above, this embodiment can provide a two-pack,
25low-VOC hydrolyzable antifouling coating composition capable of
forming an antifouling coating film having low environmental load.
and  excellent antifouling properties, superior uniform polishing
degree of the coated film, whereby the coating film undergoes uniform
wear at a constant rate over long periods, and excellent maintenance
of long-term antifouling performance of the coated film, allowing
superior  5 antifouling performance to be maintained for prolonged
periods and making it suitable for sea going vessels, as well as an
antifouling coating Elm, and ships, underwater structures, fishing
gear or fishing nets coated with the antifouling coating film.
Examples  10[0078] The present invention will now be explained in
greater detail based on examples and comparative examples, with the
understanding that these examples are in no way limitative on the
invention. The "parts" and "%" values in the examples and.
comparative examples refer to "parts by weight" and "wt%",
respectively. 15[0079] <Production of polyester resin (A)>
(Production Example 1: Production of polyester resin solution (a-I))
In a 2 L four-necked flask there were added 371.0 parts of
isophthalic acid, 427.1 parts of sebacic acid, 238.2 parts of
neopentyl glycol and  20 89.0 parts of ethylene glycol, and reaction
(esterification reaction) was conducted at 220C for 5 hours in the
presence of nitrogen gas. The water generated during the reaction was
removed by reflux dewatering and, measuring the acid value by KOH
titration and the hydroxyl value by the acetylation method, the
reaction was suspended when the solid  25portion acid value reached
100 and the solid portion hydroxyl value reached 30. After cooling
the reaction mixture, it was diluted with  methyl isobutyl ketone to
obtain polyester resin solution (a-1) having a nonvolatile content of
70.3%, an acid value of 70 (100 in terms of solid portion), a
hydroxyl value of .21 (30 in terms of solid portion), a viscosity of
320 roPa's and a weight-average molecular weight of 1,800. 5[0080]
(Production Example 2: Production of polyester resin solution (a-2))
Polyester resin solution (a-2) was obtained in the same manner as
Example 1, except for changing the amounts of starting materials to
those shown in Table 1. 10[0081] (Production Example 3: Production of
polyester resin Solution (a-3))  In a 2 L four-necked flask there
were added 225.0 parts of isophthalic acid, 366.0 parts of sebacic
acid, 205.0 parts of neopentyl glycol, 131.0 parts of ethylene glycol
and 86.0 parts of benzoic acid, and reaction  15 (esterification
reaction) was conducted at 220C for 6 hours in the presence of
nitrogen gas. The water generated during the reaction was removed by
reflux &watering and, measuring the acid value by KOH titration and
the hydroxyl value by the acetylation method, the reaction was
suspended when the solid portion acid value reached 43 and the  20
solid portion hydroxyl value reached 115. The mixture was then cooled
to 170C, 108.0 parts by .weight of trimellitic anhydride was added,
the mixture was warmed for 2 hours, addition reaction was conducted,
and the reaction was suspended when the solid portion acid value
reached 90 and the solid portion hydroxyl value reached 60. 25After
cooling, dilution was performed with methyl isobutyl ketone to obtain
polyester resin solution (a-3) having a heating residue of 70.0%,  an
acid value of 63 (90 in terms of solid portion), a hydroxyl value of
42 (60 in terms of solid portion), a viscosity of 345 mPa-s and a
weight average molecular weight of 2,060.       10082] (Production



