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COATING COMPOSITION

FIELD QF THE INVENTION

The present invention relates to a coating composition
for use in preventing the attachment of organisms to the

surfaces of structures submerged in seawater.

BACKGROUND OF THE INVENTION

Antifouling paints employing an organotin copolymer and
forming a coating film which gradually dissolves away in
seawater are excellent in the ability te..prevent the attachment |
of marine organisms to the surfaces of ship bottoms, etc., but.

the use thereof is restricted in recent years because of the

-pr-ebi?eiti"-'-‘éf sea pollution.

As a coating compos:.t:.on for eliminating the sea

pollutJ.On problem is widely used an antifouling paint employing

'twn»& <.
_ros:.rr “as -a soluble resin. Antifouling paints employ:.ng

polymers contalnlng various hydrolyzable groups incorporated -
thereln have also been propesed : However, these antlfoullng
paints all have not been put to wide prac‘c;lcal use. Among
those antifouling paints is, f.or example, an antifouling paint
of the hyd.rolyzable self-polishing type":pro'posed in WO 84/02915
and JP-A-63-215780 which employs a (meth)acrylic ester polymer
having triorganosilyl groups in side chains or a similar
polymer. (The term "JP-A" as used herein means an "unexamined

published Japanese patent application.")
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fil mwhich gradually dissolves away in seawater are excellent in the

ability to prevent the attachnent

shi p bottons,
because of the

The present inventors made intensive studies on coating
films of such an organosilicon—cpntaining polymer. As a
result, it was found that the antifouling paint employing a
polymer modified by .only incoxrporating triorganosilyl groups in
side chains of the molecule as described in the above-cited
reference has problems such as the following: (1) the coating
film does not show erosion in the rotary test which is the most

important test for evaluating hydrolyzable antifouling paints

forming a coating

of marine organi'sns to the surfaces of
etc., but the use thereof is restricted in recent years

(2 test for measuring coating film thickness reduction as

erosion rate in which test pieces are fixed to the outer
circumferential surface of a cylindrical drum and the drum is
rotated in seawater at a peripheral speed of 16 khots); {(2) the
coating film does not exhibit satisfactory antifouling
properties in exposure test (immersion test); and (3) the
coating f£ilm develops cracking and shows poor adherence to the
substrate or primer coat, so that it- peels off when immersed in
seawater. Thus, the antifouling paints of the above-described
kind do not have properties required for antifouling paints.
SUMMARY OF THE INVENTION
Accordingly, an object of the present invention is to

provide a coating composition giving a coating £film which

undergoes neither cracking nor peeling and shows moderate

hydrolyzability to dissolve into seawater constantly at an

adequate rate and which therefore exhibits excellent

antifouling pro‘pei:ty for long term.
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rosin as a sol uble resin. Antifouling paints enploying ptipeetss
cont ai ni ng various hydrol yzabl e groups incorporated therein have al so been
proposed. However, these antifouling 'paints all have not been put to w de
practical use. Anong those antifouling paints is, for exanple, an
antifouling paint of the hydrolyzable self-polishing type proposed in WO
84/ 02915 and JP-A-63-215780 which enploys a (nmeth)acrylic ester polyner

As a result of intensive studies made by the present
inventors in order to attain the above object, a specific
copolymer has been invented. A specific copolymer in which
alkoxy- or aryloxypolyethylene glycol groups as well as
triorganosilyl groups have been incorporated into side chains
of a molecule is used along with antifoulants to prepare a
coating composition, this composition gives coating £ilm which
undergoés neither cracking nor peeling and shows moderate
hydrolyzability to dissolve into seawater constantly at
adequate rate and which exhibits excellent antifouling property
for long term. The present invention has been completed based

on the above astonishing finding.

The present invention is concerned with a coating’
composition containing as essential components antifoulants and
copolymer obfained from monomers mixture comprising a monomer
A represented by formula (1): |

R 1

l _
X—Si—-R? - (1)

l

R:I

wherein R! to R® each is a group selected from alkyl groups
and aryl groups and may be the same or different, and X is
an acryloyloxy group, a methacryloyloxy group, a

maleinoyloxy group, or a fumaroyloxy group
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appl i cation.
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and monomer B represented by formula (2):
Y~ (CH,CH,0),-R* see (2)
wherein R* is an alkyl group or an aryl group, Y is an
acryloyloxy group, a methacryloyloxy group, a maleinoyloxy

group, or a fumaroyloxy group, and n is an integer of 1 to

25,
DETAILED DESCRIPTION OF THE INVENTION
The coating composition of the present inveﬁtion
contains as one of its essential components copolyﬁer obtained
from monomers mixture which comprises at least one monomer A
represented by the above-described formula (1) and at least one
monomer B represented by the above-described formula (2) and
which may optionally contain at 1least one monomer

copolymerizable. therewith (the copolymer is hereinafter

referred to as "copolymer AB").

As shown in formula (1), monomer A has in its molecule
an acryloyloxy group, a methacryloylo#y group, a maleinoyloxy
group (mostly in the form of monoalkyl ester with 1-6 carbon
atoms), or a fumaroyloxy group (mostly in the forﬁ of monoalkyl
ester with 1-6 carbon atoms) as an unsaturated group (X) and
also has a triorganosilyl group.

In tﬁe triorganosilyl group, the three alkyl or aryl
groups (R! to R®) may be the same or different. Specific
examples of these groups include a linear or branched alkyl
group having up to 20 carbon atoms (e.g., methyl, ethyl,

propyl, and butyl); a cycloalkyl group (e.g., cyclohexyl and
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The present inventors nede intensive studies on coating filng ﬁﬁ@ ‘IT%#H>BEEN
organosilicon-containing polyner. As a result, it was found PLACED
antifouling paint enploying a polyner modi f i ed by only incok
triorganosilyl groups in side chains of the nolecule as descrlbed in the
above-cited reference has problens such as the following: (1) the coating
filmdoes not show erosion in the rotary test which is the nobst inportant
test for evaluating hydrolyzable antifouling paints (a test for measuring
coating filmthickness reduction as erosion rate in which test pieces are
fixed to the outer circunferential surface of the cylindrical drumand the
drumis rotated in seawater at a peripheral speed of 16 knots): (2) the
coatlng filmdoes not exhibit satisfactory antifouling

substituted cyclohexyl); and an aryl group (e.g., phenyl and

naphthy_l) and a substituted aryl group (e.g., substituted
phenyl and substituted naphthyl):. Examples of the substituted
aryl groups include aryl groups substituted with a halogen
atom, an alkyl group with up to about 18 carbon atoms, an acyl
group, a nitro group, or an amino group.

Examples of monomer A which has a (meth)acryloyloxy
group in a molecuie include trimethylsilyl (meth)acrylate,
triethylsilyl (meth)acrylate, tri-n-propylsilyl (meth)acrylate,
triisopropylsilyl {meth)acrylate, tri-n-butylsilyl
(meth)acrylate, triisobutylsilyl {(meth)acrylate, tri-s-
butylsilyl (meth)acrylate, tri-n-amylsilyl (meth)acrylate, tri-
n-hexylsilyl (meth)acrylate, tri-n-octylsilyl (meth)acrylate,
tri-n-dodecylsilyl (meth)acrylate, triphenylsilyl
(meth)acrylate, tri-p-methylphenylsilyl (meth)acrylate, and
tribenzylsilyl (meth)acrylate.

Other examples of monomer A havihg a (meth)acryloyloxy
group in a molecule include ethyldimethylsilyl (meth)acrylate,
n-butyldimethylsilyl (meth)acryléte, diisopropyl-;n-butylsilyl
(meth)acrylate, n~octyldi -n-but_’;rlsilyl (meth)acrylate,
diisopropylstearylsilyl (meth)acrylate, dicyclohexylphenylsilyl
(meth)acrylate, t-butyldiphenylsilyl (meth)acrylate, and
lauryldiphenylsilyl (meth)acrylate.

Examples of monomer A which has a maleinoyloxy or
fumaroyloxy group in a molecule include triisopropylsilyl

methyl maleate, triisopropylsilyl amyl maleate, tri-n-
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properties in exposure test (immersion test); and (3) the OﬁhS@QKEWka,BEEN
devel ops cracking and shows poor adherence to the substrafe or ggplRIED

coat, so that it peels off when immersed in seawater. Thuss
antlfouling pai nts of the above-described kind do not have properties

required for antifouling paints. SUMMVARY OF
THE | NVENTI ON It is an object of the invention to aneliorate one

or nore of the abovenenti oned problens and/ or drawbacks.

butylsilyl n-butyl maleate, t-butyldiphenylsilyl methyl
maleate, t-butyldiphenylsilyl n-butyl maleate,
triisopropylsilyl methyl fumarate, triisopropylsilyl amyl
fumarate, tri-n-butylsilyl n-butyl fumarate, t-
butyldiphenylsilyl methyl fumarate, and t-butyldiphenylsilyl n-
butyl fumarate. ‘ -
| As shown-in formula (2), monomer B-has in its molecule
an acryloyloxy group, a methacryloyloxy group, a maleinoyloxy
group (mostly in the form of monoalkyl ester with 1-6 carbon
atoms), or a fumaroyloxy group (mostly in the form of monoalkyl
_ ester with 1-6 carbon atoms) group as an unsaturated group (Y)
and also has an alkoxy- or aryloxypolyethylene glycol group.
In the alkoxy- or aryloxypolyethylene glycol group, the
degree of polymerization (n) of the polyethylene glycol is from
1 to 25. Examples of the alkyl or aryl group (R‘) include a
linear or branched alkyl group having up to 12 carbon atoms
(e.g., methyl, ethyl, propyl, and butyl); a cycloalkyi group
(e.g., cyclohexyl and substituted cyclohexyl); and an aryl
group (e.g., phenyl and naphthyl) and a substituted aryl group
(e.g., substituted phenyl and substituted naphthyl). Examples
of the substituted aryl groups include aryl groups subsﬁituted
with a halogen atom, an alkyl group with up to about 18 carbon
atoms, an acyl group, a nitro group, Oor an amino group.
Examples of monomer B which has a (meth)acryloyloxy
group in a molecule include methoxyethyl (meth)acrylate,

ethoxyethyl (meth)acrylate, propoxyethyl (meth)acrylate,

-6 -
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butoxyethyl (meth)acrylate, hexoxyethyl (meth)acrylate,
methoxydiethylene glycol (meth)acrylate, methoxytriethylene
glycol (meth)acrylate, ethoxydiethylene glycol (meth)acrylate,
and ethoxytriethylene glycol (meth)acrylate.

' 'Examples of monomer B which has a maleinoyloxy or
fumaroyloxy group in a molecule include methoxyethyl n-butyl
maleate, ethoxydiethylene glycol - methyl maleate,
ethoxytriethylene glycol methyl maleate, propoxydiethylene
glycol methyl maleate, butoxyethyl methyl maleate, hexoxyethyl
methyl maleate, methoxyethyl n-butyl fumarate, ethoxydiethylehe
glycol methyl fl_JmaJ;ate, ethoxytriethylene glycol methyl
fumarate, propoxydiethylene glycol methyl fumarate, butoxyethyl
methyl fumarate, and hexoxyethyl methyl fumarate. '

As other monomers copolymerizable with these monomers
A and B, use may be made of various vinyl monomers sﬁch as
acrylic esters, methacrylic esters, styrene, vinyl esters
(e.g., vinyl acetate, vinyl propionéte, vinyl butyrate, vinyl
benzoate), vinyitoluene, a-methylstyrene, crotonic.esters , and
itaconic esters.

In the monomers mixture, the proportions of monomers A
and B and other monomer(s) copo.lymerizable therewith may be
suitably determined depending on the use of the coating
composition. In general,. however, it is preferred that t-he
proportion of monomer A is from 1 to 95% by weight, that of

monomer B is from 1 to 95% by weight, and that of other
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a nmohomer mixture conprising at | east one of nonomer A repr d‘b‘y" ""'E'I’\}_
formula (1): [err] wherein [err] to R3 each i e‘gt@‘_ (Qﬂ)c
t he group consisting of al kyl groups and aryl =

monomer(s) copolymerizable therewith is from 0 to 95% by weight
on the basis of the total weight of the monomers.

