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DESCRIPTION ANTIFOULING COATING COMPOSITION,
ANTIFOULING COATING FILM, SUBSTRATE WITH COATING FILM,
ANTIFOULING SUBSTRATE, METHOD FOR FORMING COATING
FILM ON SUBSTRATE SURFACE, AND METHOD FOR 5 PREVENTING
SUBSTRATE FROM FOULING TECHNICAL FIELD [0001] The present
invention relates to an antifoulip r_coartpin composition, an antifouling
coating film, a substrate with 2oat film, an antifouling substrate, a
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e, synergistic effect of improvement in antibacterialactio

and improvement.i ewal ing film, j e@ it &9 o effectively
prevent adhesiffiH g%%@rngeo%ggw%ﬁﬁan%mdu .Q%% oGtating film, 20 a
substrate with a coating film, an antifouling substrate, a method for
forming a coating film on a surface of a substrate and a method for
Tﬁ&ﬁﬁnﬂﬂg #stigstrate from fouling. BACKGROUND ART 2 [0003] If

shlps'Bottoms, underwater structures, fishing nets, etc, are exposed to

water [ghgIpng periad ob HIE., VAU, PEMALS OUOAINSIDS, £, BBINALS,

such as oysters, mussels and barnacles, plants such as laver, an

cbacieria, adhareand 5 M%H%%&Q%Q%Ba%@géhﬁfw N strate with

appearances are marred an

& coating film, an antifouling substrate, a method for forming
acoatingfilmonasurface of a substrate and amethod for preventing
a substrate from fouling.

[ogGe] More particularly, the invention relates to an
antifouling coating composition having characteristics that when
a coating film compesed of a coating material obtained from the
composition is formed on a surface of a ship’s hull or the like,
synergistic effect of improvement in antibacterial action and
improvement in renswal of coating filmis exhibited to effectively
prevent adhesion of marine organisms, an antifouling coating film,
& substratewitha ceating film, an antifouiing substrate, a method
for forming a coating filmon a surface of a substrate and a method

for preventing a substrate from fouling.
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their functions are sometimes impaired. [0004] Especially when such
aquatic organisms adhere and propagate on a ship's bottom, surface
roughness of the whole of the ship is increased to sometimes induce
lowering of velocity 10 of the ship, irfcrease of fuel cost, etc. Further,
removal of such aquatic organisms from the ship' s bottom needs much
labor and much working time. If bacteria adhere and propagate on an
undeb@@ér structufé agietsivhelEhidygeslikarsiphstancs) firthartadivsres
thereto, rotting is liable to take place, or if large fouling 15 organisms
£ 1 atlhegerad propagatezon: S8EA ¢ Jf &l t fdeh falemgtRecturs SUch ¥Rea
steel structure and they do damage to an anticorrosive coating film of the
vaghdemvates SlructugerstEasgts -8nd thelfimbtciioh the ondepnatefussels
structure are lowered to sometimes cause damages such as marked
anghdrenirl o lif> 200008 dh Grilef By fihibRsl dPrGamages, aRigse and
bottoms, etc. have been coated with various antifouling coating materials
DIPPRESE&SEaRHIUCI VA TR &RliTo IR ECRBRGFRETEIAIS4S TREERBetR
below have been proposed. [0006) in a patent document 1 (J?
thpdgo 2BUTZADRg, HS HIHOUNTS chERmg & Mmposition comprising a
polymerizable unsaturated carboxylic acid zinc salt or copper salt
copolyAtéH 1 and copErtsnd/or A i GRITE CoplFercoRTRRMEREVIIE &
specific particle diameter is disclosed, and it is also described that this 5
STGORKRASHIGH Tal RurBhéPConRin Fit oXidé 3RDEPHARA pateRt ddttimient 2
(JP 2001-40274 A), an antifouling coating, composition comprising.a |
ofppRnhizate ifseraraed caroBRIcaSid PstaR comiBodRa Configoneit-Y

of the ship, increase of fuel cost, etc. Further, removal of such
aquatic organisms from the ship’ s bottom needs much labor and much
working time. 1If bacteria adhere and propagate on an underwater
structure and slime (sludge-like substance) further adheres
thereto, rotting is liable to take place, or i1f large fouling
organisms adhere and propagate on & surface of an underwater
gtructure such as & stesl structure and they do damage to an
anticorrosive ceoating film of ths underwater structure, strength
and the function of ths underwater structure are lowered to
sometimes cause damages such as marked shortening of life.

[G005] in order toinhibit suchwdamages, ships’ bottonms,
ete. nave been coatsad with varicus antifouling coating materials
in the past, and such varicus antifouling coating materials as
described below have been proposad.

[0006] In a patent document 1 (JP 2000-234072 R}, an
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unit-containing copolymer, copper and/or an inorganic copper 10
compound, and a metal having lower oxidation-reduction potential than
copper is disclosed, and it is also described that this composition may
further contain zinc oxide. [0008] In 3 patent document 3 (JP 2001-323208
A), an antifouling coating composition comprising a polymerizable 15
unsaturated carboxylic acid metal compound component unit-containing
angopoNAIeY coppeighdforRPEiHbrganicBBEparl o nfpdurdmEetapble
pyrithiones, and a specific organic antifouling agent is disclosed, and it is
ungipides@theatharihis CHRposHiclr ey i RthEreBRtaiRERcRae yPor -
[0009] In a patent document 4 (JP 2005-97400 A), an antifouling coating
ANEORIESoH S PP RSNt AL IBR3E BrCEBEE\ARBP WBIECIET Fh AR §Fedp ©
consisting of ametal-containing copolymer and a polymerizable _
PaghdaRAeamei BB Aic ARRLSHAEsi . ddpd et P fice-Reatebathatiim
oxide, and copper and/or an 4 inorganic copper compound is disclosed,
COFRA FHS RIS I tRhaP IS b FdSitioRME§ further contain zinc
oxide.u%oom] As described above, in the patent documents 1 to 4, an
antifotififg’doating comPoRRIFEOMPTIENTG a 5 metalconaiting ¢ &)+ an
copolymer and copper and/or an inorganic copper compound and if
A ad Sy SRRt TG Sl BRideCERAC White i aisERiSed 1062 1] In
the case where copper and/or an inorganic copper compound and zinc
“WHB%&%&&ﬁ?%ﬁ%ﬁaﬁt%hqnf?ﬁ&ago%?’é?ﬁﬁfg% &RBRREComparative
e,xam%(?rs in these sat nt documents, their dq,uantitative relationship is

U e S R AT RS ?ﬁhycopper and/0r an i1NOrganic Copper

compound, and a metal having lower oxidation-reduction potential
than copper i1s disclosed, and it is also described that this
composition may further contain zinc oxide.

1000873 In z patent documeny 3 {JP 2001~323208 A), an
antifouling coating composition cbmprising & polymezizablg
unsaturated carboxylic acid metal compound component
unit-containing copolymer, copper and/or an inorganic copper
compound, metal pyrithiones, and a specific organic antifouling
agent 1s disclosed, and it is also descoribed that this conposition
may further contain zinc oxide.

00069 in a patent documsnt 4 (Jp 2005-87400 A), an
antifouling coating composition comprising at least one copolymer
selected fromthe group consisting of ametal-containing copolymer
and a polymerizable unsaturated carboxylic acid silyl ester

copolymer, surfacs-treated titanium oxide, and copper and/or an
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of zinc oxide may be about 5 parts by weight based on 30 to 40 parts by
weight of the copper and/or the inorganic copper compound (zinc oxide
content/content of copper and/or inorganic copper 15 compound = about
0.1 to 0.2) in many cases, and even4n the example in which the ratio of
zinc oxide content to a content of copper and/or inorganic copper
compound is the greatest, the zinc oxide/cupric oxide ratio was 10/20
inExBY at most¢Exapmplerg ofi the patdwegdeuaishi 2) 20 400 220 45 BFIEPEIA
the conventional antifouling coating compositions, the quantity of zinc

~ thexideithat Supedivhen nepessayhissmalt bsicormpatedXii#lt the quantity

of the copper and/or the inorganic copper compound, and the technical
~idea thég 1thle zinc okideésagdeddnadraemodnt hearBaEqoal &Pmmesrihel
5 copper and/or the inorganic copper compound to achieve enhancement
t coflantifouling Propkities Thd Hot existen Il PaenCabeuRTeMEL 2P
2000-234072 A Patent document 2: JP 2001-40274 A 5 Patent
redGGUTAERE 31 BNZ0RS2 BPOB ATHaFERFGSCRRTHIR 42 F DORBRY ¥ 40P RPS T
DISCLOSURE OF THE INVENTION PROBLEM TO BE SOLVED BY THE
CORNERY | OGN 1850013 F57ah BB ST thepredBnthventiorPto- Frolfild'a
coating material, particularly a novel antifouling coating composition that
whd feehy drbl\idisieddtfouling coating composition, and forms an antifouling
coating film which is_excellent particularly in antibacterial action and
renewd] SF 45 coating il SvifP 3 SBERAISRRPBENAIBEATheft aRPEFRR1C

effectively

copper compound and zinc oxide are used in combination in the

examples and the comparative examples in these patent documents,
their quantitative relationship is determined so that the quantity
of zinc oxide may be about 5 parts by weight based on 30 to 40
parts by weight of the copper and/cr the inorganic copper cofnpaund
lzine oxide content/content of copper and/or inorganic copper
compound = about 0.1 to 0.2) inmany cases, and even in the example
in which the ratio of zinc oxide content to & content of copper
and/or inorganic copper compound is the greatest, the zinc
oxide/cupric oxide ratio was 10/20 (=0.5) at most (Example 8 of
the patent document 2).

[0G1Z] In brief, in the conwventional antifouling
coaring compositicns, the quantity of zinc oxide that is used when
necessary is small as compared with the cuantity of the copper
and/or the inerganic copper compound, and the technical idea that

the zinc oxide 1s added in an amount nearly equal to that of the
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prevent adhesion of marine organisms for a long period of time when it is
applied to a surface of a substrate of a ship's hull or the like and then
cured. [00141 It is another object of the present invention 20 to provide
an antifouling coating film which is obtained by applying and curing the
above-mentioned antifouling coating composition, is excellent in
antibacterial action and renewal of coating film with a good balance

coBgtwegnithom and caneiectively preyenb adhesion ol masisarergoaams
or a long period of time, a substrate 6 with a coating film and an

o rantifouling sukstrate-40018kItds @ fusthes:ahjectef #ie present invention
to provide a method for forming a coating film having the above

properties:an acshifeee of a substtate-safetyrand efficiently and 5a
method for preventing a substrate from fouling. MEANS TO SOLVE THE
PROBLEM {0Q16]:Asra resulypf pamesttstudies, the present inventor has
found that when zinc oxide is added to an antifouling 10 coating '
comppsiiiait iniapam@ennt neakly2equal 1d3thag of copper and/or an
inorganic copper compound, the resulting antifouling coating film is
excelent snanitbacterial actiare antlren&Endlcofa coating film with a good
balance between them and can effectively prevent adhesion of marine
organisms for a long period of time, 15 and he has accomplished the
present invention. [0017] The antifouling coating composition according to
DIBEIresant (iwentioriisvanNamifouling coating composition comprising (A)
a hydrolyzable copolymer, (bl) copper and/or an inorganic copper
PROFBPOUAG Bl C) ¥R SXideAvhérénitT ION
[0013] It is an obisct of the present invention to
rovide a coating material, particularly 2 novel antifouling
coating composition that i1s 2 hydrolyzable antifouling coating
composition, and forms an antifouling coating film which is
excellent particularly in antibacterial action and renewal of
coating film with a good balance between them and can effectivaly
prevent adhesion of marine organisms for & long period of time
when it is applied to a surface of 2 substrate of a ship’s hull
or the like and then cured.

(00147 It 13 another object of the present invention
toprovide anantifoulingeoating filmwhichis ebtainedby applyving
and curing the above-mentioned antifouling coating composition,
is excellent in antibacterizl action and renewal of coating £film

with a good balance between them and can effectively prevent

adhesicn of marine organisms for a long period of time, a substrate



10

bt
(&2

20 the hydrolyzable copolymer (A) is at least one hydrolyzable copolymer
selected from the group consisting of: (al) a metal salt bond-containing
copolymer which is an acrylic resin or a polyester resin and has, at the
end of a side chain, a group represénted by the formula (I): 7
-COO-M-0O-COR1 (i) wherein M is zinc or copper, and R' is an organic
group, (a2) a metal salt bond-containing copolymer having a component
witit (a2h)-aerved fromamenomer {a2l) ;5.reresepted by the formula
(I): CH2=C (R2) -C00-M-0-CO-C (R2) =CH2 (li) wherein M is zinc or
copperp@nst each R2dsjindepepeientysa - huekogen natg/Pehametidnt 1 on
group, and a component unit (a22) derived from other unsaturated 10

tdNgRemel=(a2Akcapalyrperizabig ¥4th the mangmer (@ Havand (@Ss asiyle
ester copolymer having a component unit (a31) derived -from a monomer

ptagd}uepsesented bydbe tormuar(s o)Re-€H=C(RILCHO SR REREG K
15 wherein R3 is a hydrogen atom or a methyl group, R4, RS and R6 are

z ersiinglependenily=a tygsoeathos graute, AnekRY iS:aihyglrogen atom or
R6-O-CO- (wherein R8 is an organic group or a silyl group represented
by SIROR'R11, and R9, R10 and 20 R11 are each independently a
hydrocarbon group), and a component unit (a32) derived from other

| MImESatMatedLVBIMmibepPaB2ropolymerizable with the monomer (a31),

and
(0018] As a result oI earnest studies, the present

inventor has found that when zinc oxide i3 added to an antifouling
coating composition in an amount nearly squal to that of COpPSr
and/or an inorganic copper compound, the resulting antifouling
coating film is sxcellent in antibacterisl action and renewal of
coating filn with a2 good balance between them and can effsctively
prevent adhesicn of marine organisms for a long period of time,
and he has accomplished the present invention.

