DESCRIPTION

ANTIFOULING COATING MATERIAL COMPOSITION
Technical Field
[0001]

The present invention relates to an antifoulingticly composition.
Background Art
[0002]

Aquatic fouling organisms such as barnacles, tulbbespocommon mussels, Bugula neritina, sea squirts,
green laver, sea lettuce, and slimes adhere tg gb§pecially ship bottoms), fishing tools sucfigting nets and
fishing net accessories, and structures submengeshivater such as power plant aqueducts, leadahygtunction,
impaired appearance, and other problems of thes simig the like.

[0003]

In order to prevent such problems, a techniquekvforms an antifouling coating film by coating an
antifouling coating composition on a ship and ttke,land allows controlled release of an antifaylagent to
realize an antifouling performance for a long peid time has been known (Patent Literature 1).

Citation List
Patent Literature
[0004]

Patent Literature 1:.JP- A- 2000- 17203
Summary of Invention
Technical Problem
[0005]

The effect of the antifouling coating greatly deg@e on the thickness of the coating film. Sind®owa,
stern, draft, and the like are particularly ofteibject to water flow pressure during the navigatibthe ship, they
may be coated with a thick coating film. Therefdhe coating film is easy to crack, break, and.pee
[0006]

The present invention has been made by takingfibre-mentioned circumstances into consideration.
The present invention provides an antifouling amatcomposition capable of forming a coating filmving
improved crack resistance, adhesiveness, and ifigxib
Solution to Problem
[0007]

According to the present invention, an antifoulicmating composition, comprising: a polymey A
component B and an antifouling agentvherein: the polymer A is a copolymer of a monor(&r and an
ethylenically unsaturated monomer (b) other thanrttonomer (g)the monomer (a) is represented by general
formula (1) the component B is a paraffinic mineral oil incluglian aromatic hydrocarbon.

[0008]

The present inventors have conducted intensivdiestpand have found that a composition containing

polymer A, a component B, and an antifouling agemt solve the above problems, thereby completiagthsent

invention.



Description of Embodiments
[0009]

Hereinafter, the present invention will be desadilin detail.
1. Antifouling coating composition

The antifouling coating composition of the presientntion contains a polymer A, a component B, and
an antifouling agent.
[0010]
1-1. Polymer A

The polymer A is a copolymer of a monomer (a) andethylenically unsaturated monomer (b) other
than the monomer (a). The polymer A contains mar@wnits derived from the monomers (a) and (b).
[0011]
<Monomer (a)>
The monomer (@) is a triorganosilyl (meth) ackylatonomer and is represented by general formula

(1).
[Chem. 1]

R? R2
| |
H,C—C—cC O—Sli—R3 (1)

I
o) R4

In the general formula (1),'Rs a hydrogen or methyl group, anéitR R* are the same or different, and
each of Rto R represents a C3 to C8 branched alkyl group or ayplyzoup.
[0012]

Examples of the C3 to C8 branched alkyl group fdR?* include isopropyl group, isobutyl group, s-
butyl group, t-butyl group, 1-ethylpropyl groupniethylbutyl group, 1-methylpentyl group, 1,1-dimdgropyl
group, 1,1-dimethylbutyl group, texyl group, cyatsdyl group, 1,1-dimethylpentyl group, 1-methylhexgybup,
1,1-dimethylhexyl group, 1-methylheptyl group, 2tmdbutyl group, 2-ethylbutyl group, 2,2-dimethydgmyl
group, cyclohexylmethyl group, 2-ethylhexyl gro@ppropylpentyl group, 3-methylpentyl group andlike. As
R2 to R4, isopropyl group, s-butyl group, t-butybgp, phenyl group, and 2-ethylhexyl group are guadfle.
Isopropyl group and 2-ethylhexyl group are partciyl preferable.

[0013]

Examples of the monomer (a) include triisoprogylgimeth) acrylate, triisobutylsilyl (meth) acry&
tri-s-butylsilyl ~ (meth) acrylate, triisopentylsilyl (meth) acrylate, triphenylsilyl (meth) acrylate,
diisopropylphenylsilyl (meth) acrylate, diisopropgbutylsilyl (meth) acrylate, diisopropyl-s-butiys (meth)
acrylate, diisopropylisopentylsilyl (meth) acrylaisopropyldiisobutylsilyl (meth) acrylate, isoprdgi s-butylsilyl
(meth) acrylate, t-butyldéobutyl silyl (meth) acrylate, t-butyldiisopentylsilyl (g acrylate, t-butyldiphenylsilyl
(meth) acrylate, diisopropyltexylsilyl (meth) aaté, diisopropylcyclohexylsilyl (meth) acrylatdcirclohexylsilyl
(meth) acrylate, tri-1,1-dimethylpentylsilyl (methacrylate, tri-2,2-dimethylpropylsilyl (meth) acayé,
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tricyclohexylmethylsilyl (meth) acrylate, diisoprgpyclohexylmethylsilyl (meth) acrylate, tri2-ettngxylsilyl
(meth) acrylate, tri2-propylpentylsilyl (meth) atate. Preferred examples thereof include triisppigilyl (meth)
acrylate, tri-s-butylsilyl (meth) acrylate, t-butyphenylsilyl (meth) acrylate, and tri2-ethylhexigbs (meth)
acrylate. These monomers (a) can be used aloh&par more of these can be used in combination.
[0014]

<Monomer (b)>

The monomer (b) is an ethylenically unsaturatedoneer other than the monomer (a), and examples of
the monomer (b) include (meth) acrylate estersylviompounds, aromatic compounds, dialkyl estermmmds
of a dibasic acid. In this specification, (meth)ydate ester means acrylate ester, or methacrgtiee.