Copolymer AB can be obtained by polymerizing such
monomers mixﬁure in the presence of a vinyl polymerization
initiator by any of wvarious methods such as solution
polymeiization, bulk polymerization, emulsion polymerization,
and suspension polymerization in an ordinary way. In preparing
a coating composition from coéolymer AB, it is advantageous to
dilute the copolymer with an 6rganic solvent to'give a polymer
solution having an adequate viscosity. ‘For this, it is
desirable to employ the solution polymerization method or bulk
polymerization method.

Examples of the vinyl polymerization initiator include
azo compounds such as ~° azobisisobutyronitrile and
triphenylmethylazobenzene; and peroxides such as benzoyl
pe?oxide, di—t-butyl peroxide, t-butyl peroxybenzoate, and t-
butyl peroxyisopropylcarbonate. -

Examples of the organic solvent include aromatic
hydrocarbons such as xylene and toluene; aliphatic hydrocarbons
such as hexane and heptane; esters such as ethyl acetate and
butyl acetate; alcohols such as isopropyl alcohol and butyl
alcohol; ethers such as dioxane and diethyl ether; and ketones
such as methyl ethyl ketone and methyl isobutyl ketone. The
solvents are used either alone or in combination. |

' The molecular weight of copolymer AB thus obtained is

desirably in the iange of from 1,000 to 150,000 in terms of

-8 -
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group§ and are the same or different, and X is an acryl oyl ox o]
met hacryl oyl oxy group, a mal einoyl oxy group, or a fumaroyl oYy ﬁ
| east one of nonomer B represented by fornmula (2): [ ¢

(2)

, EEEssS—————
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weight-average molecular weight. Too low molecular weights
result in difficulties in forming normal coating film, while
too high molecular weights result in disadvantages that a
single coating operation only gives thin coating film and,
hence, coating operations should be conducted in a larger
number. ‘It is advantageous that the viscosity of the solution
of copolymer AB is 150 P or lower at 25°C._ For attaining this,
it is preferred to regﬁlate the solid content of the polymer
solution to a value in the range of fxrom 5 to 30% by weight,
desirably frqm 15 to 85% by weight. |

The antifoulant used as another essential component in
the coating composi.tioh of the present invention may be any of

a wide range of conventionally known antifoulants. The known

antifoulants are roughly divided into inorganic compounds,.

metal-containing organic compounds, and metal-free organic

compounds .

Examples of the inorganic compounds include copper
compounds .such as cuprous oxide, copper powder, copper
thiocyanate, copper carbonate, copper chloride, and copper

sulfate, zinc sulfate, zinc oxide, nickel sulfate, and copper-

nickel alloys.

Examples of the metal-containing organic compounds -

include organocopper compounds, organonickel compounds, and

organozinc compounds. Also usable are maneb, manzeb, propineb,
and the like. Exemples of the organocopper compounds include

oxine copper, copper nonylphenolsulfonate, copper

This Sheet Has Been Rerilaced




wherein R4 is an al kyl group or an aryl group, Y is an acryl GyFoxy group, - &
nmet hacryl oyl oxy group, a mal ei noyI oxy group, or a fumaroyl ox) H’r“ Q‘,fd i‘%BEEN
is an integer of 1 to 25. o | cPLACGED
REPLACEMENT SHEET

bis(ethylenediamine) bis(dodecylbenzenesulfonate), copper

acetate, copper naphthenate, and copper
bis(pentachlorophenolate). ;Examples of +the ' organonickel
compounds include nickel acetate and nickel

dimethyldithiocarbamate. Examples of the organozinc compounds
include-- =zinc acetate, zinc carbamate, zinc
dimethyldithiocarbamate, zinc pyrithione, and zinc
ethylenebis(dithiocarbamate).

Examples of the metal-free organic compounds include N-
ﬁrihal_omethylthiophthalimides . dithiocarbamic acids, N-

~arylmaleimides, 3-(substituted amino)-1,3-thiazolidine-2,4-

diones, | dithiocyano compounds, triazine compounds, and others.

Examples of the N-trihalomethylthiophthalimides include.
N-trichloromethylthiophthalimide and N -
fluorodichloromethylthiophthalimide. Examples of the
dithiocarbamic acids include  bis(dimethylthiocarbamoyl)
disulf iae P ammonium N-methyldithiocarbamate, ammonium
ethylenebis(dithiocarbamate), and milneb.

Examples of the N-arylmaleimides include N-(2,4,6-

‘trichlorophenyl)maleimide, N-4-tolylmaleimide, N-3-

chlorophenylmaleimide, N- (4-n-butylphenyl)maleimide, N-
(anilinophenyl)maleimide, and N-(2,3-xylyl)maleimide.

Examples of the 3-(substituted amino)~1,3-thiazolidine-
2,4-diones include . 3-benzylideneamino-1,3-~thiazolidine-2,4-
dione, 3-(4-methylbenzylideneamino)-1, 3;thiazolidine—2 (4~dione,

3~(2-hydroxybenzylideneamino)-1,3-thiazolidine-2,4-dione, 3-(4-

- 10 - 4
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of “the present invention contains as one of its essential . congp&i §~"CT HAS BEE
copol yner obtained from nononers m xture which conprises at |edst on&EPLAGED
nononer A represented by the above-described fornula (1) and at~Teast—orne
nononer B represented by the above-described fornula (2) and which may
optionally contain at |east one nononer copol ynerizable therewith (the
copolymer is hereinafter referred to as "copolynmer AB").

dimethjlaminobenzylideneamino)—1,3-thiazolidine—2,4-dione,and
3-(2,4-dichlorobenzylideneamino)-1,3~thiazolidine~-2,4~dione.

. Examples of the dithiocyano compounds include
dithiocyanomethane, dithiocyanoethane, and 2,5~
dithiocyanothiophene. Examples of the triazine compounds
include 2-methylthio-4-t-butylamino-6-cyclopropylamino-s-
triazine. . o

Other examples of the metal-free organic compounds
include 2,4,5,6-tetrachloroisophthalonitrile, N,N-
dimethyldichlorophenylurea, 4,5~dichloro~2-n-octyl-4-
isothiazoline~3-o0one, N,N-dimethyl-N'-phenyl-(N-
fluorodichloromethylthio)sulfamide, tetramethylthiuram
disulfide, 3-iodo-~-2-propylbutyl carbamate, 2~
(methoxjcarbonylamino)benzimidazole, 2,3,5,6-tetrachloro~-4-
(methylsulfonyl )pyridine, diiodomethyl-~p-tolyl sulfone,
bis(dimethylcarbamoyl)zinc ethylene  Dbis{dithiocarbamate),
‘phenyl (bispyridine)bismuth dichloride, 2-(4-
thiazolyl)benzimidazole,_and pyridine triphenylborane.

One or more antifoulants | selected . from such
antifoulants are employed in the present invention. The
antifoulants are used in such an amount that the proportion
thereof in_the solid contents of the coating composition is
usually from 0.1 to 80% by weight, preferably from 1 to 60% by
weigh;. Too small antifoulant amounts do not produce an
antifouling effect,'while too large antifoulant amounts result

in the formation of a coating film which is apt to develop

- 11 - 4
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As shown in formula (1), nmononmer A has in its nolecule an ac wﬁmgLoxy
group, a nethacryl oyl oxy group, a mal ei noyl oxy group (nostljy int

'of nonoal kyl ester with 1-6 carbon atons), or a fumaroyl ox
in the formof nonoal kyl ester with 1-6 carbon atons) as an unsaturated
group (X) and also has a triorganosilyl group. In the
triorganosilyl group, the three alkyl or aryl groups [err] to [err] may be
the sanme or different. Specific exanples of these groups include a |inear
or branched al kyl group having up to 20 carbon atons (e.g., nethyl, ethyl,
~propyl, and butyl); a cycloal kyl group (e.g., cyclohexyl and

BEEN

defects such as cracking and peeling and thus becomes less
effective in antifouling property.

Additive ingredients may optionally be incorporated
into the coating composition of the present invention thus
prepared. Exemples of the additive ingredients are colorants
such as pigments (e.g., red iron oxide, zinc oxide, titanium
dioxide, talc), and dyes, dehumidifiers, and additives
ordinarily employed in coating compositions as antisagging
agents, antiflooding agents, antisettling agents, and
antifoaming agents.

For formulating antifouling coating f£film from the
coating composition of the present invention on the surface of
a structure to be submerged in seawater, use may be made of a
method in which the coating composition is applied on the
surface in a suitable manner and the solvent is removed by
evaporation at ordinary temperature or with heating. By this
method, a dry coating film can be easily formed on the surface
of the structure.

The coating composition of the present invention is
applicable to objects required to be protected against the
fouling or damage caused by marine organisms, such és ship
bottoms, fishing nets, and underwater structutfes including
cooling water pipes, and is also usable for the prevention of
sludge diffusion in marine construction works. In such
applications, the coating film undergoes neither cracking nor

peeling, shows moderate hydrolyzability to. dissolve into the

- 12 -
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5 ~substituted cycl ohexyl); and an aryl group (e.g., phenjf=am——-
naphthyl) and a substituted aryl group (e.g., substituted THIS ¢ }:‘PLLIAI“D
& G

BEEN

seawater constantly at adequate rate, and is hence capable of
affording long-lasting excellent protection against the fouling

or damage caused by marine organism attachment.

The present invention will be explained below in more
detail by reference to preparation examples, examples (of the
present invention), and comparative examples. In these
examples, unless otherwise indicated, all parts are by weight
and the molecular weights are given in terms of weight-average
molecular weight measured by GPC and calculated for standard
polystyrene. Monomers A (A; to A;) used in the‘preparation
examples are those represented by the above-described formula
(1), with the R! to R’ and X in the formula being specified in
Table 1 given below. Further, monomers B (B; to B;) used in the
preparation examples are those represented by the above-

described formula (2), with the Y, n, and R, in the formula

being specified in Table 2 given below.

-13 -
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phenyl‘ and substituted naphthyl). Exanples of the substituted
I ncl ude aryl groups substituted with a hal ogen atom an alk

up to about 18 carbon atons, an acyl group, a nitro group,
group. Exanpl es of nononer A which has a (neth)acryl oyI oxy group

in a nmolecule include trimethylsilyl (meth)acrylate, triethylsilyl
(meth)acrylate, tri-n-propylsilyl (nmeth)acrylate, triisopropylsilyl

(meth)acryl ate, tri-n-butylsilyl (nmeth.)acrylate, triisobutylsilyl
(meth)acryl ate, tri-s- . :
Table 1

Organic Groups in General Formula (1)

R? RrR? R3 ' X

Monomer A, CH; CH,4 t-CHy CH,=CHCOO
Monomer A, i-CsH, i-CsH; i-CsH; CH,;=CHCOO
Monomer A; n-CiH; n-CH; n-CHg CH2=C(CH3)C(;O
Monomer A, CGH; CeHs t-CHy CH,=C(CH;)CO0

Monomer A5 i_—C3H7 i—C3H7 i—C3H7 CHZ-"'—C ( CH3 ) Coo

Monomer Ay CsHs C6H5 t—C4Hg CanOOCCH:CHCOO
(maleinoyloxy group)

Monomer Az n-C4H9 n-C;.Hg n—CAHg C5H1100CCH=CHCOO
(fumaroyloxy group)

"l



butyisilyl (meth)acrylate, tri-n-anylsilyl (meth)acrylate, tHTH,SSH””1 JDLLN
n- hexyl silyl (meth)acrylate, tri-n-octylsilyl (nmeth)acrylate REPLACED
Yri-n-dodecyl silyl (meth)acryl ate, triphenylsilyl (nmethxacsyrato
tri-p-nmethyl phenylsilyl (nmeth)acrylate, and tribenzylsilyl

(meth)acryl ate. O her exanpl es of nonomer A having a

(et h)acryl oyl oxy group in a nolecul e include ethyldinethylsilyl
(nmeth)acrylate., n-butyldimethylsilyl (meth)acrylate,

di i sopropyl -n-butylsilyl (meth)acrylate,. n-octyldi-n-butylsilyl

_ (meth)acrylate, diisopropylstearylsilyl (nmeth)acryl ate,

. di cycl ohexyl phenyl si | yl Table 2

Organic Groups in General Formula (2)

Y n R
wonomer B,  CH=CHCOO 1 CH,
Monomer B, CH,=C(CH;)CO0 1 " CH,
Monomer B; = CH,=CHCOO 2 Cz;Is
Monomer B, CH,=C (CH;)CO0 9 CeHls
Monomer Bs CH,=C(CH;3)COO 23 C.Hy
Monomer By  C;H;O0CCH=CHCOO 1 CH,

(maleinoyloxy group)

Monomer B; CH,00CCH=CHCOO 2 C,Hs
(fumaroyloxy group)

- 15 -
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(nethfacrylate,
| auryl di phenyl silyl (neth)acryl ate.

a mal ei noyl oxy

triisopropylsilyl nmethyl naleate, triisopropylsilyl anyl —malreare,

tri-n-

t-butyl di phenylsilyl (nmeth)acrylate, and e
Exanpl es of nono THIR SikiGh ﬁasL_N

RECCAGED

or fumaroyl oxy group in a nolecule include |

|

PREPARATION EXAMPLES 1 TO 5

Accbrding to the formulations shown in Table 3 given
below, solvent a was placed in a flask equipéed with a stirrer
and heated to a predetermined reaction temperature, following
which a liquid mixture consisting of monomer A, monomer B,
other monomers, and a polymerization catalyst a was introduced
dropwise into the flask with stirring over a period of 3 hours.
After completion of the addition, the coﬁkents weie held at
that temperature for 30 minutes. A mixture of a solvent b and
a polymerization catalyst b was then added dropwise over a

period of 20 minutes, and the resulting mixture was stirred at

that temperature for 2 hours to complefé'the polymerization

reaction. Finally, a diluent solvent was added to dilute the

reaction mixture. Thus, polymer solutions 8; to S5 were

obtained.