[0617] The antifouling coating composition according
to the present invention is an antifouling coating compesition
comprising {R) a hydrolyzable copolvmer, (bl) copper and/or an
inerganic copper compound and (C) zinc oxide, wherein:

the hydrelyzable copolymer (A) 1s at least one hydrolyzable
copolymer selected from the group consisting of:

(al) a2 metal salt bond-containing copolymer which is an
acrylic resin or a polyester resin and has, at the end of a side

chain, & group represented by the formula (I}
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(1) the content of the copper and/or the inorganic copper compound (b1)
is in the range of 100 to 400 parts by weight, and 8 the content of the zinc
oxide (C) is in the range of 50 to 350 parts by weight, each content being
based on 100 parts by weight of thezrhydrolyzable copolymer (A), and (2)
the weight ratio of the zinc oxide (C) to the copper 5 and/or the inorganic
copper compound (bi) (zinc oxide (C)/(copper and/or inorganic copper
compaund (biy) dsyn the range of 0:6 to 1.2. [0016] In the present
invention, it is preferable that (1) the content of the copper and/or the

1DOLgaNic cappar, 10.compound, (blyis ik the range 85490:10,35qparts by

weight, and the content of the zinc oxide (C) is in the range of 75 to 350

parts hy,weight. eachGontept heing besed:on; 10B-pakady weighis of the
hydrolyzable copolymer (A), and (2) the weight ratio of the zinc oxide (C)

to the copper, 15anckantheinergaric coppereamposn t(pipfzineroXige: )
(C) / (copper and/or inorganic copper compound (bl))) is in the range of

rdh{=101:Qand itigmerepreterable that (1) the content of the copper
and/or the inorganic copper 20 compound (bl) is in the range of 100 to

300 parts by weightrancdbercantept of ttig=zmg oxide (C) is in thersange
of 100 to 350 parts by weight, each content being based on 100 parts by

whkeight efithe hndulzabie eopaymet (A and (2eendeightratidithgen
zinc oxide (C) to the copper 9
atom or a methyl group, and
| a2 componéent unit (222) derived from other unsaturated
monomer (a22) copolymerizable with the monomer (a2l), and
(23) a silyl ester copolymer having
a component unit (a3l) derived from a monomer {a31)
represented by the formula (III}:
R7~CH=C (R?) ~COO~SiRIRR® (II1)
wherein R’ is a hydrogen atom or a methyl group,
RY, 2% and R® are each independently 2 hydrocarbon group,
and
R? is 2 hydrogen atom or R®-0-CO- (wherein R® is an ocrganic
group or a silyl group represented by ~$iR°RYRY, and %%, R and
R are each independently & hydrocarkbon group), and
a component unit {a32) derived fromother unsaturated
monomer {(a32) copolymerizable with the monomer (a3l), and
{1} the contant of the copper and/or the inorganic copper

compound (bl) is in the range of 100 to 400 parts by weight, and
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and/or the inorganic copper compound (bl) (zinc oxide (C) / (copper
and/or inorganic copper compound (b1))) is in the range of 0.8 to 1.0,
[0019] The copper and/or the inorganic copper compound 5 (bl) is
preferably cupric oxide. [0020] The @ntifouling coating composition
preferably further comprises an organic antifouling agent (b2). [0021] The
organic antifouling agent (b2) is pref erably -at least one compound

vraelesied from the group.consisting ef p 10 pyrithignegompeengy aco 350

tri-organic boron and its amine complex, and

pa-RdichlQEa-2sn-ogtylh-isgthiazoline: 3.pne skdds meseyeferablkat gnt
least one compound selected from the group consisting of copper

o PWHbiang; ZinG pyithions, Jtriphenyteoronspyridine complex,
methyldiphenylboron 15 4-isopropylpyridine complex and

4,5-dighlorosg-Qriyyké-isgthiazeline 3:-0ne, 40022} Thecgontentiaf thepper
organic antifouling agent (b2) is preferably in the range of IC to 500 parts

a-Ryy weight hasad;0n 100 pasts fynweight obthe hydielwzakle copolyibgper
(A). 20 [0023) The antifouling coating composition preferably further

arGOMRIISes Afdeast eagredendappigment selected framcthe gaYp of 0.6
consisting of talc, clay, calcium carbonate, barium carbonate,

taliatgmaceous earth and silica. [0024] The content of the extender pigment
is 10 preferably in the range of 10 to 100 parts by weight based on 100

parts pyoyeght of thephyglsohzable capelymerdd). 0025 Eheanifeuing:
coating composition preferably :

(1) the content of the copper and/or the inorganic copper
compound (bl) is in the range of 100 to 350 parts by weight; and
the content of the zinc oxide (C) is in the range of 75 to 350C
parts by weight, each content being based on 100 parts by weight
of the hydrolyzable copelymer (&), and

(2) the weilght ratio of the zinc oxide (C) to the copper
and/or the inorganic copper compound (bl) (zinc oxide (C)/(copper
and/or inorganic copper compound (bl})) is in the range of 0.7
to 1.0: and

it is more preferable that

(1) the content of the copper and/or the inorganic copper
compound (bl) i1s in the range of 100 to 300_parts by weight, and
the content of the zinc oxide {C} is in the range of 100 to 330
parts by waight, each content beinyg based on 100 parts by weight
of the hydrolyzable c¢opolymer (A), and

(2) the welight ratio of the zinc oxide () to the copper



10

15

20

further comprises a plasticizer, 5 [0026) The content of the plasticizer is
preferably in the range of 0.05 to 40 parts by weight based on 100 parts
by weight of the hydrolyzable copolymer (A). [0027] The plasticizer is
preferably chlorinated paraffin and/ér terpene phenol. 10 (0028] The
antifouling coating composition preferably further comprises at least one
color pigment selected from the group consisting of red iron oxide,

andifRRivmnhite, yallowdrmpaxidmpad-an uanie pignentid0029] Meper
metal salt bond-containing copolymer (al) 15 preferably has a component

andinit(1'V) desived-freppadnonehasicacich metal {meth) aerylatenkppresentéd
by the formula (IV) CH2=C(R2)-COO-M-O-COR" (IV) wherein R-is an

ro0fganic group, R2 is a hydrogen atom or a methyl group, and M is zinc or.
copper. 20 (0030) The metal salt bond-containing copolymer (al)

preferabhyshas a conrpones amid(B/)ccerived from znimonobasic @aigrretal
(meth)acrylate represented by the above formula (IV), and a component
(ounit{altpdefivegdftgneatieast onedensaturated 11 compound selected
from the group consisting of an alkyl (meth) acrylate, an alkoxyalkyl
. (meth)agrglate and Erhleyshoxyalkyl (metatnyaterfoG3 tiBramplasrebiie
organic group R in the metal 5 salt bond-containing copolymer (al)
fupchide aceattiated an unssuiatedrdl iphaticlmo rioyatent (gdrocarbon

group having 2 to

(00213 The arganicantifoulingagent (b2} ispreferably
at least one compound selected from the group consisting of a
pyrithione compound, a tri-organic boron and its amine complex,
and 4,5-dichioro-2-n-octyl-4-isothiszzoline-3-one, and

is more preferably at least one compound selected from the
group consisting of copper pyritnicne, zinc pyrithione,
triphenylboron pyridine complex, methyldiphenylboron
4-isopropylpyridine complex and
4,5-dichloro-2-octyvl-d4~iscthiazoline-3-one.

[0022] The content cof the organic antifouiing agent
(p2) is presferably in the range of 10 to 500 parts by waight based
on 100 parts by weight of the hydrolyzable copolymer (A}.

[0023] The antifouling coating composition preferably
further comprises at least cne extender pigment selected from the
group consistingoftalc, clay, calciumcarbonate, bariumcarbonate,

diatomaceous earth and silica.

[0024) The content of the extender pigment is
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30 carbon atoms, which may be substituted, a saturated or unsaturated
alicyclic monovalent hydrocarbon group having 3 to 30 carbon atoms,
which may be substituted, and an aromatic 10 monovalent hydrocarbon
group having 6 to 30 carbon atoms,1&which may be substituted, Preferable
is a saturated or unsaturated aliphatic or saturated or unsaturated
alicyclic monovalent hydrocarbon group having 9 to 20 carbon atoms,
prfishimay:be substifttes cantlil bembte preferable issd gesitwe of atrieb8d
one monobasic acid (R-C(c)OH) selected from the group consisting of
paYeEsadic aciyhpalpfiticracit yslealiczatitly isosteagoecid Aoleic acid, linoleic
acid, linolenic acid, abietic acid, neoabietic acid, pimaric acid,
dehydnaalietic acidri2 drythdxystoagicacid apdagphthcnierageigi2@ably
[00321 The total content of zinc and copper in the metal salt
ruk@Re-cariRiing copolyhes€aligpreferably in the range of 0.5 to 20% by
weight. [0033] The monomer (a2) capable of deriving the component unit
(a21)iincthe; metal satidonshcentaining-bepohaaer E2z(2) s Preféesy af
least one compound selected from the group consisting of zinc
in(robth)aorykatefaid Copperifnedtzerates [@034 PERamMpesiSltRa sttfe Y
unsaturated monomer (a22) capable of deriving the component unit (a22)
wahghe métahsalh5ibohdzednitaimngcapsiymek(a2) include: a monobasic
acid metal (meth)acrylate (V) represented by the formula (I1V):
CH2=[OR2)- COO-NFRCORIs 1V adverém RUSSSRBryafie frotin s a
hydrogen atom or a methyl
paraffin and/or terpene phenol.

[gc2e) The antifouling coating composition preferably
further comprises &t least one color pigment selected from the
group consisting of red iron oxide, titanium white, yellow iron
oxide and an organic pigment.

[0029] The metal salt bond-containing copolymer (al)
preferably has a component unit (IV) dexived froma monobasic acid
metal (meth)acrylate represented by the Zormula (IV):

CHy=C (R?) —~COO-M~-0~COR* (IV)
wherein R* is an organic group, R* is a hydrogen atom or a methyl
group, and M is zinc or copper.

10030] The metal salt bond-containing copelymer (al)
preferably has

a component unit (IV) derived from a moncbasic acid metal
(meth)acrylate represented by the above formula (IV), and

a component unit (all) derived fromat least one unsaturated
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10 group, and M is zinc or copper, and at least one unsaturated
compound selected from the group consisting of an alkyl (meth)acrylate,
an alkoxyalkyl (meth)acrylate and a hydroxyalkyl (meth)acrylate. This
unsaturated compound is preferably at least one unsaturated 15
compound selected from the group consisting of methyl (meth)acrylate,
ethyl (meth)acrylate, butyl (meth)acrylate and 2-hydroxyethyl

co(x%% acylate. {9 3@:&&?9@'e@:gmeea@;&'ﬁmoe@-gqp@mg
cop y

olymer (a2) include: 20 a copolymer having, as the componént unit

<r§§08r%9t’%%%989% unit derivied, frome af least one: compound selecieds..,

e group consisting of zinc (meth)acrylate and copper

(&Qﬂbl@:ﬁrﬁ%@e and as the component unit (a22), a component unit
derived from 13 at least one unsaturated compound selected from the

group; g@gsisting of gethyl {meth) ackylstgagthy! dmath)acrylate Utk 1
(meth) acrylate and 2-hydroxyethyl (meth)acrylate; a copolymer having, 5

s&scthe,cemponentunit (a2bh Beempenentunit derdved fimrat iast one
compound selected from the group consisting of zinc (meth)acrylate and

uEoRPer{meath)acniate; andAs+HheG0MAGALHEHEE (A 22} o1 CRRPANREM to
unit fromamonobasic acid metal (meth) acrylate (V) represented by the

zformauiasd Vit dCHARCIRANERO-MOE-GER 8Y) wherain R ésapr
organic croup, R2 is a hydrogen atom or a methyl group, and M is zinc or
ukOPPEEzted alicyclic monovalent hydrocarbon group having 3 to
30 carbon atoms, which may be substituted, and an aromatic
monovalent hydrocarbon group having 6 to 30 carbon atoms, which
may be substituted.
referable 1s a saturated or unsaturated aliphatic or
saturated or unsaturated alicyeclic monovalent hydrocarbon group
having 9 to 20 carbon atoms, which may b2 substituted; and
mnore preférabie is & residue of at least one monobasic acid
(R*'CQOH) selected from the group consisting of versatic acid,
palmiticacid, stearicacid, isostearic acid, eleicacid, linoleic
acid, linolenicacid, abieticacid, nscableticacid, pimaricacid,
dehydroabietic acid, lZ2~-hydrexystearic acid and naphthenic acid.
[00321 The total content of zinc and copper 1n themetal
salt bond~containing copolymer {(al) is preferably in the range
cf 0.5 to 20% by weight.
[0033] The monomer {aZ2) capable of deriving the

component unit (aZl) in the metal salt bond-containing copolymer
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a copolymer having, as the component unit (a2l), a component unit
derived from 15 at least one compound selected from the group
consisting of zinc (meth)acrylate and copper (meth)acrylate, as the
component units (a22), a componentunit derived from a monobasic acid
metal (meth)acrylate (IV) represented by the formula (1V): 20
CH2=C(R2)-C00-M-0-COR' (IV) wherein R1 is an organic group, R2 is a

(¥drogen atam. of 8 methyl groun, ang M is. 2inG 9L copper-gidae group

component unit derived from at least one unsaturated compound selected

cJrmthegroup copsisting-afan allod 44 {meth)psndatenam alloxyaliod

(meth) acrylate and a hydroxyalkyl (meth)acrylate; and a copolymer
havingas she companepiiunit(a2i). 3 component wnit dervackFem (32t

least one compound selected from the group consisting of zinc

c4Bsinacrylaie-and-LoRRRr (BRaskHAte, and as thecormpenest sitsa1
(a22), a component unit derived from a monobasic acid metal

vdmeth)acrylatedV) seprasanted by, the, formula (1V): 10
CH2=C(R2)-COO-M-0-COR1 (IV) wherein R1 is an organic group, R2 is a

hydrogen-atunrcamethie gEaURnand Mds gne:er coppefegfgeanted by
component unit derived from at least one unsaturated - compound selected

+ front dhegreupreonsisting of methyl 15 (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate and

CHe=C(R?} ~C00-M~C~COR* (IV)
whereir R' is an organic group, B? is a hydrogen atom or a methyl
group, and M is zinc or copper, and

at lsast cne unsaturated compound selected from the group
consisting of an alkvl (meth)acrylate, an alkozyvalkyl
(meth)acrylate and a hydroxyalkyl (meth)acrylate. This
unsaturated compound is preferably at leasi one unsaturated
compound selected from the group consisting of methyl
(meth)acryvlate, ethyl {meth)acrylate, butyl (meth)acrylate and
Z-hydroxyethyl (methjacrylate.