[0015]

Examples of the (meth) acrylate ester include gi€theth) acrylate, ethyl (meth) acrylate, butyletim)
acrylate, isobutyl (meth) acrylate, t-butyl (me#tyrylate, 2-ethylhexyl (meth) acrylate, lauryl (meacrylate, 2-
methoxyethyl (meth) acrylate, 2-methoxypropyl (medbrylate, 4-methoxybutyl (meth) acrylate, ben@gkth)
acrylate, phenyl (meth) acrylate, 2-ethoxyethyl fhecrylate, propylene glycol monomethyl (methyte, 2-
hydroxyethyl (meth) acrylate, 2-hydroxypropy! (me#ttrylate, glycidyl (meth) acrylate, flufuryl (nigtacrylate,
tetrahydrofurfuryl (meth) acrylate, dimethylaminikegt(meth) acrylate, diethylaminoethyl (meth) aeatg, 2- [2-
(2-hydroxyethoxy) ethoxy] ethoxy] ethyl methacrglatsuccinate mono (2- (meth) acryloyloxyethyl), (8-
dimethylaminopropyl) (meth) acrylamide, 2- [2- (2tihoxyethoxy) ethoxy] ethyl (meth) acrylate, N,dWrethyl
(meth) acrylamide, 2- (2-methoxyethoxy) ethyl (medlarylate, (meth) acrylic acid, hydroxypropyl dete, 2-
(acetoacetyloxy) ethyl methacrylate, 2- (2-hydrdkgey) ethyl methacrylate, N-vinyl-2-pyrrolidone; R- (2-
ethoxyethoxy) ethoxy] ethyl acrylate,

4-hydroxybutyl acrylate glycidyl ether, N-isoprdagrylamide, 2- (dimethylamino) ethyl acrylate(2-
ethoxyethoxy) ethyl acrylate, 4-hydroxybutyl actglatetrahydrofurfuryl acrylate, 3-chloro-2-hydrgxgpyl
acrylate, 2- [2- (2-ethoxyethoxy) ethoxy] ethyl imatrylate, N, N'-diethylacrylamide, 3-methoxybugtylate, and
other acrylate esters.

[0016]

Examples of the vinyl compounds include vinyl campds having a functional group such as vinyl
chloride, vinylidene chloride, acrylonitrile, metirglonitrile, vinyl acetate, vinyl benzoate, vingutyrate, butyl
vinyl ether, lauryl vinyl ether, and N-vinylpyrrdione.

[0017]

Examples of the aromatic compounds include styréingltoluene, andi-methylstyrene.
[0018]

Examples of the dialkyl ester compounds of a dibasid include dimethyl maleate, dibutyl maleaied
dimethyl fumarate.
[0019]

In the present invention, these monomers (b) eanded alone, or two or more of these can be used i
combination. In particular, as the monomer (betfmhacrylate ester is preferable from the viewpofrphysical
properties of the coating film, and methyl methaey;, butyl (meth) acrylic acid, a isobutyl (me#tyylate, t-butyl
(meth) acrylate, 2-ethylhexyl (meth) acrylate, 2tmoyethyl (meth) acrylate, 2-ethoxyethyl (methjydeate, 2-
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hydroxyethyl (meth) acrylate, and glycidyl (methtorgdate, furfuryl (meth) acrylate, tetrahydrofurfiimeth)
acrylate are more preferable particularly from\tevpoint of crack resistance.
[0020]

The content of monomer (a) in the polymer A idgnably 5 to 75mass%, more preferably 30 to 60mass%
[0021]

The content of the monomer (a) is specifically,dgample, 5, 10, 15, 20, 25, 30, 35, 40, 45, 5068,
65, 70, 75mass%, and may be in the range betwedwthvalues exemplified herein.

[0022]

When the polymer A, in which the content of monofag is within the above range, is used as thérmmpa
composition of the present invention, the coatilrg flissolution is particularly good.
[0023]

The weight average molecular weight (Mw) of théypeer A is preferably 5000 to 300,000. When the
molecular weight is less than 5,000, the coatilng &f the antifouling coating becomes fragile aadily peels or
cracks, and when it exceeds 300,000, the viscositiie polymer solution increases, and the handbegomes
difficult. This Mw is specifically, for example 080, 10000, 20000, 30000, 40,000, 50000, 6000T,&DO0O,
90000, 100000, 200,000, 300,000, and may be iratige between the two values exemplified herein.

[0024]

Examples of the method for measuring Mw includiepgemeation chromatography (GPC method).
[0025]

The polymer A may be a random copolymer, an alimg copolymer, a periodic copolymer, or a block
copolymer of the monomer (a) and the monomer (b).

[0026]

The polymer A can be obtained, for example, bymperizing the monomer (a) and the monomer (b)
under the presence of a polymerization initiator.
[0027]

Examples of the polymerization initiator includeaompounds such as 2,2'-azobisisobutyronitrj@; 2
azobis (2-methylbutyronitrile), 2,2'-azobis (2,4ndithylvaleronitrile), dimethyl-2,2'-azobisisobutiga dimethyl
2,2'-azobisisobutyrate, 2,2'-azobis (N-buty2thylpropionamide; peroxides such as benzoylper oxide, di-tert-
butyl peroxide, tert-butylperoxybenzoate, tert-tpgyoxyisopropyl carbonate, t-butylperoxy-2-ethWaeoate, t-
hexylperoxy-2-ethylhexanoate, di-t-hexyl peroxigbutylperoxy-2-ethylhexyl monocarbonate, di-t-dydgroxide,
1,1,3,3-tetramethylbutylperoxyneodecanoate, t-aanilpyneodecanoate, t-hexylperoxypivalate, t-
amylperoxypivalate, 1,1,3,3-tetramethylbutylper@gthylhexanoate. These polymerization initiatcas be
used alone or two or more of these can be usedoinbination. As the polymerization initiators, 2,2
azobisisobutyronitrile, 2,2'-azobis (2-methylbutyitdle), 2,2'-azobis (2,4-dimethylvaleronitriledlimethyl 2,2'-
azobisisobutyrate and 1,1,3,3-tetramethylbutylpgi@ethylhexanoate are particularly preferable. eTh
molecular weight of the copolymer A can be adjudigdppropriately setting the amount of the polyization
initiator used.

[0028]

Examples of the polymerization method include sotupolymerization, bulk polymerization, emulsion
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polymerization, suspension polymerization, non-agsedispersion polymerization, and the like. Amdmese,
solution polymerization and non-aqueous dispergiolymerization are particularly preferable in vief the
capability of obtaining the polymer A simply witc@uracy.

