DESCRI PTI ON

ANTI FOULI NG PAI NT COVPCSI TI ON AND COATED GBIJECT HAVI NG ANTI FOULI NG COATI NG
FORMED USI NG SAI D COWPCSI TI ON ON SURFACE

TECHNI CAL FI ELD
[0001]

Thepresentinventionrelatestoanantifoulingco atingcomposition,
and to a coated object having on its surface an ant ifouling coating film

formed using the composition.

BACKGROUND
[0002]
Aquatic fouling organisms such as barnacles, tubew orms, common

mussels, Bugul a neri ti na,seasquirts,greenlaver,sealettuce,andslimes

adhere to ships (especially ship bottoms), fishing tools such as fishing
netsandfishingnetaccessories,andstructuressu bmergedinseawatersuch
aspowerplantagueducts,leadingtodysfunction, i mpairedappearance,and

other problems of the ships and the like.

[0003]

In order to prevent such problems, a technique whi ch forms an
antifouling coating film by coating an antifouling coating compositionon
ashipandthelike, andallows controlledrelease ofanantifouling agent
to realize an antifouling performance for a long pe riod of time has been

known (Patent Literature 1).

A TATI ON LI ST
PATENT LI TERATURE
[0004]
[Patent Literature 1] JP-A-2000-17203
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TECHNI CAL PRCBLEM
[0005]

However,evenwhenthetechniqueofPatentLiterat
are cases where the initial film dissolution become
defects such as cracks occur after a relatively sho
Accordingly, further improvement is required.

[0006]

The present invention has been made by taking the
circumstances into consideration. The present inve
antifoulingcoatingcompositionwhichcanmaintain
speed for a long period of time in seawater, and ca
antifouling performance without occurrence of film

in the coating film

SALUTI ON TO PRCBLEM

[0007]
According to the present invention, an antifouling

composition, comprising: a copolymer (A); an ester
cuprous oxide (C); wherein: the copolymer is (A) a
including copolymer obtained from a mixture of trio
includingmonomer(a),oxygenatomcontainingmonom
unsaturatedmonomer(c);themonomer(a)isreprese
(1); the monomer (b) is represented by chemical for
(c) is amonomer other than the monomer (a) and the
copolymerize with the monomer (a) and the monomer (
(B) comprises atleast one ester compound represent
(3) to (9); is provided.

[0008]

Thepresentinventorshaveconductedintensivestu
that when the antifouling coating composition is al
particular ester compound (B) in addition to a copo
particular structure and cuprous oxide (C), elution

oxideatthesurfaceofthecoatingfiimcanbead|

urelisused,there
stoo large, and film

rt period of time.

afore-mentioned
ntion provides an
stablefiimdissolution
n maintain stable

defects such as cracks

coating
compound (B); and a
triorganosilyl ester
rganosilyl group
er(b),andethylenically
ntedbychemicalformula
mula (2); the monomer
monomer (b), and can
b); the ester compound

ed by chemical formula

dies,andhavefound
lowed to include a
lymer (A) having a
speed of the cuprous

usted,therebyachieving



balance with the dissolution speed of the resin. A ccordingly, superior
antifouling property can be maintained foralong p eriod oftime, thereby

completing the present invention

EFFECT OF THE | NVENTI ON

[0009]

According to the present invention, an antifouling coating
compositionwhichcanformanantifoulingcoatingf iimcapableofmaintaining
highantifouling performanceforalongperiodoft imestably,isprovided.

BRI EF DESCR PTI ON OF THE DRAW NGS

[0010]

[FIG. 1] FIG. lisaSEM-EDS image of Example 1 (SE Mimage and element
mapping of Cu, Fe, Ti by EDS).

[FIG. 2] FIG.2isa SEM-EDSimage of Comparative E xample 1 (SEMimage

and element mapping of Cu, Fe, Ti by EDS).

MODE FOR CARRYI NG QUT THE | NVENTI ON

[0011]

Hereinafter, the present invention will be describ ed in detall.
[0012]

1. antifouling coating composition

The antifouling coating composition of the present invention
comprises a copolymer (A), ester compound (B), and cuprous oxide (C).
[0013]

1-1. copolymer (A)

Copolymer(A)isatriorganosilylesterincludeing copolymerobtained
fromamixtureofatriorganosilylgroupincludeing monomer(a),oxygenatom
comtaining monomer (b), and ethylenically unsaturat ed monomer (C).
Hereinafter,syntheticmethodsandthelikeofthe monomer(a),monomer(b),
monomer (c), and copolymer (A) will be explained sp ecifically.

[0014]

<triorganosilyl group includeing monomer (a)>



Themonomer(a) hasastructurerepresentedbyche
[0015]

[chemical formula 1]
R
X—Si—R (1)

(Wherein, three R are the same or different from e
represent a C3-C8 hydrocarbon group branched at its
B-position; and the hydrocarbon group is an aliphati
hasalinear,branched,orringstructure; Xrepres
methacryloyloxy group, maleinoyloxy group, fumaroyl
itaconoyloxy group.)

[0016]

AstheC3-C8hydrocarbongroupbranchedatits
isopropyl group, s-butyl group, t-butyl group, 1-et
1-methylbutyl group, 1-methylpentyl group, 1,1-dime
1,1-dimethylbutylgroup,texylgroup,cyclohexyligr
group, 1-methylhexylgroup, 1,1-dimethylhexylgroup
and the like can be mentioned. As the hydrocarbon
B-position,forexample,2,2-dimethylpropylgroup,c
2-ethylhexyl group, 2-propylpentyl group and the i
[0017]

ByselectingaparticulargroupasR, occurrenceo
befurthersuppressed,andthewaterresistance of
film is especially improved. From such viewpoints,
differentfromeachotherandare eachpreferablyi
group, t-butyl group, phenyl group, and 2-ethylhexy
preferably isopropyl group.

[0018]

micalformula(1).

ach other, and
o-position or at its
coranaromatic, and

entsanacryloyloxygroup,
OXy group or

o-position,forexample,
hylpropyl group,
thylpropyl group,
oup,1,1-dimethylpentyl
,1-methylheptylgroup
group branched at its
yclohexylmethylgroup,

ke can be mentioned.

fflmdefectscan
the antifouling coating
R are the same or
sopropylgroup, s-butyl

| group; and more

As the monomer (a), for example, triisopropylsilyl (meth)acrylate,
tri-s-butylsilyl ~ (meth)acrylate,  triphenylsilyl  (me th)acrylate,
diisopropyl s-butylsilyl (meth)acrylate, diisopropy | t-butylsilyl
(meth)acrylate, diisopropyltexylsilyl (meth)acrylat e,
diisopropylphenylsilyl  (meth)acrylate, isopropyl  di -s-butylsilyl
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(meth)acrylate, isopropyldiphenylsilyl
diphenyltexylsilyl (meth)acrylate, t-butyldiphenyls
diisopropylcyclohexylsilane
(meth)acrylate,
tri-1-methylhexylsilane  (meth)acrylate,  tri-1,1-dim
(meth)acrylate, tri-1-methylheptylsilane
tri-2,2-dimethylpropylsilane (meth)acrylate, tricyc
(meth)acrylate, diisopropylcyclohexylmethylsilane (

tri-2-ethylhexylsilane (meth)acrylate, tri-2-propyl
(meth)acrylate and the like can be mentioned. Inv

form an antifouling coating film which hardly occur
superior in water resistance, triisopropylsilyl (me
tri-s-butylsilyl(meth)acrylate t-butyldiphenyilsil
tri-2-ethylhexylsily(meth)acrylatearepreferable
(meth)acrylate is further preferable. These triorg
(meth)acrylate monomers can be used alone or two or
used in combination.

[0019]

<oxygen atom containing monomer (b)>

Themonomer(b) hasastructurerepresentedbyche
Y-R -(2)

(Wherein, R represents C2-C10 alkyl group or aryl
oxygenatom;and Y representsanacryloyloxygroup,
maleinoyloxy group, fumaroyloxy group or itaconoylo
[0020]

The monomer (b) is an ethylenically unsaturated mo
anoxygenatom, which can copolymerize withthe mon
2-methoxyethyl

(meth)acrylate, 2-methoxypropyl

4-methoxybutyl (meth)acrylate, 2-ethoxyethyl
2-(2-ethoxyethoxy)ethyl (meth)acrylate, diethylene
(meth)acrylate, propylene glycol mono  methyl
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (met

(meth)acrylate, furfuryl (meth)acrylate,

(meth)acrylate, tricycl
tri-1,1-dimethylpentylsilane (meth)

tetrahydro

(meth)acryla te,

ilyl (meth)acrylate,
ohexylsilane
acrylate,

ethylhexylsilane

(meth)acry late,

lohexylmethylsilane
meth)acrylate,
pentylsilane
iew of the ability to
film defect and is
th)acrylate,
yl(meth)acrylate,and
andriisopropyilsilyl
anosilyl ester

more of these can be

micalformula(2).

group having an
methacryloyloxygroup,
Xy group.)

nomer including

omer(a). Forexample,
h)acrylate,
acrylate,

glycol mono methyl

(meth) acrylate,

h)acrylate, glycidyl
furfuryl



(meth)acrylate, andthe like canbe mentioned. Fro
property 2-methoxyethylmeth)acrylate 2-ethoxyet
2-(2-ethoxyethoxy)ethyl (meth)acrylate are more pre
(b) can be used alone or two or more of these can b
as a monomer component of the copolymer (A).
[0021]
<ethylenically unsaturated monomer (c)>