[0035] Examples of the metal salt bond-contzining
copolymer (a2) include:

- copelymer having,

asg the component unit (aZl), a compenent unit derived from

at least one compound.selactad from the group consisting of zing

{meth)acrylate and copper (meth)acrylate, and

ag the compeonent unit (222), a component unit derived from
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2-hydroxyethyl (meth)acrylate. (0036] As the organic group R. in the
monobasic acid metal (meth)acrylate (IV), a saturated or unsaturated
aliphatic or saturated or 20 unsaturated alicyclic monovalent hydrocarbon
group having 9 to 20 carbon atomsj3vhich may be substituted, is
preferable, and a residue of at least one monobasic acid (RICOOH)
selected from the group consisting of versaticacid, palmitic acid, stearic

= €ich isosigarigracidy olaie acidnlinnleis adidelinalente agicHkd hjelc

acid, neoabietic acid, pimaric acid, dehydroabietic acid, 12-hydroxystearic

=o@6i0-and naphibenic agid is.moaresnreferablen (00343 Tine: tatal eeatent:efl

zinc and copper in the metal salt bond-containing copolymer (a2) is
(mereferahly inthedange- 5yet-0byio- 29% hyaveight p0863 The monomer

(ail) capable of deriving the component unit (a31) in the silyl ester

compourshaisrpreieratly a trialkylsilyl (meth)acrylate. [00391 The
trialkylsilyl (meth) acrylate is pref erably 10 triisopropylsilyl (meth)acrylate.

[0040] 5T he othergnsaturatet: mMatamery a’)reapatie:of Uekvibgate rom
component unit (a32) in the silyl ester compound (a3) is preferably at

atenst oneHosaiufatescerponsiséiestedifeonrthe growp sbhsisting Ofran
alkyl (meth)acrylate, an alkoxyalkyl 15 (meth)acrylate and a hydroxyalkyl
(rErethiacrylate; andiismerse preferablysat idast ®neznrdsaturated compound
selected from the group consisting of methyl (meth)acrylate, ethyl
(meth)acrykateripatyt imeth)acylite and@xhydeotyethyl from 2 moncbasic
acid metal (meth)acrylate (IV) represented by the formula (IV):
CHp=C (R?) ~COO-M~0~COR (IV)
wherein R is an organic group, R? is a hydrogen aton or a methyl
group, a-nd M is zinc oI COpper;
a copolymar having,
as the component unit (a2l), a component unit derived from
at least one compound selected from the group consisting of zincg
(meth)acrylate and copper (meth)acrylate,
as the component units (aZ2), a component unit derived from
2 monobasic acid metal (meth)acrylate {IV) represented by the
formula {IV):
CHy=C (R?} ~COO-M~-0-COR? (IV)
wherein R* is an crganic group, R* is z hydrogen atom or a methyl
group, and M is zinc or copper, and

a component unit derived from at lezst one unsaturatad

compound selected from the group consisting of an alkyl
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(meth)acrylate. 20 (0041) The antifouling coating film of the present
invention is characteri zed by being formed from the above-mentioned
antifouling coating composition, [0042] The substrate with a coating film of
the present invention is characterized in that a surface of a substrate is
16 coated with a coating film obtained by curing the above-mentioned
antifouling coating composition. [0043] The substrate with an antifouling

(OGN 19kthe present invertiopis.gharacterized Aﬁé@%@ﬁ&%ﬁ%?

a substrate to be brought into contact with the ‘'seawater or fresh water is

(£0ated With a-coating film obtained by curing the above-mentioned
antifouling coating composition. [0044] This substrate is preferably an

undergv@gﬁogtﬁgyrgaaﬁk;&p's outside plating, a fishing net or a fishing 10
gear. (00451 The method for forming a coating film on a surface of a

substeafe-ak thepresentinventiqns characterized by GRalNGe 01 veq from
impregnating a surface of a substrate with the above-mentioned

& Ntifostingcoating GRMPosition aad-then cAing-Ie, CORRISILION; 15-0 1 o
form a coating film. [0046] The method for preventing a substrate from

(feulina of fhe yesant nvantion;iseharasierizad by saating or

impregnating a surface of a substrate with the above-mentioned
antifoukngreoatingcampasiien aad thenCurngdhercomnostion: YOG ron

form an antifouling coating film. [0047] This substrate is preferably an
a menobasic acid metal (meth)acrylate (IV) represented by the
formula {IV):

CHz=C (R*} =COO~M~0~COR? (IV)
wherein R is an organic group, R is a hydrogen atom or a methyl
group, and M 1is zinc or copper, and |

a component unit derived from at least one unsaturated
cempound selected from the group consisting of methyl
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate and
Z-hydroxyethyl (ﬁtuth}acrylate.

[0036] As the organic group R* in the moncbasic acid
metal (methjacrylate (IV),

a saturated o¢r unsaturated aliphatic or saturated or
unsaturated alicyclic monovalent hydrocarben group having 9 o
20 carbon atoms, which may be substituted, is preferable, and

& residue of at lsast one mbnobasic acid (R'COOH) selected
from the group consisting of versatic acid, palmitic asid, stearie

acid, isostearic acid, oleic acid, lincleic acid, linolenic acld,
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underwater structure, a ship's outside plating, a fishing net or a fishing
gear. 17 EFFECT OF THE INVENTION [0098] The present invention
provides a coating material, particularly an antifouling coating
composition which is a hydrolyzablezantifouling coating composition, and
forms an 5 antifouling coating film which is excellent particularly in
antibacterial action and renewal of coating film with a good balance

2628 V&%egctrbg mn%%qu@tﬁ@%%wype&ey@f& adhesion of Marine . eKgaRiSMmS,

particularly dlgae, for a long period of time when it is applied to a surface

1 ‘Fl %ﬁ%@%ﬁ?&%%?&'&i&%hé&”aohﬁb%ét%wﬁ% and then cleed. {0049 ap1 e,
u

er, the present invention provides an antifouling coating film which is

obtaingd by,applying-and furing.the abeye-menioned anifouing caatng

composition, is excellent in antibacterial action (static antifouling

s Arongsties)-and 15.renewsl of gratingfim withra acad balanee beiwesngs

them and can effectively prevent adhesion of marine organisms for a long

oPeariod of tipe, a.pubstkate with a coating film and an antifouling
substrate. [00501 Moreover, the present invention provides a 20 method

for forpaingsg coatingrfilinisving the above-prepartiesOnica sviiegetolka
substrate safely and efficiently and a method for preventing a substrate

cfram feuling. BESE MQRERQRIGARRYINGo@b AL AH B N VENTEIN S 1 v
[0051] The antifouling coating composition, the
a trialkylsilyl (meth)acrylate.
[0G39] The trialkylsilyl {(meth)acrylate ispreferably
triisopropylsilyl (meth)acrylate.

[C040] The other unsaturated monomer (a32) capable of

deriving the component unit (a32) in the silyl ester compound (a3)

is preferably at least one unsaturated compound selected from the

group consisting of an alkyl (meth)acrylate, an alkexyalkyl
(meth)acrylate and a hydroxyalkyl (meth)acrylate, and

ismorepreferablyat lsast one unsaturated compound selected
from the group consisting of methyl {(meth)acrylate, ethyl
(meth)acrylate, butyl {(meth)acrylate and Z-hydroxyethyl
(meth)acrylate.

[0041] The antifouling coating film of the present
inventiénischaracterizedbybeingfermedfromtheabove-mentioned
antifouling coating composition.

o4z The substrate with a coating film of the present

invention iz characterized in that a surface of a substrate is
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antifouling coating film, the substrate with a coating film, the antifouling
substrate, the method for forming a coating film on a surface of a
substrate, and the method for preventing a substrate 5 from fouling
according to the invention are descriged in detail hereinafter. (0052) In
the case where the quantity (weight) of a copolymer or the quantity ratio
between a copolymer and other component is described in this

cnegifigation, the amougt of 10.copglymer @Q@&Egscﬁt@ta%@@qugmmd

component which does not include a solvent or the like, unless otherwise

arpgg%&(}@]éjgwgy&rﬂmug@ﬁgg& where a solids content (%) is

specified as a "heating residue (% by weight)" or a volatile content is

specif'{%ﬁﬁin Tables, Q,10:9%inthe examples apdyh3 hecaropaptve

examples, the copolymer (polymer) quantity indicates a quantity

o £0niaining not-only Aquaptity of arsolich compenentthalds acoatifdce of

film-forming component but also a quantity of a volatile component

= (Selent. dispersion,medium).» {0054 Antifowing, coating Spmpeskion 205

The antifouling coating composition according to the invention comprises

wagRedific hygdralyzable coPolEneR¢AE 0GPRAN: ARG 81 IBQKIRNC ERppPer
compound (bl), and zinc oxide (C). [0055] (A) Hydrolyzable copolymer

aboPdnples-althechyerolyzablereopelymeiy Addpglugiecthenl9 following
metal salt bond-containing copolymers (al) and (a2) and the following silyl

ester ggpalymer (a3)rtaly aguetalsaltbpadrcantainipg copolymes suaich:is

an acrylic resin or a polyester resin and has, at the end of a side
structure, a ship’s outside plating, & fishing net or a fishing
gear.

[0045) - Themethod for formingacoating filmonasurface
of & substrate of the present invention is characterized by coating
or imprégnating a surface of a substrate with the above-mentioned
antifouling coating composition and then curing the composition
to form a coating film.

[0046] The method for preventing a substrate from
fovling of the present invention is characterized by coating or
impregnating a surface of a substrate with the above-mentioned
antifouling coating composition and then curing the compoesition
to form aﬁ antifeouling coating film.

[6047] This substrate is preferably an
underwater structure, a ship’s outside plating, a2 fishing net or

& fishing gear.
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5 chain, a group represented by the formula (I): -C00-M-O-COR' (I)
wherein M is zinc or copper, and R' is an organic group, (a2) a metal salt
bond-containing copolymer having a component unit (a21) derived from a
monomer (a21) 10 represented by the formula (I1):
CH2=C(R2)-000-M-0-CO-C(R2)-CH2 (Il) wherein M is zinc or copper, and
each R2 is independently a hydrogen atom or a methyl group, and a
CIE@opone mimit fa22ydenived from other unsaturatedmonomer 15 (a22)
copolymerizable with the monomer (a21), and (a3) a silyl ester copolymer
havingoa £omponertusit@3dgrderivecfrobva monvingry(a8ljocating
represented by the formula (I11): R-CH=C(R3)-C00-SiRRSR6 (lll) 20
marketeain RBsista hytleadensatom orfznisthy| gretp R R asttRerare L.ch
each independently a hydrocarbon group, and R7 is a hydrogen atom or
1 RB-By Q01 pwhieteir:ROiSan. brganiva groapyra@ SH Goup rprdsamaorn
by -SIRO9R10R'2, and R9, R20 and 20 R11 are each independently a
afydfosadign gretp)iarfd rxomponeht upmIR32 3 derivedtieimiathier 10
unsaturated monomer (a32) copolymerizable with the monomer (a31).
af00B6L Theselnairolyzable topiimeisq@dthay belivedt Bainfy b hance
combination of two or more kinds. in the present invention, they may be
beesleacedmding o theusetfarpose ot carftifou RN e dhtingcdo MPpBERToN,
the sea area where the ship is
organisms, particularly algae, for a long period of time when it

is applied to a surface of a substrate of a ship’s hull or the
like and then cured.

[0049] rurther, the present invention provides an
antifouling coating £ilm which is obtained by applying and curing
the ahove-mantioned antifouling coating composition, 1sexcellent
in antibacterlizl action (static antifeuling properties) and
renewal of coating f£ilm with a good balance between them and can
effectively prevent adhesion oimarine crganisms for & long period
of time, a substrate with a coeting £ilm and an antifouling
substrate,

[0es01 Moreover, the present invention provides a
method for forming a coating film having the above preperties on
a surface of a substrate safely and efficiently and a methoed for

preventing a substrate from fouling.

BEST MCODE FOR CARRYING OUT THE INVENTIONR
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used, etc., and specifically, as the hydrolyzable copolymer (A), any one of
the metal salt bond-containing copolymers (al) and (a2) 10 and the silyl
ester copolymer (a3) may be used singly, e.g., the silyl ester copolymer
(a3) may be used singly from the vigwpoint of prevention of adhesion of
algae, or two or more of them, e.g., the metal salt bond-containing
copolymer (al) (or (a2)) and the silyl ester compound (a3), may be used in .

Propefy %%Tb'”a“on?% 42,80 ¢ afBlE'ia;L%I(gsq Lﬁ%’&“—%«f@“SJk%Wst{‘telV'z‘?Wp&Qt of

long-term “stability 0057 The meta bond ontarlhing copolymers (aI)

an%%éﬁzgﬁg%g%%gﬂég]%ﬂ F%Oéy&% tbon%r%geﬁcé't&%%{ﬂﬂ @1y, ¢

hereina e metal's containing copofymers” (a

arAN4{32) and Rﬂ?s% b ester.canplymer (a3}, fither pute!@ellﬂboww%%

are employable. Exampfes of them include: (i) a hydrolyzable

a §§L.fﬂ%<a!§@ﬂg @%@@?yﬁw In therside .Shains oarqrpy@mwga%ng%%gm-@e

formula™-X-0-Cu-Y"™ (wherein 21 Xis >C=0, and Y is an organic acid

£ {ERidue andmavhe an alkyls ilyloxy, group ar the like), whigh is.desgriaed
in (0010] to (0017] of JP" 1998-298454 A (Patent document); (ii) a

ndwgrolzable acrylic resin or polyester resin having, 5 in the side chain, a
group represented by the formula "-COO-M-Yy" (whereiny is (a valence

of M) ¢l ddiis any ong metal afsGUyEa: AnchSi (WBERIp 2.0 gfRateL Y 5

may be the same as or different from each other), and Y is an alkyl group,

cEpRY Ry GFodROraaarouprepiesentad Py =Q0ORLHNhorRIA Brig 3ther
hydrocarbon group 10 of 10 or more carbon atoms)) or a group

céRprRseedbiescribed in this specification, the amount of
copolymer indicates that of a solidcomponent whichdoesnot include
a solvent or the like, unless otherwise noted.

[0053] However, in such a2 case where a solids content
(%) is specified ag a “heating residue (% by weight)” or g volatile
content is specified as in Tables 5 to 10 or in the examples and
the comparative examples, the copolymer (polymer) guantity
indicates & guantity containing not only & gquantity of a solid
component that is a coating film-forming component but also a

quantity of a volatile component {selvant, dispersion medium).

[0054] Antifpuling coating ccmpesition

The antifouling costing composition according to the
invention comprises a specifichydrolyzable copolymer (R), copper
and/or an inorganic copper compound (bl), and zinc oxide (C).