[0029]

In the polymerization reaction, an organic solveaty be used if necessary. The organic solvemdtis
particularly limited, but examples of the organitvent include, aromatic hydrocarbon solvents saaghkylene and
toluene; aliphatic hydrocarbon solvents; ester solvents such as ethyl acetate, butyl a;dtbutyl acetate, and
methoxypropyl acetate; alcohol solvents such as isopropyl alcohol, butylaol, and propylene glycol monomethyl
ether; ether solvents such as dioxane, diethyl ether, and dibutyl ether; ketone solvents such as methyl ethyl ketone
and methyl isobutyl ketone.

Among them, butyl acetate, isobutyl acetate, baltydhol, propylene glycol monomethyl ether, preogd
glycol 1-monomethyl ether 2-acetylate, toluene, gyldne are preferable. These solvents can bealsed, or
two or more of these can be used in combination.

[0030]

The reaction temperature in the polymerizatiorctioa may be appropriately set according to the typ
the polymerization initiator and the like and isiaky 50 to 160°C, preferably 60 to 150°C.
[0031]

The polymerization reaction is preferably perfodhoader inert gas atmosphere such as nitrogennghas a
argon gas.

[0032]
1-2. Component B

The component B a paraffinic mineral oil containing an aromdtigirocarbon.

The mineral oil is a refined fraction of petrole@md comprises paraffin, naphthenic acid, an arocmat
hydrocarbon, and the like. The ring analysis (M-dhethod) in accordance with ASTMD3238 comprisesffia
carbon number (%CP), naphthen carbon number (%&id),aromatic carbon number (%CA), and a mineral olil
having a %CP of 50% or more is called paraffinioenal oil. %CP is, for example, 50 to 95%, spealfy, for
example, 50, 55, 60, 65, 70, 75, 80, 85, 90, 9% aay be in the range between the two values dif@dherein.
[0033]

This component B is a paraffinic mineral oil cantag an aromatic hydrocarbon, and the contenhef t
aromatic hydrocarbon is, for example, a %CA oft0.20% by ring analysis (n-d-M method) in accordandth
ASTMD3238, preferably 0.1 to 15%, more preferablg @ 12%, even more preferably 8 to 12%. %CA is
specifically, for example, 0.1, 0.2, 0.3, 0.4, @®%, 0.7, 0.8,0.9, 1, 2, 3,4, 5,6, 7, 8, 9,110,12, 13, 14, 15, 16,
17, 18, 19, 20, and may be in the range betweetwthealues exemplified herein.

[0034]

The aniline point of the component B is preferékyto 123°C, more preferably 80 to 120°C, and even
more preferably 80 to 110°C from the viewpoint of nausing a coating film defects. This valuepecifically,
for example, 80, 81, 82, 83, 84, 85, 86, 87, 88,989 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, 112, 113, 118, 116, 117, 118, 119, 120, 121, 122, 123°C, aagl lme in the

range between the two values exemplified hereirhe aniline point is measured in accordance withKB356.
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[0035]

Examples of component B include commercially akdé products such as Cosmo Pure Safety 10M,
Cosmo Pure Safety 22, Cosmo Pure Safety 32, CosimeoSafety 46, Cosmo Pure Safety 68, Cosmo PustySaf
100, Cosmo Pure Safety 150, Cosmo Neutral 100, Gd$eutral 150, Cosmo Neutral 350, Cosmo Neutral 500
Cosmo Neutral 700, Cosmo SP10, Cosmo SP15, anddcC8883 (product name, available from COSMO OIL
LUBRICANTS CO., LTD.).

[0036]
1-3. Antifouling agent

As the antifouling agent, for example, an inorgarfiemical and an organic chemical can be mentioned

As the inorganic chemical, for example, cuprousdexicuprous thiocyanate (generic name: copper
rhodanide), copper powder and the like can be meed. Among these, cuprous oxide and copper rlidelane
particularly preferable. From the viewpoint of long-term shelf stability, thaprous oxide surface-treated with
glycerin, sucrose, stearic acid, lauric acid, lenitmineral oil, and the like is more preferable.

As the organic chemical, for example, copper 2-myet@pyridine-N-oxide (generic name: copper
pyrithione), zinc 2-mercaptopyridine-N-oxide (generame: zinc pyrithione)kinc ethylenebis(dithiocarbamate)
(generic name: zinebd,5-dichloro-2-n-octyl-3-isothiazolone (generic rar8ea-nine 2113,4-dichlorophenyl-N-
N-dimethylurea (generic name: Diuron2-methylthio-4-t-butylamino-6-cyclopropylamino-gazine (generic
name: Irgarol 1051R-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluorometipyrrole (generic name: ECONEA 28),
4-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole (geiename: Medetomidine) can be mentioned.

These antifouling agents can be used alone, ootwaore of these can be used in combination.

[0037]
1-4. Other additives

Further, if necessary, the resin for antifoulingiing of the present invention may be added withsin
component other than polymer A, an elution reguladoplasticizer, a pigment, a dye, an antifoaraggnt, a
dehydrating agent, a thixotropic agent, an orgaaieent, and the like to obtain the antifouling thog
[0038]

Examples of the resin component other than polyxiaclude polymer P and the like.

The polymer P is a polymer obtained by polymerizthg monomer (b). The monomer (b) is any
ethylenically unsaturated monomer other than theamer (a). The monomer (b) used for the polymédnanf
the polymer P may have the same composition oeréifft composition as the monomer (b) used for the
polymerization of the polymer A.

In the present invention, the monomer (b) can $edwalone, or two or more of these can be used in
combination. In particular, from the viewpoint afrapatibility with the polymer A, methyl (meth) atae, ethyl
(meth) acrylate, butyl (meth) acrylate, isobutykth) acrylate, t-butyl (meth) acrylate, 2 ethylhiexyeth) acrylate,
2-methoxyethyl (meth) acrylate, 2-ethoxyethyl (Metbrylate, flufuryl (meth) acrylate, tetrahydrdfunyl (meth)
acrylate, and benzyl (meth) acrylate are preferable

As the polymerization method, initiator, solveetnperature, other conditions, Mw measurement ndetho
and the like, the one described above for polymear\be applied.