obtain resin solution (a-11). [0084] <Evaluation of resin properties>
The following evaluation was conducted on polyester resin solutions
(a-  5 1) to (a-7) obtained in Production Examples 1 to 7 and resin
solutions (a-8) to (a-11) obtained in Comparative Production Example
1. The results are shown in. Tables 1 to 3. (1) GPC Measurement was
conducted under the following conditions. 10(GPC measuring
conditions) Apparatus: L-6200 by Hitachi, Ltd. Column: Gel packs
GL-420, GL-430 and GL-440 by Hitachi Chemical Co., Ltd. Eluent: THF
15Plow rate: 2.0 nal/min (2) Heating residue (weight NV) After
weighing out 1 g of resin solution into a flat-bottom dish, a wire of
known mass was used for even spreading and the solution was dried at
125C for 1 hour, after which the weights of the residue and wire
20were measured and the heating residue (wt%) was calculated. The
term "heating residue" has the same definition as "nonvolatile
content" mentioned above, (3) Viscosity        The viscosity of the
polyester resin solution was measured at 25C 25using a B-type
viscometer. (4) Evaluation of compatibility  After mixing each of the
polyester resin solutions obtained in the production examples with
the combination resins listed in Tables 1 to 3 to a solid ratio of
1:1, it was coated onto a glass plate with a film applicator
(clearance: 0.3 mm) and dried at 23C, and the outer 5 appearance was
examined after 24 hours. In Tables 1 to 3, "A" represents
compatibility and "B" represents no compatibility (separation).
[0085] [Table 1]   'Prod. Ex. 1 Prod, Bx. 2 Pal ester resin A
solution a-1 a-2 Monomer composition (parts) Eth Ione 11 col 89 79
Neu . ,1 :col  235  Trimeth lolrro pone -  
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090Z   II d  olyester resin (A) solution toMja zropirug Ncopentyl
p.lycoE euudoirlioptrllarayi, Sebacie acid ollaiiPLI tsoplighalic
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properties Compatibility  [0088) <Modification of antifouling coating
composition> (Example 1)       The second component of the
antifouling coating composition was 5modified in the following
manner. First, a xylene solvent (8.5 parts), PGM (2.5 parts), methyl
isobutyl ketone (1 part), DUOMEEN T.D0 (1.3 parts), rosin (7.5 parts)
and chlorinated paraffin (2 parts) were mixed in a 1000 nil plastic
container and agitated with a paint shaker to uniform dissolution.
10Next, Talc PC-1 (3 parts), zinc oxide (11 parts), potassium
feldspar (4.2 parts), NOVAPER1V1 RED F5RK (0,3 part), cuprous oxide
(43.4 parts), copper pyrithione (2.5 parts) and the anti-settling
agent Dis4200-20X (1 part) were combined, 200 parts of glass beads
were added, and the mixture was dispersed for 1 hot 15The
anti-running agent Dis630-20X (1.8 parts) was further added, and
after dispersion for 20 minutes, filtration was performed with an 80
mesh filter screen to prepare paste (1) as tbe second component. As
the first component there was used polyester resin solution (a-1)
obtained in Production Example 1. 20An antifouling coating
composition was prepared by uniformly mixing 10 parts by weight of
polyester resin solution (a-1) as the first component with the second
component, using a Disper mixer." [00891 (Examples 2 to 19)
Antifouling coating compositions were prepared in the same manner as
25Example 1, except for changing the compounding ingredients and
amounts of the second component and the types and amounts of the
first  



component as shown in Tables 4 to 6. [0090] (Comparative Examples Ito
7) Antifouling coating compositions were prepared in the same manner
as Example 1, except for changing the compounding ingredients and
5amounts of the second component and the types and amounts of the
first component as shown in Table 7. [0091] [Table 4]  ardurexa  r-
0-1 'I -  I1  ISt 51I  ft I11 TM,  VEY Icol 06 0,-3   40IuPI  01  III
I ct  Cl  St tt  Yte to 06  



001I  WI   01 ao   7: St,  I  II ct   titl7 to ts e. 001   *5 IIN
III 'yr    77-SCI  t  z  11 St  VP   CO 06  001  et , I01  s po  



1  I St    ft  TT ct  YE* CO 06 S'1  Out  itt 01  I I   lip cr     tI
cz  "CY   VEY to 06  St  nirr,   01  Sit  ttttt I   St    ci IT St 