{0055 {A) Hydrolyrable copolymer

Examples of the hydrolyzable copolymesr (A) include the



-R'-CO-CH2-CO-R3 (wherein R2 is an alkylene group or a divalent group
composed of a phenyl derivative, and R3 is an alkyl group or a
monovalent group composed of a phenyl derivative), which is described
in [0010] to [0017] of JP 2000-5692'& (patent document); 15 (iii) a
hydrolyzable copolymer (particularly metal-containing copolymer)
described in ,0039] to [0068] of JP 2004-196957 A (patent document) and
£od pelymerizable ypsatuiedcsarhaxyicgascidhsiyh@ster GONOkHREra2) and
described in [0069] to [0092] of the same publication, which have been
tHreyioush pigPesedib A& the:-preseat-applicant; and (iv) a hydrolyzable
copolymer (particularly metal-containing copolymer) described in [0051]

to (00&1);0fa) 200521400 Snipatent dosumensppptvadelymerizable an
unsaturated carboxylic acidsilylester copolymer described in [0092] to

ad0324t 22 afthersame publicatione whichrhave beet previousty proposesk
by the present applicant. [0059] The metal salt bond-containing
5 chzopolymersdat) rapd<£aznaad the silyd esSterreqpolymer (a3) which are
particularly 5 preferable for attaining the objects of the present invention
are desotigedcbelony in detail. [0060];Metal salt bond-containing
copolymer (al) The metal salt bond-containing copolymer (al) is an acrylic
wiresin.or ¥ palyester resirctimatss a bags ¥SubstratebtesiniangdraQgds a
copolymer having, at the end of a side chain, a group represented by the
formulaZl): 2C069d:0s€ DR b{hdirvherainMisgirepo Capperhand:Rl is an
organic group,
2 compornent unlt (a2l) derived from a monomer (aZl}
16 represented by the formuls (II):
CHo=C (R?) =CO0=M=0=CO=C (R?) =CH, (1)
wherein M is zinc or copper, and each R is independently a hydrogen
atom or a methyl group, and
a component unit (a22) derived fromotherunsaturatedmonomer
15 (822) copolymerizable with the monemer (aZl), and
(a3) 2 =ilyl ester copolymer having
a component unit (al3l) derived from & monomer {a3l)
represented by the formuls (III):
R'-CH=C {R%) ~COO-SiR*R*R? : (II1)
20 wherein R’ is a hydrogen atom or a methyl group,

RY, R® and R® are each independently a hydrocarbon group,

and

7 s . . : .
R’ iz & hydrogen atom or R¥=0=C0- (wherein R® is an organic

group or a silyl group represented by —-SiR°R*RY, and R®, R* and
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with the proviso that the case where R1 is a vinyl group 15 (-CH=CH2)
and an isopropyl group (-C(CH3)=CH2), namely, the case of a monomer
(a21) represented by the formula (ll), is excluded. [0061) Organic group
R1 Examples of the organic groups4®I- include hydrocarbon groups, such
as a monovalent saturated aliphatic group having 2 to 30 carbon 20
atoms, preferably 9 to 20 carbon atoms, a monovalent unsaturated

r*aliphatie grbuprhizyviegd2 e BP carbphratonrdqireferalfly 9 20 carbon
atoms, a saturated or unsaturatedmonovalent aiinyclic group having 3 to
20 carbomatorest preferably D de20vesrborratohns; unte aumndbheyaleniner
aromatic group having 6 to 30 carbon atoms; and organic 23 acid

{ ad8iduswof ionulyadit eacids oo seehohsubstfiited groups thereof.
[0062] Of these organic groups R1, preferred R1 is a monovalent

saturaitéd>dr] unsatufEtedalidicl yydiobarbonRogiotgr 6 baving® he20sed
carbon atoms, a saturated or unsaturated alicyclic hydrocarbon group

s Jrawing Srtol 20asarbbnadtbPis o8 an @rganiteagidc¥asitlue ot amenBbasknt
acid composed of a substituted group thereof, from the viewpoints of
ingsintiigtostyeylutich bt ArssindraAT aldsathiy Tk BAE StorRge stabilkye
of a coating material. 10 [0063] The organic group R1 is preferably an
aprgaaiel Hed tesithis (RITFSHIMSE Fom A P8 AEbASHE At IR COOHD 8T chs
as versatic acid (mixture of carboxylic acids having 9 to 11 (mainly 10)
ugathofititomanwIfeRs FeprdsemtéF by RRERICCODNYREPREYART RE) -
are each independently an alkyl group) ) , palmitic acid, stearic 15 acid,
2RSOSRAAE AR ISTRTd AL IPOMEIC HRAT AiGIRAIE 2RId Y HbRétie*dcicpnd (a2)
neoabieticacid, pimaric acid, dehydroabietic acid,
and the silyl ester copolymer (a3) may be used singly, &.g., the
gilyl ester copolvmer (83) may be used singly from the viewpoint
of prevention of adhesion of slgsee, or twe or more of them, e.g.,
the metal salt bond-containing copolvmer (al) (or {(a2)) &nd the
silyl ester compound (a3), may be used in proper combination in
an arbitrary quantity ratie from the viewpoint of long-term
stebility,

[D057] The metal salt bond-contzaining copolymers (al)
and {a2) and the silyl ester copeolymer (a3) are described in detail
hersinafrer,

[0058] As the metal salt bond-containing copolymers
{al) and (a2) andthe silyl ester copolymer (a3), hithertopublicly
known ones are employable. Examples of them include:

(1) ahydrolyzable self-polishing resin having, in the side

chain, a group represented by the formula “-X-0-Cu-~Y" (wherein
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12-hydroxystearic acid or naphthenic acid, from the viewpoints that
synthesis of the metal salt bond-containing copolymer (al) is easy,
themetal salt bond-containing copolymer (al) canbe slowly 20 hydrolyzed
from a coating film formed from the gesulting antifouling coating
composition to exhibit antifouling performance, the metal salt
bond-containing copolymer (al) is a small burden to the environment

w I eé‘%ydég'&’ﬁd'atz@%wagf‘atﬁ%" 'c’?nUSgE@éé%@&‘ﬂag%@%ea%%%y oxy

property is excellent, 24 “récoatability 1n painting for maintenance orthe

ke s excellent,, gic. (0064 As the metal 52!t RORGsCRIAINING, 171 o 1o

LOUR QO A
g cop?olymer al),” a copolymer having one or more kinds of component units

lggegiy 45511[0&1 ?Qﬁ%%n%é%@&e)med by the following formula (V) (also
referre

to as "monobasic acid metal'(meth)acrylate (IV)" or "monomer

(V)" inghe 9@%%&%@9@%&9@&%@?@ ] I8 YIEWNOIRtE Of i ng,

elution of a resin an g-lasting property. [0065

; £ GRALQ0M-DLOR, 1) LA ihe formula €YimBh anddbate e

same as those previously described, and R Is a hydrogen atom or a

(ethyl groups Thatistorsay Ja the formula (IY)s M, 19 gine oF Lopperz R 278

a hydrogen atom or a methyl group, R' is the same organic group as R1

=iy e afpresaid farmula ()-cand prefepred smbadinenis 15 of the oraasic:
groups and the reasons are the same as those previously described.

< [0Q66].Examyples of theamenobasic acid, meiab gmeth)acadaies (VY avichr
are metal-containing monomers represented by the formula (IV) include

2ZGVErsadt@sented by ~OCOR' (wherein R' is a hydrocarbon group
of 10 or more carbon atoms)) or a group represented by
—R%-CO-CH;-CO-R? (wherein R® is an alkylene group or a divalent
group composed of a phenyl derivative, and R is an alkyl group
or a monovalent group composed of a phenyl derivative}, which is
described in [00107 to [0017] of JP 2000-56%2Z A (patent document);

(iii) a hydrolyzable copolymer (particularly
metal-containing copolymer) described in {0039] to [00681 of JP
2004-196957 A (patent document) and 2 polymerizable unsaturated
carboxylicacidsilyl ester copolymer describedin [0068] to [0092]
of the same publication, which have been previously proposed by
the present applicant; and

{iv} 2 hydrolyzable copolymer (particularly
metal~containing copolymer) described in {0051] to [0081] of JP
2005-87400 A (patent document) and a polymerizable unsaturated

carboxylicacidsilyl ester copolymerdescribed in [0082) to [0124]
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20 (meth)acrylate (-CHYC(R2)-C00-Zn-0-CO-(versatic acid residue) zinc

isostearate (meth)acrylate (CH2=C(R2)-COO-Zn-O-CO-(isostearic acid

residue)), copper versatate (meth)acrylate

(CH2=C(22)-COO-Cu-0O-CO-(versatig acid residue)) and copper

isostearate (meth)acrylate 25 (CHrc(RZ)-COO-Cu-O-CO-(isostearic acid

residue)). These monobasic acid metal (meth)acrylates (IV) are used

ingly or.in combination of ty Qre kinds, [0067; In the preparation,of

SRR AL B e R e

—derived f er (IV) (also referred to as a "component unit (V)
flerived, e{%}t@@@m{v

hereina e monobasic acid metal (meth) acrylate (IV) does not

necesgafily have 1o BeUsen.asa I%OB8H¥%‘Z—%|§H€'£}%%OE%§% {Ohers (1)

preparing the copolymer (al) Is not speci restricted as 107long as the

=£9MPoNeRL UL (M) isiPresent i the resulting }cgﬂ9!yﬁnﬂelg}9§§1&£§my

desirable that the métal salt bond-containing copolymer (al) contains a

pROFIRoReptunit (al2) derived from Jather unsaturated monamer.(al2), in

addition to the 15 component unit (IV). Examplesof the "other unsaturated

adnenomers;,. (al2) " inclyde unsaturated compounds, such as alkyl (meth)
acrylate, alkoxyalkyl (meth)acrylate and hydroxyalky (meth) acrylate,

[ G6wh preferableqre %'5%(@@%)—%%@%%?@@&@@&b%Pf carbon
atoms of the alkyl'group is 1 to 20, alkoxyalkyl (meth) acrylate 20 wherein
the number.etaarhon aioms f-ihe alkexy AroupyRa-10220 andithgaryiic

number of carbon atoms of the alkylene group is 1 to 20, and

réydroyyalkypetinacrylate wheeainthe. numher ofsathan ¢) resin, and
isa c:cpolyfne:z: having, at theendof a eide chain, a grouprepresentead
by the formula (I):

~CO0-M~0~COR (I)
wherein M is zinc or copper, and R' is an organic group,

with the proviso that the case where R! is a vinyl group
(=CH=CHp) and an iscpropyl group (~C(CHs)=CH;), namely, the case
of &2 monomer (a2l) represented by the formula (II), is excluded.

[C061] Organic group R

Examples of the organic groups R* include nydrocarbon groups,
such as a monovalent saturated aliphatic group naving 2 to 30 carbon
atoms, preferably 9 to 20 carbon atoms, a monovalent unsaturated
aliphatic group having 2 to 30 carbon atoms, preferably 9 to 20
carbonatoms, a saturatedorunsaturatedmonovalentalicyclic group
having 3 o 20 carbon atoms, preferably 9 to 20 carbon atoms, and

amonovalent aromatic group having € to 30 carbon atoms; and organic
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atoms of the hydroxyalkyl group is 1 to 20. [0069) Examples of the alkyl
(meth)acrylates of the 26 "other unsaturated monomers (al12)" include
methyl(meth)acrylate, ethyl (meth)acrylate and butyl. (meth)acrylate;
examples of the alkoxyalkyl (meth)agyylates include methoxymethyl
(meth)acrylate, 2-methoxyethyl (meth)acrylate, 5 ethoxymethyl
(meth)acrylate, ethoxvethyl (meth)acrylate, butoxymethyl (meth)acrylate,
3-methoxybutyl (meth)acrylate and _3-methyl-3-metho .

Sk R £ o R e e R P S
2-hydroxyethyl (meth)acrylate. 10 [0070] Of these "other unsaturated

thﬁ‘l%%%‘rners (alt)", methyl (meth)acrylate, ethyl (meth)acrylate, butyl

(methg%%gli\te and %—ﬁytquo%( n?%r%l E{rrﬁeéh gt% rei(é ate ar&@rleggglgez{frq_@ &

the vi ts of coafing 1o pertie ong-fasting resin elution

naian4 gO—étL%ﬂ'@a-t%% [9971.%3;;@%%0%%%@%wg%%tw:@t%dya}%%%ﬁ 12)%

are used singly or in combination of two or more kinds. [0072] It is

pA8Si 9'%_&“%?&&?851%%%%&@'} band-contaiging copalymer@) thecyc1ic

monobasic acid metal (meth)acrylate component units (IV) are contained

h 'aﬁ@%@w&@&w@wa& §0. 10080 hy-mal, preferably- 10, te,90%:by 1ok

ith the proviso that the total amount of all the component units in the

£oRRlymer (al) 5, 100x% by mal. and.the component units 4l derveds £,
rom the "othermonomer (al2) " are contained in the residual amounts,
£30at is, An.agunts, ok usrally.q fo ey mel, pieferably, 040-24in trom
a coating film and storage stability of a coating matexizl.
[00&3] The organic group R* is preferably an organic
acid residue (RY) formed from & monobasic acid (R'COQH), such as
versatic acid {(mixture of carboxylic acids having 9 te 11 {mainly
10) carbon atoms, which is represented by R'RPR°C~COOH (R*, R® and
RS are each independently an alkyl group}), palmitic acid, stearic
acid, isostearic acid, cleic acid, linolelic acid, linclenic acid,
gbietic acid, necabietic acid, pimaric acid, dehydroabietic acid,
l2-hydroxystearic acid or naphthenic acid, from the viewpoints
that synthesis of the metal salt bond-containing copolymer (al)
iseasy, themetal salt bond-containing copolyﬁer (2l) canbe slowly
hydrolyzed from a coating film formed from the resulting
antifouling coating composition to exhibit antifouling
performance, the metal salt bond-contalining copelymer (21) is 2
small burden to the environment when hydrelyzed, the antifouling

effiect lasts long, surface renewal property is sxcellent,
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90% by mol, from the viewpoints of resin viscosity, elution of a resin from
a coating film, water resistance of a coating film, etc. [0073] it is desirable
that the number-average 5 molecular weight Mn (in terms of polystyrene,
the same shall apply hereinafter, nféasured by GPC, measuring
conditions: columns of Super H2000+H4000) of the metal salt
bond-containing copolymer (al) is in the range of usually _, 000 to 100,
r Q06 yptefdidhly 2 FB00 tons( 00 Ofronetnviewp oimtslofee sinarsessien t ,
storage layer 10 stability of a coating material, elution rate of a resin from
etg -coating film, etc. [0074] It is desirable that the total content of zinc (Zn)
and copper (Cu) in the metal salt bond-containing copolymer NO is in the
rangel 8P84lially 0.5%6 o6 by Lfaighbprafaranha is B ar20% psveight -
(with the proviso that the amount of the metal salt bond-containing
& GOpsIY TS (IR 5L R0006 DWEIgHRS, bt the fvrapemt thatresis Wssasiag
storage stability of a coating material and elution of a resin from a coating
£ 1 seaeRE S TR € J60 PSEPPEp Rt G190 bF Aidtay sARBBHd-cohtainiAg s©
copolymer 20 (al) and the like Any of the above metal salt
T8 RBntdinfty COPBRMAEH (il Cife TSTGWiniRetalrsalt baRa-cdritaining
._.copolymer (a2) and the following silyl ester copolymer (a3) can be
nFepEred by’a hittieftbe RIERPkndRAfFproceds. Stth-aska pfdcdss e from
. described in (i) the 28 aforesaid JP 1998-298454 A and gi) the aforesaid
“hip DERIRS652 © A0 04 ProtesS ddsEitéd A P B0bAE 166957 SRR BT
document ) and (vi) 3P 200%-97400 A:gpatenlt document) which have:
been BP@&Séed CE.=C (R®) =CCO-M~0-COR (IV)

In the formula (IV), R* and M are the same as those previously
described, and R® is 2 hydrogen atom ¢r & methyl group.