In Table 3, ‘"Perbutyl 1I" (trade name of NOF

Corporation, Japan) given as a polymerization catalyst is t-

butyl peroxyisopropylcarbonate.

- 16 -
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6 butylsilyl n-butyl nmaleate, t-butyldiphenylsilyl neth o < S
t ~but yl di phenyl si | yl n- but yl mal eate, triisopropylsil WHHB$%S1F4\QHCLN
fumarate, triisopropylsilyl anyl fumarate, tri-n-butylsiflyl &erdRgiEpl |
fumarat e, t- butyl di phenylsilyl methyl fumarate, and .

t-butyl di phenylsilyl n- butyl funarate.
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As shown in formula (2), nmononer B-has in its nolecule an a
group, a methacryl oyl oxy group, a mal ei noyl oxy group (nostl
of rmonoal kyl ester with 1-6 carbon atons), or a fumaroyl oxy
in the formof nonoal kyl ester with 1-6 carbon atons) group as an

unsaturated group (Y) and also has an al koxy- or aryl oxypol yet hyl ene

gl ycol group. In the al koxy- or aryl oxypol yet hyl ene gl ycol group,
the degree of polynerization (n) of the polyethylene glycol is from 1 to
25. Exanples of the alkyl or aryl group [err] include a |Ilinear or branched

al kyl group having up to 12 carbon atons
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(e.qg., nethyf, ethyl, propyl, and butyl); a cycloal kyl group (?H@:54,5-
cyl ohexyl and substituted cycl ohexyl); and an aryl group (e. phg
napht hyl) and a substituted aryl group (e.g., substituted phéa UUH

A‘

r-..-.

substituted naphthyl). Exanples of the substituted aryl groups |nclude

aryl groups substituted wth a hal ogen atom an al kyl

group with up to

about 18 carbon atons, an acyl group, a nitro group, or an am no group.

Exanpl es of nononer

i ncl ude met hoxyet hyl (neth)acryl ate, .

PREPARATION EXAMPLE 6

In a heat~ and pressure-resistant vessel were placed

monomer A, monomer B, other monomers, and polymerization

catalyst a according to the formulation shown in Table 4 given
below. The vessel was completely sealed. The contents were
then heated to a pfedetermined reaction temperature with
shaking and the shaking was continued at that temperature for
8 hours to complete the reaction. A diluent solvent was then

added to dissolve the reaction product with shaking for 1 hour,
thereby giving a polymer solution Sz. In fable,4,5?Perbutyl I~
given as.a polymerization catalyst has the same meaning as in
Table 3.
PREPARATION EXAMPLE 7

In a flask equipped with a stirrer were placed solvent
a, monomer A, monomer B, other monomers, and polymerization.
catalyst a according to the formulation shown in Table 4 given
below. The contents were heated to a predetermined reaction
temperature with stirring and subsequently kept being stirred

at that temperatufe for 6 hours to complete the reaction. The

reaction mixture was then diluted with a diluent solvent to

obtain a polymexr solution S;.
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met hoxydi et hyl ene gl ycol

.(meth)acryl ate,

et hoxytri et hyl ene gl ycol

whi ch has a mal ei noyl oxy or

(meth)acrylate, nmethoxytriethyl
et hoxydi et hyl ene gl ycol (neth)acryl ate,
(nmeth)acryl ate. . Exanpl e

JHIS SHEET FAS BEEN
of mhFGAREDR

f umar oyl oxy group in a nol ecul'e 1T nclrude

met hoxyet hyl n-butyl mal eat e, et hoxydi et hyl ene gl ycol met hyl
mal eat e, et hoxytri et hyl ene glycol nethyl nmaleate, propoxydiethylene
gl ycol methyl nal eate, butoxyethyl methyl mal eate, hexoxyethyl ° nethyl

mal eat e, net hoxyet hyl

Table 4 (cont’d)

Preparation Example

n- but yl

Methyl methacrylate

Formulation Other

n-Butyl methacrylate

monomers

(parts)

fumar at e, ethoxydi et hyl ene
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egcSI met hyl fumarate, ethoxytriethylene glycol thyu
propoxydi et hyl ene gl'ycol nethyl fumarate, butoxyethyl nmet &THF%§%§%EEA08EEN
and hexoxyet hyl met hyl fumarate. As ot her nononers DOI@EBFA%EBIe

wi th these nononers A and B, use may be made of various vinyl nonomers
such as acrylic esters, -nethacrylic esters, styrene, vinyl esters (e.g.,
vinyl acetate, vinyl propionate, vinyl butyrate, vinyl benzoate),
vinyltoluene, [err]-nmethylstyrene, crotonic esters, and itaconic esters.
In the nononers m xture, the proportions of nononers A

COMPARATIVE PREPARATION EXAMPLE 1

Polymerization was conducted in the same manner as in
Preparation Example 1 except that 100 parts of tri—n-butyl-silyl
methacrylaﬁe 'was used as a monomer. Thus, polymer sclu;ion T
was obtained, which was a 50 wt% xylene solution. The
molecular weight of the homopolymer obtained was 32,000.

COMPARATIVE PREPARATION EXAMPLE 2

Polymerization was conducted in the same manner as in
Preparation Example 1 except that 50 parts of tri-n-butylsilyl
methacrylate and 50 parts of methyl methacrylate were used as
a monomexr mixture. Thus, polymer solution Ty, was Iobtained,
which was a 50 wt$ xylene solution. The molecular weight of
the copolymer obtained was 30,000.

COMPARATIVE PREPARATION EXAMPLE 3

Poljmerization was conducted in the same manner as in
Preparation Example 1 except that 50 iﬁarts of ethoxyethyl
acrylate and 50 parts of methyl methacrylate were used as a
monomer mixture. Thus, polymer solution T, was obtained, which
was a 50 wt% xylene solution. The molecular weight of the
copolymer obtained was 31,000.

EXAMPLES 1 TO 20

Polymer solutions S, to S; each was mixed with other
ingredients according to each of the formulations shown in
Tables 5 to 9 given below (the figures in the tables are given

in terms of percent by weight), and each mixture was

- 22 -
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and B and ot her nononer(s) copolynmerizable therewith nay be || SuHi$ SbiEFT HAS BEEN
determ ned depending on the use of the coating conposition.{ |n (RERUALED
however, it is preferred that the proportion of nononmer A i SFFomTTo-95%——
by wei ght, that of nonomer Bis from1l to 95% by wei ght, and that of other

homogenized with a homomixer at 2,000 rpm. Thus, 20 coating

compositions were prepared.

In the formulations, "Disparon A630-20X" (trade name of
Kusumoto Chemicals Ltd., Japan) and "Bentone SDh-2" (trade name

of National Lead K.K., Japan) each is an antisagging agent.
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and suspension polynerization in an ordinary way. In preDariﬁQ}N@Sﬁ@@fH@%B&EN
conposition fromcopolymer AB, it is advantageous to diluteg]the GaRqlagey

with an organic solvent to give a polynmer solution having ab=adeguaate

Vi scosity. For this, it is desirable to enploy the solution

pol yneri zation nmethod or bul k polymerization nethod. Exanpl es of
the vinyl polynerization initiator include azo conpounds such as
azobi si sobutyronitrile and triphenyl net hyl azobenzene; and peroxi des

such as benzoyl peroxide, di-t-butyl peroxide, t-butyl peroxybenzoate, and
t- -

w0 ™ m o
(I B P o
< (T Y (R T B | S
@ ~ — N m o~ =
A ™ LA S [ 1 1 LI
i
E
&
5] o~ ™ i tn ©o ©
o~ 1 1 R T T I I+ A ©
o
© o 30 8
I ~
- [N I R R D R S
0]
=]
s s
- o]
£ I
O ™
&) [s 11
i o
n
) ~
() (o) o
—~ - P N
Q - ~ [0)] d
[ J © $ ord
g 5988 3
Y 0 4 @© ©® O
L £ E 2 P N
P A A 4 - g
o N O B E O
o £ - UL ®© Q[
E — 0 o Q —~
g | o g <A 4 O
H < A ~ Py A
0O 1 K >N P U g
a 0 0 ¢ o o ¥
~ 9 1 o 49 A
T T B~ B B = B ] >4
£ 4 1 & N P g o
o 2 ~ O gi o~ Y o
S U 0 ¥ T o o i
4 © o4 O A E T o 9
- H S 4 0 >™ O ot M o~ P
H ¥ P =5 4 9 & » - [
Y 0 0 U P © c 0o « A D
H & « 1 @ > o 7] 0]
Q@ 1 - H N E O g +H £ O
g w v &H | -4 O 0O X 0 O o
o ~ o 1 O T H 4 0 H g 0
g n H o T o o g 0 g -~
" o« 5N <~ 0 U BH U [ TN o TR K T () B
- U ™ ¢ H g -~ 7Y g uog ~ B
oo~ «~ 1 A I o @ A A O P 3
AN N N M NN H K N A M X M 'r_u'
' o 5
K3
=] = =
o -
£ o & 2
o) o] g ¥ o
[t o w g 0
ol E_. - Q P
F3 ] $ D~ e
é o € ®© O ~
N o4 0w
- 25
This Sheet Has Been Reilaced .




butyI\peroxyisopropylcarbonate. Exanples of the organic s H#¢H+—#H9Lﬁde;___;
aromati ¢ hydrocarbons such as xylene and tol uene; aliphatic hiﬂﬁb&ﬁfﬁbHSaBEEN‘

such as hexane and heptane; esters such as ethyl acetate and butyF PLACED
acetate; alcohols such as isopropyl alcohol and butyl al cohol; "ethers—suc
as di oxane and diethyl ether; and ketones such as nethyl ethyl ketone and
met hyl 1sobutyl ketone. The solvents are used either alone or in

conbi nat i on. The nol ecul ar wei ght of copol yner AB thus obtained is
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desirably in the range of from 1,000 to 150,000 in terns of

9

00T 00T 00T 00T - , | o0
0T - 0T - ) a3e3eoe TAang
Se 8 [4 0c . ausTAy JUDATOS
T - - -~ 7~ds suocjuag juabe
4 £ w € X0Z~0£9¥ uoxedstqgq bHurbbestauy
- - [4 - 9PTXO DUTEZ
- - z - : . 9PTXO UOXT pPay
- - z - . oTey Juawbrtd
- - - - aTozeTYr02uaq(oTYaTAyzawouriooTyy) -7
L - - - 93PWRqIRI0TYITPTAYISUTP DUTZ
- - - - ajeweqred TAangriuldoxd-gz-opor-¢
- - - - sptutsTewTAusydoIOoTUsTIT~-9' %’
0T - b - 3T®S JUTZ OPTXO-T-TOTYISUTPTIAI-T
- - - ~  outpTx&d(AuozInsTiyssu) ~p-ox0Tyoerlog-9/g g’z
- £ - - suezoqriuaydTay BUTPTIAd IJUETNOFTIUY
8 L 9 g
~oduexy