The monomer (c) is an ethylenically unsaturated mo
the monomer (a) and the monomer (b), and can copoly
(a) and the monomer (b). The monomer (c) is, for e
acid ester such as methyl (meth)acrylate, ethyl (me
(meth)acrylate, i-butyl (meth)acrylate, t-butyl (me
2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate,
(meth)acrylate, diethylaminoethyl (meth)acrylate, b
andphenyl(meth)acrylate zinc(meth)acrylate,cop
versatate (meth)acrylate, copper versatate (meth)ac
naphthenate (meth)acrylate, copper naphthenate (met
stearate(meth)acrylate ,copperabietatemeth(acryl
compoundssuchasvinylichloride vinylidenechlori
vinyl acetate, butyl vinyl ether, laurylvinyl ethe
andthelike;andaromaticcompoundssuchasstyren
styreneandthelikecanbementioned. Amongthese

isespeciallypreferable;andmethyl(meth)acrylate

n-butyl (meth)acrylate, i-butyl (meth)acrylate, 2-e

(meth)acrylate, zinc (meth)acrylate, zinc naphthena

copperabietatemeth(acrylate) hydrogenatedrosin

hydrogenated rosin copper (meth)acrylate are furthe

(c)exemplifiedabove canbe used alone ortwoorm

in combination as the monomer component of the copo

[0022]

<synthesis of copolymer (A)>
Copolymer(A)canbeobtainedbypolymerizingami

(@), monomer (b), and monomer (c). The monomer (a)

mthe viewpointoffilm
hymeth)acrylate,and
ferable. The monomer

e used in combination,

nomer other than
merize withthe monomer
xample, (meth)acrylic
th)acrylate, n-butyl
th)acrylate,
dimethylaminoethyl
enzyl (meth)acrylate,
per(meth)acrylate,zinc
rylate, zinc
h)acrylate, zinc
ate)andthelike;vinyl
de,(meth)acrylonitrile,
r, N-vinyl pyrrolidone
e vinyltoluene, o-methyl
(meth)acrylicacidester
,ethyl(meth)acrylate,
thylhexyl
te (meth)acrylate,
zinc(meth)acrylate,and
rpreferable. Monomer
oreofthesecanbeused

lymer (A).

xtureofthemonomer

is contained in the



mixture preferably by approximately 20 to 70 mass%, more preferably

approximately 30 to 60 wt%. When the content of th e monomer (a) is
approximately30to60wt%, thefilmformedbyusin gtheantifoulingcoating
compositionobtainedwouldhaveastablefiimdisso lutionproperty,andcan
maintain the antifouling performance for a long per iod of time.

The weight average molecular weight (Mw) of copoly mer (A) is
preferably 10,000to 100,000, and especially prefer ably 20,000to 70,000.
When Mw is 10,000 to 100,000, the coating film woul d not become brittle,
and the dissolution of the coating film would be re asonable, thereby
exhibitingthedesiredantifouling effectsufficien tly. Asthemethodfor
measuring Mw, gel permeation chromatography (GPC) ¢ an be mentioned for
example.

[0023]

Thecopolymer(A)canbearandomcopolymer,anal ternatingcopolymer,
aperiodiccopolymer,orablockcopolymerofthem onomer(a),monomer(b),
and monomer (c). The copolymer (A) can be, for exa mple, obtained by
polymerizing monomer (a), monomer (b), and monomer (c) inthe presence of

a polymerization initiator.

[0024]

Asthe polymerizationinitiator usedinthe polyme rizationreaction
for example, azo compounds such as 2,2-azobisisobu tyronitrile (AIBN),
2,2’-azobis(2-methylbutyronitrile),anddimethyl-2, 2'-azobisisobutylate;
and peroxides suchasbenzoyl peroxide, di-tert-but ylperoxide, tert-butyl
peroxybenzoate, tert-butyl peroxyisopropyl carbonat e, tert-butyl peroxy
2-ethylhexanoate, 1,1,3,3-tetramethylbutylperoxy-2- ethylhexanoate, and
1,1,3,3-tetramethylbutylperoxy neodecanoate can be mentioned. These
polymerization initiators can be used alone, or two or more of these can
beusedincombination. Asthepolymerizationinit iator, AIBN, tert-butyl
peroxy2-ethylhexanoate,1,1,3,3-tetramethylbutylpe roxy-2-ethylhexanoate,
orl,1,3,3-tetramethylbutylperoxyneodecanoateare especiallypreferable.

By suitably controlling the amount of the polymeriz ation initiator being
used,themolecularweightoftheresincopolymer( A)canbeadjusted. Here,
chain transfer agent such as mercaptan and o-methyl styrene dimer can be



used.
[0025]

As the method of polymerization, solution polymeri
polymerization,emulsionpolymerization,suspension
likecanbementioned. Amongthese,inviewofthe
the copolymer (A) simply with accuracy, solution po
preferable.

[0026]

In the polymerization reaction, organic solvent ca
necessary. As the organic solvent, for example, ar
solvents such as xylene and toluene; aliphatic hydr
ashexaneandheptane;estersolventssuchasethyl
isobutyl acetate, and methoxypropyl acetate; alcoho
isopropyl alcohol, butyl alcohol, and propylene gly
ethersolventssuchasdioxane,diethylether,and
solvents such as methyl ethyl ketone, and methyl is
mentioned. Among these, ester solvents, alcohol so
hydrocarbon solvents are preferable, and butyl acet
butyl alcohol, propylene glycol monomethyl ether, t
further preferable. These solvents can be used alo
these can be used in combination.

[0027]

The reaction temperature in the polymerization rea
suitably controlled depending onthe type ofthe po
used and the like. The reaction temperature is usu
preferably 80to 120°C. The reactiontimeinthe p
shallbe suitably controlled dependingonthereact
like andisusuallyapproximately4to8hours. T
ispreferablyperformedunderinertgasatmosphere
argon gas.

[0028]
The content of the copolymer (A) in the compositio

invention is not particularly limited, and is usual

zation, bulk
polymerizationandthe
capabilityofobtaining

lymerization is

n be used if
omatic hydrocarbon
ocarbon solvents such
acetate, butylacetate,
| solvents such as
col monomethyl ether;
dibutylether;andketone
obutyl ketone; can be
lvents, and aromatic
ate, isobutyl acetate,
oluene,andxylene are

ne, or two or more of

ction shall be
lymerizationinitiator
ally 70 to 140°C,
olymerization reaction

iontemperatureandthe

hepolymerizationreaction

suchasnitrogengasand

n of the present

ly 2 to 50 mass%,



preferably 4 to 25 mass% in the solids of the compo sition of the present

invention. Whenthecontentofthecopolymer(A)i sintherangeof4mass%
to25mass%,suitablefilmdissolutionspeedandfi Impropertycanbeobtained

in seawater, stable surface renewal property can be maintained foralong
period of time, and thus desired antifouling effect can be realized
sufficiently. Inaddition,superiorrecoatingprop ertyofthecoatingfilm

can be realized.
[0029]

1-2. ester compound (B)

The ester compound (B) of the present invention co mprises at least
one of ester compounds (3) to (9) represented by ch emical formulas (3) to
9).

[0030]

Ester compound (3) has a structure represented by chemical formula
(3). Ester compound (3) is, for example, an alipha tic chain ester or an
aromaticester. Forexample,itisanestercompou ndobtainedviaformation
ofesterbonds betweenamonocarboxylicacidanda monoalcohol. Whenthe
estercompound(3)isanaliphaticchainester,R lisanaliphatichydrocarbon
group which can include a hetero atom. Onthe othe r hand, when the ester
compound (3) is an aromatic ester, R ! has an aromatic ring. The aromatic
ring is preferably bound directly to a carbon atom of a carbonyl group.
[0031]

[chemical formula 3]

O]
1)k /R2 (3)
R o

(Wherein, each of R tandR ?isaC1-C22 hydrocarbon group which can
include a hetero atom, and the hydrocarbon group is an aliphatic or an
aromatic, and has a linear, branched, or cyclic str ucture.)

[0032]

The numberofcarbonatomsinthe hydrocarbongrou psofR landR Z2are
preferably2to18. Thenumberofcarbonatomsis particularly forexample,
1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15, 16,17,18, 19, 20, 21,
or 22, and can be in the range between the two valu es exemplified herein.



As the hetero atom of R
and the like can be mentioned.
[0033]

Asaspecificexampleoftheestercompound(3),r
ester, decyl decanoate, geranyl acetate, isopropyl
palmitate, benzyl isovalerate, benzyl acetoacetate,
benzyl7,8-epoxystearate,octyl9,10-epoxystearate,
like can be mentioned.

[0034]

Asaspecificexampleoftheestercompound(3),r
ester, isoamyl  phenylacetate, 2-ethylhexyl
4-hydroxybenzoate and the like can be mentioned.
[0035]
<ester compound (4)>

Ester compound (4) has a structure represented by
(4). Ester compound (4) is, for example, an alipha
example jisanestercompoundobtainedviaforma
a dicarboxylic acid and two mono alcohols.

[0036]

[chemical formula 4]

O O
R\O)kx)ko/R @

(Wherein, each of X and R is a C1-C22 hydrocarbon
include a hetero atom, and the hydrocarbon group is
aromatic, and has a linear, branched, or cyclic str
the same or different from each other.)