That is to say, in the formula (IV), M is zinc or copper,
R? is a hydrogen atom or a methyl group, R® is the same organic
grmqnasRlintheaforesaidformula(I),andpreferredEmbodiments
ofthesrganicg:oupsandtheraasonsarethesameasthosépreviOusly
described.

[0G&E] Examples of the monobasic acid metal
(meth)acryiates (IV) which ares metal-containing monomers
represented by the formula (IV) include zinc versatate
(meth)acrylate {CHy=C(R*)~-CO0-Zn-0-~CO- (versatic acid residue)),
zinc ispstearate (meth)acrylate
{CH2=C{R2)~COO—Zn—O~CO—(isostearic acid residue)), copper
versatate (meth)acrylate {(CH,=C(R%)~CO0-Cu-0-C0-(versatic acid

residue)) and copper isostearate (meth)acrylate
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by the present applicant. 5 [0076] Metal salt bond-containing copolymer
(a2) The metal salt bond-containing copolymer (a2) is a metal salt
bond-con'-twining copolymer having a component unit (a21) derived from
a monomer (a21) represented by tAé formula (I1): 10
CH2=C(RY)-C00-M-0-C0-C(RY)=CH2 (li) wherein M is zinc or copper,
and each RY is independently a hydrogen atom or a methyl group, and a
(cEompeneniamit (a22)derived o rethercursatyrted: mononess?22)"
copolymerizable with the monomer (a21) 15 [0077] In the present
nolyendion thesmanamera2s) does1 Aok necESsasity havedosbagisedin the
preparation of the metal salt bond-containing copolymer (a2),and the ‘
coRENGaSS: (o prepafhdthecepolymes (a2) is not specifically restricted as
long as the same component unit as a component unit (component unit
(a2l))[2@sterived fram thaanppepserstadd) is Presentrisctine resitting
copolymer, similarly to the case of the metal salt bond-containing
beeepymer: {8y [QeEa]IExamples oftheimpnamerp@Ra)tinctide dic ved
(meth) acryj.ates (zinc di (meth)aerylates), such as (CH2=CH000)2Zn, 29
£ rleH2=GIEHBR)EOQ) 22k And (G2 CO @K GHZ-BfCHS)TO@O) 237 )

and copper (meth)acrylates (copper di(meth)acrylates), such as

. heEHZEEHEDO)RE I Ehi2aC (CitI)CRO) RCmearhl) acrylate (IV) does

(CH2=CHOOO)(CH2=C(CH3)COOQ) Cu. Of these, zinc (meth)acrylates are
ncht prefereble figmthesviewpeints=of Hreaeruiting resimdisdosity,ostorager
stability of a coating material, elution of a resin from
preparing the copolymer {al) is not specifically restricted as
long as the component unit (IV) is present in the resulting
copolymer.

[0068] It iz desirable that the metal salt
wond-containing copelymer (al) centains a component unit {(alZ)
derived from “other unsaturated menomer (al2)” in addition to the
component unit (IV). Examples of the “other unsaturated monomers
(al2}” include unsaturated compounds, suchas alkyl (meth)acrylate,
alkoxyalkyl (meth)acrylate and hydroxyalkyl (meth)acrylate, and
preferable are alkyl (meth)acrylate wherein the number of carbon
atoms of the alkyl group is 1 to 20, alkoxyalkyl (meth)acrylate
wherein the number of carbon atoms of the alkoxy group is 1 to
20 and the number of carbon atoms of the alkylene group is 1 to
20, and hyvdroxvalkyl (meth)acrylate wherein the number of carbon

atoms of the hydroxyalkyl group is 1 to 20.

[O0DE3D) Examplas of the alkyl (meth)acrylates of the
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a coating film, etc. In the present invention, these monomers (a21) may

be used singly or in combination of two or more kinds. [0079] Itis

desirable that the metal salt 10 bond-containing copolymer (a2) contains a

component unit (a22) derived from 5gther unsaturated monomer (a22)"

copolymerizable with the monomer (a21) in addition to the component

unit (all) derived from the monomer (a21), from the viewpoint of control of
« lution rate of a resin. i5 [0090] &%2 ples 9(:ft e "other unsaturated

TSoAr A TGS B &R Sal THONUBRE Hole ARAGF 227122,
el TR oL L OREHG QB gmer (T SATH RE-biher unsaturatec
motal SRR cuntand CARORBH () VNN FOEGRERR. 100HT Tha s
T e SO pahoL Ir T ) Ty be RSSO b1
D T30 e S Rer i T AE R EEhponent
G La Mo e AR (sD A e Ether R Pat S o =nd

BD%%J%@JSEEI {alednprgiarable is.sueh analkyl (eth)acrylate, an alkoxyalkyl
5 (met

Yacrylate and a hydroxyalkyl (meth)acrylate as previously

descri@ggmﬁ@smemf%r 8ismethy! (methlacty i%’*‘%@y%‘xclu

(meth)acry a?e, butyl (meth)acrylate and 2-hydroxyethyl” (met acryﬁiete for
21he,82538 £8859N AsRIEVICUSly described. (0082) It is desirable that in the

metal salt
(0070} Of these “other unsaturatad monomers (ali2y”,

methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate and 2-hydroxyvethyl (meth)acrvlate are preferable
from the viewpoints of coating f:?..lm properties and long=lasting
resin elution from a coating film.

[0071] These “other unsaturated moneomers (al23” are
used singly or in compination of twe or more kinds.

[0672] It is desirable that in the metal =zalt
bond-—containing copolymer {al), the monobasic acid metal
(meth)acrylate ::mmpcnént units (IV) are contained in amounts of
usually 10 to 100% by mol, preferably 10 to 90% by mei, with the
proviso that the total amount of all the semponent units in the
copolymer (al) 15 100% bymol, and the component units (212) derived
fromthe “othermonomer (al2)” are containedinthe residual amounts,

thar is, in amounts of usually 0 to 90% by mol, preferably 10 to
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10 bond-containing copolymer (a2), the component units (all) derived
from the monomer (a21) are contained in amounts of usually 10 to 100%
by mol, preferably 10 to 90% by mol, with the proviso that the total
amount of all the component units i the copolymer (a2) is 100% by mol,
and the component units (a22) derived from the 15 "other monomer (a22)"
. are contained in the residual amounts, that is, in amounts of usually O to_
90900y Byomol LBRETEREBIY 188 DEY%S by bt Hem tha PRwpoinE st thg ©=
control of elution rate of a resin froma coating film is easy. in 100% bymol
3 BEUAE COTABChERE LG E22) dEAVEd FERDtREFBrisairaft ibhdrmifs
(a22)", the 20 monobasic acid metal (meth)acrylate component units (IV)
etiay be present in amounts of 0 to 100% by mol, preferably 0 to 90% by
mol, and the component units (al2) derived from the gother unsaturated
mondrAers (alt) maybe breS8At At redidual B tiftE e IR AT R AF S
amounts of 100 to 0% by mol, preferably 10 to 90% b%/%} moJﬁ.#{(i?G%]ﬁli IS
medEsivante WiAGHe Huriter 2VEFade MtoletdbPiright MR tetfins G2 Y
polystyrene, the same shall a ply hereinafter, meawr.ed by QPEWS £
e REFNGFcoRBRDMES Cotimtis-of B EihEr152608%124900) of the metal
salt bond-containing copolymer (aag) IS J{%t e range of u%u.axlgf 190010
8 PX000%t8'10* 00tF o the Viewpoints Of regin - o~

SURGG, §60  praterat

viscosity and elution rate of g resin f, a coating film, [0084] It is
RlasH B8 1t ARPRRATCOERY o ANCOUC Cong o P Gp st g b i 000

metal salt bond-cogntainin cQpol mer I@SZQAS in the range of usually.0.5 to

“%6%% BY We g™ praferatiy 5 18 205 by waight (with the proviso. At -

staargglfg;c?fé eamce:églting meterial, elution rate of a resin from a

coating £ilm, etc.

[0074] It is desirable that the total content of zinc
(Zn) and copper {Cu} in the metal salt bond~tontaining copolymer
(a1} is in the range of usually 0.5 to 20% by weight, preferably
5 to 20% by weight (with the proviso that the amount of the metal
salt bond-containing copolymer (al) is 100% by weight), from the
viewpoint that resin viscosity, storage stability ol & coating
material andelutionofaresinfromaceoating filmbecome excellent.

[0075] Preparation of metal salt bond-containing copolymer

tal) and <he liks

Any of the above metal salt bond-containing copolymer (al),
the following metal salt bond-containing copolymer {&2) and the
following silyl ester copolymer (a3} can be prepared by & hitherto

ublicly know BES, i ] i) th
publicly known process, such as a process described in (i) the
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salt bond-containing copolymer (a2) is 100% by weight), from the
viewpoint that resin viscosity, storage stability of a coating 15 material and
elution of a res i n from a coating filmbecome excellent. [0085] Silyl ester
copolymer (a3) As previously descri#ed, the silyl ester copolymer: (a3) is
a copolymer having a component unit (a31) (also referred to as a "silyl
ester 20 component unit" hereinafter) derived froma monomer (also
afetesrad doras Bl estarsntonomer!'fhereibaftet)o@sdd 16 presenteo-by o 2
the following formula (l11), and a component unit (a32)derived from other
Aunsatpratedsmdremaib(aB2) copolymeazablelgaithsthe tpeonemedfadiha32 )
008 61 Formula (lll): R7-CH=C(R3)-COO0-SiR4R5R6 (lll) In the formula
alflY yR3 38 aardgeniatofparenmetipdnzoap wR REaad Rgresacied
independently a hydrocarbon group, 5 and R7 is a hydrogen atom or
bR-CvEQ@rashateiarRbiisamtorganic group or a silyl group represented by
-SIR9R'DR", and R9, Ri0 and R" are each mdependently a hydrocarbon
[gPbawp). [008 fth res e _
is a hydrogen atom (H), the monomer (a31) IS represented by the formula
(lila): CHs=@R3) 604 SIRARIRBTHIE) Wierip®3ITRY, RE andsR6 aretal
the same as those in the formula (lll) [0088] R4, R5 and R6 are each '
sgeSirkbhancikgigioup IS havingr tbakGearbon atoms, preferably 1 to 5

carbon atoms, and
a component unit {z&21) derived from a monomer (az2l}

represented by the formula (II):

CHy=C (R?) ~C0O0-M-0-C0-C (R*) =CH, (11)
wherein M is zinc or copper, and each R® is independently a hydrogen
atom or a methyl group, and

& component unit (222) derived from “other unsaturated
monomer (a22)" copolymarizable with the monomer (aZl).

[e0771 Inthepresant invention, themonomer (a2l) does
not necessarily have to be used in the preparation of the metal
salt bond~-containing copolymer (a2), and the process for preparing
the copolymer (a2} is not specifically restricted as long as the
same component unit as a componant unit (component unit (a21))
derived fromthemonomer {aZl) ispresent inthe resulting copolymer,
similarly to the case of the metal salt bond-contzining copolymer
(2l).

[0078] Zxamp_es of the monomers (a21) include zine

{meth}acrylates (zincdi{meth)acrylates), suchas (CH;=CHCOO):Zn,
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more specifically, they are each desirably an alkyl group, such as a
methyl group, an ethyl group, a propyl group and an i-propyl group.
[0089] Examples of the silyl ester monomers (a3l) 20 represented by the
formula (I11a) include trialkylsilyl (mggh)acrylates, such as -rimethylsilyl
(meth)acrylate, triethylsilyl (meth)acrylate and triisopropylsilyl
(meth)acrylate Of these, triisopropylsilyl (meth)acrylate is preferable from

%\/_\(go&%t R;%t elutlgn ?Ilsﬁ%g??kg C(% IQ1 Iong claStg:,%

per ARdPESating flm propert rac rédisthnce)

%é%eé]}é%%%gg WlthPre%arS; Em@:eh%" #ﬁr mo omer (a31) when R7
re n

the same as that in the 10 u‘?a 5 (1)), the

CE@.%%@%‘ Ll §3%ﬂ§%5’§5§%§%?&, whereih R3, Ra, RS, R6 and
aaps s yseis e oo, (1) ogLTle benit ..

d.J I
pf%yﬁ%?é?%e%'é%gﬁ 5%885‘]%"’%%%5 Zﬁp{h% e A,

=<3 copalymerizahle withthemonamer (a31)inclydethe, afaresaid, "ether

unsaturated mondmer (aI2)" which canbe used for preparing” 15 the

a CRRalymeral), [0993] As the jatherdnsaturaled mpRomen (32 n ome
preferable is such an alkyl (meth)acrylate, an alkoxyalkyl (meth)acrylate
(273 Rydraxyalkd {raefyacrylate.as pEeVIOUSYo L of two or more kinds.

(0078%) It is desjirable that the metal salt
bond~containing copolymer (a2} contains a componant unit (a22)
derived from “other unsaturated monomer (a22)” copolymerizable
with the monomer (a2l) in addition to the componsnt unit (a2l)
derived from the monomer {a2l), freom the viewpeoint of control of
elution rate of a resin.

[0CRO] Examples of the “other unsaturated monomer

(a'22) ” include the aforesaid monchasic acid metal (meth)acrylate

{IV} which is sometimes used in the preparstion of the metal salt

bond-containing copolymer (al) and/er the “other unszturated

monomer (al2)” which is a monomer used in the preparation of the
metal salt bond-centaining copolymer (al) when necessary.