(P,3UGd) 9 orqex

irﬂ

i

(]

Thlisllslliiet Has Been Re

- 27 -



result in difficulties in forming normal coating film while =
mol ecul ar wei ghts result in disadvantages that a single coat|fAdgi®SHERT HAS BEEN

only gives thin coating filmand, hence, coating operations $houl (3EB-ACED
conducted in a larger nunber. It is advantageous that the viSCOSIiTy of the
solution of copolyner ABis 150 P or lower at [err] For attaining this,
it is preferred to regulate the solid content of the polyner solution to a
value in the range of fromb5 to 90% by weight, desirably from 15 to 85% by
wei ght . The antifoul ant used as another essential conponent in
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T e

t hercoating conposition of the present invention nmay be a Es%wéMHKSEEEN
_range of conventionally known antifoul ants. The known an Ul'apt sadE®
roughl y-di vided into inorganic conpounds, nmetal-containi _

conpounds, and netal -free organic conpounds. Exanpl es of the
I norgani ¢ conpounds i nclude copper conpounds: such as cuprous oxide,
copper powder, copper thiocyanate, copper carbonate, copper chloride, and
copper sulfate, zinc sulfate, zinc oxide, nickel sulfate, and copper-
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di met hyl di t hi ocar banat e, zi nc pyri thi one, and z IS SHEET HAS BEEN

ethyl enebis (dithiocarbamate). Exanpl es of the nmetal -freg:@rgegy C
conpounds include N- trihal omet hyl t hi opht hal i m des, di t hiecarbam-—e
aci ds, N arylmal eimdes, 3- (substituted amno) -1, 3-thiazolidine-2,

4- diones, dithiocyano conpounds, triazine conmpounds, and others.
Exanpl .es of the N-trihal onet hyl t hi opht hal i m des i ncl ude
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di t hi ocarbam c aci ds I ncl ude bis (dinethylt h| ocar bamﬁlw‘sd\‘@gﬁMMtEN‘\
.amoni um  N-net hyl di t hi ocar banat e, anmoni um REPLACED

et hyl enebi s(dit hi ocarbanmate), and m | neb. Exanpl es :

N-aryl mal ei m des include N-(2,4,6- trichlorophenyl)mnmaleimde,

N-4-tol yl mal ei m de, N-3- chl orophenyl mal ei m de, N ( 4-n-butyl phenyl

) mal ei m de, N-  (anilinophenyl )maleimde, and N (2, 3-xylyl

) mal ei m de. Exanpl es of the 3- (substituted am no) -1,

3-thiazolidine- 2, 4-diones include 3-benzylideneam no-1,

3-thiazolidine-2, 4- dione, 3- ( 4-nethyl-benzyli deneam no)

-1, 3-thiazolidine-2, 4-dione,
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3- ( 2-hydroxybenzyl i deneani no) -1, 3-thiazolidine-2, 4-dion ’TQS%ETHASBEEW

REPLACEMENT SHEET 11 _
di met hyl am nobenzyl i deneam no) - 1, 3-t hi azol i di ne- 2, 4- di oneand! _REPLACED

COMPARATIVE EXAMPLES 1 TO 3

Polymer solutions T; to T, each was mixed with other
ingredients according to each of the formulations shown in
Table 10 given below (the figures in the table are given in

terms of percent by weight), and each mixture was homogenized

with a homomixer at 2,000 xrpm. Thus, three coating

compositions were prepared. In the table, "Dispaxon A630-20X"

and "Benton SD-2" are the same as in Tables 5 to 9.
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3-(2; 4-di chl orobenzyl i deneam no) - 1, 3-t hi azol i di ne- 2, 4-di one.

Exanpl es of the dithiocyano conpounds include dithioclal ﬁjgﬁ%ﬁé”*;BEEN
di t hi ocyanoet hane, and 2, 5- di t hi ocyanot hi ophene. anpl RHAGER
triazi ne conpounds i ncl ude

2-met hyl t hi o- 4-t - butyl am no- 6-cycl opr opyl am no- s- triazine. O her

exanpl es -of the netal -free organi ¢ conpounds I ncl ude

2,4,5,6-tetrachl oroi sophthalonitrile, N, N- di et hyl di chl or ophenyl ur ea,

4, 5-di chl oro- 2-n-octyl - 4- I sot hi azol i ne-3-one, N, N-di et hyl-N -phenyl - (N

Table 10

2,4,5,6-Tetrachloroisophthalonitrile

Copper/nickel solid-solution alloy
N,N-Dimethyldichlorophenylurea

Polymer solution 8,
Polymexr solution §,
Polymer solution S;
Polymer solution Sq
Polymer solution 54
Polymer solution S
Polymer solution S,
Polymer solution Tg
Polymer solution Ty
Polymer solution Ty
Coppexr thiocyanate

Antifoulant Cuprous oxide

Polymer
solution

4 ,5~-Dichloro-2-n-octyl-4-isothiazoline-3~one
N-(Fluorodichloromethylthio)phthalimide

- 35 =
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f1 uor odi chl or onet hyl t hi o) sul f am de, tetramet hyl t hi uram
3-1 0do- 2- propyl but yl car bamat e, 2-
2,3,5, 6-tetrachl oro-4-

( met hoxycar bonyl am no) benzi i dazol e,
(et hyl sul fonyl ) pyri di ne, di i odonet hyl - p-tol yl sul f one,

bi s(di net hyl car banoyl ) zi nc et hyl ene bi s(di t hi ocar banat e),
phenyl (bi spyri di ne) bi snut h di chl ori de, 2-(4-

t hi azol yl ) benzi m dazol e, andpyri di ne -tri phenyl borane.

nore antifoul ants selected from such antifoul ants are

the present invention. The -

A N N o~
o A ™o, N5
~ N NN ™M
U A Y g
) 1 ¥ SN N N m N o
1 | [ ] | -

© ¢
- &
42
g 5
9 4
o >
o)
o —
-~
o g ~
~ o o)
Q ha N
© ~ ~ Q o
& 3 o Ex} oed
u n 9 o o]
3 T g ]
U d d o o
S 6 B Q & w
b B IS B B <
Q@ N 0 & £ 0
. ~ U d Q
2 ~ 0 a Q -~
8 .} 9 BE 4 4 o
H"*‘--—lr—lqu.,.'
Q0 1 X ™ P U o
QA 0 0 g 3 o0 P
TELEA g
N
:r—ilnahufz' =
CDSHO&...{_;J ~
£ 0 o H T ) !
&M'HOQ"""E T o )
F8fE8E2 ¢ g9 8
(Ve
P ryeyd S egda B
° o 5]
gs-:—uﬁwgo o o e 8
F2 3”8 B t +4 0 0 % 0 o @
4 n 0 d 8T d 4 0 N g o
Ll TS w g < ol g 0 g ~
b &9 B v U 2 B g
AT - = B S S A ©
D«NNNMNNBMNQgQS
LI
£ g
o 5
— i
3 ) & +
1 = g P oo
ol Q n = o
3 g‘ '-IQJ£>
g oo E 93
< [ < 9

This Sheet Has Been Replaced

AR

l THIS SHEET HAS BEEN
REPLACED

One or
enpl oyed in

100 100 100

100

Total



in

antifoul ants are used in such an anount that the proportion
the solid contents of the coating conposition is usual ly f Uﬁm@SthTﬁKQ%EEN

by weight, preferably from1l to 60% by weight.” Too small ntlfongqmcgn

anounts do not produce an antifouling effect, ‘while too IaFgE TrtRetkant
anmounts result in the formation of a coating filmwhich is apt to develop

Each of the coating compositions prepared in Examples
1 to 20 and Comparative Examples 1 to 3 given above was
subjected to a film wear test, antifouling performance test,
adhesion test, and cracking resistance test according to the
methods described below. The results obtained are summarized
in Tables 11 to 14 below.

Exrosion Test

The coating compositions prepare& were stored in an
‘'oven at 50°C oven for 2 weeks. Steel panels (100 x 100 x 1 mm)
whose bﬁck—side surfaces had been coated with an anticorrosive
paint were then coated, on the frpnt side, with.éach coating
composition by spraying to provide a thickness of 200 pm on a
dry basis. The coating composition applied was dried indoors
at 20°C for 1 week to prepare test pieces. |

Each test piece was fixed to the outer circumferential
surface of a cylindrical drum having a diameter of 50 cm. The
resulting drum was immersed in the seawater of Yura Bay,
Sumoto, Hyogo, Japan at a depth 6f 1 m from the sea level and
rotated with a motor at such a rate that the peripheral speed
of the drum was 16 Xknots. The reduction in coating f£ilm
thickness as erosion rate was measured at an interval of 3
months over a period of 18 months. The average erosion rate
(um/month) was calculated. An average erosion rate of 3
um/month or higher correlates with sufficient antifouling

performance and self-polishing property.

This Sheet Has Been ¢ﬂlaced

| | |0




12 "defects such as cracki ng and peeling and thus becones ;
effective in antifouling property. Addi t.i ve i ngredijpAtdS BHZET HAS BEEN

optionally be incorporated into the coating conmposition of]|the REMAGED
i nvention thus prepared. Exenples of the additive ingredientsare

colorants

Exposure Test (Antifouling Performance Test)

Sandblasted steel panels (100 x 200 x 1 mm) were coated
with a tar-vinyl anticorrosive paint, and were then coated on
both sides with each coating composifion by spraying twice to
provide a thickness of 240 um on a dry basis for each side.
The coated panels were dried for 1 week in a thermo-hygrostatic
chamber at 20°C and a humidity of 75% to prepare test pieces.

The test pieces were immersed in the seawater of Aioi
Bay, Aioi, Hyogo for 18 months to examine the change with time
of the proportion of that area of the coating film which was
covered with marine organisms attached thereto.

Adhesion Test

Blasted steel panels were coated twice with a tar-epoxy
anticorrosive paint by spraying to provide a thickness of 125
pm on a dry basis for each application, and then further coated
with a tar-vinyl sealer coat to provide a thickness of 70 pum on
a dr&_basis. The resulting steel panels were coated with each
coating composition by spraying twice to provide a thickness of
100 pum on a dry basis and then dried for 1 week in a thermo-
hygrostatic chamber at 20°C and a humidity of 75% to prepare

test pieces.

The test pieces were immersed in artificial seawater.
After immersion for each of 3, 6, 9, 12, and 18 months, the
test pieces were pulled ocut of the water and subjected .to a
crosscut tape test in which the coating film was incised at an

interval of 2 mm. Adhesion was evaluated as follows: the test

- 38 -
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such 'as pigments (e.g., red iron oxide, zinc oxide, titaniufh THH $hEkeHAS BEEN
talc), and dyes, dehumidifiers, and additives .ordinarily enmployeBEPRACED
coating conpositions as antisagging agents, antiflooding agents,
antisettling agents, and antifoam ng agents. For fornul ating
antifouling coating filmfromthe coating conposition of the present

I nvention on the surface of a structure to be subnerged in seawater, use

may be nmade of a nethod in which the coating conposition is applied on the
surface in a suitable manner and the solvent is renoved by

pieces in which the number of unpeeled squares was 25 per 25
‘are indicated by O (acceptance),.and those in which that number
was 24 or smaller per 25 are indicated by x (rejection).
Cracking Resistance Test
When the test pieces were pulled out of the artificial
seawater in the adhesion test, each coating.film was visually
examined for cracks. Test pieces hav}ng no cracks are
" indicated by O (acceptance), while ones having cracks are

indicated by x (rejection).