[0037]

The number of carbon atoms in the hydrocarbon grou
preferably2tol18. Thenumberofcarbonatomsis
1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15,
or 22, and can be in the range between the two valu
Asthe heteroatom of X and R, oxygen atom, sulfur

thelikecanbementioned. Xisfurtherpreferably

10

benzoate ,

Land R 2, oxygen atom, sulfur atom, nitrogen atom

egardinganaliphatic
myristate, isopropyl
p-tolyl n-octanoate,

cetylstearateandthe

egardinganaromatic

hexyl

chemical formula
tic chain ester. For

tionofesterbondsbetween

group which can
an aliphatic or an

ucture. Thetwo R are

psof XandR are
particularly forexample,
16,17,18, 19, 20, 21,
es exemplified herein.
atom, nitrogenatomand

aC2-C16alkylenegroup.



[0038]

As a specific example of the ester compound (4), d
succinate, di-2-butoxyethyl adipate, di-2-ethylhexy
adipate,di-2-ethylhexylazelate,di-2-ethylhexyls
be mentioned.

[0039]
<ester compound (5)>

Ester compound (5) has a structure represented by
(5). Ester compound (5) is, for example, an ethyle
example jisanestercompoundobtainedviaforma
two monocarboxylic acids and a di-alcohol.

[0040]

[chemical formula 5]

R R
o)
2
o) R
Rl)J\éx - T (5)
o)
rR* R’

(Wherein, XisanoxygenatomoraC1-C22hydrocar
an oxygen atom, and the hydrocarbon group is an ali
andhasalinear,branched,orcyclicstructure. E
hydrocarbongroupwhichcanincludeaheteroatom,
is an aliphatic or an aromatic, and has a linear, b
structure. EachofR
which caninclude ahetero atom, andthe hydrocarbo
or an aromatic, and has alinear, branched, or cycl
integerof1t020. ThetwoR
Thetwo R * are the same or different from each other.)
[0041]

Estercompound(5)preferablyincludesanesterco
bychemicalformula(15). Thatis,inchemicalfor
oxygen atom, and R

[chemical formula 15]

11

i-2-ethylhexyl
| adipate, diisononyl

ebacateandthelikecan

chemical formula
ne glycol ester. For

tionofesterbondsbetween

bongroupincluding
phatic or an aromatic,
achofR 'andR Z%saC1-C22
andthehydrocarbongroup

ranched, or cyclic

3andR “isahydrogenatomoraC1-C22hydrocarbongroup

ngroupisanaliphatic

iCc structure. mis an

3 are the same or different from each other.

mpoundrepresented

mula(5),Xispreferably

3and R “are preferably hydrogen atom.



O 2
SR e

[0042]

The number of carbon atoms in the hydrocarbon grou psofXandR  lto
R arepreferably2to 18. The numberofcarbonatom sisparticularly, for
example, 1,2,3,4,5,6,7,8,9,10,11,12,13, 14,15,16,17,18,19,
20, 21, or 22, and can be in the range between the two values exemplified
herein. Asthe heteroatomofR 1toR “ oxygenatom, sulfuratom, nitrogen
atom and the like can be mentioned. m is preferabl y 1 to 10, and is
particularly, forexample, 1, 2, 3,4, 5,6, 7, 8, 9,10,11,12,13, 14,
15, 16,17,18, 19, or 20, and can be in the range between the two values

exemplified herein.
[0043]

As a specific example of ester compound (5), dieth ylene glycol
dibenzoate, triethylene glycol di(2-ethylhexanoate) , propylene glycol

dilaurate and the like can be mentioned.

[0044]
<ester compound (6)>

Ester compound (6) has a structure represented by chemical formula
(6). Estercompound(6)is, forexample,anaromat icester. Forexample,
iisanestercompoundobtainedviaformationofe sterbondsbetweenaromatic

dicarboxylic acid and two mono-alcohols.

[chemical formula 6]

(6)

(Wherein, two R ! are the same or different, and are each a C1-C22

hydrocarbongroupwhichcanincludeaheteroatom, andthehydrocarbongroup
is an aliphatic or an aromatic, and has a linear, b ranched, or cyclic
structure. EachofR 2toR  “%isahydrogenatomoraC1-C22hydrocarbongroup

12



which caninclude ahetero atom, andthe hydrocarbo ngroupisanaliphatic
or an aromatic, and has a linear, branched, or cycl ic structure. The two

R® are the same or different from each other.)

[0045]

The number of carbon atoms in the hydrocarbon grou psofR toR “are
preferably2to18. Thenumberofcarbonatomsis particularly forexample,
1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15, 16,17,18,19, 20, 21,
or 22, and can be in the range between the two valu es exemplified herein.
Asthe heteroatomofR toR 4 oxygenatom, sulfuratom, nitrogenatomand
the like can be mentioned. R 2toR “are preferably hydrogen atom.

[0046]

As a specific example of ester compound (6), dieth ylisophthalate,
cyclohexyl isophthalate, di-2-ethylhexyl isophthala te, di-n-octyl
isophthalate, diisononyl isophthalate and the like can be mentioned.
[0047]
<ester compound (7)>

Ester compound (7) has a structure represented by chemical formula
(7). Estercompound(7)is, forexample,anaromat icester. Forexample,
iisanestercompoundobtainedviaformationofe sterbondsbetweenaromatic

dicarboxylic acid and two mono-alcohols.

[chemical formula 7]

(7)

(Wherein, two R ! are the same or different, and are each a C1-C22

hydrocarbongroupwhichcanincludeaheteroatom, andthehydrocarbongroup

is an aliphatic or an aromatic, and has a linear, b ranched, or cyclic
structure. FourR “arethe sameor differentfromeachother,andare each
a hydrogen atom or a C1-C22 hydrocarbon group which caninclude a hetero

atom, and the hydrocarbon group is an aliphatic or anaromatic, and has a

linear, branched, or cyclic structure.)

[0048]
13



The number of carbon atoms in the hydrocarbon grou
preferably2to18. Thenumberofcarbonatomsis
1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15,
or 22, and can be in the range between the two valu
Asthe heteroatomofR
the like can be mentioned. R
[0049]

Asaspecificexample of ester compound (7), dieth
cyclohexyl terephthalate, di-2-ethylhexyl terephtha
terephthalate, diisononyl terephthalate and the lik
[0050]
<ester compound (8)>

Ester compound (8) has a structure represented by
(8). Estercompound (8)is, forexample,anaromat
iisanestercompoundobtainedviaformationofe
tricarboxylic acid and three mono-alcohols.

[0051]

[chemical formula 8]

(8)

(Wherein, each of R
include a hetero atom, and the hydrocarbon group is
aromatic, and has a linear, branched, or cyclic str
RPisahydrogenatomoraC1-C22hydrocarbongroupw
atom, and the hydrocarbon group is an aliphatic or
linear, branched, or cyclic structure.)

[0052]

The number of carbon atoms in the hydrocarbon grou
preferably2tol18. Thenumberofcarbonatomsis
1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15,

14

psofR toR Zare
particularly forexample,
16,17,18,19, 20,21,

es exemplified herein.

toR 2, oxygenatom, sulfur atom, nitrogenatomand

2 is preferably hydrogen atom.

ylterephthalate,
late, di-n-octyl

e can be mentioned.

chemical formula
icester. Forexample,

sterbondsbetweenaromatic

ltoR 3isa C1-C22 hydrocarbon group which can

an aliphatic or an

ucture. Each of R “to
hichcanincludeahetero
an aromatic, and has a
psofR toR °®are
particularly forexample,

16,17,18, 19, 20,21,



or 22, and can be in the range between the two valu es exemplified herein.
Asthe heteroatomofR toR © oxygenatom, sulfur atom, nitrogenatomand

the like can be mentioned. R “toR ° are preferably hydrogen atom.

[0053]

Asaspecificexampleofestercompound(8),trime thyltrimellitate,
tri-2-ethylhexyl trimellitate, tri-n-octyl trimelli tate, triisononyl
trimellitate and the like can be mentioned.

[0054]

<ester compound (9)>

Ester compound (9) has a structure represented by chemical formula
(9). Estercompound (9)is, forexample,anaromat icester. Forexample,
iisanestercompoundobtainedviaformationofe sterbondsbetweenaromatic

tetracarboxylic acid and four mono-alcohols.
[0055]

[chemical formula 9]

Rl\o o~ o
o o (9)
rY R
0 R> O

(Wherein, four R ! are the same or different, and are each a C1-C22
hydrocarbongroupwhichcanincludeaheteroatom, andthehydrocarbongroup
is an aliphatic or an aromatic, and has a linear, b ranched, or cyclic
structure. TwWoR 2 are the same or different from each other, and are each
a hydrogen atom or a C1-C22 hydrocarbon group which caninclude a hetero
atom, and the hydrocarbon group is an aliphatic or anaromatic, and has a
linear, branched, or cyclic structure.)

[0056]

The number of carbon atoms in the hydrocarbon grou psofR toR Zare
preferably2tol18. Thenumberofcarbonatomsis particularly forexample,
1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15, 16,17,18, 19, 20, 21,
or 22, and can be in the range between the two valu es exemplified herein.