VP  1  06 TI 001  zS 1104NOS Up`OISM3M041 i-o noomos epos raloasto&
Polyestes resin solution n.3  Polyester resin solution a...4
Polyester resin solution a-5  Polyester resin solution a-6  PoNester
resin solution a-7 Polyester resin solution 44  Polyester rosin
solution a.9  Polyester resin solution a-10 Polyester resin solution
a-11  :LEM  1/104  TYZOITVI  tnsou  DUOMEEll TDO  BY1C-101 1-03 Mai
onx0 oult  Potassium feldspar  Dormer mrithione (Cooper omadino)
4,5-Dieb1cuo-2-n-octy1-4-isothiazo(in-3-one  Organic rod pigment
(NOVAPERM RED P51210 Anti-raonien anent Dis 630-20XC  Subtotal Cal0L
b. 0 a s. 5 .- a a ..t. gi Ca. 0 .." g -e ou 3 0 8 0 ttl 



eivtLt  .3      I    .       irst  I      II   r,rI  .          



.,        . ,..,   ..    I,     .                  



0,   1.3.11  III          3     na   ..... 1 1 1    , et PI  ;



I 1      I 1 1 ; I. ; 1 ; i I  I c                       79 g E 



B r. E 8 1   *Aimee I61 I01  i  I II Ios  Ist  ct  CT 11  V17  I
I6'54 Iz o 06 8 I I001  I Tr   0/I   11 11 OII - ISt 51I  -t N. I51I
I- sr 7-C1 11I 1C1 StI  



4,517I 0 06  3'1 OCTI  Izr  I0.1 ii ii   i OT  fl  - N 50 CI 11 VP
511 I "TV ICO  06 Ioor  I91  01  I,   I i.J1 Of   rt.  CO  E'I  11
Z.*  51.  VES,  06  3'1 001  51   



elle 01  it . 01  S'Z Vt 1  E'l z  Ii Vt ti vzI YE*  ICO  06 I_our I
Polyester rosin solution a-I  Polyester resin solution a-2  Polyester
rosin solution a-3  Polyester resin solution a-4-  Polyester train
solution a-5  Polyester resin solution D-6  nopmos up= 3450A10,:(
L-71 oopmos mso) Ins-aro,/ Go mums urn spa 6-2 uognios lases aetsokoa
Po/yester rosin solution a-I2  Subtotal  PiDa  .0a0c4x ulf'311
)ISEri   LAFLOPALA81  ODINTONE 1500 CCLL NBER1011C1  25-5 IITIOR1130
oppo Oar                       TaleFC-1   Potassium feldspar  Copper
pyrithione (Copper malice)  45-Diehlom-2-25-oetyt4-isothiazoli1-3-one
QuTzt!4-7.0!lugti4mc[oPie-9.0efutopc.mq-4-rr0rglw4nyez
xoz-oozt zfa 4UOCvuoosimv   agar& 09):x0 =Quick  ()rasa GEM
1^reidelliA014)1ultuMit% pat ofurizo 



And-runnigt agent Dis 630-20XC  Subtotal  ROI  C 0 p . 8 8 -. Ir. 'd
1 k' ti 0. 01 e 8    N .,         .c        ....    ...        