The content of the polymer P in the compositiothef present invention is not particularly limitdxlit
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the content ratio to the polymer A (polymer P Apaér A) by mass ratio is usually 0.1 to 9.0, praiidy 0.1 to 4.0
in terms of solid content.
[0039]

As the elution regulator, monocarboxylic acids aadts thereof, such as rosin, rosin derivatives,
naphthenic acid, cycloalkenyl carboxylic acid, ioalkenyl carboxylic acid, versatic acid, trimethy
isobutenylcyclohexene carboxylic acid, and theitalsalts, or the alicyclic hydrocarbon resins astioned above
can be exemplified. These can be used alone,motwnore of these can be used in combination.

As the rosin derivative, hydrogenated rosin, dipprtionated rosin, maleic acid modified rosin,
formylated rosin, polymerized rosin, and the lilea be exemplified.

As the alicyclic hydrocarbon resins, Quintone 18Q0intone 1525L, and Quintone 1700 (product name,
available from Zeon Corporation) and the like camientioned as a commercially available producekample.

Among these, rosin, rosin derivatives, naphthemicid, versatic acid, trimethylisobutenyl
cyclohexenecarboxylic acid, and metal salts theaeeforeferable.

[0040]

As the plasticizer, for example, phosphoric actérss phthalic acid esters, adipic acid estergd@elacid
esters, epoxidized soybean oil, alkyl vinyl ethetymer, polyalkylene glycols, t-nonyl pentasulfidegseline,
polybutene, tris(2-ethylhexyl) trimellitate, silice oil, liquid paraffin, chlorinated paraffin andet like can be
mentioned. These can be used alone, or two or afdhese can be used in combination.

[0041]

As the dehydrating agent include, for example,igaicsulphatesynthetic, zeolite adsorbents, ortleogst
silicates such as tetramethoxysilane and tetragsiilare, isocyanates, carbodiimides, carbodiimitiezand the
like can be mentioned. These can be used alo@parr more of these can be used in combination.

[0042]
2. Manufacturing method of antifouling coating carsjtion

The antifouling coating composition of the presaméntion can be manufactured, for example, byimgix
and dispersing a mixture solution including theypmér A, the component B, an antifouling agent, oddlitives,
and the like using a disperser.

Regarding the mixture solution, the ingredientshsas the polymer A, the component B, an antifgulin
agent, other additives, and the like are preferdidgolved or dispersed in the solvent.

As the disperser, for example, the one which eanded as a micro-pulverizer can be suitably us€dr
example, a commercially available homo mixer, saiit] bead mill, disper, and the like can be useBurthermore,
the mixed solution can be mixed and dispersed ygus stirrer-equipped container containing glasads for
mixing and dispersing.

[0043]
3. Method for antifouling treatment, antifoulingating film, and coated object

The method for antifouling treatment of the présiemention is characterized in that an antifouling
coating film is formed using the above-explainetifanling coating composition on the surface ofcdoject that is
subjected to coating. The method for antifouliegtment of the present invention can prevent adhes$ aquatic

fouling organisms by the gradual dissolution of skieface of the antifouling coating film such tiia surface of
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the coating film is continually renewed.

Examples of objects on which the coating film carfdrmed include ships (in particular, ship bottpms
fishing tools, structures submerged in seawater tlaa like.

The thickness of the antifouling coating film camduitably selected depending on the type of thecob
on which the coating film is to be formed, the ggation speed of a ship, the seawater temperatudethe like.
For example, when the object on which a coating i formed is a ship bottom, the thickness ofehgfouling
coating film is usually 50 to 700m, and preferably 100 to 6Q@n.

EXAMPLES
[0044]

Examples and the like are provided hereinaftet farther clarifies characteristics of the presewnéntion.
The present invention, however, is not limiteditese Examples.

In each of Production Examples, Examples, and Goatipe Examples, "%" denotes "% by mass".

The weight average molecular weight (Mw) was deieed by gel permeation chromatography (GPC)
(using a polystyrene standard). GPC was perfoumeer the following conditions.

Equipment: HLC-8220 GPC (available from Tosoh @oation)

Column: TSK-gel Super HZM-M, two columns used

Flow rate: 0.35 mL/min

Detector: RI

Column thermostat temperature: 40°C

Developing solvent: THF
The non-volatile content was measured in accordatitbel IS K 5601-1-2:1999 (ISO 3251:1993).

[0045]
<Production Example 1 (Production of polymer A $iolu_A-1)>

To a four-necked flask equipped with a thermometearooler, a stirrer, and a dropping funnel, 48f g
xylene (initial solvent) was charged, nitrogen @&s introduced, and the temperature was maintaanh&8°C
while stirring. Then, a mixture solution of the mwoners (a) and (b) shown in Table 1 and 0.8 g bf313-
tetramethylbutylperoxy-2-ethylhexanoate (initiatlabn) as a polymerization initiator was addedpvise over 3
hours while maintaining at 88°C. Then, after stgrat 88°C for 1 hour, 0.2 g of 1,1,3,3-tetraméihyylperoxy-
2-ethylhexanoate (post addition) was added 3 tewesy hour.  After further stirring at the same pemature for
2 hours, 60 g of xylene (diluting solvent) was atlé®d the mixture was cooled to room temperaturebtain
polymer A solution A-1. Table 1 shows the non-titdacontent and Mw of A-1.

[0046]
<Production Examples 2 to 10 (Production of polyfsplutions_A-2 to A-7, polymer solutions_P-1 t3}>

The monomers, polymerization initiators, and soilgeshown in Table 1 and polymerization reactios wa
performed under each reaction temperature conditjoprocesses similar to those of Production Exanipto
obtain polymer A solutions A-2 to A-7 and polymeiwgions P-1 to P-3. Table 1 shows the non-va@atdntent
and Mw of A-2 to A-7 and P-1 to P-3. The numerizalue in the table is mass%.