Asthe heteroatomofR toR 2, oxygenatom, sulfur atom, nitrogen atomand

15



the like can be mentioned. R
[0057]

As the specific example of ester compound (9), tet

pyromellitate, tetra-2-ethylhexyl pyromellitate,
pyromellitate, tetraisononyl pyromellitate and the
[0058]
<method for obtaining or manufacturing ester compou
method thereof, and formulation amount>

Thereisno particular limitation regarding ester
those manufactured by known manufacturing method, ¢
product, and those available as reagent and the lik
[0059]

Asaknownmanufacturingmethodforexample,dehyd

reactionofcarboxylicacidsandalcohols,transest
esters and alcohols, and esterification reaction of
chloridesandalcoholscanbementioned. Here,som
canbemanufacturedbyepoxidizingorhydrogenating
ofacommerciallyavailableanalogouscompound,or
acommerciallyavailable product,forexamplebysu
coupling reaction of a commercially available ester
[0060]

Asthecommerciallyavailableproduct,forexample
tetra-2-ethylhexyl ester obtained as “UL-80 (produc
Corporation,di-2-ethylhexylterephthalateobtained
from J-PLUS Co., Ltd., and triethylene glycol bis(2
obtained as “Proviplast 1783” from SANKO CO.,LTD. c
[0061]

There is no particular limitation on how ester com
present invention is formulated into the coating co
compound (B) canbeformulatedwhenduringthe coat
or can be formulated during the final process.

[0062]

The ester compound (B) of the presentinventionis
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to 15 mass%, preferably 0.4 to 10 mass%, and especi
8 mass% in the solids of the composition of the pre
the content ofthe ester compound (B) isinthe afo
dissolutionspeedofcuprousoxidecanbeadjusted
thedissolutionspeedoftheresin,therebymaintai

for along period of time. Further, no film defect

would notoccurinthe antifouling coating filmaft
immersed in seawater for a predetermined period.
[0063]

1-3. cuprous oxide (C)

Content of cuprous oxide (C) in the composition of
inventionisnotparticularlylimited. Thecontent
(C)andestercompound(B)(convertedassolidcont
oxide (C)/ester compound (B)) is usually 0.5 to 120
and further preferably 3 to 60. When the contento
in the afore-mentioned range, antifouling property
a long period of time.

[0064]

When the average patrticle size of the cuprous oxid
50 um(Coultercountermethod), the antifoulingpropert
further prominently.

From the viewpoint of long-term shelf stability, t
(C) is preferably surface-treated with glycerin, su
lauric acid, lecithin, mineral oil and the like. W
(C)is coated with either one of glycerin, sucrose,
long-term antifouling property can be maintained fu
[0065]

1-4. other components

The antifouling coating composition ofthe present
formulated with thermoplastic resin (D), other resi
(F), otherantifoulingagent (G) andthelikeinad
(A),estercompound(B),andcuprousoxide(C), f

a further superior antifouling effect can be achiev
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[0066]
<thermoplastic resin (D)>

Asthethermoplasticresin (D) forexample, rosin, rosinderivative
andmetalsaltsthereof,monocarboxylicacidandsa ltthereof,oralicyclic

hydrocarbon resin and the like can be mentioned.

[0067]

Astherosin, tall oilrosin, gumrosin, wood rosi nandthelikecan
be exemplified. @ As the rosin derivative, hydrogena ted rosin,
disproportionated rosin, maleic acid modified rosin , formylated rosin,
polymerized rosin and the like can be exempilified. Reactant of metal
compound and rosin can be used as the metal salt of rosin and metal salt
ofrosinderivative. Asthemetalsaltofrosinfo rexample,gumrosinzinc
(orcopper)salt,woodrosinzinc(orcopper)salt, talloilrosinzinc(or
copper) salt and the like can be mentioned. As the metal salt of rosin
derivative, hydrogenated rosin zinc (or copper) sal t, disproportionated
rosin zinc (or copper) salt, maleic acid modified r 0sin zinc (or copper)
salt, formylated rosin zinc (or copper) salt, polym erized rosin zinc (or

copper) salt and the like can be mentioned.

[0068]

As the monocarboxylic acid for example, fatty acid having
approximately 5 to 30 carbon atoms, synthetic fatty acid, naphthenic acid
andthe like canbe mentioned. Asthe saltofmono carboxylicacid, copper
salt,zincsalt, magnesiumsalt,calciumsaltandt helikecanbementioned.
[0069]

As the alicyclic hydrocarbon resin, Quintone 1500, Quintone 1525L,
and Quintone 1700 (product name, available from Zeo n Corporation) and the
like can be mentioned as commercially available pro duct for example.
[0070]

Especially, in terms of providing adequate film ha rdness and water
resistancetothe compositionofthe presentinvent ion, the composition of
thepresentinventionpreferablycomprisesatleast oneselectedfromrosin,
rosin derivative, and metal salts thereof as the th ermoplastic resin (D).
Further, interms of improving crack resistance and water resistance, the

18



compositionpreferablycomprisescoppersaltorzin
derivative.
[0071]

The content of thermoplastic resin (D) in the comp
presentinventionisusually1to80partsbymass,
by mass with respect to 100 parts by mass of the co
contentofthermoplasticresin (D)islessthan 1p
preventing adhesion of aquatic fouling organisms, e
anchorage period, cannot be exhibited sufficiently.
thermoplastic resin (D) exceeds 80 parts by mass, d
film such as cracks and delamination tend to occur,
to exhibit sufficient effect for preventing adhesio
organisms. The content of the thermoplastic resin
5,10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
mass with respectto 100 parts by mass of the copol
the range between the two values exemplified herein
[0072]
<other resin (E)>

By allowing the antifouling coating composition of
invention to include other resin (E), cost can be r
deterioratingtheeffectofthepresentinvention.
effect with the property of the resin (E) can be ob

Astheotherresin(E), forexample,(meth)acrylic
polyester resin, chloride rubber resin, vinyl resin
(modified)terpenephenolresin,cellulose-basedre
epoxy resin, urethane resin, metal-includeing resin
compound-includeing resin, silicone resin and the |

The other resin (E) in the composition of the pres
beincludeedinarangewhichdoesnotdeteriorate
speedandfilmpropertyinseawater. Suchcontent
preferably 20to 100 parts by masswithrespectto
copolymer (A).
[0073]
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<other additives (F)>

Further, if necessary, the antifouling coating com
present invention can further include pigment, dye,
anti-sagging agent, dispersant, anti-settling agent
plasticizer, organic solvent and the like, in a ran
deteriorateadequatefilmdissolutionspeedandfil
[0074]
<other antifouling agent (G)>

Astheotherantifoulingagent(G),thereisnopa
solongasitisasubstancehavingakillingorre
fouling organisms. For example, an inorganic chemi
chemical can be mentioned.

[0075]

Astheinorganic chemical forexample, cuprousthi
name: copper rhodanide), cupro-nickel, copper powde
like can be mentioned. Among these, copper rhodani
preferable.

[0076]

As the organic chemical for example, organic coppe
ascopper2-mercaptopyridine-N-oxide(genericname:
the like; organic zinc compounds such as zinc 2-mer
(generic name: zinc pyrithione), zinc ethylenebis(d
(generic name: zineb), zinc bis(dimethyldithiocarba
ziram), bis(dimethyldithiocarbamate) ethylenebis(di
(generic name: polycarbamate) and the like; organic
as pyridine-triphenylborane, 4-isopropylpyridine-di
4-phenylpyridine-diphenylborane, triphenylboron-n-o
triphenyl[3-(2-ethylhexyloxy)propylamine]boron and
compounds such as 2,4,6-trichloromaleimide, N-(2,6-
2,3-dichloromaleimide and the like; and other compo
4 5-dichloro-2-n-octyl-3-isothiazolone (generic nam
3,4-dichlorophenyl-N-N-dimethylurea (generic

2-methylthio-4-t-butylamino-6-cyclopropylamino-s-tr
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Irgarol 1051), 2,4,5,6-tetrachloroisophthalonitrile
Chlorothalonil),
N-dichlorofluoromethylthio-N’,N’-dimethyl-N-p-tolyl
name:
N-dichloromethylthio-N’,N’-dimethyl-N-phenylsulfami
Dichlofluanid),
Thiabendazole),
3-(benzolb]thien-2-yl)-5,6-dihydro-1,4,2-oxathiazin
name: Bethoxazin), 2-(p-chlorophenyl)-3-cyano-4-bro

pyrrole (generic name:

4-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole (gener

Medetomidine)andthelikecanbementioned. Among
copper pyrithione,
4-isopropylpyridine-diphenylmethylborane,Bethoxazi
and Irgarol 1051 are preferable, and copper pyrithi
Sea-nine211 pyridine-triphenylborane ,andBethoxa
These antifouling agents can be used alone, or two
used in combination.

[0077]

The content of the antifouling agent (G) in the co
present invention is not particularly limited. Her
solidsofthecompositionofthepresentinvention
preferably 1 to 60 mass%. When the content of the
exceeds75mass%,thecoatingfilmformedwouldbec
propertywiththe objectontowhichthe coatingfil
weak. Therefore,functionasthe antifouling coati
realized.

[0078]
2. manufacturing method of antifouling coating comp

The antifouling coating composition ofthe present
manufactured by mixing and dispersing a mixture sol

copolymer (A), ester compound (B), cuprous oxide (C

The content of the copolymer, antifouling agentan
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mixture solution shall be adjusted so that the cont ent of the copolymer,

antifoulingagentandthelikeintheantifoulingc oatingcompositionwould
be satisfied.