.            i 1        1* I            



TO ,Il CO 0             0 I  111.1       II  tIni  cd:ttl     



Is  I      el            I   I 1 I :  1    eI  , , 1 I    I   



E O 9... r 8 1-9. b. 15 o&i g 3 -. g g o2   [0095] <Evaluation of
physical properties of antifouling coating compositions> The physical
properties of the antifouling coating compositions of Examples 1 to
19 and Comparative Examples 1 tr.) 7 and the coating 5films formed
using them were evaluated in the following manner. The results are
shown in Tables 8 to 11.  (1) Measurement of volatile organic
compound (VOC) weight The values Tor the coating material specific
gravity and weight NV were used for the following calculation. 10VOC
(g/L) = coating material specific gravity x 1000 x (100 - weight
NV)/100  (2) Specific gravity Immediately after mixing the first
component and second component, the weight of the antifouling coating
composition filling a specific 15gravity cup with an internal volume
of 100 ml was measured at 25C to determine the specific gravity
(coating material specific gravity) (g/cm3).  (3) Heating residue
(weight NV) Immediately after mixing the first component and second
component, 1 g of antifouling coating compOsition was weighed out
into a flat-bottom 20 dish, a wire of known mass was used for even
spreading and the solution was dried at 125C for 1 hour, after which
the weights of the residue and wire were measured and the heating
residue (wt%) was calculated.     (4) Measurement of antifouling
coating composition viscosity 25The first component and second
component were weighed out to a total amount of 1000 g, and the
coating material viscosity immediately after  mixing and adjustment
to 23C was measured using a Rion viScometer (VIS.COTESTBR VT-04F by
Rion Co., Ltd., for high viscosity, No.1 rotor). (5) Airless spray
manageability 5The first component and second component were measured
out to 5000 g, and the coating manageability (atomizing property,
coating film outer appearance) with airless spraying was confirmed.
In Tables 8 to 11, "A" represents satisfactory coating manageability,
and "B" represents poor coating manageability. 10(6) Coating film
drying property test (woodblock pressing test) A 150 x 70 x 3,2 rum
sand blast-treated steel sheet was coated with an epoxy-based
anticorrosive coating material (BANNOH 500, product of Chugoku Marine
Paints, Ltd.) to a dry Elm thickness of 150 pm and allowed to dry at
room temperature (approximately 20C) for 1 day to 15 form a coating
film, and the surface of this coating film was further coated with an
epoxy-based binder coating material (BANNOH 500N, product of Chugoku
Marine Paints, Ltd.) to a dry film thickness of 100 pm and allowed to
dry at room temperature (approximately 20C) for 1 day to form a
coating film. A procedure of coating the surface of this 20 coating
film with the antifouling coating composition to a dry film thickness
of 100 pm, and allowing it to dry at room temperature (approximately
20C) for 1 day to form a coating film, was repeated twice, to produce
a test sheet having an antifouling coating film with a dry film
thickness of 200 Fun. 25The test sheet was further dried at a room
temperature of 23C for 1, 3, 5 and? days, a 30 x 30 x 10 mm wood chip
was placed on the coating  film (at the center), a pressure of 40
kgf/cm2 (3.9 MPa) was applied onto the wood chip in the longitudinal
direction for 20 minutes, and the condition of the coating film
surface was observed (deformation of the coating Elm was measured).
The evaluation levels are shown in Fig. 1. 5 In Fig. 1, 10 denotes
the wood chip and 20 denotes the coating film.  The evaluation level
of 5 indicates no deformation of the coating film 20, and is the most
satisfactory condition. . The evaluation level of 4 indicates slight
deformation of the coating film 20 but no exposure of the wood chip



(7) Antifouling coating film polishing degree test An applicator was
used for coating of 50 x 50 x 1.5 mm hard vinyl 15 chloride sheets
with each of the antifouling coating compositions prepared in the
examples to a dry film thickness of 150 pm, and the coatings were
allowed to dry indoors for 7 days at room temperature (approximately
20C), to prepare test sheets. Each test sheet was attached to the
side of a rotating drum set in a 20 thermostatic bath containing 25C
seawater, which was rotated at a circumferential speed of 15 knots,
and the antifouling coating film polishing degree (film thickness
reduction) was measured each month.  (8) Antifouling coating film
stationary antifouling property test A 100 x 300 x 3.2 mm. sand
blast-treated steel sheet was coated each 25day with an epoxy-based
coating material (BANNON 500, product of Chugoku Marine Paints, Ltd.)
to a thy film thickness of 150 pm and  with an epoxy-based binder
coating material (BANNOH 500N, product of Chugoko. Maxine Paints,
Ltd.) to a dry film thickness of 100 pm, in that order, and then the
surface of the coating film formed from the epoxy-based binder
coatings was further coated with each of the  5 antifouling coating
compositions prepared in the examples to a dry film thickness of 150
pm, at a coating interval of 1 day, to prepare test sheets. Bach test
sheet was dried at 23C for 7 days and then stationarily submerged in
Nagasaki Bay, Nagasaki Prefecture, and the area of adhering organisms
was visually examined each month and evaluated 10on the following
scale.  0: No adhesion of aquatic organisms 0.5: More than 0% and no
greater than. 10% adhesion area of aquatic organisms         1: More
than 10% and no greater than 20% adhesion area of aquatic 15organisms
2: More than 20% and no greater than 30% adhesion area of aquatic
organisms  3: More than 30% and no greater than 40% adhesion area of
aquatic organisms 204: More than 40% and no greater than 50% adhesion
area of aquatic organisms 5: More than 50% adhesion area of aquatic
organisms [0096] [Table 8]  *tame    _ rza IIt       }8'9 ICr 1 I8131
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Stationary antifouling property   [0100] The details for some of the
starting materials used in the examples and comparative examples arc
shown in Table 12. [0101] [Table 12] Product name Manufacturer ZrPe
Solid content WO TalcFal Pulmolca Talc Extender pigment 