[0047]
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[0048]
<Production Example 11 (Production of rosin zirt salution)>

To a flask equipped with a thermometer, a reflardenser, and a stirrer, 240 g of Chinese gum rosin
(WW) and 360 g of xylene were charged in the flasid 120 g of zinc oxide was further added sodlidlhe resin
acids in the rosin formed zinc salts. The mixtwees refluxed and dehydrated at 70 to 80°C for Ihounder
reduced pressure, cooled and filtered to obtaiylene solution of rosin zinc salt (dark brown traaent liquid,
solid content 50%). The non-volatile content & tbtained solution was 50.2%.
[0049]
<Production Example 12 (Production of hydrogenatsih zinc salt solution)>

To a flask equipped with a thermometer, a refloxndenser, and a stirrer, 240 g of HYPALE CH
(hydrogenated gum rosin) and 360 g of xylene whegged, and 120 g of zinc oxide was further addetthat all
the resin acids in the rosin form zinc salts. Tigture was refluxed and dehydrated at 70 to 8@fC3fhours
under reduced pressure, then concentrated, cantedfiltered to obtain a xylene solution of hydrogted rosin
zinc salt (dark brown liquid, solid content 65%)lhe non-volatile content of the obtained soluticasv@5.1%.
[0050]
<Examples 1 to 27 and Comparative Examples 1 f@dd@uction of coating composition)>

The components shown in Tables 2 to 7 were blefmddide ratio (mass%) shown in these tables and

mixed and dispersed with glass beads having a déro€l.5 to 2.5 mm to produce coating composiion
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[0051]

[Table 2]
Table 2
component Example
1 2 3 4 5 6 7 8
A-1 25.8
A-2 25.8
polymer A-3 25.8
solution (A) A4 258
A-5 25.8 13
A-6 25.8
A-7 25.8 12.8
Cosmo SP 83 (0.3) 1
Cosmo Neutral 700 (7.9) 1
component B Cosmo Neutral 150 (4.0) 1
(%CA) Cosmo SP 15 (1.3) 1
Cosmo Pure Safety 68 (9.2) 1 1
Cosmo Pure Safety 32 (10.3) 1
Cosmo Pure Safety 22 (9.6) 1
antifouling cuprous oxide 37 37 37 37 37 37 37 37
agent copper pyrithione 2 2 2 2 2 2 2 2
SANSO CIZER E-2000H 0.5
rosin zinc salt solution 2 2 2 2 2 2 2 2
gum rosin solution 1 1 1 1 1 1 1 1
hydrogenated rosin solution 1 1 1 1 1 1 1 1
hydrogenated rosin 54 | 54 | 54 | 54 | 54 | 54| 54| 54
other zinc salt sc_)Iutlon
additives red oxide 4 4 4 4 4 4 4 4
talc 10 10 10 10 10 10 10 10
zinc oxide 5 5 5 5 5 5 5 5
titanium oxide 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ethyl Silicate 28 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
hemihydrate gypsum 1 1 1 1 1 1 1 1
Disparlon A603-20X 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 2.9 3.4 3.4 3.4 3.4 3.4 3.4 3.4
sum 100.0] 100.0[ 100.0] 100.0| 100.0) 100.0| 100.0| 100.0
Test Example 1| dried film thickness | 3 months | AA AA AA AA AA AA AA AA
physical 100pm 6 months | AA AA AA AA AA AA AA AA
property test of | dried film thickness | 3 months | AA AA AA AA AA AA AA AA
coating film 200pm 6months | AA | AA | Aa | aa | Aa | AA | AA | AA
dried film thickness | 3 months AA AA AA AA AA AA AA AA
Test E.X&]mple 2 100pm 6 months | A AA AA AA AA AA AA AA
adhesion test of — -
coating film dried film thickness | 3 months | AA AA AA AA AA AA AA AA
200pm 6 months | A AA AA AA AA AA AA AA
dried film thickness | 3 months A AA AA AA AA AA AA AA
Tes.t .E.Xample 3 100pum 6 months A AA AA AA AA AA AA AA
flexibility test of — -
coating film dried film thickness | 3 months A AA AA AA AA AA AA AA
200pm 6 months | A A A A A A A A
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[0052]

[Table 3]
Table 3
component Example
9 10 11 12 13 14 15
A-1 7 13 25
polymer A-2 25
solution (A) A-3 6 25
A-4 13 25
Cosmo SP 83 (0.3) 0.5 1
component B Cosmo Neutral 700 (7.9) 1 1
Cosmo Neutral 150 (4.0) 1
(%6CA) Cosmo SP15 (1.3) 1
Cosmo Pure Safety 32 (10.3) 0.5 1
other P-1 12.8
polymer P-2 12.8
solution (P) P-3 12.8
cuprous oxide 37 37 37
copper pyrithione 2 2 2
zinc pyrithione 2 2 2 2
antifouling copper thiocyanate (I) 1 1 1 1
agent Zineb 1 1 1 1
DCOIT 1 1 1 1
Econea 6 6 6 6
medetomidine 0.1 0.1 0.1 0.1
Toyo Parax A40S 0.5
rosin zinc salt solution 2 2 2 6.8 6.8 6.8 6.8
gum rosin solution 1 1 1 1 1 1 1
hydrogenated rosin solution 1 1 1 1 1 1 1
hydrogenated rosin 54 | 54 | 54 | 14 | 14 | 14 | 14
other zinc salt sc_)Iutlon
additives red oxide 4 4 4 10 10 10 10
talc 10 10 10 10 10 10 10
zinc oxide 5 5 5 9 9 9 9
titanium oxide 0.5 0.5 0.5 7 7 7 7
Ethyl Silicate 28 0.5 0.5 0.5 0.5 0.5 0.5 0.5
hemihydrate gypsum 1 1 1 1.5 1.5 1.5 1.5
Disparlon A603-20X 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 2.9 3.4 3.4 1.7 1.7 1.7 1.7
sum 100.0] 100.0| 100.0{ 100.0] 100.0] 100.0 | 100.0
Test Example 1| dried film thickness | 3 months | AA AA AA AA AA AA AA
physical 100pm 6 months | AA AA AA AA AA AA AA
property test of | dried film thickness | 3 months | AA AA AA AA AA AA AA
coating film 200um 6months | AA | AA | AA | AA | AA | AA | AA
dried film thickness | 3 months AA AA AA AA AA AA AA
Test E_xample 2 100pum 6 months AA A AA A AA AA AA
adhesion test of — -
coating film dried film thickness | 3 months | AA AA AA A AA AA AA
200pm 6 months | AA A AA A AA AA AA
dried film thickness | 3 months AA AA AA AA AA AA AA
TesF I_E_xample 3 100pm 6 months | AA A AA A AA AA AA
flexibility test of — -
coating film dried film thickness | 3 months | AA AA AA A AA AA AA
200pm 6 months | AA A AA A A A A
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[0053]