Regarding the mixture solution, the ingredients su chas copolymer,
antifoulingagentandthelikearepreferablydisso Ivedordispersedinthe
solvent. Asthesolvent,organicsolventssimilar tothosementionedabove
can be used.

As the disperser for example, the one which can be used as a
micro-pulverizer can be suitably used. For example , @ commercially
available homo mixer, sand mill, bead mill and the like can be used.
Furthermore, the mixed solution can be mixed and di spersed by using a
stirrer-equippedcontainerincludingglassbeadsfo rmixinganddispersing.
[0079]

3. method for antifouling treatment, antifouling co ating film, and coated
object

The method for antifouling treatment of the presen t invention is
characterized in that an antifouling coating film i s formed using the
above-explainedantifoulingcoatingcompositionon thesurfaceofanobject
thatis subjectedto coating. The method for antif oulingtreatmentofthe
presentinvention canpreventadhesionofaquaticf oulingorganismsbythe
gradualdissolutionofthesurfaceoftheantifouli ngcoatingfilmsuchthat
the surface of the coating film is continually rene wed. After the
dissolutionofthecoatingfilm,theantifoulingef fectcanbecontinuously

exhibited by recoating the composition.

[0080]
Examples of objects on which a coating film can be formed include
ships(inparticular shipbottoms) fishingtools, andstructuressubmerged
in seawater. Examples of the fishing tools include fishing nets for use
inaquacultureorinfixednetting,andfishingnet accessoriessuchasropes
andfloatsattachedtofishing nets. Examplesoft hestructuressubmerged
in seawater include power plant aqueducts, bridges, and port facilities.
Theantifoulingcoatingfilmcanbeformedbyappl yingtheantifouling
coating composition onto the surface (entirely or p artially) of an object
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onwhichthe coating fimisto be formed. Example
includebrushcoating spraycoating,dipping;flow
Thesecoatingmethodscanbeemployedsinglyorin
compositionisdriedafterthe application. Thedr
room temperature. The drying time can be suitably
the thickness of the coating film and the like.
[0081]

The antifouling coating film produced using the ab
coatingcompositionaccordingtoanembodimentoft
exhibit suitable dissolving rate and properties of
seawater. In addition, the stable surface renewal
constantforalong period oftime and adesired an
effectively exerted. Also, the coating film can ad
excellent recoating performance.

[0082]

Thethicknessoftheantifoulingcoatingfilmcan
dependingonthetypeofanobjectonwhichthecoa
thenavigationspeedofaship,the seawatertemper
example,whentheobjectonwhichacoatingfilmis
the thickness of the antifouling coating filmis us
preferably 100 to 600 um.

[0083]

Theantifoulingcoatingfilmofthe presentinvent
hardness. Specifically, the antifouling coating fi
inventionhasahardnesssufficientenoughtocause
such as cold flow.

[0084]

Thecoatedobjectofthepresentinventionhasthe
film on its surface. The coated object of the pres
theantifoulingcoatingfilmontheentiresurface
surface thereof.

[0085]

Thecoatedobjectofthepresentinventionisprov
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flm having stable long-term surface renewal proper
recoatingperformancesincethesuitabledissolving

the coatingfilminseawaterareimproved. Accordi
canbepreferablyappliedfortheaboveships(inp

fishing tools, structures submerged in seawater, et

the antifouling coatingfilmisformedonthe surfa
antifouling coatingfilmgradually dissolvesfromt

coating film surface is always renewed. This preve
aquatic fouling organisms.

[0086]

Further, the hydrolysis speed of the antifouling ¢
controlledadequately. Accordingly,theshipcanm
performance for a long period of time. For example
a static state such as during the anchorage period
period, adhesion and accumulation of the aquatic fo
occur, thereby exhibiting antifouling effect for a
[0087]

Inaddition,thesurfaceoftheantifoulingcoatin
freefromcracksorpeelingevenafteralongperio
it is unnecessary to completely remove the existing
re-forminganewcoatingfilm. Thus,bydirectlyr
coating film composition, the antifouling coating f
formed. This makes it possible to continuously mai

performance in a simple and inexpensive manner.

EXAMPLE
[0088]
Examplesandthelikeareprovidedhereinafter,an
characteristicsofthepresentinvention. Thepres
is not limited to these Examples.
Examplesandthelikeareprovidedhereinafter,an
characteristicsofthepresentinvention. Thepres

is not limited to these Examples.
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In each of Production Examples, Comparative Produc tion Examples,

Examples,andComparativeExamples,"%"denotes"% bymass". Theviscosity
was measured at 25°C using a Brookfield viscometer. The weight-average
molecularweight(Mw)wasdeterminedbygelpermeat ionchromatography(GPC)
(using a polystyrene standard). GPC was performed under the following
conditions.
Equipment: HLC-8220 GPC (available from Tosoh Corp oration)
Column: TSK-gel Super HZM-M (available from Tosoh Corporation), two

columns used
Flow rate: 0.35 mL/min
Detector: RI
Column thermostat temperature: 40°C

Developing solvent: THF

The non-volatile content is a value determined in accordance with
JISK5601-1-2:1999(1SO3251:1993)“Testingmethod sforpaintcomponents-
Determinationofnon-volatilemattercontent”. Sol idsisavaluecalculated
byroundingthevalueofnon-volataile contentobta inedbytheabovemethod

to one decimal place.

The formulation among of each component shown in T able 1 are
represented in grams.
[0089]

1. production example

<production example 1 (production of solution inclu ding monomer (c)-1)>

To a flask equipped with a thermometer, reflux con denser, stirrer,
and dropping funnel, 270 g of propylene glycol mono methyl ether (PGM), 96
g ofzinc oxide, and 3 g of water were charged, and the mixture was heated
to 75°C. Subsequently, a mixture of 85 g of acryli ¢ acid and 300 g of
naphthenicacid (acid value 220 mg KOH/g) was added dropwise over 3hours.
Afterdropwise addition, the mixturewas agedfurth erfor2hours,thereby
obtainingapaleyellowtransparentliquid. Theli quidwascooled,followed
by addition of PGM so that the non-volatile content would be 50%, thereby
obtainingasolutionincludingmonomer(c)-1. The solidsofthissolution
was 50.5%.
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[0090]
<production example 2 (production of solution inclu

To a flask equipped with a thermometer, reflux con
and dropping funnel, 350 g of propylene glycol mono
g of copper hydroxide, and 3 g of water were charge
heated to 75°C. Subsequently, a mixture of 70 g of
g of hydrogenated rosin (HYPALE CH, available from
INDUSTRIES,LTD.)wasaddeddropwiseover3hours.
the mixture was aged further for 5 hours, thereby o
transparentliquid. Theliquidwas cooled, followe
that the non-volatile content would be 50%, thereby
including monomer (c)-2. The solids of this soluti
[0091]
<production example 3 (production of copolymer solu

To aflask equipped with a thermometer, reflux con

anddroppingfunnel,200gofxylenewascharged.

ding monomer (c)-2)>
denser, stirrer,
methyl ether (PGM), 96
d, and the mixture was
acrylic acid and 330
ARAKAWA CHEMICAL
Afterdropwiseaddition,
btaining a dark green
dbyadditionof PGMso
obtaining a solution

on was 50.2%.

tion A-1)>
denser, stirrer,

Undernitrogenatmosphere

withagitationat85 +5°C,amixtureof270goftriisopropylsilylacryl ate,

200 g of methyl methacrylate, 30 g of 2-methoxy eth

of 1,1,3,3-tetramethylbutyl peroxy-2-ethyl hexanoat

initiatorwasaddeddropwiseover2hours. Therea

athesametemperatureforlhour,andthen0.3g

peroxy-2-ethyl hexanoate was added every 1 hour for

completing the polymerization reaction. Xylene was

non-volatile content would be 50%, and the product

the triorganosilyl ester including copolymer soluti

the copolymersolutionobtainedwas300mPa-s(25°C

was 49.5%, and Mw was 47,700.

[0092]

<production example 4 to production example 9 (prod

solutions A-2 to A-7)>
Organicsolvent,monomer,andpolymerizationiniti

1 were used by the amount mentioned in the table, a

performed by processes similar to those of producti
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obtainingcopolymersolutionsA-2toA-7. Non-vola

andweightaveragemolecularweightofeachofthe

measured. Results are shown in Table 1.

[0093]

<production example 10 to 12 (production of other r

E-3)>
Organicsolvent,monomer,andpolymerizationiniti

1 were used by the amount mentioned in the table, a

performed by processes similar to those of producti

obtainingotherresinsolutionsk-1toE-3. Non-vo

and weight average molecular weight of each of the

measured. Results are shown in Table 1.