[0081) That istosay, inthemetal salt bond-containing
copolymer {a2), the menobasic acidmetal {meth)acrylate component
unit (IV) may be present, or the component unit {(al2) derived from

the other unsaturated monomer (&l2) may be present, or both of
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described, and more preferable is methyl (meth)acrylate, ethyl 20
(meth)acrylate, butyl (meth)acrylate or 2-hydroxyethyl (meth)acrylate for
the same reason as previously described. [0094] It is desirable that in the
silyl ester copolymer (a3) (the total &hount of all the component units in
this copolymer (a3) being 100% by mot) , the silyl ester monomer (a31) is
contained 34 in an amount of usually 10 to 100% by mo., preferably 10 to
£ 130Gmbymelcand the mompanant teisdasr) derivedfimomibebothessant ,
monomer (a32)" are contained in the residual amounts, that is, in
irammednts cof usuatheOdes20% by rachpretarably10 t0:2Q1, hy meokdramon
the 5 viewpoint that resin viscosity of a coating film (i.e., crack
thesistance); stazZige. stabilithef atteating:materak @lution@fiea resirefrom
a coating film, etc. are excellent. [0095] It is desirable that the
b Irimbeb-byerageurivleculat kydightdvih: (imctepistef, pelyshiremey dhé ghme
shall apply 10 hereinafter, measured by GPC, measuring conditions;
{eoitrnnsaf 8 opet M @ 004808} bf the meetal saltbiorick contairengously
copolymer (a3) is in the range of usually 1, 000 to 200, 000, preferably 1,
degor 1be00 000, from theafievgiviats of tieer Afdre said nesinryiseosity sthyl
storage stability and elution of a resin from a coating film. 15 [0096] (b1)
(1Bapp@capdsrdnoryanic coppar)compoend lartt eZaiifortingscdating
composition of the invention, copper and/or an inorganic copper
(peRIpeGAT{BHahaPK SheaRtfoulFRREgENE (B Piseotttaiiad assar Bsseéntial
component. It is desirable that the copper and/or the inorganic copper
compdlRA20 (bi) is EbntaireREitaR emdbAt ot tistihky 160etb 400tarts by
weight, preferably 100 to 350 parts by weight, more preferably 100 to 300

bond-containing copolymer (a2}, the component units (a2l) derived

from the monomer (all) are contained in amounts of usually 10 to
100% by mol, preferably 10 tc 20% by mol, with the provisc that
the total amount of all the component units in the copolymer {(a2)
is 100% by mol, and the component units {(222) derived from the
“other monomer (a22}” are contained in the residual amounts, that
i1s, in amounts of usually 0 to 90% by mol, preferably 10 to 90%
by mol, from the viewpoint that the contrsl of elution rate of
a2 resinfroma coating filmis easy. In100% bymol of the component
units (222) derived from “other unsaturated monomers (a22)}”, the
monobasic acid metal (meth)acrylate component units (IV) may be
present in amounts of 0 to 100% by mol, preferabiy { to 90% by
mol, and the component units (al2) derived from the other

unsaturatedmonomers (212) may be present in the residual amounts,

that is, in amounts of 100 to 0% by mol, preferably 10 to 90% by
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parts by weight, based on 100 parts by weight of the hydrolyzable
copolymer (A) (solids content) that is the total amount of the polymers (al)
to (a3) , from the viewpoint that the resulting coating 35 film has excellent
antifouling properties and is excellegi in film properties, particularly in
crack resistance. if the content of the copper and/or the inorganic copper
compound (bl) is less than the lower limit of the above range, the coating
iim tends to exhibit 5 insufficient antifouling effect, or renewal of the
coating film surface tends to be inhibited. If the content thereof is more:

than the, dpper limit of the ahqve tange. froublesinpronerties. sich as

occurrénce of cracks, tend to be brought about. [0097] The mean patrticle

med BIEtEL 3 Qéﬁ% Rartcle sk ﬁslgfdﬂg"QHPQEQ{éhecﬁ@%{eagf%‘i'ltgﬁp1 ¥y

inorganic copper compoun bl) are not specmcally restricted, but for

na%%@gﬁ Jyhep.the, CORRGY %OrﬁggéQQE@'E&W&@np@é‘%@) of

has a mean particle diaméter o f6 to 50 pm, ‘an antifouling coating

sdlimwvhichs excelient.in cqptinuity ofhydrolsis-maintaing stationan e

consumption 15 degree (constant film consumption degree) over a long
(Pariod of, ime and hassaxcellent longderse antifoutiog prepertiesiiendstn

be obtained. [0098) The inorganic copper compound may be any of

+ £QBPEHEOMPEMNTs: of BQrgaRic e randevamples theseafdnglidsn 2Q+e
cupric oxide, copper thiocyanide (cuprous thiocyanate, copper rhodanide),

o Pasic copper sulfate Lasic.Lopnemacetate, basic copper carbonate and
cupric hydroxide. These copper compounds can be used singly or in

combingdipm of two grmareikinds:Hnstead ot eeppet 41 ogeibet withzine
copper.
(Zn) and copper {Cu) in the metal salt bond-containing copolymer
(a2) is in the range of usually 0.5 to 20% by welght, preferably
5 to 20% by weight {(with the provisc that the amount of the metal
salt bond-containing copolymer (a2} is 100% by weight), from the
viewpoint that resin viscosity, storage stability of a coatling

material andelutionofaresinfromacoatingfilmbecome excellent,

[0385] Silyl ester copolymer {a3)

As previously described, the silyl ester copolymer (23) is
a copolymer having

a component unit {a3l) (also referred to as a “silyl ester
component unit” hereinafter) derived froma monomer (also referred
to a3 a “silyl ester moncmer” hereinafter) (a3l) represented by
the following formula {(IIX), and

a componentunit {a32) derived fromother unsaturatedmonomer

(232) copolymerizable with the monomer (adl),



10

15

20

36 [0099] As the copper and/or the inorganic copper compound (b1),
cupric oxide is desirable from the viewpoint that the resulting coating film
has excellent antifouling properties and is excellent in film properties,
particularly in crack 5 resistance, [0320] The antifouling coating
composition of the invention preferablyfurther contains an organic
antifouling agent (b2) as the antifouling agent (B), from the viewpoint that

16556 Eesultingtg%ﬂﬁlg fillﬁ%hibits antifouling power in the highly 10 fouling
sea area where fouling is particularly serious and is excellent in

long-Igsting.antifquling effegtand surface renewal ;property. [0101) In the
presence invention, the organic antifouling agent (b2) is particularly

preferaply-at east.ene b propnicantifauling.a0entseleciedirom @Poup ,

group consisting of a metal -pyrithione represented by the following

formuiet Vi 'agg itg derivative: toyrithions sempapndhia the fornula, My,
R1to R4 are each independently a hydrogen atom, an alkyl group, an

ardkoxy group or a halogenated alkyl group, M is a metal, such as Cu, Na,
20 Mg, Zn, Ca, Ba, Pb, Fe and Al, M is preferably Cu or Zn taking

long-la3ting filmycepsumplioninie atcounb-andmeisa vatence)sf0104L3
R2R3R'~n+ NS _
group or a silyl group represented by ~SiR*RIRY, andg R®, R and
R' are each independently a hydrocarbon group).

[aoge7) With regard to the silyl ester monomers (a31),
when R’ is a hydrogen atom {(H}, the monomer (a3l) i1s represented
by the formula {(IIZa):

CHy=C (R*} ~CO0-S1R‘R°R® (ITIa)
wherein R, B!, R® and R® are the same as those in the formula (IIT).

[0088) R‘, R® and R® are each desirably an alkyl group
having 1 to 10 carbon atoms, preferably 1 to 5 carbon atoms, and
more specifically, they are each desirably an alkyl group, such
as & methyl group, an ethyl group, a propyl group and an i-propyl
gToup.

[008%] Examples oI the silyl ester monomsrs [(a3l)
represented by the formula (IIla) include trialkylsilyl
(meth)acrylates, such as ‘-:riméthyls:;,lyl (meth)acrylate,
triethylsilyl {(methjacrylate and triisopropylsilyl
{meth)acrylate. Of these, triisopropylsilyl (meth)acrylate is

preferable fromthe viewpoint that elutionof a resin froma coating
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tn 0[0103] a tri-organic boron and its amine complex, and
4,5-dichloro-2-n-octyl-4-isothiazoline-3-one, from the viewpoint that
antifouling properties of a -coating film and storage 5 stability of a coating
material are excellent. [0104] In the gyesent invention, the organic antif
ouling agent (b2) is preferably at least one compound selected from the
group consisting of copper pyrithione, zinc pyrithione, triphenylboron
..Ryridine complex met:ﬂ diphenylboron 10 4-isopropylpyridine complex _
£ A TR R r R e 52 R s SEcE AT o2
(estorag% §t%tﬁili% 8‘; gtconaéin?g rglaéerialc%q ;g%t the long-lasting film
c'é’n‘s‘umbﬁon ofa coaﬁng%’lm and the an ifouling properties are excellent
with a gggd,balance, 15, 191931 \p the presernt nventian. sLs desitabie.hat
the orbanlc antifouling agemg,J particularly the Above-mentioned antifou Ing
agent, is ceptained as th antifouéian agent (2) in_an amount fl%to 500
A e, Cororab LD 100 bT8 L Me ent BLoch bt e

ight of th fof the. 20| j d (bl .
(%‘5"?'9 14,9118 Sepper ta?;%o;{é %%Q:Ek%@égac S9RREL GARRAYUL ((lbﬂ%ﬁ)e’rit

m’the Viewpoint that 8 resulting antifouling coating film 1s exce

in anti @_ygggo Droper, igﬁ _;&%réiggkap\rdﬁdgslong-lastin& f@ggouling properties
L . .

(i.e., film consumption degree is low) , is a small burden to the

wiESIpppentancis excellentin warer gesistance S II061(C) AINGOKAS -

In the antifouling coating composition of the invention,
(ZIT). '

Ipos1Y The silyl ester monomer (a3l) repfesented by
the formula (IIIb) is specifically, for example, maleic ester
(compound represented by the formula (IIIb) wherein R® is H).

[0082] Examples of the “cther unsaturated monomer
(a32) " copolymerizablewiththemonomer (23l) includetheaforesaid
“other unsaturated monemer (2l2)” which can be used for preparing
the copelymer (&l}).

[0083] As the “other unsaturated monomer (a32)”,
preferable is such an alkyl {meth)acrylate, an alkoxyalkyl
{meth)acrylate or & hydrozyslkyl (meth)acrylate as previously
described, and more preferable is methyl (meth)acrylate, ethyl
{meth)acrylate, butyl (meth)acrylate or Z-hydroxyethyl
(meth)acrylate for the same reason &3 previcusly described.

[00%4] Itisdesirablethat inthesilyl aster copolymer
{23) {the tetal amount of all the component units in this copolymer

(a3)béing100%kn;mol),thesilylesternwnomer(331)iscontaineﬁ
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zinc oxide (zinc white) (C) is contained as an essential component. It is
desirable that the zinc oxide (C) is contained in an amount of usually 50
to 350 parts by weight, preferably 60 to 350 parts 10 by weight, more
preferably 75 to 350 parts by weights still more preferably 1-00 to 350
parts by weight, particularly preferably 100 to 300 parts by weight, based
on 100 parts by weight of the hydrolyzable copolymer (A) (solid content)
. that is the total amount _of the polymers (al) to (a3) , from the viewpoint
THhat B PRSIy ¥8Kodtihg Rifmthad BxkcRllehPantiFfdmirRy progerfescandds
_excellent in film properties, p_articularl}/ in crack resistance. [0107]
(

©'Hitwe BRI TERMRTTSHThE Zhic dfide (€5 ahee e earitaht 6F it dpseie -

/gr the inor pound (bi), a relationship that (content of

(550 2 A6 (COTe0BB a0 AR S a R oS CHBoMRG ) FROFRTS

the.ra of 0.6 .2, preferably 0.7 to 1.0, more preferably 0.8 to 1.0, is
TSR MBS P e BBt GBSt (55 Llbertofihe cogper™s
vag&/o&%@e Lnrqrgapi%ggpge[ﬁcgsmi Qun (bl) is less than, the Jower limit 01;

e Above raige, the antifouling propartids 39% bt Ak ufihgTdatigcx

fllmsf rmed from the antlprlljlgg#oagl%ga com%osmon of the jnvention tend

%5 be extibited HSfcientry, y R3S MaBR it wheh than of

ereasonis p

olyzable copol meréA)F Is the metal salt-containing copolymer (al)
3 %%%3?{ th?e‘?ﬁnet%l %c}éma”lﬁzé n éﬁ%f?\’g Sopolyfier @ﬁ%eeﬁﬁn consumption

Properyds e anioul1g eRlg.lin S ARoual ueed BecRusg of he

reaction of the coppér and/or the inorganic copper compound
nilihemell salkapntalning cobolyrpes (e endifeapibagieral, 2040 gh

the zinc oxidetself eluted simultaneously with film :
hereinafter, measured by GPC, mezsuring conditions: columns of
Super H2000+H4000) of the metal salt bond-containing copolymer
(a3) is in the range of usually 1,000 o 200,000, preferably 1,000
to 100,000, from the viewpoints of the aforesaid resin viscosity,

storage stability and e¢lution of a resin from a coating film.