[Table 4]
Table 4
component Example
16 17 18 19 20 21
polymer 2_2 = 25 > 6 g
solution (A) A7 25 8 -
Cosmo Neutral 700 (7.9) 0.5
Cosmo Neutral 150 (4.0) 0.5
component B Cosmo SP 15 (1.3) 0.5
(%CA) Cosmo Pure Safety 68 (9.2) 1 0.5
Cosmo Pure Safety 32 (10.3) 1 0.5
Cosmo Pure Safety 10 (10.7) 1 0.5
other P-1 4 4 4
polymer P-2 4 4 4
solution (P) P-3 4 4 4.8
cuprous oxide 4 4 37
copper pyrithione 2
zinc pyrithione 2 2 2 2 2
antifouling copper thiocyanate (I) 1 1 1 1 1
agent Zineb 1 1 1 1 1
DCOIT 1 1 1 1 1
Econea 6 6 6 2 2
medetomidine 0.1 0.1 0.1 0.1 0.1
rosin zinc salt solution 6.8 6.8 6.8 6.8 6.8 2
gum rosin solution 1 1 1 1 1 1
hydrogenated rosin solution 1 1 1 1 1 1
hydrogenated rosin 14 | 14 | 14| 14 | 14 | 54
zinc salt solution
other red oxide 10 10 10 10 10 4
additives ' talc' 10 10 10 10 10 10
zinc oxide 9 9 9 9 9 5
titanium oxide 7 7 7 7 7 0.5
Ethyl Silicate 28 0.5 0.5 0.5 0.5 0.5 0.5
hemihydrate gypsum 1.5 1.5 1.5 1.5 1.5 1
Disparlon A603-20X 0.2 0.2 0.2 0.2 0.2 0.2
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 1.7 1.7 1.7 1.7 1.7 3.4
sum 100.0| 100.0] 100.0| 100.0| 100.0] 100.0
Test Example 1| dried film thickness | 3 months | AA AA AA AA AA AA
physical 100pm 6 months | AA AA AA AA AA AA
property test of | dried film thickness | 3 months | AA AA AA AA AA AA
coating film 200pm 6months | AA | AA | AA | AA | AA | AA
dried film thickness | 3 months AA AA AA AA AA AA
Test Example 2 100pm 6 months | AA AA AA AA AA AA
adhesion test of — -
coating film dried film thickness | 3 months | AA AA AA AA AA AA
200pm 6 months | AA AA AA AA AA AA
dried film thickness | 3 months | AA AA AA AA AA AA
Tes_t .E.Xamp'e 3 100pm 6 months | AA AA AA AA AA A
flexibility test of — -
coating film dried film thickness | 3 months | AA AA AA AA AA AA
200pm 6 months | A A A AA | AA A
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[0054]

[Table 5]
Table 5
component Example
22 23 24 25 26 27
polymer A-1 258 | 25.8 | 25.8 | 25.8 | 25.8 | 25.8
solution (A)
Cosmo Neutral 700 (7.9) 1
Cosmo Neutral 150 (4.0) 1
component B Cosmo SP 15 (1.3) 1
(%CA) Cosmo Pure Safety 68 (9.2) 1
Cosmo Pure Safety 32 (10.3) 1
Cosmo Pure Safety 22 (9.6) 1
antifouling cuprous oxide 37 37 37 37 37 37
agent copper pyrithione 2 2 2 2 2 2
SANSO CIZER E-2000H 0.5 0.5 0.5 0.5 0.5 0.5
rosin zinc salt solution 2 2 2 2 2 2
gum rosin solution 1 1 1 1 1 1
hydrogenated rosin solution 1 1 1 1 1 1
hydrogenated rosin 54 | 54 | 54 | 54 | 54 | 54
other zinc salt sc_)Iutlon
2dditives red oxide 4 4 4 4 4 4
talc 10 10 10 10 10 10
zinc oxide 5 5 5 5 5 5
titanium oxide 0.5 0.5 0.5 0.5 0.5 0.5
Ethyl Silicate 28 0.5 0.5 0.5 0.5 0.5 0.5
hemihydrate gypsum 1 1 1 1 1 1
Disparlon A603-20X 0.2 0.2 0.2 0.2 0.2 0.2
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 2.9 2.9 2.9 2.9 2.9 2.9
sum 100.0(100.0{ 100.0] 100.0] 100.0] 100.0
Test Example 1 dried film thickness 3 months AA AA AA AA AA AA
physical 100um 6 months | AA AA AA AA AA AA
property test of | dried film thickness | 3 months | AA AA AA AA AA AA
coating film 200pm 6months | AA | AA | AA | AA | AA | AA
dried film thickness | 3 months [ AA AA AA AA AA AA
Test Example 2 100um 6months | AA | AA | AA | AA | AA | AA
adhesion test of — -
coating film dried film thickness | 3 months [ AA A A AA AA AA
200pm 6 months | A A A AA AA AA
dried film thickness | 3 months [ AA AA AA AA AA AA
Test Example 3 100pm 6months | AA | AA | A | AA | AA | AA
flexibility test of — -
coating film dried film thickness | 3 months A A A AA AA AA
200pm 6 months | A A A A A A
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[0055]