- 39 -
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evaporation at ordinary tenperature or with heatlng By this 'ﬂﬁé@ﬁ@kT?ﬂQgﬁﬁEN
coating filmcan be easily fornmed on the surface of the strjct

The coating conposition of the present invention is applica
required to be protected against the fouling or danage caused by narlne

organi sms, such as ship bottons, fishing nets, and underwater structures
I ncl uding cooling water pipes, and is also usable for the prevention of

si-udge diffusion in marine construction works. I n such

5.2
4.2
8.4
8.1
7.8
8.5
9.5

(um/month)
6
9
11.4
0
5

Average
erosion rate

18 months

113
93

' 128
75
152
170
205
132
97
146
141
153
171
185
91

(m)

12 months
75
62
84
50

101
116
140
88
66
96
93
105
118
124
60

65
48
72
70
77
85
94
46

Erosion Test

9 _months
54
44
63
37
75
84
105

Table 11

42
25
71
42
32
48
47
55
62

29
50
55
51
30

Film thickness reduction
6 _months
36

20
12
25
27
35
20
16
24
22
25
26
30
15

3 months
18
15

Example 1
Example 2
Example 3
Example 4
Example 5
Example 6
Example 7
Example 8
Example 9
Example 10
Example 11
Example 12
Example 13
Example 14
Example 15
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seawat er constantly at adequate rate, and is hence capable o =1 ==
|.ong-lasting excellent protection against the fouling or dajfebéScHEEFHARBEEN

mari ne organi sm attachnent. The present invention | | beREPLACED
expl ai ned below in nore detail by reference to preparation exanptes,
exanples (of the present invention), and conparative exanples. In

these exanples, unless otherwise indicated, all parts are by weight and
t he nol ecul ar weights are given in terns of weight-average nolecular

wei ght nmeasured by GPC and cal cul ated for standard polystyrene. Mononers
Aferr] to A7) used in the preparation -
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the [err] to [err] and X in the fornula being specified in

"bel ow. Further, nonomers B [err] to B7) used in the preparation e%aby
are those represented by the above- described formula (2), with the Y, n,
and R4 in the fornmula - being specified in Table 2 given bel ow
REPLACEMENT SHEET

exanpl es are those represented by the above-described form él‘FB{‘s%)—%FEW%Mé BEEN
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PREPARATI ON EXAMPLES 1 TO 5
bel ow, sol vent a

16 | ——
the formul ati ons shown in Table 3 gi ven m-nﬂ;sgggl_TlHASq;EEN

flask equi pped with a stirrer and heated to a predeterm neffl reacgrPUACED
following which a liquid mxture consisting of~FFEFEF—Ar———=o

t enperature,
nmononmer B, other nononers, and a pol ynmerization catal yst a was introduced
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dropwi se into the flask with stirring over a period of 3 houfsT' el _
conpletion of the addition, the contents were held at that 'eﬁﬁ§§%g§iéagéﬁ

30 minutes. A mixture of a solvent b and a polynerization

t hen added dropwi se over a period of 20 mnutes, and the resulting m xture
was stirred at that tenperature for 2 hours to conplete the polynerization
reaction. Finally, a diluent solvent was added to dilute the reaction

m xt ure. Thus, polynmer solutions [err] to [err] were obtained.

The results in Tables 11 to 14 clearly show that the
coatix;g compositions of Comparative Examples 1 to 3 which
employed polymer solutions T; to T, were unsatisfactory in both
of coating £ilm dissolution rate and antifouling performance
and were also defective in adhesion and.cracking resistance,
whereas the coating compositir;ns of Examples 1 to 20 which
employed polymer solutions S, to S; gave satisfactory results
in all the tests. These test results prove that the coating
compositions of the ©present invention have excellent
performances.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the

spirit and scope thereof.
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In ~Table 3, "Perbutyl 1" (trade nane of NOF Corporat
given as a polynerization catalyst is t- butyl peroxyi sopro f"ﬂ%ﬁ ﬁ’ét"té\s BE*:N |
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WHAT IS CLAIMED IS:

1. A coating composition containing as essential

components one or more antifoulants and one or more copolymers obtainable

from a
/monomer mixture comprising monomer A represented by formula

(1):
R!?
I -
X—Si-—R? = (1)
!
R¥

wherein R! to R® each is a group selected from alkyl groups
and aryl groups and may be the same or different, and X is
an acryloyloxy group, a methacryloyloxy group, a
maleinoyloxy group, or a fumaroyloxy group

and monomer B represented by formula (2}:

Y- (CH,CH,0),~R* cee (2)
wherein R* is an alkyl group or an aryl group, Y is an
acryloyloxy group, a methacryloyloxy group, a maleinoyloxy
group, or a fmaroyloxy group, and n is an integer of 1 to

25.

2. A coating composition as claimed in claim 1,
wherein said monomer mixture comprisés monomer A, monomer B,
and other monomer(s) copolymerizable therewith in amounts of
from 1 to 95% by weight, from 1 to 95% by. weight, and from 0 to

95% by weight, respectively.

[
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3. A coating composition as claimed in claims lor2
wherein R! to R® each is a straight chain or branched group
having up to 20 carbon atoms, a cycloalkyl group, a phenyl
group, a substituted phenyl group, a naphthyl group or a
substituted naphthyl group and R* is a straight chain or
branched alkyl group having up to 12 ca;ﬁon atoms’, a cycloalkyl
group, a phenyl group, a substituted phenyl groué, a naphthyl
group or a substituted naphthyl group. :

4, A coating composition as claimed in claims 1 to 3
wherein the weight average molecular weight of the copolymer is

in the range of 1,000 to 150,000.

5. A coating composition as claimed in 2NY one of the

previous claims
/wherein the amount of the antifoulant is from 0.1 to 80 % by

weight based on the weight of the solid contents of the coating

composition.

6. The use of the coating composition as defined in any one
of the previous claims on structures submerged in water.

* [ L M S *
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ABSTRACT QF THE DISCLOSURE

A coating composition contains as essential components
one or more antifoulants and copolymer obtained from monomers

mixture comprising monomer A represented by formula (1):

Rl
o l |
X-S8i-R? - (1)
!
R:i

wherein R! to R?® each is a group selected from alkyi groups
and aryl groups and may be the same or different, and X is
an acryloyloxy group, a 'methacryloyloxy group, a
maleinoyloxy group, or a fumaroyloxy group
and monomer B represented by formula (2):
Y- (CH,CH;0),-R* ces (2)
wherein R* is an alkyl group or an aryl group, Y 'is an
Tacryloyloxy group, a methacryloyloxy group, a maleinoyloxy
group, or a fumaroyloxy group, and n is an integer of 1 to

25.

- 51 - L

is Sheet Has Been Re laced

TN




€)X

RE?’LJ"i’JL" hl‘i' o i i

Date 29JUL19$

¢
I

COATING COMPOSITION

FIELD OF THE INVENTION

The present invention relates to a coating composition

for use in preventing the attachment of organisms to the

surfaces of structures submerged in seawater.

BACKGROUND OF THE INVENTION

Antlfoullng palnts employlng an organotln copolymer and

forming a coating £ilm which gradually dlssolves away in

seawater are excellent in the ability to prevent the

attachment

of marine organisms to the surfaces of ship bottoms, etc., but

the use thereof is restricted in recent years because of the

problem of sea pollution.

As a coating composition for eliminating the sea

pollution problem is widely used -an antifouling paint employing

rosin as a soluble resin. Antifouling painﬁs

employing

polymers containing various hydrolyzable groups incorporated

_ therein have also been_ proposed. =However,-these‘antifouling =

paints all have not been put to wide practical use. * Among

those antifouling paints is, for example, an antifouling paint

of the hydrolyzable self-polishing type proposed in WO 84/02915

and JP-A-63-215780 which emﬁloys a (meth)acrylic ester polymer

having triorganosilyl groups in side chains or

a similar

polymer. (The term "JP-A" as used herein means an "unexamined

-
published Japanese patent applicaﬁion.")
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The present inventors made intensive studies on coating
films of such an organosilicon-containing polymer. As a
result, it was found .that the antifouling paint employing a
polymer modified by only incorporating triorganosilyl groups in
side chains of the molecule as described in the above-cited
reference has problems such as the followiné: (1) the coating
film does not show erosion in the rotary test which is the most
J.mpo.ttant test for evaluat:.ng hydrolyzable antlfoullng paints_
(a test for— ;neasurlng coat:.ng film thickness reduction as
erosion rate in which test pieces are fixed to the outer
circumferential surface of a cylindrical drum and the drum is
rotated in seawater at a peripheral speed of 16 knots); (2) the
coating film does not exhibit satisfactory antifouling
properties in exposure test (immersion test); ahd (3) the
coating film develops cracking and shows poor adher:ence to the
substrate or primer coat, so that it peels off when immersed in
seawatexr. Thus, the antifouling paints of the above-described
k_ind de not-have properties ‘required for an_ti_‘!;'_ouling paints.

SUMMARY OF THE INVENTION -

Accoxdingly, an object of the present invention is to
provide a coating composition giving a coating film which
undergoes neiti'xef cracking nor peeling and shows moderate
hydrolyzability to dissolve into seawater constantly at an

adegquate rate and which therefore exhibits excellent

antifouling property for long term.

This Sheet Has Been Reﬁ
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pressure-resi stant vessel were placed (SYSHEEY, HABEEERK |[|B - OtAsr ™= © |

nononers, and pol ynerization cat al yst accBEM.AGEDO t he ya%u_l 7 4 ig)rym_ 1996 J
od “The : N

shown in Table 4 given bel ow. The vesseFr—was conpretery s

centents were then heated to a predeterm ned reaction tenperature with
shaki ng and the shaking was continued at that tenperature. for

As a result of intensive studies made by the present
inventors in order to attain the above object, a specific
copolymer has been invented. A specific copolymer in which
alkoxy~ or axryloxypolyethylene glycol groups as well as
triorganosilyl groups have been incorporated into side chains
of a molecule is used along with antifoulants to prepare a
coating composition, this composition giv_éq coating film which

- ) unc}erg_oes -neither cracking nor_ peeling and shows_ moderate
hydrolyzability— to dissolve ini:o séawatez':.‘ c-:onsim:antlyu at -
adequate rate and which exhibits excéllent antifouling property
for long term. The present invention has been completed based
on the above astonishing finding.

i'.l‘he present invention is concerned with a coating’
composition containing as essential components antifoulants and

copolymer obtained from monomers mixture comprising a monomer

A represented by formula (1):

Rl

wherein R! to R® each is a group selected from alkyl groups
and aryl groups and may be the same or different, and X is
an acryloyloxy group, a methacryloyloxy group, a

maleinoyloxy group, or a fumaroyloxy group

This Sheet Has Been Reﬂlaced
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pol ymeri zation catal yst has the sane nmeaning as 1 n rapre
PREPARATI ON EXAMPLE 7

catal yst a according to the formul ati on shown in Table 4 gi
contents were heated to a predeterm ned reaction

- | 4

In a flask equi pped with a stlrrer wer e

pl aced solvent a, nononer A, nononer B, other nononers,..and pol ynerization
iven below. The

'and monomer B represented by formula (2):

Y~ (CH,CH,0),-R" eee (2)
wherein RY is an alkyl group or an aryl group, Y is an
acryloyloxy group, a methacryloyloxy group, a maleinoyloxy
group, or a fumaroyloxy group, and n is an integer of 1 to

25.
DETAILED DESCRIPTION OF THE INVENTION

™  _The coating= _cé_mpositign of. the present . inver-ltior_}
contains as one of its essential components éopoly:ﬁer obtained
from monomers mixture which comprises at least one monomer A
" represented by the above-described formula (1) and at least one
monomer B represented by the above-described formula (2) and
which may optionally <contain at least one monomer
copolymerizable therewith (the copolymer is hereinafter

referred to as "copolymer AB").
As shown in formula (1), monomer A has in its molecule

an acryloyloxy group, a methacryloyloxy group, a maleinoyloxy

group (md"st’li in the form of monoalkyI -ester with 1=6 carbon - _

atoms), or a fumaroyloxy group (mostly in the form of n-ﬁ:noalkyl
ester with 1-6 carbon atoms) as an unsaturated group (X) and
also has a triorganosilyl group.

In the triorganosilyl group, the three alkyl or aryl
groups (R! to R’) may be the same or different. Specific
examples of these groups include a linear or branched alkyl
group havin.gl up to 20 carbon atoms (e.g., _methyl, ethyl,

propyl, and butyl); a cycloalkyl group (e.g., cyclohexyl and

This Sheet Has Been Reﬂlace




tenperature with stirring and subsequently kept bei ng stirllefepBAcENBNT SHEST
tenmperature for 6 hours to conplete the reaction. The regction ?ét ﬁ
was then diluted with a diluent solvent to obtain a poly {' rm

substituted cyclohexyl); and an aryl group (e.g., phenyl and
naphthyl) and a substituted aryl group (e.g., substituted
phenyl and substituted naphthyl). Examples of the substituted
aryl groups include aryl groups substituted with a halogen
atom, an alkyl group with up to about 18 carbon atoms, an acyl
group, a nitro group, or an amino group.