[00%6] (bl) Copper and/or inorganic copper compound

In the antifouling coating composition of the invention,
copper and/or an inorganic copper compeund (bl) that is an
antifouling agent (B) is contained as an essantial component. It
iz desirable that the copper and/or the inorganic copper compound
(bl) is contained in an amount of usually 100 to 400 parts by weight,
preferably 100 to 350 parts by weight, more preferably 100 to 300
parts by weight, based on 100 parts by waight of the hydrolyzable
copolymer (A} {sclids content) that is the total amount of the

polymers {al) to {a3), fromthe viewpoint that the resulting coating
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10 consumption is not exerted sufficiently. On the other hand, if the
amount of the zinc oxide (C) based on the copper and/or the inorganic
copper compound (bl) is more than the upper limit of the above range,
troubles in properties of the coating $itm (e.g., occurrence of cracks) tend
to be brought about, 15 [0109] Color pigment As the color pigments,
various pigments of organic type or inorganic type hitherto publicly known
£ arg pmplayahlec1139) Pamplesmf dbe orgasiapigreentsdnckge carbolm
black, naphthol red and phthalocyanine blue. 20 [0111) Examples of the
pingkganic pigprentsdachide red dnncaxide hardeqawdes, titanismwwhiteo £
and yellow iron oxide. Various colorants such as dyes may be contained.
£ §Q1d2}ir therpresentiisventionrasthe gptor pigmentidspecificallyssthaan
inorganic color pigment, any one of red iron 40 -oxide, titanium white and
+yell@udron:axide fsepartipulesly 2 preferabile-tramt thefiiewpeiniof celoningi ¢
power. The above organic pigment is also preferable from the viewpoints
ithaifd coating fim : abpatticulafdydrightcaoloscam=le g ovidedy tHe coatingm
film 5 rarely suffers discoloration, etc. [0113] Extender pigment The
sexfende rrpigizenbiscsuchiai pigmeent of & loherefradtire. index@asfisis more
transparent and does not hide the coated surface when mixed with an oll
them varishpExdmpies of thesextenderpigmeent 16uhtk e tafe; &t ies,
mica, clay, diatomaceous earth, calcium carbonate that is used also as
sanhants-settling myerd, kdolina cteminawhite; Wititd carbon thabistused
also as a flatting agent,
[0087] Themeanparticle diameter andtheparticlesize

distribution of the copper and/cr the inorganic copper compound
{bl) are not specifically restricted, but for example, when the
copper and/or the inorganic copper compound {bl) has ameanparticle
diameterof §to50um, anantifoulingcoatingfilmwhichisexcellent
incontinuityof hydrolysie, maintaing stationary filmconsumption
degree (constant £ilm consumption degres) over 2 long period of
time and has excellent long~term antifouling properties tends to
be cbtained.

[00%98) The inorganic copper compound may be any of
copper compounds of inorganic type, and examples thereof include
cupric oxide, copper thioccvanide {cuprous thiscyanate, copper
rhodanide), basic copper sulfate, basic copper acetate, basic
copper carbonate and cupric hydreoxide. These copper compounds
can be used singly or in combination of two or more kinds, instead

of copper or together with copper.
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aluminum hydroxide, magnesium carbonate, barium carbonate and
barium sulfate. Of these, an extender pigment selected from the 15 group
consisting of talc, clay, calcium carbonate, barium carbonate,
diatomaceous earth and silica is pagjcularly preferable. [0114] These
extender pigments can be used singly or in combination of two or more
kinds. The coating film consumption degree can be controlled depending
upon the type of the extender 20 pigment. [01151 In the case where talc
is usedPA€the exterfder g MErR T HANEABOUIRY CORGTG oM pSStion of
the invention, the talc is desirably contained in an amount of 10 to 10%
COFRRSTSY IfightSBreferatiy 48 to" 70T5arts by welght, BifsSd TP60 parts ©

41 by weight of the hydrolyzable copolymer (A), taking into account cost
e ERTON Pt PESHTG CORIRB AT AN SRErHing SHAc S RRGPRaReS

of the resultilr;g] coating film and increase of film_thickness. When the falc

208 cHRMARSE S Above, the TaRkiS™s dadiFably Contaned in an amount of 1
to 10% by weight, preferably 2 to 9% by weight, in the antifouling coating

Iﬁ%ﬁ?ﬁ@& i5h from the viewpoint that the talc has no evil influence on the

coating, film.properties and the antifouling properties, [0116]. ln.th -
ﬁpé@]ﬂ l’ehe T %o C%E'Em COm osz.h,_?&ag‘]’ty he

prese tion, the anﬁ%u}ingulbncqoa INg composition pre

e e s el e araln. 0L e/ enG PLENoLAs AlanlifeSliene

Z€T Such as chlorinate amplesof the plasticizer
dpde TGE dretesyl ahasphale). parafinchiorde. polipveti sihet.
and terpéne 15 phenol, THesé plasticizérs can be used sihgly or in
rggm_q!gggogoating film exhibits antifouling power in the highly
fouling sea area where fouling 1s particularly serious and is
excellent in long-lasting antifouling effect and surface renewal
Property.
[Q101] In the present invention, the organic
antifouling agent (b2) is particularly preferably at least one
organic antifouling agent selected from the group consisting of

a metal-pyrithione represented by the following formuls [V] and

its derivative (pyrithicne compound) (in the formula [V], rR! to

R*are each independently a hydrogen atom, an alkyl group, an alkoxy

group or a halogenated alkyl group, M is a metal, such as Cu, Ng,
Mg, Zn, Ca, Ba, Pb, Fe and Al, M is preferably Cu er Zn taking
long-lasting {ilm consumption inte account, and n 1s a valence),

[Cl0Z]
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of two or more kinds. [0118] These plasticizers contribute to enhancement
of crack resistance of a coating film (antifouling coating film) composed of
the resulting antifouling coating composition. Of 20 these plasticizers,
chlorinated paraffin (paraffin chloridgy is preferably used. [0119] The
chlorinated paraffin (paraffin chloride) which can be added to the
antifouling coating composition of the invention may be straight-chain or
branched and may be liquid or 42 solid (powdery) at room temperature.
However, chloﬂ_ated paraffin whose average number of carbon atoms is
usually tso 10, preferably 10 to 26, is preferably used, and chlorinated
paraffin M .-c a.nuiftber-average molecular weight of usually 200 to
1200, b pr 00 to ﬁ;@O a viscosity of usually not less than 1
(poiseR5C erpbly nptless thgW].2 (poise/25C), and a specific
gravityt i (o 80/28&, preferably 1.10 to 1.70/250C; is preferably
used. When chlorinatedpagaffin having such a number of carbon atoms is
used, a coatingJilm rarely suffering cracking 10 and peeling can be
formed by the use of the resulting antifouling coating composition. If the

numbey, of carbon atoms.of the, chloripated naraftin is less than.8 Jhe ang

effect of Iinhibiting cracking sometimes becomes insufficient. If the

4 number of carbon _atans thereofiexceads: 3Q, sonsumptiogpraperty

(renewal property) 15 of the resulting coating film surface is sometimes

vgasgm@;%%@Qgébmﬂﬁggmg@m@%ﬁgea%%@% es) defeiyated e

The percentage of chlorination of the chlorinated paraffin (chlorine

s£Qptent) is desired.fo-be in the sange of usually.35 40 75%,

[0104] In the present invention, the organic
antifouvlingagent (b2) ispreferablysat least one compound selected
from the group consisting of copper pyrithione, zinc pyrithione,
triphenylibcron pyvridine complex, methyldirhenylboron
4-isopropylpyridine complex and
4, 5~-dichloro-Z-octyi~4~isothiazoline~3~one, taking inte account
the storage stability of a coating material and that the
long*lasﬁing filmeonsumptionof acoating filmandtheantifouling
properties are exgcellent with a good balance.

[0105] In the present invention, i1t is desirable that
the o¢rganic antifouling agent, particularly the above-menticned
antifouling agent, is contained as the antifouling agent (3) in
an amount ¢f 10 to 500 parts by weight, preferably 10 te 100 parts
by weight, bazsed cn 100 parté by weight of the copper and/cr the

ingrganic copper compound (bl), from the viewpoint that the
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preferably 35 to 65%, When chlorinated paraffin having such 20
percentage of chlorination is used, a coating film rarely suffering cracking
and peeling can be formed by the use of the resulting antifouling coating
composition. Examples of such chlegnated paraffins include "Toyoparax
150" and "Toyoparax A-70" available from Tosoh Corporation. 43 [0120)
When terpene phenol is used as the plasticizer, the coating film is

prevented from.whitening due to exposurte, sq, that use of ter enal
R B ST THS et PRre e SRSt e ey

invention, the plasticizer is desirably contained in an.amount , 4
DX RAE 1 refghE bSO o1 100 PS by TAGHE o e Ry eag A e 2ee
(s5gRobuer (RMtam.he YiewRaiLs ol Crack resiyaeR, IealRaae Pl cne

discoloration, ennancement of water re5|s€ance, etc. of the coating film,

30 L3921 e, aniauling 0ating,qMRasiton i e.a fagposition

containing volafile’components such as solvent) of the invention, the

Eﬁl@g}icizer is &qs%at}% conigined in an amount of 0.1 to 5% by weight (the

amount of t ing composition is 100% by weight). 15

[012315@?@@&8%@@%‘&“&99; QAiNg,ERIPASIAN - A g 8NIHYING on,

coating composition of the’invention™as above can be prepared in the

- f9llowing manper, The antifouling.coating. gompasition.ok.the: invgptigacan

e prepared by properly utilizing a hitherto publicly known process 20

:%%ié‘gié'}ﬁPé_(ﬁi%'%ﬁ@é%@%fﬁ'&e&ébéum as hegmefakslt:in an amount
ond-containing copolymer, the coppez and/or the inorganic copper

of usually 50 to 350 parts by weight, preferably 60 to 350 parts
by weight, more preferably 75 to 350 parts by weight, still more
preferably 100 to 350 parts by weight, particularly preferably
100 to 300 parts by weight, based on 100 parts by weight of the
hydrolyzable copolymer (A) (solidcontent) that ls the total amount
of the'polyme::s (al) to (a3}, fromthe viewpoint that the resulting
coating filmhas excellent antifouling propertises and is excellent
in film properties, particularly in crack resistance.

[0L07] Between the content of the zinc oxide (C) and
the content of the copper and/or the inorganic copper compound
(bi), a relationship that (content of zinc oxide (C))/(copper
and/or inorganic copper compound (k1)) is in the range of 0.€ to
1.2, preferably 0.7 to 1.0, more preferably 0.8 to 1.0, is formed.

f0108) If the amount of the zinc oxide (C) based on
the copper and/or the inorganic copper compound (bl) is less than

the lower limit of the above rangs, the antifouling properties
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compound (bl) and the zinc oxide (C) as essential raw materials. The
antifouling coating composition of the invention can be prepared by, for
example, blending the metal salt bond-containing 44 copolymer or the
silyl ester copolymer as the hydrolyzoagble copolymer (A),. the copper
and/or the inorganic copper compound (bl), the zinc oxide (C), talc and
"other components” described below at once or in an arbitrary order and
having them stirred, 5 mixed or the like. [0124] Other components In the
O pEhATTOR B R ANTobREG EHARFRemMBESTiGhectne fovdritioncaat ing
antifouling agent, a thixotropic agent, a plasticizer, an inorganic
CHERRratinG SgethtstaBizetp ah it saggingrireddlmng dgenently .
Tlithi?(‘:kgf:ning agent), a color pigment, a dye, other coating film-forming
M mponEh® & SERIEICE & Bhthade i fetRy Ry prsHSaaereyine), &)
ermicide, antifungal agent, an anti-aging agent, an antioxidant, an
ggnfs,azi*?léﬁ?@?ﬁa?aﬁﬁt,cé’ﬁ%mﬁsﬁ@rmnﬁ%@é@;l@aetatcw?elr,
< Sf. ma tbg added in given proportions at once or in an arbitrary order
Ahd (N SorretitiREd 18 HSs R disper 6 ARetAnA e SRt Da Y 102
the stjfrgipg/ ixing of the abpve components, a mixing/stirring device

R PUBICRPKABHIT E T 58 ARISEWH Mikerrua3IandBRR ke broae

~2Nipagaw iversal mixer, is appropriately used. [0126]
‘%%ﬁégag?ifﬁrﬁi%%‘%ﬁ% AR TRGUrOHIE Jager) PaRRE AiHDRNAG (b1)

wa.cﬂ?‘gﬂglgggéaoggi%aggpz%r%eaig\i%%ﬂggﬁolymer (R), andtheantibacterial
action of the zinc oxide itgelf aluted simultansously with £ilm
consumpticn is not exerted sufficiently. On the other hand, Lif
the amount of the zinc oxide (C) based on the copper and/or the
inorganic copper compound (bl) is more than the upper limit of
the above range, troubles in properties of the coating film le.g.,
occurrence of cracks) tend to be brought about.

[0109] Color ploment

As the color pigments, various pigments of organic type or
inorganic type hitherto publicly known are employable.

[0110) Examples of the organic pigments include carbon
black, naphthol red and phthalocyanine blue.

[Ciil) Examples of “‘.he inorganic pigments include red
ircen oxide, barite powder, titanium white and yellow iron oxide,
Various colorants such as dyes may be contained.

0112} in the present invention, as the color pigment,

specifically as the inorganic color pigment, any one of red iren
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45 an organic clay type agent, an organic wax type agent or the like may
be added as an anti-sagging/anti-settling agent (thixotropic agent) in an
arbitrary amount. Examples of the anti-sagging/anti-settling agents
include a salt, such as an amine 5 $4It of Al, Ca or Zn derived from
organic clay, stearate salt, lecithin salt and an alkyl sulfonate,
polyethylene wax, amide wax, hydrogenated castor oil wax, polyamide
oxway, aynbdutenfiothof athengesintheticfinely divided sikca iandarly
polyethylene oxide wax. Of these, preferably used are polyamide wax,
prefibeticdinety: 10 divided silicappayethylegeoxise. wahandancrggait
clay type agent. [0127] Examples of such anti-sagging/anti-settling
oiagents inchide thoséxomntte Martket haderctinediade haaies obDisperbhlm
305", "Disperon 4200-20" and "Disperson A630-20X" available from 15
oK psumiota Ghémibalsghtd GO126] @therecaating fil-fonming eshiganéatn
the antifouling coating composition of the invention, a resin other than the
raafoigsaid Topulytiero@)anay bmeortained as a coating film-forming
component within limits not detrimental 20 to the objects of the present
[ Gavéntion. Exgnpledeof sucmesther coating film-forming component”
include poorly water-soluble or water-insoluble resin (also referred to as
"poorfhevateresolablgivmeninsslublehesint bepaihaferd syeh zafapctive
acrylic resin, an acrylic silicone resin, an unsaturated polyester 46 resin, a
ifideroresirs asolybataie rasih delicoiferiBbeiha tneinsheé Resare when

(rubber), an epoxy resin, a polyamide resin, a vinyl ‘
mixed with an oil or a varnish. Examples of the extender pigment

include tale, silica, mica, ¢lay, diatomacesus earth, calcium
carbonate that is used also as an anti-settling agent, kaolin,
zlumina white, whitae carbon that is used also as a flatting agent,
aluminum hydroxicde, magnesium carbonate, barium carbonate and
barium sulfate., Of thess, an extender pigment selected from the
group consistingoftalc, clay, calciumcarbonate, bariumcarbonate,
diatomaceous sarth and silica 1s particularly preferable.

[0114] These extender pigments can be used singly or
in compination of two cr more kinds., The coating £ilm consumption
degree can be controlled depending upon the type of the extender
pilgment.