[Table 6]
Table 6
component Comparative Example
1 2 3 4 5 6
polymer 2—; 25.8 | 25.8 | 25.8 | 25.8 —
solution (A) A3 558
Moresco White P-100 (0) 1
conzi)/cc))gg]t B Moresco White P-260 (0) 1
Moresco White P-350P (0) 1 1 1
antifouling cuprous oxide 37 37 37 37 37 37
agent copper pyrithione 2 2 2 2 2 2
SANSO CIZER E-2000H 0.5 0.5 0.5 0.5
rosin zinc salt solution 2 2 2 2 2 2
gum rosin solution 1 1 1 1 1 1
hydrogenated rosin solution 1 1 1 1 1 1
hyFIrogenated r.osm 5.4 5.4 5.4 5.4 5.4 5.4
zinc salt solution
other red oxide 4 4 4 4 4 4
additives talc 10 10 10 10 10 10
zinc oxide 5 5 5 5 5 5
titanium oxide 0.5 0.5 0.5 0.5 0.5 0.5
Ethyl Silicate 28 0.5 0.5 0.5 0.5 0.5 0.5
hemihydrate gypsum 1 1 1 1 1 1
Disparlon A603-20X 0.2 0.2 0.2 0.2 0.2 0.2
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 3.9 2.9 2.9 2.9 3.4 3.4
sum 100.0] 100.0] 100.0 100.0] 100.0 100.0
Test Example 1 dried film thickness 3 months A A A A A A
physical 100pm 6 months B B B B B B
property test of | dried film thickness | 3 months B B B B B B
coating film 200um 6 months | C B B B B B
dried film thickness | 3 months B B B B B B
Test Example 2 100um 6 months | C B B B B B
adhesion test of — -
coating film dried film thickness | 3 months C C C C C C
200pm 6 months C C C C C C
dried film thickness | 3 months C B B B B B
Tes.t !E_xample 3 100pm 6 months C C C C C C
flexibility test of — .
coating film dried film thickness | 3 months C C C C C C
200pum 6 months || C C C C C C
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[0056]

[Table 7]
Table 7
component Comparative Example
7 8 9 10 11 12
A-1 25
A-3 25
polymer A-4 25.8
solution (A) A-5 25.8
A-6 25.8
A-7 25.8
component B Moresco White P-260 (0) 1
(%CA) Moresco White P-350P (0) 1 1
cuprous oxide 37 37 37 37
copper pyrithione 2 2 2 2
zinc pyrithione 2 2
antifouling copper thiocyanate (I) 1 1
agent Zineb 1 1
DCOIT 1 1
Econea 6 6
medetomidine 0.1 0.1
rosin zinc salt solution 2 2 2 2 6.8 6.8
gum rosin solution 1 1 1 1 1 1
hydrogenated rosin solution 1 1 1 1 1 1
hydrogenated rosin 54 | 54 | 54 | 54 | 14 | 14
zinc salt solution
other red oxide 4 4 4 4 10 10
additives . talc' 10 10 10 10 10 10
zinc oxide 5 5 5 5 9 9
titanium oxide 0.5 0.5 0.5 0.5 7 7
Ethyl Silicate 28 0.5 0.5 0.5 0.5 0.5 0.5
hemihydrate gypsum 1 1 1 1 1.5 1.5
Disparlon A603-20X 0.2 0.2 0.2 0.2 0.2 0.2
Disparlon 4200-20 0.2 0.2 0.2 0.2 0.2 0.2
solvent xylene 3.4 4.4 4.4 4.4 1.7 1.7
sum 100.0] 100.0] 100.0{ 100.0] 100.0| 100.0
Test Example 1| dried film thickness | 3 months A A A A A A
physical 100pm 6 months B B B B B B
property test of | dried film thickness | 3 months B B B B B B
coating film 200pm 6 months B C C C B B
dried film thickness | 3 months B B B B B B
Test Example 2 100pm 6 months | B C C C B B
adhesion test of — -
coating film dried film thickness | 3 months C C C C B B
200um 6 months C C C C C C
dried film thickness | 3 months B C C C B B
Test Example 3 100um 6months| C | ¢ | ¢ | ¢ | ¢ | ¢
flexibility test of — -
coating film dried film thickness | 3 months C C C C C C
200pum 6 months | C C C C C C
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[0057]

Details of component B, antifouling agent, andeotidditives in the tables are as follows.
<Component B>

Cosmo SP 83: %CP 67.2, %CN 32.5, %CA 0.3, anfliviat 119.0°C

Cosmo SP 15: %CP 67.1, %CN 31.6, %CA 1.3, anjlmiat 102.0°C

Cosmo Neutral 700: %CP 66.8, %CN 25.3, %CA 7.89in@point 110.1°C

Cosmo Neutral 150: %CP 68.3, %CN 27.7, %CA 4.0in@npoint 104.9°C

Cosmo Pure Safety 68: %CP 63.1, %CN 27.7, %CAzi#ine point 99.5°C

Cosmo Pure Safety 32: %CP 64.0, %CN 25.7, %CA JAr8line point 93.4°C

Cosmo Pure Safety 22: %CP 62.1, %CN 28.3, %CAzhiine point 88.8°C

Cosmo Pure Safety 10: %CP 59.0, %CN 30.3, %CA, Hhiline point 81.6°C

Moresco White P-350P: %CP 70, %CN 30, %CA 0, aaipoint 122°C

Moresco White P-260: %CP 70, %CN 30, %CA 0, aeifiint 118.0°C

Moresco White P-100: %CP 70, %CN 30, %CA 0, aeifioint 108.2°C
[0058]
<Antifouling agent>

cuprous oxide: product name “NC-301" (availabEnirNISSIN CHEMCO LTD.)

copper pyrithione: product name “Copper Omadime/a{lable from Lonza Inc.)

zinc pyrithione: product name “Zinc Omadine” (dahle from Lonza Inc.)

copper thiocyanate (l): product name "Copper yaoate (1)" (available from by Wako Pure Chemical
Industries, Ltd.)

Zineb: product name “Zineb” (available from Sigimlrich, Inc.)