[0094]

[Table 1]
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production example
Table 1 3 | a4 5 | 6 7 | 8 | 9 10 | 11 | 12
copolymer (A) other resin (E)
organic solvent in xylene 200 200 400 300 180 195 200 100 350 350
initial reactor propylene glycol monomethyl ether 20 100
triisopropylsilyl acrylate 270 120 270 120
monomer (a) triisopropylsilyl methacrylate 150 250 180 120
tri(2—ethylhexyl)silyl methacrylate 200 30
2-methoxyethyl acrylate 30 10 50 40 30 10
2—-methoxyethyl methacrylate 100 170 100 20 110 80 250 220
monomer (b) 2—ethoxyethyl acrylate 10 10
2-ethoxyethyl methacrylate 10 5
2—(2—-ethoxyethyl)ethyl acrylate 10 5
ethyl acrylate 20 300
n—butyl acrylate 20 80 40 20 240 250
methyl methacrylate 200 100 30 40 150 150 90 5
ro isobutyl methacrylate 60
% monomer (c)
cyclohexyl acrylate 100 5
styrene 10
monomer (c)—1 100
monomer (c)-2 10
polymerization initial 24 4.7 30.0 4.8 24 50 4.6 1.0 14.8 14.5
initiator post addition 5 times 0.3 0.2 0.3 0.3 0.3 0.6 0.4 0.7 0.7 0.8
organic solvent
added after
. xylene 300 300 0 200 300 305 300 300 150 150
completion of
reaction
reaction temperature [°C] (within the range of =5°C) 90 100 85 85 85 85 100 85 130 85
solids [%] 50 50 60 50 50 50 50 50 50 50
property of weight average molecular weight [Mw] | 48,000 | 52,000 13,000 | 53,000 | 48,000 | 55,000 | 51,000 [ 8,000 | 30,000 | 35,000
copolymer viscosity [mPa-s] (25°C) 300 350 200 350 300 430 360 96 110 150
name A-1 A-2 A-3 A-4 A-5 A-6 A-17 E-1 E-2 E-3




[0095]

<production example 13 (production of rosin zinc sa
Toaflaskequippedwithathermometer refluxcon

240gofgumrosinavailablefromChina(WW)and36

and120gofzincoxidewasaddedsothatallofth

wouldformzincsalt. Thereactionmixturewasdeh

reducedpressurefor3hoursat70to80°C. Then,

cooledandfilteredtofiveaxylenesolutionofro

transparent liquid, approximately 50% solids). The

of the xylene solution obtained was 50.6%.

[0096]

2. Examples and Comparative Examples (production of

The components shown in Table 2 to Table 4 were fo
ratio(mass%)showninthe Tables,andweremixeda
bead having a diameter of 1.5 to 2.5 mm, thereby pr
composition.

[0097]
3. test examples 1 and 2 (rotary test and antifouli

The following tests were performed with the coatin
Examples and Comparative Examples.

[0098]
<test example 1 (rotary test)>

Atankwasprovided,inthecenterthereof witha
a diameter of 515 mm and a height of 440 mm to allo
drum by a motor. The tank was also provided with a
keepingthetemperatureofseawaterconstant,anda
for keeping the pH of the seawater constant.

Testplateswerepreparedforeachcoatingcomposi
with the following method.

First, an anti-corrosive coating film was formed b
anti-corrosivecoatingmaterial(anepoxyvinyl-bas
sheet(71x100x1mm)suchthatthethicknessaft
50 to 250
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compositionsobtainedinExamplesandComparativeE xampleswasappliedonto

the anti-corrosive coating film so that the thickne ss after drying would

be about 300to0 550 um. The applied coating was dried for 3 days at 40° C,

and the test plate having an antifouling coating fi Im was prepared.
Oneofthethus-preparedtestplateswassecuredt otherotatingdrum

of the rotary apparatus of the above-mentioned equi pment and was made to

contact the seawater, and the rotating drum was rot ated at a speed of 20

knots. During the test, the seawater temperature w as maintained at 25°C

and the pH at 8.0 to 8.2; and the seawater was repl aced once every week.
Theinitialthicknessofthecoatingfilmandthe remainingthickness

of the coating film as measured every 3 months from the beginning of the

testwere determined using a laser focus displaceme ntmeter for each test

plate, andthethickness ofthe dissolved coatingf iimwas calculated from

the difference therebetween to give the dissolving amount of the coating

film per month ( um/month). The measurement was conducted for 24 mon ths,

andthedissolvingamountofthecoatingfilmwasc alculatedeveryl2months.

[0099]
12 months and 24 months after the rotary test, the test plate was

dried andthesurfaceofeachcoatingfilmnwasvis uallyinspectedtoevaluate

the state of the coating film. Evaluation was perf ormed as follows.

[0100]

A: No defects observed.

B: Hairline cracks are slightly observed.

C:Hairlinecracksare observedonthe entire surf ace ofthecoating
film.

X: Coatingfilm defects such aslarge cracks, blis tersor peel-offs
are observed.
[0101]
<test example 2 (antifouling test)>

EachofthecoatingcompositionsobtainedinExamp lesandComparative
Exampleswasappliedontobothsurfacesofahardv inylchlorideplate (100
x 200 x 2 mm) such that the thickness of adry coat ing film would be about
200 um. Theappliedcoatingwasdriedfor3daysatroo mtemperature(25°C),

30



and the test plate having the dry coating film with

200 umwasprepared. Thistestplatewasimmersedatl.
in Owase City, Mie Prefecture, Japan, and the test
attached objects was examined after every 6 months.

The state of the surface of the coating flmwas v
in accordance with criteria shown below.

[0102]

A: Fouling organisms such as shellfish or algae do
slime hardly attaches.

B: Fouling organisms such as shellfish or algae do
slime thinly attaches (to the extent that the coati
observable) and the slime can be removed when wiped

C: Fouling organisms such as shellfish or algae do
slimethickly attaches (to the extentthatthe coat
observable) and the slime cannot be removed evenwh
a brush.

X: Fouling organisms such as shellfish or algae do
[0103]

Results are shown in Table 2 to Table 4.

[0104]

FromTable 2to Table 4, itcan be understoodthat
formed by using the coating compositions of the Exa
invention (Examples 1 to 28) can maintain stable fi
inallofthetimeperiods,andcanfurtherachieve
anti-cracking property, and adhesion.

[0105]

Inaddition, itis obvious thatthe results of Exa
superior long-term antifouling performance compared
Comparative Examples 1to4. Thisresultisassume
by the combination of the copolymer (A) having a hy
group, cuprous oxide (C), and a suitable ester comp
achievement of balance between the fim dissolution

dissolutionspeedofthe cuprous oxide (C), thereby
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suppress formation of a skeleton layer.

Further, itis obvious that this effect can be mai

the formulation ofthe coating compositionis alter

[0106]
[Table 2]

ed (Examples15t028).

ntained evenwhen

component

Example

4

5

6

copolymer (A)

A-l
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31

31

31

31

31

31

31

31

PAiPr

DAD

BAEH

AADBE

ester compound

AAEH

(B)

AADIN

AzAEH

DOS

DEGDB

cup

urous oxide (C)

red oxide

other additives

talc

(F) [pigment]

zinc oxide

titanium oxide

other additives
(F) [dehydrating

tetraethoxy silane

agent, anti-
sagging agent]

aliphatic amide thixotropic
agent

solvent

xylene

total

test example 1
rotary test

average dissolving amount
of the coating film after initial
to 12 months (pum/month)

average dissolving amount
of the coating film after 12 to
24 months (um/month)

3.8

4.9

5.0

4.8

4.5

4.2

4.4

5.5

5.7

evaluation of condition of
coatig film after 12 months

>

>

>

>

>

>

>

>

>

evaluation of condition of
coatig film after 24 months

test example 2
antifouling test

after 6 months

after 12 months

after 18 months

after 24 months

after 30 months

(> > |>|>] >

> >z |>|>| >

> >z |>|>] >

> >z |>|>] >

(> > |>|>] >

> (> > |>| > >

(> > |>| > >

>\ >z |>|>] >

> >z |>|>] >

[0107]
[Table 3]
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Example

Comparative Example

component 0] 111218314 1] 2] 3] 4
copolymer (A) A-1 3113 | 3| 31|31 (|31 31| 31] 31
P-1783 1
m-PAEH 1
ester compound (B) p-PAEH 1
TEHTM 1
UL-80 1
cupurous oxide (C) 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45
red oxide 2 2 2 2 2 2 2 2 2
other additives (F) talc 2 2 2 2 2 2 2 2 2
[pigment] zinc oxide 4 4 4 4 4 4 4 4 4
titanium oxide 1 1 1 1 1 1 1 1 1
DOP 1
other additives (F) DINP 1
[plasticizer] DIDP 1
ESBO 1
other additives (F) tetraethoxy silane 1 1 1 1 1 1 1 1 1
[dehydrating agent, - - -
anti-sagging agent] | ~ aliphatic amide 4| al sl al sl ala|ala
thixotropic agent
solvent xylene 9 9 9 9 9 9 9 9 9
total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
average dissolving
amountofthe coating| o, |y 5 | 45| 39| 35| 47 | 49 | 43 | 38
film after initial to 12
months (um/month)
average dissolving
amountofthe coating| o ) | ) | 55| 38| 37| 39| 41| 37 | 2.9
test example 1 film after 12 to 24
months (um/month)
rotary test
evaluation of condition
of coatig film after 12 [ A A A A A A B B C
months
evaluation of condition
of coatig film after24 | A A A A A C C C X
months
after 6 months A A A A A A A A A
test example 2 after 12 months A A A A A A B C B
antifouling test after 18 months A A A A A C C C X
after 24 months A A A A A C X X X
after 30 months A A A A A X X X X