100 Zinc oxide Kyushuu Halcusui Extender pigoient 100
NOVAPERMItEDF5RK ClariantNorth America Organic red pigment 100 Copper
omadine Arch Chemicals Organicantifouling agent 100 Cuprous oxide
NC-103 NC Tech Cuprous oxide 100 Potassium feldspar Kinsei Made
'Potassium feldspar 100 CERECLOR 8-52 . Chlor Chemical Oilorinated
paraffin 100 OUINTONE 1500 Zeon Coy. Alicyclic hydrocarbon 100
LAROPALAS1 EASE Ketone resin 100 4,5-Dichlora-2-n-ocry1-4-
isothiazolin-3-one. lun Ro& Haas Organicantifouling . agent 30
auomarl TDO Lion Pigment dispersant 100 100 BY1C-101 BY1C Chemical
Pigment dispersant 



2-Methylthici-4-t-butylamino- 6.cyclopropylemino-s-triazine ciba
Organicantifouling agent 100 Dis 630-20KC Kusumoto Chemicals
Anti-numing agent 20 Dis 4200-20X Kusumoto Chemicals Anti-settling
agent 20  Explanation of Symbols  [0102] 10: Wood chip, 20: coating
film.  CLAMS [Claiml]       A two-pack hydrolyzable antifouling
coating composition, consisting of two components:       a first
component that contains a polyester resin having a solid portion acid
value of 50-200 mgKOH/g, a solid portion hydroxyl value of no greater
than 100 mgKOH/g and a 25C viscosity of no greater than 500 naPa. s;
and       a second component which is a paste comprising zinc oxide
and cuprous oxide,       wherein the volatile organic compound
content is no greater than 400 g/L based on the total of the first
component and the second component. [Claim 2]       The two-pack
hydrolyzable antifouling coating composition according to claim 1,
wherein the weight-average molecular weight of the polyester resin is
no greater than 5,000 as measured by gel permeation chromatography.
[Claim 3]      The two-pack hydrolyzable antifouling coating
composition according to claim 1 or 2, wherein the zinc oxide content
in the second component is 10-300 parts by weight with respect to 100
parts by  weight of the polyester resin. [Claim 4]       The two-pack
hydrolyzable antifouling coating composition according to any one of
claims 1 to 3, which further comprises a rosin and/or a rosin
derivative. [Claim5]       The two-pack hydrolyzable antifouling
coating composition according to any one of claims 1 to 4, which
further comprises an antifouling agent (other than cuprous oxide).
[Claim 6]       The two-pack hydrolyzable antifouling coating
composition according to any one of claims 1 to 5, which further
comprises a plasticizer. [Claim 7]       The two-pack hydrolyzable
antifouling coating composition according to any one of claims 1 to
6, winch further comprises an extender pigment (other than zinc
oxide). [Claim 8]       The two-pack hydrolyzable antifouling coating
composition according to any one of claims 1 to 7, which further
comprises a pigment dispersant. [Claim 9]       The two-pack
hydrolyzable antifouling coating composition according to any one of
claims 1 to 8, which further comprises a color pigment. [Claim 101
A method of preventing fouling of a base material, comprising the
steps of:       coating or impregnating the two-pack hydrolyzable
antifouling coating composition according to any one of claims 1 to 9
onto or into a base material; and       curing the two-pack
hydrolyzable antifouling coating composition to form an antifouling
coating film. 