Examples of monomer A which has a (methjacryloyloxy
group in a molecule -include trimethylsilyl (meth)acrylate,
triethylsilyl (meth)acrylate, tri-n—propylsilyl”(meth)a.c-:r.y;latém,
triisopropylsilyl (meth)acryl'a.xte, tri-n-bultylsilyl
(meth)acrylate, : triisobutylsilyl (meth)acrylate, tri-s-
butylsilyl (meth)acrylate, tri-n-amylsilyl (meth)acrylate, tri-
n-hexylsilyl (me'th)acrylate, tri-n-octylsilyl (meth)acrylate,
tri-n-dodecylsilyl (meth)acrylate, | triphenylsilyl i
(meth)acrylate, tri-p—methylbhenylsilyl (meth)acrylate, and.
tribenzylsilyl (meth)acrylate.

Other examples of monbmer A having a (meth)acryloyloxy
= _ grodp-in a molecule include ethyldimethylsilyl (meth)acrylate,

n-butyldimethylsilyl (meth)acrylate, diisop::_‘opyl-—n—bu‘i’.‘ylsilyl
(meth)acrylate, n-octyldi‘-—n-butylsilyl {meth)acrylate,
diisopropylstearylsilyl (meth)acrylate, dicyclohexylphenylsilyl
(meth)acrylate, t-butyldiphenylsilyl (meth)acrylate, and
lauryldiphenylsilyl (meth)acrylate.

Examples of monomer A which has a maleinoyloxy or
fuma.royloxy group in a molecule inclﬁde triisopropylsilyl

methyl maleate, triisopropylsilyl amyl maleate, tri-n-
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butylsilyl n-butyl maleate, t-butyldiphenylsilyl methyl
maleate, t-butyldiphenylsilyl n-butyl maleate,
triisopropylsilyl methyl fumarate, triisopropylsilyl amyl
fumarate, tri-n-butylsilyl n-butyl fumarate, t-
butyldiphenylsilyl methyl fumarate, and t-butyldiphenylsilyl n-
butyl fumarate.

As shown in formula (2), monomer B-has in its molecule
an acryloyloxy group, a mgth@cryloyloxy group, a malginoyloxy
gr;ﬁp (mostly in the form of.méﬁoalkyl ésterlﬁitﬁ 1-6 carbon

atoms), or a fumaroyloxy group (mostly in the form of monoalkyl

‘ester with 1-6 carbon atoms) group as an unsaturated group (Y)

and also has an alkoxy- or aryloxypolyethylene glycol group.
In the alkoxy-~ or aryloxypolyethylene glycol group, the
degree of polymerization (n) of the polyethylene glycol is from
1 to 25. Examples of the alkyl or aryl group (R%) include a
linear or branched alkyl group having up to 12 carbon atoms
(e.g., methyl, ethyl, propyl, and butyl); a cycloalkyl group
(e.g‘,nqyclehexy1fand substitnted,cyclohggyl)f and an'a%yl“
group (e.g., phenyl and naphthyl) and a substituted ar?l group
(e.g., substituted phenyl and substituted naphthyl). Examples
of the substituted aryl groups include aryl groups subs£ituted
with a halogen afom, an alkyl group with up to about 18 carbon
atoms, an acyl group, a nitro group, or an amino group.
Examples of monomer B which has a (meth)acryloyloxy
group in a molecule include methoxyethyl (meth)acrylate,

ethoxyethyl {meth)acrylate, propoxyethyl (meth)acrylate,
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butoxyethyl (meth)acrylate, hexoxyethyl (meth)acrylate,
methoxydiethylene glycol (meth)acrylate, methoxytriethylene
glycol (meth)acrylate, ethoxydiethylene glycol (meth)acrylate,
and ethoxytriethylene glycol (meth)acrylate.

Examples of monomer B which has a maleinoyloxy or
fumaroyloxy group in a molecule include methoxyethyl n-butyl
maleate, ethoxydiethylene glycol . ~ methyl maleate,
ethoxytriethylene glycol - Exefzﬁy‘l- maleate, - pfopo;j(diéthyie_n;'
glycol methyl maleate, butoxyethyl methyl maleate, hexoxyethyl
methyl maleate, methoxyethyl n-butyl fumarate, ethoxydiethylene
glycol mefhyl fumarate:, ethoxytriethylene gl.ycol methyl
fumarate, propbxydiethylepe glycol methyl fumarate, butoxyethyl
methyl fumarate, and hexoxyethyl methyl fumarate.

As other monomers copolymerizable with these monomers
A and B, use may be made of various vinyl monomers such as
acrylic esters, -methacrylic esters, styrene, vin;_rl esters

(e.qg., .vinyl acetate, vinyl propionate, vinyl butyrate, vinyl ~

benzoateY; vinyitdlueﬁ-é,?('i'—iﬁ-e"'l:hyl'styre;e, crotonic estexs, and
itaconic esters.

In the monomers mixture, the proportions of monomers A
and B and other monomer(s) copolymerizable therewith may be
suitably determined depending on the use of the coating
composition. In general, however,- it is preferred that the
proportion of monomer A is from 1 to 95% by weight; that of

monomer B is from 1 to 95% by weight, and that of other
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monomer(s) copolymerizable therewith is from 0 to 95% by weight
on the basis of the total weight of the monomers.

Copolymer AB can be obtained by polymerizing such
monomers mixture in the presence of a vinyl polymerization
initiator by any of various methods such as solution
polymerization, bulk polymerization, emulsion polymerization,
and suspension polymerization in an ordinary way. In preparing
a coating .composition from copolymer AB, it is advantageous to
diiute the—éopolymer with an érganic é;i;ent to'éiﬁe a.éolfmer
solution Héving. an adequaﬁe viscosity. For this, it is
desirable to employ the solution polymerization method or bulk
polymerization method. -

Examples of the vinyl polymerization initiator include
azo compounds such as azobikisobutyronitrile and
triphenylmethylazobenzené; and pero§ides such 'as benzoyl
peroxide, di-t-butyl peroxide, t-butyl peroxybenzoéte, and t-
butyl peroxyisopropylcarbqgate.

- Examples of the organic -solvent. include aromatic-

hydrocarbons such as xylene and toluene; aliphatic hydrdéarbons
such .as hexane and heptane; esters such as ethyl acetate and

butyl acetate; alcohols such as isopropyl alcohol and butyl

. &lcohol; ethers éuéh as dioxane and diethyl ether; and ketones

such as methyl ethyl ketone and methyl isobutyl ketone. The
solvents are used either alone or in combination.
The molecular weight of copolymef AB thus obtained is

desirably in the range of from 1,000 to 150,000 in terms of
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Pol yneri zati on was conducted in the same manner as in Preparati§g9E§8gPEEB
T except that 100 parts of tri-n-butylsilyl rmethacryl ate|wasieusetl..as...a.....o-...

nononer.

pol ymer solution [err] was obtained, whié¢

xyl ene sol-ution. The

weight-average molecular weight. Too low molecular weights
result in difficulties in forming normal coating film, while
too high molecular weights result in disadvantages that a
single coating operation only gives thin coating film and,
hence, coating operations should be conducted in a larger
number. It is advantageous that the viscosity of the solution
of copolymer AB is 150 P or lower at 25°C._ For attaining this,
it is preferred to regulate t_he -_sc_:_l—id _éontent__ of the .poJ_.ymea:
solution to a value in the range of from 5 to 90%.by weight,
desirably from 15 'to 85% by weight.

The antifoulant used as :another essential component in
the qoating composition of the present invention may be any of
a wide range of conventionally iknown antifoulants. The known
‘antifoulants are roughly divided into inorganic compounds,
.metal-containing organic compounds, and metal-free organic

compounds.

Examples of the inorganic compounds include copper

. compounds: .such -ds- cuprous~ oxide, copper ‘powder, copper ~

thiocyanate, copper carbonate, copper chlorxide, and copper
sulfate, ziné sulfate, zinc oxide, nickel sulfate, and copper-
nickel alloys. | "

Examplés of the metal-containing organic compounds
‘finclude organocopper compounds, organonickel compounds, and
organozinc compounds. Also usable are maneb, manzeb, propineb,
and the like. Exemples of the organocopper compounds include

oxine copper, copper nonylphenolsulfonate, copper
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CQVPARATI VE PREPARATI ON EXAMPLE 2 Pol yneri zati on conducted in
the sane manner as in Preparation Exanple 1 except that 50 pafdt.s OQJU,Lm
tri-n-butylsilyl methacrylate and 50 parts of nmethyl neth al-p.

used as a nonomer m xture. Thus, polyner solution [err] was obt ai ned,

whi ch was a 50 wt % xyl ene solution. The nol ecul ar wei ght _.of the copol yner
obt ai ned was 30, 000. COVPARATI VE PREPARATI ON EXAMPLE 3

Pol yneri zati on was conducted in the sane rrarfaer as in

" bis(ethylenediamine) bis(dodecylbenzenesulfonate), copper

acetate, copper naphthenate, and copper
bis(pentachlorophenolate). Examples of the organonickel
compounds include nickel acetate and nickel

dimethyldithiocarbamate. Examples of the organozinc compounds
include zinc acetate, zinc carbamate, zinc
dimethyldithiocarbamate, zinc pyrithione, and zinc

."ethylenebls(dlthiocarbamate)

Examples of the metal- free organlc compounds irclude N~
trihalomethylthiophthalimides, dithiocarbamic ‘acids, N-
arylmaleimides, 3-(substituted amino)-1,3-thiazolidine-2,4-
diones, dithiocyano éompounds, triazine compounds, and others.

Examples of the N-trihalomethylthiophthalimides include
N-trichloromethylthiophthalimide and N -
fluorodichloromethylthiophthalimide. Examples of the
dithiocarbamic acids include bis(dimethylthiocarbamoyl)
disulfide, ammonium N-methyldithiocarbamate, ammonium
ethylenebls(dlthlocarbamate), and mllneb. _ )

Examples of the N—arylmalelmldes J.ﬁclude .N—( 2, 4 6- i
trichlorophenyl)maleimide, N-4-tolylmaleimide, N~3-
chlorophenylmaleimide, N~(4-n-butylphenyl )maleimide, N-
(anilinophenyi)méleimide, and N-(2,3-xylyl)maleimide.

Examples of the 3-(substituted amino)~1,3~thiazolidine-
2,4-diones include 3-benzylideneamino-1,3-thiazolidine-2,4-
dione, 3-(4—methylbénzylideneamino)-l,3—thiazolidine—2,4-dione,

3-(2-~-hydroxybenzylideneamino)-1,3-thiazolidine-2,4~dione, 3-(4-



Preparati on Exanple 1 except that 50 parts of ethoxyethyl CR¥ t@A@E;@gﬂngggT

parts of nmethyl nethacrylate were used as a nononer m xturd. pol ymer
solution [err] was obtained, which was a 50 wt % xyl ene sol Uit hg@.. . & Bhel l.m
nol ecul ar wei ght of the copol yner obtai ned was 31, 000. :
EXAMPLES 1 TO 20 Pol ymer solutions [err] to S7 each was m xed with

other ingredients according to each of the formulations shown in Tables 5
to 9 given below (the figures in the tables are given

11

dimethylaminobenzylideneamino)-1,3-thiazolidine-2,4-dione,and
3-(2,4-dichlorobenzylideneamino)-1, 3-thiazeclidine-2,4-dione.
Examples of the dithiocyano compounds include
dithiocyanomethane, dithiocyanoethane, and 2,5-
dithiocyanothiophene. Examples of the triazine compounds
include 2—methylthio—4-t—butylamino—6—cyciopropy1amino—s-
triazine. _

- .- Other examples -of the metal—free.organic c0mpouhds
include 2,4,5,6~ tetrachlor01sophthaionltrlle, i N;N;
dimethyldichlorophenylurea, 4,S—dichloro-z—nfoctyl-4-'
isothiazoline-3-o0one, N,N-dime;hyl-N'—phenyl—(N—
fluorodichloromethylthio)sulfamide, tetramethylthiuram
disulfide, 3—iodo—2-propylbutyi carbamate, 2-
(methoxycarbonylamino)benzimidazole, 2,3,5,6-tetrachloro-4-
(methylsulfbﬁfi)pyridine, diiodomethyl-~p-tolyl = sulfone,
bis(dimethylcarbamoyl)zinc e?hylene biskdithiocarbamate),

phenyl(bispyridine)bismuth dichloride, 2-(4-

- L athlazolyljbenzlmldazole, and pyridine trlphenylborane. S -
One or more antifoulants Q;lected from éﬁ;h
antifoulants are employed in the present invention. The
antifoulants are used in such an amount that the ?roportion
thereof in the-sdiid'contents of the coating composition is
usually from 0.1 to 80% by weight, preferably from 1 to 60% by
weight. Too small antifoulant amounts do not produce an

antifouling effect, while too large antifoulant amounts result

in the formation of a coating film which is apt to develop
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defects such as cracking and peeling and thus becomes less
effective in antifouling property.