[0108]
[Table 4]




component

Example

15 16 17 18 19 20 21 22 23 24 25 26 27 28
Al 31 6 5 5
A2 9 125 ] 21.7 [ 1519 543 | 248 | 15 5
A3 20.6 5 5
copolymer (A) A4 15 5
A-5 2.5 5
A-6 31
A7 15
PAIPr 1 0.5 0.5
AADBE 0.5 1 0.5 0.5
AADIN 0.5 1
ester DEGDB 1 1 0.5 0.5 0.5
compound (B) P-1783 0.5 1 0.5 0.5
m-PAEH 2.5 1 0.5 0.5 0.5
p-PAEH 1.5 1.5 0.5
TEHTM 1 1 1 25 0.5 0.5 0.5
UL-80 1 1 0.5 0.5 0.5
cupurous oxide (C) 45 30 30 30 30 30 45 45 45 30 45 30 30 15
copper pyrithione 3 15 15 15 15 15 3 2 3 15 3 15
zinc pyrithione 15 3
antifouling copper lrhodanide 1
agent (G) Zlne.b 2
SeaNine 0.5 0.5 0.5 2 2 3
Econea 1 0.5 0.5
medetomidine 0.5 1 1 0.5 0.5 0.5
rosin solution 7
rosin zinc salt solution 7 14 9.3 9.3 9.3 6.2 6.2 14 2 2 5
hydrogenated rosin solution 1
thermoplastic NT-RMZ 7.5 3 4 10
resin (D) MP25 1
EVA15 0.5
TP-217 0.5
TP-290 0.5
E-1 2.5 2
other resin (E) E-2 4.01 | 16.28 2
E-3 8.5 8 5
red oxide 2 2 2 2 2 2 2 2 2 2 2 2 2 2
other additives talc 2 7 7 7 7 7 2 3 2 7 2 7 7 7
(F) [pigment] zinc oxide 4 14 14 14 14 14 4 2 4 14 4 14 14 14
titanium oxide 1 1 1 1 1 1 1 1 1 1 1 1 1 1
other additives tetraethoxy silane 1 0.5 0.5 0.5 0.5 0.5 1 0.5 1 0.5 1 0.5 0.5 1
F) calcium sulfate anhydrite 0.5 1
[dehydratlr_ng aliphatic amide thixotropic 4 2 P 3 3 3 4 3 4 2 4 4 4 4
agent, anti- agent
solvent xylene 4.5 8.5 8 75 8 6 55 13 9.7 9 4.5 4.5 4.5 4.5
total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
average dissolving amount
of the coating film after | o\ | 62 | 65 | 59 | 56 | 63 | 53 | 57 | 62 | 54 | 28 | 61 | 64 | 75
initial to 12 months
(um/month)
average dissolving amount
tesrgf;?feps'f 1 of the coating fim after 12 | 57 | 71 | 65 | 61 | 60 | 59 | 57 | 58 | 64 | 49 | 32 | 60 | 67 | 78
to 24 months (um/month)
evqluqnon of condition of A A A A A A A A A A A A A A
coatig film after 12 months
evaluation of condition of
coatig film after 24 months A B B A A B A A B B B B A B
after 6 months A A A A A A A A A A A A A A
test example 2 after 12 months A A A A A A A A A A A A A A
antifouling test after 18 months A A A A A A A A A A A A A A
after 24 months A A A A A A A A A A A A A A
after 30 months A A A A A A A A A A A A A B
[0109]
Detalils of each of the components mentioned in Tab le 2to Table 4
are as follows.
(ester compound (B))
[ester compound (3)]
PAIPr: isopropyl palmitate: product name “Isopropy | Palmitate”
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(available from TOKYO CHEMICAL INDUSTRY CO., LTD.)

DAD:decyldecanoate:productname“DecylDecanoat e”(availablefrom
TOKYO CHEMICAL INDUSTRY CO., LTD.)

BAEH: 2-ethylhexyl benzoate: product name “2-Ethyl hexyl Benzoate”
(available from TOKYO CHEMICAL INDUSTRY CO., LTD.)
[0110]
[ester compound (4)]

AADBE: di(2-butoxyethyl) adipate: productname “Bi s(2-butoxyethyl)
Adipate” (available from TOKYO CHEMICAL INDUSTRY CO ., LTD.)

AAEH: di(2-ethylhexyl) adipate: product name “Bis( 2-ethylhexyl)
Adipate” (available from TOKYO CHEMICAL INDUSTRY CO ., LTD.)

AADIN: diisononyl adipate: product name “Diisonony | Adipate”
(available from Wako Pure Chemical Industries, Ltd. )

AzAEH: di(2-ethylhexyl) azelate: product name “Bis (2-ethylhexyl)
Azelate” (available from TOKYO CHEMICAL INDUSTRY CO ., LTD.)

DOS: di(2-ethylhexyl) sebacate: product name “SANS O CIZER DOS”

(available from New Japan Chemical Co., Ltd.)
[0111]

[ester compound (5)]

DEGDB:diethyleneglycoldibenzoate:productname “DiethyleneGlycol
Dibenzoate” (available from TOKYO CHEMICAL INDUSTRY CO., LTD.))

P-1783: triethylene glycol di(2-ethylhexanoate): p roduct name
“Proviplast 1783” (available from SANKO CO., LTD.)
[0112]
[ester compound (6)]

m-PAEH: di(2-ethylhexyl) isophthalate: product nam e
“Bis(2-ethylhexyl) Isophthalate” (available from TO KYO CHEMICAL INDUSTRY
CO., LTD.)
[0113]
[ester compound (7)]

p-PAEH: di(2-ethylhexyl) terephthalate: product na me
“Bis(2-ethylhexyl) terephthalate” (available from S igma-Aldrich, Inc.)
[0114]
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[ester compound (8)]

TEHTM: tris(2-ethylhexyl) trimellitate: product

“Tris(2-ethylhexyl) Trimellitate” (availablefromT
CO., LTD.)
[0115]
[ester compound (9)]
UL-80: tetra(2-ethylhexyl) pyromellitate: product
(available from ADEKA Corporation)
[0116]
(cuprous oxide (C))
cuprous oxide: product name “NC-301" (available fr
[0117]
(thermoplastic resin (D))
rosin solution : xylene solution (50% solids) of C
(Ww)
rosin zinc salt solution: The one produced in prod
was used.
hydrogenated rosin solution: product name “HYPALE
xylene solution, available from ARAKAWA CHEMICAL IN
NT-RMZ:hydrogenatedrosinzincsaltsolution:pro
65% solids (available from Nitto Kasei Co., Ltd.)
MP25:productname‘Laroflex(registeredtradenam

from BASF Dispersions & Resins)

na me
OKYOCHEMICALINDUSTRY

name “UL-80"

om NISSIN CHEMCO

hinese gum rosin
uctionexample 13
CH” (50% solids
DUSTRIES, LTD.)

ducthame‘NT-RMZ”,

e)MP25(available

EVA 15: product name “Novatec ™EVA LV440” (available from Japan

Polyethylene Corporation)

TP-217:productname*“Nichigo-POLYESTER™TP-217"(

Nippon Synthetic Chemical Industry Co., Ltd.)

TP-290:productname*“Nichigo-POLYESTER™TP-290"(

Nippon Synthetic Chemical Industry Co., Ltd.)
[0118]
(additives (F)) [pigments]

red oxide: product name “TODA COLOR EP-13D" (avall

Pigment Corp.)
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talc: productname “CROWN TALC 3S” (available from
Co,, Ltd.)

zinc oxide: product name “zinc oxide 11’ (availabl
Chemical Industry Co., Ltd.)

titanium oxide: product name “FR-41" (available fr
LTD.)
[0119]
(additives (F)) [plasticizers]

DOP:dioctylphthalate:productname“DOP"(availa
Chemical Corporation)

DINP: diisononyl phthalate: product name “Diisonon
(available from Wako Pure Chemical Industries, Ltd.

DIDP: diisodecyl phthalate: product name “Diisodec

(available from Wako Pure Chemical Industries, Ltd.

ESBO: epoxidized soybean oil: product name “SANSO

(available from New Japan Chemical Co., Ltd.)
[0120]
(additives (F)) [dehydrating agent, anti-sagging ag

Tetraethoxysilane: product name “Tetraethyl Orthos

(available from TOKYO CHEMICAL INDUSTRY CO., LTD.)

aliphaticamidethixotropicagent:productname“D
(available from Kusumoto Chemicals, Ltd.)

calcium sulfate anhydrite: product name “D-1" (ava
NORITAKE CO., LIMITED)
[0121]
(antifouling agent (G))

copper pyrithione : product name “copper Omadine”
Arch Chemical, Inc.)

zinc pyrithione: product name “zinc Omadine” (avali
Chemical, Inc.)

copperrhodanide: productname“cuprousthiocyanat
from Sigma-Aldrich, Inc.)

Zineb: product name “Zineb” (available from Sigma-
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Sea Nine:
(4,5-dichloro-2-n-octyl-3-(2H)isothiazoline,30%so

product name

available from Rohm & Haas, Inc.)
Econia: product name

(2-(p-chlorophenyl)3-cyano-4-bromo-5-trifluoromethy

from JANSSEN PMP)
medetomidine: product

“4-(1-(2,3-Dimethylphenyl)ethyl)-1H-imidazole” (ava

Chemical Industries, Ltd.)

[0122]

4. test example 3 (elemental analysis of coating fi
Rotarytestwascarriedoutfor 18 monthsinasim

example 1 (rotarytest). Subsequently,thetestpl

for 72 hours. Then, white water-borne epoxy coatin

oxide was coated on the test piece so that the drie

be approximately 200 to 500

The test piece after the rotary test was protected

afore-mentionedprocess,andwasthentrimmedinto
by cross-sectional cutting and surface polishing th

SEM-EDS measurement sample.