DCOIT: 4,5-dichloro-2-n-octyl-3-isothiazolone (éadle from Tokyo Chemical Industry Co., Ltd.)

Econia: product name “Econea 028" 2-(p-chloropi@ngyano-4-bromo-5-trifluoromethyl pyrrole,
(available from JANSSEN PMP)

medetomidine: (x)4-(1-(2,3-Dimethylphenyl) eth{liH-imidazole (available from Wako Pure Chemical
Industries, Ltd.)
[0059]
<Other additives>

Toyo Parax A40S: chlorinated paraffin, chlorin@temt 40.5% (available from Tosoh Corporation)

SANSO CIZER E-2000H: Epoxy soybean d#vailable from New Japan Chemical Co., Ltd.

rosin zinc salt solution: The one produced in Bobidn Example 11 was used.

gum rosin solution: xylene solution (50% solidsChinese gum rosin (WW)

hydrogenated rosin solutioB0% solids xylene solution of product name “HYPACH” (available from
ARAKAWA CHEMICAL INDUSTRIES, LTD.)

hydrogenated rosin zinc salt solution: The onelpced in Production Example 12 was used.

red oxide: product name “Bengarakingyoku” (avdédibom Morishitabengara Corporation)

talk: product name “TALC MS” (available from NIPROTALC Co., Ltd.)

zinc oxide: product name “zinc oxide II” (availadfom Seido Chemical Industry Co., Ltd.)
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titanium oxide: product name “FR-41" (availablerfr FURUKAWA CO., LTD.)

Ethyl Silicate 28: tetraethoxysilane: product ndathyl Silicate 28” (available from COLCOAT CO.,
LTD)

hemihydrate gypsum: product name “NP3D” (NORITAKD CLIMITED)

Disparlon A603-20X: amide thixotropic agent: prodmame “Disparlon A603-20X" (available from
Kusumoto Chemicals, Ltd.)

Disparlon 4200-20: polyethylene oxide thixotrop@ent: product name “Disparlon 4200-20" (available
from Kusumoto Chemicals, Ltd.)

[0060]

The following tests were conducted on the coatmgpositions of Examples and Comparative Examples.
<Test Example 1 (Physical property test of coatiimg)>

A rotating drum with a diameter of 515 mm and @heof 440 mm was attached to the center of the
water tank so that it could be rotated by a motdéiurther, a cooling device for keeping the tempeeadf seawater
constant and a pH automatic controller for keepiregpH of seawater constant were attached.

A test plate was prepared according to the folhgwhnethod.

First, a rust preventive coating (epoxy vinyl AMZas applied on a titanium plate (71x100x0.5 mna) an
dried to form a coating film so that the thicknethe film after drying is about 1G0n. Then, each of the coating
compositions obtained in Examples and Comparatikariples was applied on the rust preventive codiiimgso
that the thickness after drying was about gfi0and 20um. Test plates were prepared by drying at 40°Qfor
days. Four identical test plates were prepareddoh coating composition.

One of the prepared test plates was fixed todbery drum of the rotary device of the above degice
that they came into contact with seawater, andratery drum was rotated at a speed of 20 knots.rinBuhe
rotating, the temperature of seawater was kepba® 2he pH of seawater was kept at 8.0 to 8.2 thedeawater
was replaced every two weeks.

After 3 months and 6 months of the rotary tes, tdst plates having a dried film thickness of ali@0
um and about 20@m were dried, and the surface of each coating ¥filas visually observed to evaluate the
condition of the coating film. The evaluation wasformed by the following method.

AA: No defects were observed.

A: Hairline cracks werebserved ifess than 10% of the total surface area of thargpétm.

B: Hairline cracks werebservedn 10 to 30% of the total surface area of the cogfiim.

C: Hairline cracks werebservedn more than 30% of the total surface area of theirmgp&tm.

CC: Defects such darge cracks, blisters or peelings (only the surtageart of the edge of the coating

film was peeled off), or peelings (the entire cogfiilm was peeled off and no test coating film atned)

were observed in the coating film.[0061]
<Test Example 2 (Adhesion test of coating film)>

The adhesion test of the coating film was condligieaccordance with JIS K-5600-5-6. Specifically,
after 3 months and 6 months of the rotary testtakeplates having a dried film thickness of alt@@um and
about 200um were dried, andhe coating film was cut into a grid pattern witk gertical and horizontal lines

reaching the underlayer to form 25 squares withssif 3 mm. A tape having a width of 24 mm (maotufieed
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by Nichiban Co., Ltd.) was attached to this gridtgra so that air bubbles did not enter, and tpe taas rubbed
firmly with the fingertips. The tape was peeleflatfonce by holding one end of the tape, and tralition of
adhesion of the coating film was visually observed.

AA: There were 22 to 25 squares that did not péel

A: There were 16 to 21 squares that did not ptel o

B: There were 11 to 15 squares that did not piéel o

C: There were 0 to 10 squares that did not péel of
[0062]
<Test Example 3 (Flexibility test of coating film)>

After 3 months and 6 months of the rotary tes, tdst plates having a dried film thickness of ali®0
um and about 200m were dried and bent at 90 degrees, and the émmditthe coating film was visually observed.

AA: Almost none of cracking and peeling were obsedr

A: Small cracks or peelings were observed.

B: Medium-sized cracks or peelings were observed.

C.: Large cracks or peeling were observed.
[0063]
<Test results>

From the results of Test Examples 1 to 3, it wasfl that the crack resistance, the adhesion,tend t
flexibility of the coating film was improved.
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We claim that:
1. An antifouling coating composition, comprising:
a polymer A
a component Band
an antifouling ageniherein:
the polymer A is a copolymer of a monomer (a) ancthylenically unsaturated monomer (b) other than
the monomer (a)
the monomer (a) is represented by general forfija
[Chem. 1]

R? R2
| |
H,C—C—cC O—Sli—R3 (1)

I
o) R4

in the general formula (1),'Rs a hydrogen or methyl group, andtB R* are the same or different and
each of Rto R* represents a C3 to C8 branched alkyl group or ayplggoup and
the component B is a paraffinic mineral oil indhglan aromatic hydrocarbon.
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