Additive ingredients may optionally be incorporated
into the coating composition of the i)resent invention thus
prepared. Exemples of the additive ingredients are colorants
such as pigments (e.g., red iron oxide, zinc oxide, titanium
dioxide, talc), and dyes, dehumidifiers, and additives

__o_rd.g'.nar_ily_.employed in- coating compo__sitions as,——-a'nl:i_sagging_
agents, antiflooding agents, antisettling agents, and
antifoaming agents.

For formulating antifouling coating £ilm f£from the
coating composition of the present invention on the surface of
a structure to be submerged in seawater, use may be made of a
method in which the coating composition is applied on the
surface in a suitable manner and the solvent is removed by
evaporation at ordiﬁary temperature or with heating. By this

method, a dry coating film can be easily formed on the surface

.of the structure.- - . - -

The coating composition of the present inver;‘tion is
applicable to objects required to be protected against the
fouling or damage caused by marine organisms, such és ship
bottoms, fishihg nets, and underwater structures including
cooling water pipes, and is also usable for the prevention of
sludge diffusion in marine constructiqn works. In such

applications, the coating f£ilm uhdergoes neither cracking nor

peeling, shows moderate hydrolyzability to dissolve into the



conpositions were prepared. In the formul ations, "D &EEhACEMENTSHEET
AB30- 20X" (trade nanme of Kusunmpbto Chemicals Ltd., Japan) and ||'Bentoge
SD-2" (trade nane of National Lead K. K., Japan) each is an a DQ@ggEdeRHHEBs“

agent .
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seawater constantly at adequate rate, and is hence capable of
affording long-lasting excellent protection against the fouling
or damage caused by marine organism attachment.

The present invention will be explained below in more
detail by reference to preparation examples, examples (of the
present invention)', and comparative examples. In these
examples, unless otherwise indicated, all parts are by weight
and-the molecular weights are given in terms of weight-average _ _
'molecular weight ;ne:asﬁz:;d by GPC and caiculéted for .;tandard -
polystyrene. Monomers A (A, to A;) used in the prepafétion
examples are those represented by the above-_-de?scribed- formula
(1), with the R! to R® and X in the formula being specified in
Table 1 given below. Further, monomers B (B, td B;) used in the
preparation examples are those represented by the above-

described formula (2), with the ¥, n, and R, in the formula

being specified in Table 2 given below.
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Table 1

Organic Groups in General Formula (1)

R! R? R? X

CH, CH, t-CHy CH,=CHCOO

i-C,B; i-CiH, i-CsH; CH,=CHCOO

n:_.c,‘H,_ n?C“Hg n—C,,Hg. §H2=C(CH3)C60

CeHs CeHs t-C,Hy CH,=C(CH,)CQO

i-CsH, i-CsH, i-CsH, CH,=C(CH;)COO0

CeHs CeHs t-C,H, C;H,;00CCH=CHCOO

i (maleinoyloxy group)
n~CqH,y n-C4H9. n-CHy C5Hy0OCCH=CHCOO

(fumaroyloxy group)
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Monomer
Monomexr
quome;
Monomex
Monomer

Monomer

Monomer

Table 2

Organic Groups in General Formula (2)

o

REPLACEMENT SHEET

Date ng’L!Lm

Y n R*
CH,=CHCOO 1 CH,
CH,=C(CH;3)CO0O0 1 CH,
CH,=CHCOO 2. _cz;{s
CH,=C (CH;)COO 9 CeHs
CH,=C(CH,)CO0 23 C:H,
C/Hy,;O0CCH=CHCOO 1 CH;

(maleinoyloxy group)
CH;00CCH=CHCOO 2 C,H;

(fumaroyloxy group)
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PREPARATION EXAMPLES 1 TO 3

According to the formulations shown in Table 3 given
below, solvent a was placed in a flask equipped with a stirrer
and heated to a predetermined reaction temperature, following
which a liquid mixture consisting of monomer A, monomexr ﬁ,
other monomers, and a polymerization catalyst a was introquced
dropwise into the flask with stirring over a period of 3 hours.
After completlon of the addition, the coﬂients were held at
that temperatuéé for 30—m1nutes.' A mixture of a solvent and
a polymerization catalyst b was then added dropwise over a
period of 20 minutes, and.the resulting mixtyre was stirred at
that temperature for 2 hours to complefélthe polymerization
reaction. Finally, a diluent solvent was added to dilute the
reaction mixture. -Thus, polymer solutions S, to 8S; were
obtained. -

In Table '3, “"Perbutyl - I" (trade name of NOF

Corporation, Japan) given as a polymerization catalyst is t-

butyl peroxyisopropylcarbonate.
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PREPARATION EXAMPLE 6

In a heat- and pressure-resistant vessel were placed
monomer A, monomer B, other monomers, and polymerization
catalyst a according to the formulation shown in Table 4 given
below. The vessel was completely sealed. The contents were
then heated to a predetermined reaction temperature with
shaking and the shaking was continued at that temperature for
8 hours to complete the reaction. ‘A diluent solvent was then

_.added t&'dissqlge the reaction . product with shaking for 1 hour,-
thereby giving a polymer solution S;,. In Table 4, "Perbutyl I*
given as a polymerization catalyst has the same meaning as in
Table 3.
PREPARATION EXAMPLE 7

In a flask equipped with a stirrer were placed solvent
a2, monomer A, monomexr B, other monomers, and polymerization
catalyst a according to the formulation shown in Table 4 given
below. The contents were heated to a predetermined reaction
temperature with stirring and subsequently kept being stirred

-. at that tempefature fof -hours to complete the reaction. “The = .. . -

reaction mixture was then diluted with a diluent solvéht to

obtain a polymer solution S;.
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COMPARATIVE PREPARATION EXAMPLE 1
Polymerization was conducted in the same manner as in

Preparation Example 1 except that 100 parts of tri-n-butylsilyl
methacrylate was used as a monomex. Thus, polymer solution T,
was obtained, which was a 50 wt% xylene solution. The
molecular weight of the homopolymer obtained was 32,000.

COMPARATIVE PREPARATION EXAMPLE 2 .
R -Polymerization was conducted in the same manner as in
Preparation Example 1 except that 56 parts rof ﬁri—n—bﬁ-tyisilj;l
methacrylate and 50 parts of methyl methacrylate v»;ere used as
a monomexr mixture. Thus, polymer solution Ty was obtained,
which was a 50 wt% xylene solution. The molecular weight of
the copolymér ol;tained was 30,000.

COMPARATIVE PREPARATION EXAMPLE 3

Polymerization waé conducted in the same m.anner as in
Preparation Example 1 except that 50 -parts- of ethoxyethyl
acrylate and 50 parts of .methyl methacrylate were used as a
monomér mixture. Thus, polymer sqQluticn T, was obtained » which_
was a 50 wt% xylene solution. The molecular weight of the
copolymer obtained was 31,000.
EXAMPLES 1 TO 20

Polymer solutions S, to S; each was mixed with other
ingredients accoxding to each of the formulations shown in
Tables 5 to 9 given below (the figures in the tables are given

in terms of percent by weight), and each mixture was



D

33 REPLACEMENT SHEST

23

homogenized with a homomixer at 2,000 rpm. Thus, 20 coating
compositions were prepared.

In the formulations, "Disparon A630-20X" (trade name of
Kusumoto Chemicals Ltd., Japan) and "Bentone SD-2" (trade name

of National Lead X.K., Japan) each is an antisagging agent.
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surface of a cylindrical drum having a dianmeter of 50 cm T £esu ) ',ww
drumwas imersed in the seawater of Yura Bay, Sunoto, q Rﬁﬁéﬁaﬁﬁr‘ P:f*"q prsiT
depth of 1 mfromthe sea level and rotated with a nDtor at
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that the peripheral speed of the drumwas 16 knots.
coating film thickness as erosion rate was neasured at an interval of 3

nont hs over a period of 18 nonths. The average erosion rate ([err]/nonth)
was cal cul at ed. An average erosion rate of 3 [err]/nmonth or higher
correlates with sufficient antifouling performance and sel f-polishing

property. 31
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Sandbl asted steel panels (100 x 200 x I mm) were coated mﬁd
anticorrosive paint, and were then coated on bot h sides wi tj

II

P

eac

conposition by spraying twice to provi de a thickness of 240! 2141
| bl
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dry basis for each side. The coated panels were dried for S o - I —
t her no- hygrostatic chanmber at [err] and a humdity of 75%to prepare test
pi eces. The test pieces were imersed in the seawater. of Al oi Bay,.

Ai oi, Hyogo for 18 nonths to exam ne the change with time of the
proportion of that area of the coating filmwhich was covered with marine

organi sns attached thereto. 33
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Adhesi on Test Bl asted steel panels were coated tw geREPLACEMENT SHEET

tar-epoxy anticorrosive paint by spraying to provide a thigkness c?xﬁlt%@

[err] on a dry basis for each application, and then further licDated.® ¥.¢ Lam.,
tar-vinyl sealer coat to provide a thickness of 70 [err] on % '
The resulting steel panels were coated with each coating conposition by
spraying twice to provide a thickness of 100 [err] on a-dry basis and then
dried for 1 week in a therno- hygrostatjzfz chanber at [err] and a humidity

of 75%to prepare test pieces.

COMPARATIVE EXAMPLES 1 TO 3

Polymer solutions T to T, each was mixed with other
ingredients according to each of the formulations shown in
Table 10 given below (the figures in the table are given in
terms of percent by weight), and each mixture was homogenized
with a homoﬁixer at 2,000 xrpm. Thué, three coating
compositions were prepared. In the table, "Disparon A630-20X"

and_"8enton SD-2" are the same as in Tables 5 to 9.
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I ndi cated by O (acceptance), while ones having cracks are Cat e
(rejection). 40 g _méﬁ%éJ
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Each of the coating compositions prepared in Examples
1 to 20 and Comparative Examples 1 to 3 given above was
subjected to a film wear test, antifouling performance test,
adhesion test, and cracking resistance test according to the
methods described below. The results obtained are summarized
in Tablés 11 to 14 below. '

Erosion Test

- The coatlng composxtlons prepared were stored in an

‘oven at 50°C oven for 2 weeks. Steel panels (100 % 100 x 1 mm) "
whose back-side surfaces had been coated with an anticorrosive
paint.were then coated, on the front side, with each coating
compoeition by spraying to provide a thickness of 200 um on a
dry basis. The coating composition applied was dried indoors
at 20°C for 1 week to prepare test pieces.

Eaeh test piece was fixed to the outer circumferential
surface of a cylindrical drum having a diameter of 50 cm. 'The
resulting drum was immersed in the seawater of Yura Bay,
Sumotol Hyogo, Japan at a depth of 1 m from the sea level and
rotated with a motor at such a rate that the perlphera; speed
of the drum was 16 knots. The reduction in coating film
thickness as erosion rate was measured at an interval of 3
months over a period of 18 months. The average erosion rate.
(um/month) was calculated. An average erosion rate of 3

um/month or higher correlates with sufficient antifouling

performance and self-polishing property.
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Exposure Test (Antifouling Performance Test)

Sandblasted steel panels (100 x 200 x 1 mm) were coated
with a tar-vinyl anticorrosive paint, and were then coated én
both sides with each coating composition'by spraying twice to
provide a thickness of é40 um on a dry basis for each side;
The coated panels were dried for 1 week in a thermo-hygrostatic
chamber at 20°C and a humidity of 75% to prepare test pieces.
- The test pieces were immersed in the seawater of Ajioi
Bay, Aioi, Hyogc.for 18 months to examine the change with time
of the proportion of that area of the coating film which was
covered with marine organisms attached thereto.