As a pre-treatment of SEM-EDS measurement, the mea

was subjected to osmium deposition, and then SEM ob
section of the test piece (acceleration voltage 20
times)andelementmapping(Cu,Fe, Ti)byEDSanal
SEM-EDS (JSM-6335F, availablefromJEOLLtd.). Acc
element mapping image were obtained. The measureme
mappingbyEDSwasapproximately 12minutes. Distr
andTiareeachdisplayed,andeachoftheimagesi
smalimagesatleft)isdisplayedwithoverlapping

to determine presence or non-presence of alayer (s
elution derived from cuprous oxide (C) as antifouli
measurement of the thickness of such layer by

[0123]
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ilarmannerastest
atesweredriedat25°C
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d film thickness would

um, followed by drying at 25°C for 72 hours.

by the
anoptimalsize followed
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servation of the cross
kV, magnification 230
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ordingly, SEMimageand
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MeasurementresultsareshowninFig.1andFig.2

obtainedwiththe coatingfilmmadefromthecoatin

2 is a result obtained with the coating film made f

ComparativeExamplel. InFig.1,alayerhavingn

byathicknessof1l

layer is formed by a thickness of 24

addition, Fe is distributed in the layer having no
Cuisconsideredtobederivedfromcuprousoxide,

tobederivedfromredoxide. Therefore thelayer

inthe surface layer of the coating filmis assumed

thecuprousoxide (C)astheantifoulingagenthave

layer during the 18 months rotary test period, ther

resin,andothercomponentsasresidue. Thisresul

oftestexample 1inthe rotarytestinwhichthe c

film was degraded after 24 months even when the coa

dissolve, andthetestresult of testexample 2in

which the antifouling property degraded after 18 mo
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CLAI M5

1. An antifouling coating composition, comprising:
a copolymer (A);
an ester compound (B); and

a cuprous oxide (C); wherein:

the copolymer (A) is a triorganosilyl ester includ ing copolymer
obtainedfromamixtureoftriorganosilylgroupinc ludingmonomer(a),oxygen
atom containing monomer (b), and ethylenically unsa turated monomer (c);
the monomer (a) is represented by chemical formula (2);
the monomer (b) is represented by chemical formula (2);
themonomer(c)isamonomerotherthanthemonome r(a@)andthemonomer
(b), and can copolymerize with the monomer (a) and the monomer (b);
the ester compound (B) comprises at least one este r compound

represented by chemical formula (3) to (9).

[chemical formula 1]

R
X—éi—R (1)
.

(Wherein, three R are the same or different from e ach other, and
represent a C3-C8 hydrocarbon group branched at its o-position or at its
B-position; and the hydrocarbon group is an aliphati coranaromatic, and
hasalinear branched,orringstructure; Xrepres entsanacryloyloxygroup,
methacryloyloxy group, maleinoyloxy group, fumaroyl OoXy group or
itaconoyloxy group.)

Y-R -(2)

(Wherein, R represents C2-C10 alkyl group or aryl group having an
oxygenatom;and Y representsanacryloyloxygroup, methacryloyloxygroup,
maleinoyloxy group, fumaroyloxy group or itaconoylo Xy group.)

[chemical formula 3]

0]
1)& /R2 (3)
R O

(Wherein, each of R landR 2isaC1-C22 hydrocarbon group which can
40



include a hetero atom, and the hydrocarbon group is
aromatic, and has a linear, branched, or cyclic str

[chemical formula 4]

0 0
R\O)kx)ko/l? @)

(Wherein, each of X and R is a C1-C22 hydrocarbon
include a hetero atom, and the hydrocarbon group is
aromatic, and has a linear, branched, or cyclic str
the same or different from each other.)

[chemical formula 5]

R® R®
o)
2
o) R
Rl)LéX m T ()
o)
rR* R*

(Wherein, XisanoxygenatomoraC1-C22hydrocar
an oxygen atom, and the hydrocarbon group is an ali
andhasalinear,branched,orcyclicstructure. E
hydrocarbongroupwhichcanincludeaheteroatom,
is an aliphatic or an aromatic, and has a linear, b
structure. EachofR
which caninclude ahetero atom, andthe hydrocarbo
or an aromatic, and has alinear, branched, or cycl
integerof1t020. ThetwoR

Thetwo R # are the same or different from each other.)

[chemical formula 6]

(Wherein, two R

hydrocarbongroupwhichcanincludeaheteroatom,
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an aliphatic or an

ucture.)

group which can
an aliphatic or an

ucture. Thetwo R are

bongroupincluding
phatic or an aromatic,
achofR 'andR “%saC1-C22
andthehydrocarbongroup

ranched, or cyclic

3andR “isahydrogenatomoraC1-C22hydrocarbongroup

ngroupisanaliphatic

ic structure. mis an

3 are the same or different from each other.

! are the same or different, and are each a C1-C22

andthehydrocarbongroup



is an aliphatic or an aromatic, and has a linear, b ranched, or cyclic

structure. EachofR 2toR  “isahydrogenatomoraC1-C22hydrocarbongroup
which caninclude ahetero atom, andthe hydrocarbo ngroupisanaliphatic
or an aromatic, and has a linear, branched, or cycl ic structure. The two

R are the same or different from each other.)

[chemical formula 7]

(7)

(Wherein, two R ! are the same or different, and are each a C1-C22

hydrocarbongroupwhichcanincludeaheteroatom, andthehydrocarbongroup

is an aliphatic or an aromatic, and has a linear, b ranched, or cyclic
structure. FourR “arethe sameor differentfromeachother,andare each
a hydrogen atom or a C1-C22 hydrocarbon group which caninclude a hetero

atom, and the hydrocarbon group is an aliphatic or an aromatic, and has a

linear, branched, or cyclic structure.)

[chemical formula 8]

0 R 0
1 2
R\O o _R
(8)
0
R5 \R3
R® O
(Wherein, each of R ltoR 3is aC1-C22 hydrocarbon group which can
include a hetero atom, and the hydrocarbon group is an aliphatic or an
aromatic, and has a linear, branched, or cyclic str ucture. Each of R “to
ReisahydrogenatomoraC1-C22hydrocarbongroupw hichcanincludeahetero
atom, and the hydrocarbon group is an aliphatic or anaromatic, and has a

linear, branched, or cyclic structure.)

[chemical formula 9]
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Rl\o o~ o
o o 9)
R SR
0 RZ ©
(Wherein, four R ! are the same or different, and are each a C1-C22

hydrocarbongroupwhichcanincludeaheteroatom,

is an aliphatic or an aromatic, and has a linear, b

andthehydrocarbongroup

ranched, or cyclic

structure. TwoR 2 are the same or different from each other, and are each

a hydrogen atom or a C1-C22 hydrocarbon group which

atom, and the hydrocarbon group is an aliphatic or

linear, branched, or cyclic structure.)

2. The antifouling coating composition of Claim 1,

compound (B) comprises the ester compound represent

(8).

3. The antifouling coating composition of Claim 2,

hydrogen atom.

4, Theantifoulingcoatingcompositionofanyoneo
theestercompound(B)comprisestheestercompound

formula (7).

5. TheantifoulingcoatingcompositionofClaim4,

formula (7) is hydrogen atom.

6. Theantifoulingcoatingcompositionofanyoneo
theestercompound(B)comprisestheestercompound

formula (6).

7. The antifouling coating composition of Claim 6,

chemical formula (6) is hydrogen atom.
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can include a hetero

an aromatic, and has a

wherein the ester

ed by chemical formula

whereinR “toR ®are

fClaimslto3wherein

representedbychemical

whereinR  2ofchemical

fClaimsltobwherein

representedbychemical
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whereinR “toR “of



8 Theantifoulingcoatingcompositionofanyoneof
theestercompound(B)comprisestheestercompound

formula (9).

9. TheantifoulingcoatingcompositionofClaims,

formula (9) is hydrogen atom.

10.  Theantifoulingcoatingcompositionofanyone
theestercompound(B)comprisestheestercompound

formula (4).

11.  TheantifoulingcoatingcompositionofClaim10

formula (4) is C2-C16 alkylene group.

12.  The antifouling coating composition of any one

whereinthe estercompound (B) comprisestheester

chemical formula (5).

Claimslto7 wherein

representedbychemical

whereinR  2ofchemical

ofClaimslto9 wherein

representedbychemical

whereinXinchemical

of Claims 1to 11,

compoundrepresented by

13.  TheantifoulingcoatingcompositionofClaim12 whereinXinchemical
formula(5)isoxygenatom,andR 3andR “inchemicalformula(5)arehydrogen
atom.

14.  The antifouling coating composition of any one of Claims 1 to 13,

whereinthe estercompound (B) comprisestheester

chemical formula (3).

15.  TheantifoulingcoatingcompositionofClaim14

formula (3) has an aromatic ring.
16. TheantifoulingcoatingcompositionofClaim14

formula (3) is an aliphatic hydrocarbon group which

atom.
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compoundrepresentedby

whereinR  ‘ofchemical

whereinR  ‘ofchemical

can include a hetero



17. Acoatedobjecthavinganantifoulingcoatingf ilmonasurfacethereof,
the antifouling coating film being formed using the antifouling coating

composition of any one of Claims 1 to 16.
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