Adhesion Test

Blasted steel panels were coated twice with a tar-epoxy
anticorrosive paint by spraying to provide a thickness of 325
um on a dry basis for each application, and then further coated
with a tar-vinyl sealer coat to provide a thickness of 70 um on
a dry basis. The resulting steel panels were coated with each
toating Cbﬁppsitipﬁ"bjmsprajihg-EWipe_tbfprovide’a;ﬁpigkﬁgss of— -
100 pm on a dry basis and then dried for 1 week in a thermo-
hygrostatic chamber at 20°C and a humidity of 75% to prepare
test pieces.

The test pieces were immersed in artificial seawater.
After.immersion for each of 3, 6, 9, 12, and 18 months, the
test pieces were pulled out of the water and subjected to a
crosscut tape test in which the coating film was incised at an

interval of 2 mm. Adhesion was evaluated as follows: the test
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pieces in which the number of unpeeled squares was 25 per 25
are indicated by O (acceptance), and those in which that number
was 24 or smaller per 25 are indicated by x (rejection).
Cracking Resistance Test

When the test pieces were pulled out of the artificial
seawater in the adhesion test, each coating-film was visually

examined for cracks. Test pieces having no cracks are

" indicated by O (acceptance), while ones having cracks are

indicated by x “'(.r'ejecti“on).
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The results in Tables 11 to 14 clearly show that the coati
of Conparative Exanples 1 to 3 which enployed polyner solu

[€rr] were unsatisfactory in both of coating filmdissolut ol [ atega
antifouling performance and were al so defective in adhesi CEr ALK

resi stance, whereas the coating conpositions of Exanples 1 to 20 which
enpl oyed pol yner solutions [err] to [err] gave satisfactory results in al
the tests. These test results prove th#8 the coating

The results in Tables 11 to 14 clearly show that the
coatiﬂg compositions of Comparative Examples 1 to 3 which
employed polymer solutions Tg to T,, were unsatisfactory in both
of coating film dissolution rate and antifouling performance
and were also defective inﬁadhesion and cracking resistance,
whereas the coating compositians of Examples 1 to 20 which
employed polymer solutions S, to S, gave satisfactory results
ir' all the tests. These test results prove that the coating
compositions of +the present invention have excellent

performances.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications ‘can bg made therein without departing from the

spirit and scope thereof.
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WHAT IS CLAIMED IS:
1. A coating composition containing as essential
components one or more antifoulants and one or more copolymers obtainable

from a
/monomer mixture comprising monomer A represented by formula

(1)
Rl
, -
& X-Si-R® e (1)
I
R

wherein R! to R® each is a group selected from alkyl groups
and aryl groups and rﬁay be the same or different, and X is
an acryloyloxy group, a methacrylo;_rloxy group, a'
maleinoyloxy group, or a fumaroyloxy group
and monomer B represented by formula (2):
Y- (CH,CH,0),~R" see (2)
“whexein :R'. is-an .alkyl_group or. an .aryl group, ¥ iszam -~
acryloyloxy group, a methacryloyloﬁcy group, a maleinoyloxy
group, or a fumaroyloxy group, and n is an’ J.nteger of 1 to
25.
2. A coating composition as claimed in claim 1,
wherein said monomer mixture comprises monomer A, monomer B,
and other monomer(s) copolymerizable therewith in amounts of

from 1 to 95% by weight, from 1 to 95% by. weight, and from 0 to

95% by weight, respectively.

AR
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3. A coating composition as claimed in claims 1 or 2

wherein R' to R?® each is a straight chain or branched group
having up to 20 carbon atoms, a cycloalkyl group, a phenyl
group, a substituted phenyl group, a naphthyl group or a
substituted naphthyl group and R* is a straight chain. or
branched alkyl group having up to 12 carb.on atoms’, a cycloalkyl
group, a phenyl group, a- substituted phenyl group, a naphthyl
gr.qup or a substituted naphthyl group. .
- 4, A coating composition as claimed in claims 1 to 3 .

wherein the weight average molecular weight of the copolymer is

in the range of 1,000 to 150,000.

5. A coating composition as claimed in a0 one of the

previous claims
/wherein the amount of the antifoulant is from 0.1 to 80 % by

weight based on the weight of the solid contents of the coating

composition.

6. The use of the coating composition as defined in any one
of the previous claims on structures submerged in water.

- - - - - - - e - - - - - -

* c L M S *

i
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ABSTRACT OF THE DISCIOSURE

A coating composition contains as essential components
one or more antifoulants and copolymer obtained from monomers

mixture comprising monomer A represented by formula (1):

RI

o
X-Si-R? - (D)

- |

R:i

wherein R! to R® each is a group selected from al_kj;(l groups

and aryl groups and may be the same or differént, and X is

an acryloyloxy group, a methacryloyloxy group, a

maleinoyloxy group, or a fumaroyloxyigroup

and monomer B represented by formula (2):
. Y- (CH,CH,0),~-R* - cee (2)

wherein R' is an alkyl group or an aryl group, Y is an

- SRR ‘-acryleyloxy group, a methacryj.oyloxy gxoup, a malelnoyloxy

group, or a: :Eumaroyloxy group, and n J.S an J.nteger of 1 to

25.-

Sheet Has Been R laced

BT




(2) wherein R4 is an al kyl group or an aryl group, Y is an|

group, a nethacryl oyl oxy group, a nal ei noyl oxy group, or a i SHEET
group, and n is an integer of 1 to 25. 2. A coalling
conposition as clained in claiml1l, wherein said nononer m “%‘co!rgrigglsm--

at | east one of nononer A at |east one of nononmer B, and other nononer(s)
copol yneri zable therewith in anmounts of from1l to 95% by weight, from1l to
95% by weight, and fromO to 95 % by wei ght, respectively.

-51-

COATING COMPOSITION
ABSTRACT

A coating composition contains as essential components
one or more antifoulants and copolymer obtained from monomers

mixture comprising monomer A represented by formula (1):

R H
~ o
X—-Si-R? ,, = (1)
l
R?
wherein R! to R® each is a group selected from alkyl groups
and aryl groups and may be the same or different, and'X is
an acryloyloxy -‘group, a methacryloyloxy group, a
maleinoyloxy group, or a fumaroyloxy group |
and monomer B represented by formula (2):
N Y- (CH,CH,0),-R* ' ces (2)
\/’

wherein R* is an alkyl .group or an aryl group, Y is an
~acryloyloxy group, a methacryloyloxy group, a maleinoyloxy
group, or a fumaroyloxy group, and n is an integer of 1 to

25.



- 50- o 3. A coating conposition as clai med |inrepideMent sHseT
wherein [err] to [err] each is a straight chain or brancfed al 'Bgﬂﬂfﬁm“
having up to 20 carbon atons, a cycl oal kyl group, a phenylpseaup., [
substituted phenyl group, a naphthyl group or a substitut
and R4 is a straight chain or branched al kyl group having up to 12 carbon
atons, a cycloal kyl group, a phenyl grogp, a substituted phenyl group, a
napht hyl group or a

----------------------

The present inventors made intensive studies on coating films of such an
organosilicon-containing polymer. As a result, it was found that the antifouling paint
employing a polymer modified by only incorporating triorganosilyl groups in side chains
of the molecule as described in the above-cited reference has problems such as the: .
following: (1) the coating film does not show erosion in the rotary test which is the most

" important test for evaluating hydrolyzable antifouling paints (a test for measuring coating
film thickness reduction as erosion rate in which test pieces are fixed to the outer
circumferential surface of the cylindrical drum and the drum is rotated in seawater at a
peripheral speed of 16 knots); (2) the coating film does not exhibit satisfactory antifouling
properties in exposure test (immersion test); and (3) the coating film develops cracking
and shows poor adherence to the substrate or primer coat, so that it peels off when
immersed in seawater. Thus, the antifouling paints of the above-described kind do not

have properties required for antifouling paints.

- SUMMARY OF THE INVENTION

It is an object of the invention to ameliorate one or more of the abovementioned
problems and/or drawbacks.
According to one aspect of the invention there is disclosed a coating composition

containing as essential components one or more antifoulants and copolymer obtained from



substituted napht hyl group. 4. A coating CONPYUSREPIACEMENT SHEET
clainmed in claim1, wherein the weight average nol ecul ar
copol ymer
conposition as clainmed in claim1l, wherein the anount of t

I ght of the
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is in the range of 1,000 to 150, 000. 5.

is fromO0.1 to 80% by wei ght based on the weight of the solid contents of
coating conposition. -3-

a monomer mixture comprising at least one of monomer A represented by formula (1):

(1)

wherein R! to R3 each is selected from the group consisting of alkyl groups and aryl
groups and are the same or different, and X is an acryloyloxy group, a methacryloyloxy
group, a maleinoyloxy group, or a fumaroyloxy group and at least one of monomer B

represented by formula (2):

Y-(CH,CH,0), - R*
@

wherein R4 is an alkyl group or an aryl group, Y is an acryloyloxy group, a
methacryloyloxy group, a maleinoyloxy group, or a fumaroyloxy group, and n is an

integer of 1 to 25.
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The coating composition of the present invention contains as one of its essential
components copolymer obtained from monomers mixture which comprises at least one
monomer A represented by the above-described formula (1) and at leaét one monomer B
represented by the above-described formula (2) and which may optionally contain at least
one monomer copolymerizable therewith (the copolymer is hereinafter referred to as

"copolymer AB").

As shown in formula (1), monomer A has in its molecule an acryloyloxy group, a
methacryloyloxy group, a maleinoyloxy group (mostly in the form of monoalkyl ester with
. 1-6 carbon atoms), or a fumaroyloxy group (mostly in the form of monoalkyl ester with

1-6 carbon atoms) as an unsaturated group (X) and also has a triorganosilyl group.

In the triorganosilyl group, the three alkyl or aryl groups (R! to R3) may be the
same or different. Specific examples of these groups include a linear or branched alkyl
group having up to 20 carbon atoms (e.g., methyl, ethyl, propyl, and butyl); a cycloalkyl
group (e.g., cyclohexyl and
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CLAIMS:

1. A coating composition containing as essential components one or more
antifoulants and copolymer obtained from a monomer mixture comprising at least one of

monomer A represented by formula (1):

¢y

wherein R! to R3 each is selected from the group consisting of alkyl groups and aryl
groups and are the same or different, and X is an acryloyloxy group, a methacryloyloxy
group, a maleinoyloxy group, or a fumaroyloxy group and at least one of monomer B

represented by formula (2):

Y —(CH,CH,0), - R*
)

wherein R4 is an alkyl group or an aryl group, Y is an acryloyloxy group, a
methacryloyloxy group, a maleinoyloxy group, or a fumaroyloxy group, and n is an
integér of 1 to 25. .

2. A coating composition as claimed in claim 1, wherein said monomer
mixture comprises at least one of monomer A, at least one of monomer B, and other
monomer(s) copolymerizable therewith in amounts of from 1 to 95% by weight, from 1 to

95% by weight, and from 0 to 95% by weight, respectively.
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3. A .coating composition as claimed in claim 1, wherein R! to R3 each is a
straight chain or branched alkyl group having up to 20 carbon atoms, a cycloalkyl group,
a phenyl group, a substituted phenyl group, a naphthyl group or a substituted naphthyl
group and R4 is a straight chain or branched alkyl group having up to 12 carbon atoms, a
cycloalkyl group, a phenyl group, a substituted phenyl group, a naphthyl group or a
substituted naphthyl group.

4, A coating composition as claimed in claim 1, wherein the weight average
molecular weight of the copolymer .is in the range of 1,000 to 150,000.

5. A coating composition as claimed in claim 1, wherein the amount of the
antifoulant is from 0.1 to '80% by weight based on the weight of the solid conténts of the

coating composition.
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