10115 In the case where talc is uged as The extender
pigment in the antifouling coating composition of the invention,
the talc is desirably conteined in an amount of 10 to 100 parts

by weight, preferably 10 te 70 parts by weight, based on 100 parts
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chloride-based copolymer resin, a chlorinated rubber (resin), a
chlorinated olefin resin, a styrene/butadiene copolymer resin, 5 an
ethylene/vinyl acetate copolymer resin, a vinyl chloride resin, an alkyd
resin, a coumarone resin and a petr6leum resin. [0129] Examples of
water-soluble resin include a rosin (e.g., trade name: "Rosin WW"), a
monocarboxylic acid and a salt thereof. Examples of the monocarboxylic
maeigiigiciude aiattyvanidl 10 avingahdyt@ to @9 carhanmioms artcount
naphthenic acid. Examples of the salt of the monocarboxylic acid include
cas Creshlt;ta dne Salh ard auCaisaicdxaimphes of the rosintiactidey gdfect ,
rosin, wood rosin and tall oil rosin, and any of these rosins is employable
t iadbpdmeention: These vmtersolille sy chnle arsed singhp sE5a@f il 1m
combination of two or more kinds. [01307 Solvent In the antifouling
tIchatimgseomBositiontsf thelinvestionnvatious eempgbrients Hsanentionesl
above are usually dissolved or dispersed in a solvent, The solvents
demployaplechersinaie), o2 @rexarpie, Varol§ solvertsaisually afieohioy
antifouling coating materials, such as an aliphatic solvent, an aromatic
2 solvéit, lay ketbpltsolvent sn eBterfsuivént andadn sthersplvention from
Examples of the aromatic solvent include xylene and toluene. Examples
tht WEKeOnE SONsnt ieltde MIBK. 'Bxaffipledrof theratherrssiverg gr-ing
include propylene glycol monomethyl ether and propylene glycol
T onorethyketieravbtate(RMAC)H Y6 137) ARIRGIING 8oating film,
substrate with coating film, etc. 5 The antifouling coating film according to
the inV&AH& is In the present invention, the antifouling

coating composition preferably further contains chlorinated
paraffin or terpene phenol &s a plasticizer.

[0117] Plasticizer such as chlorinated paraffin

Examples of the plasticizer include TCP (tricresyl
phosphate), paraffin chleoride, polyvinyl ethyl ether and terpens
phenol. These plasticizers can be used singly or in combination
of two or more kinds.

[0116] These plasticizers contribute fo enhancemant
of crack resistance of a coating film {antifouling coating £ilm)
composed of the resulting antifouling ceoating composition. Of
Theze plasticizers, chlorinated paraffin {paraffin chloride} is
preferably used.

[0119) The chlorinated paraffin (paraffin chloride)
which can be added to the antifouling coating composition of the

invention may be straight-chain or branched and may be liguid or
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characterized by being formed from the antifouling coating composition
described above. [01321 The substrate with a coating film according to
the invention is characterized in that a surface of a substrate 10 is coated
with a coating film obtained by curirgpthe antifouling coating composition
described above. [0133] The substrate with an antifouling coating film
according to the invention is characterized in that a surface of a substrate

sowhgeaéo@% ht gf'}toa%O@}sg}gM%g@g%aﬁ@rerﬁ@&@&ﬁ Water s, coated

oa |ﬁ5flm obtamedLby uring the antifouling coating composition

pa%%%%%%ﬁg%%fﬁvgv 0134 Hhtﬁl}%§L%€§ttr£§t'i§o‘ﬁi¥ha%z@tif9%Qﬂaﬁ%“é‘%é"%,

accor e Invention, the's that Is a base is preferably an

underwater. structiie, oy i ing ishing.n ishi
U R T R e

ha.?}ik%x?é@t%&&&&@i&ge@a@ee ventian is gharacterized by: coating of 1200,

impregnating a surface of a substrate with the antifouling coating

R0 pgsitiondescribed above angd-then curirg 48, the.composition ta,form

a coatingfilm. [0136) The method for preventing a substrate from fouling
(RGN 9 the invention {s gharagtgtizediby coating, osdmnpregnatingd a

surface of a substrate with'the antifouling 5 coating composition described
s;ahave and then cuting Hercompasision: g farmsapantifouling.coating:fime,

[0137] The substrate that is a target of the method for preventing a

1 SHbswais from, fuiing ig, prefeiallyan URdarater n having such a number
of carbon atoms is used, 2 ¢oating film rarely suffering cracking
and peeling can be formed by the use of the resulting antifouling
coating composition. If the number of carbon atoms of the
chiorinated paraffin is less than 8§, the effect of inhibiting
cracking sometimes pecomes insufficient. 1If the number of carbon
atoms thereof exceeds 30, consumption property {renewal property)
of the fesulting zoating film surface is sometimes deteriorated,
and the antifouling properties are sometimes deteriorated. The
percentage of chlorination of the chlorinated paraffin (chlorine
conteant) is desired to be in the range of usually 35 to 75%,
preferably 35 to 65%, When chlorinated paraffin having such
percentage of chlorination isused, acoating filmrarely suffering
cracking and peeling can be formed by the use of the resulting
antifouling coating composition. Examples of such chlorinated
paraffins include “Toyoparax 150" and “Toyoparax A-70” avallable

from Tosoh Corporation.
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structure, a ship's outside plating, a fishing net or a fishing 10 gear. [0138]
In more detail, if such an antifouling coating composition as above is
applied to surfaces of various products, for example, underwater
structures, such as water-supply ang exhaust portsof thermal electric
power/ atomic power plants, sludge 15 dif fusion preventive films of
various ocean civil engineering works for bay coast roads, undersea

tunnels, harbor equipments or_ canals/channels Sﬁ?i s..and fishery . __
mater[iill‘lszﬁa].g., rop(‘a’-‘&;,‘alﬁsﬁﬁaenneeis? |‘s’.ﬁf)n"gJgst’az];'\lrgsa,e I§§t§,n§u%%/§§%gﬁcle”éf'

¢ plural gmes éé'nq)a conveﬂr‘nt‘i’orz}lqle a rghip%iucr)dr‘eirwatg{_l ﬂst%ctur%% Fglgldeth% o
k& 2D Ok d Wit Aitfioufing coating films which have excelient '
antifouling properties, are capable of re ing antifouling agent
th@d’mﬁ%%e%fs gg@?%nl%n%ksgﬁgdlo% t%ﬁg,%%%\%e %radper flexibility and
excellent.crack resistance even if the films,are thick are ohtained. 49 ;
[0139@%%5 to sa37,nthr]éehzfin%flostﬁir.'i\gh ce(%?ing#iléms %fé?%e y applying the
antifouling, coatir osition, of the , invention to surfacesiaf variqys. ... -
tnperc‘)“é.‘l]rcetzg%“n%“ éu"?%é%%?ﬁe%i%ell“e%ﬁ 5%\&%% properties such that
oAYhgRIAN of payie.S oreanamspauduag a3 ellles bamaclas: dedthe

avers, serpulds, oystérs an gula neritina, can be continuously

- nﬁ@@i@%@%ﬁ&%&ﬁﬁ%%i%é%%%%mm.mﬁ%wbmmm,

aterials of ships and the like are FRP, steel, wood, aluminum alloy, etc., -

adhe 10, antifquling coating. composition particelary faverably.adheresio;
the surfaces of these materials, In the case of a steel ship
of the cvoating film,

01221 In the antifouling coating composition (i.e.,
composition containing volatile components such as solvent) of
the inventicn, the plasticizer is desirably contained in an amount
of 0.1 te 5% by weight (the amount of the antifouling coating

compesition is 100% by weight).

[0123] Preparation of antifouling coating compesition

The ant ifouling coating compositionof theinventionas above
can be prepared in the fellowing manner.

The antifouling coating composition of the invention can
be preparedby properlyutilizing a hitherto publicly known process
using the hydrolyzable copolymer (A} such as the metal salt
bond“cantaining copolymer, the copper and/or the incrganic copper
compound (kl} and the zinc oxide (C} as essentlal raw materials.
The antifouling coating composition of the invention can be

prepared by, for example, blanding the metal salt bond=containing
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or an aluminum ship, the substrate surface is usually coated with a
primer, an anticorrosive coating material, and if necessary, a binder
coating material, and the coated surface is then coated 15 with the
antifouling coating composition of tH&*invention. The antifouling coating
composition may be applied to a surface of the existing antifouling
coating _film. [0141] If the antifouling coating composition is applied to,
cdppeyampler asiface ¢of asvatine-stpddtiiie radkesing RPdebmariiel
organisms can be inhibited, and the function of the structure can be
cdpainfaied for, a targ pgsag-okimeif the: antfegling caaiing coowasiton:
is applied to a fishing net, clogging of meshes of the net can be inhibited,

(#Ind, besigles thesemdraament 4 tessitikeyrtoche palpiednb0” (AR421 THwed

antifouling coating composition of the invention maybe directly applied to a
»éishing hetnoe may he applied ta arsudade of a;ghip vd mariherstrictnre ay
the like that has been coated in advance with an undercoating material
mSxiel agantdz ahticerrosive agent and a primer. Moreover, the surface of a
ship, particularly a FRP ship, an underwater structure or the like that has
[ bekh]coated {It helvanceneitie @teonventional antifouling coating material
or the antifouling coating composition of the invention may be overcoated
with the: artéoptingacoatingrcom positiantoffitel L@ inventiandotomposition
maintenance. The thickness of the antifouling coating film formed on a
oShifnsan unelerwater strustureionthirlike danhe above reameenis agent, a
specifically restricted, but for example, it is in the range of about 30 to
p150uht hee vnetoating dmme J0ARNCTRE drifegkng coatinbifiintof the an
invention _
anti~sagging/anti~settling agent {thickening agent), a color

pigment, a dye, other coating fiim-forming compenents, a sclvent
{&.g., butyl acetate, ethylcyclohexane, xylene), a germicide, an
antifungal agent, an anti-aging agent, an antioxidant, an
antistatic agent, a flame retardant, & heat transfer improver,
2 tacklifier, etc. may be added in given proporticons at once or
in an arbitrary order and then stirred/mixed to dissolve/disperse
them in the sclvent.

[0125] Inthe stirring/mixing of the above components,
a mixing/stirring device hitherto publicly known, such as & Ross
mixer, =z planetary mixer 6r a Shinagawa universzl mixer, is
appropriately used.

[0126] Anti-szgging/anti-settling agent (thixotropic

agent)

To the antifouling coating composition of the invention,



20

15 obtained as above or the coating film on the surface of a water-contact
area of a ship or an underwater structure is formed from such an
antifouling coating composition as described above, and these films
rarely have a fear of environmental pgllution and exhibit excellent
long-term antifouling performance against 20 wide-ranging fouling
orgasms on ships/underwater structures. [01441 According to the present
invention, an antifouling coating composition capable of forming an
B AfifRIlNG CoatitgFMPARRCh 8% SHEAPBGrHEH toYHR 8BoRbriiehtehakke
excellent antifouling properties, is uniformly consumed at a given 51 rate
M8 FRARARFIGE Siihe Rty #ah Seehett MRy fifiixotropic
consumption property, can maintain excellent antifouling performance for
292y paridY ERRRUIFRY AN exCETt S foritF-térf retention of
antifouling performance and is preferable 5 for a ship for overseas service,
a%aﬁﬁﬁﬁ?rw BBt Tilrh: 2MA “A RS, FFOHEE R At st TS ARMhg S
ear gnd a fishing net each of which is coated with the antifouling coating
*%iith Can’ber pv%v?%%&“lé‘?é‘ﬂ%ﬁé?ﬂ%#&%@%% prédentinvahtion &2t
further described with reference .to the following examples, but it should

L5 EBAGR RS RRT AR AhCENTSH IS TIRNG WaS IHBd 16 1R G exinpREa®

h %gG]a)!:\n he followin exa@pLes and com arative 15 exam Ies#tgetﬁgrm;
RSP B TR By Wt GEEE- S aRTscnBIdT (14]% POTh OF

<fepaiaion Exarmple 1 rebacation ot e ehain 0dmelpl 88 e was.
£ these, preferably used are polyamide wax, synthetic finely
divided silica, polyethylene oxide wax and an orgénic clay type
agent.
[0127] Examples of such anti-sagging/anti-setiling
agents include those onthemarket under thetradenames of “Disperon
308", “Disperon 4200-20” and “Disperson A630~20%" available from

Kusumoto Chemicals, Ltd.

[0128) ther ceating film-forming component

In the antifouling coating composition of the invention,
a resin other than the aforesald copolymsr (A) may be contained
as a coating film-Zorming component within limits not detrimental
to the objects of the present invention. Examples of such “other
cocating film—forming compcnent” include poorly water—-soluble oz
water-insoluble resin (also referred to as “poorly
water~soluble/water-insoluble resin” hereinafter) such as an

acrylicresin, anacrylicsilicone resin, anunsaturated polvaster
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(al-1) 20 In a four-necked flask equipped with a condenser, a
thermometer, a dropping funnel and a stirrer, 30 parts by weight of PGM
(propylene glycol monomethyl ether) and 40 parts by weight of xylene
were placed, and with stirring, they Were heated to 100 C. Subsequently,
from the dropping funnel, a mixture consisting of 52 monomers and a
polymerization initiator shown in Table 1 (i.e., mixture of 8 parts by weight
re9f ZinGeaenylates ScRatts by weightomine methacsylate it3parts:byaveight
of zinc isostearate acrylate, 12 parts by weight of zinc isostearate
urBeihaerylatens I3RS byiwveightof 2smethosyetiyhbceytate; 4.3 patisddy
weight of methyl methacrylate, 34 parts by weight of ethyl acrylate and 5
cHRARS Dweigh ebbbuttipernxide) wasHIepfes attheuntitorn reaterover
a period of 3 hours. After the dropping was completed, 1 part by weight of
cHzbutyh pesactaaie and 49 parts by weight/oft:t@ kytene werelgroppettpier
a period of 2 hours, and after stirring for 2 hours, 20 parts by weight of
andgtend wesevaddedsiosdbtodn: @pod pokyme: contaarmig vl mblasaleborat vt
a side-chain end (al-1) which has property values shown in Table 1.
ax] 04 4By G arekner viscasityrandrsolisséontend (%) pathich 18 aresroperties
of the resulting copolymer containing a metal salt bond at a side-chain
end (dkb2Eferred tEasmtipicks cliais bad- strlichire nestat sale Lopolymerin
hereinafter) (al-1) or a reaction mixture containing the copolymer, were
(evplyuateddbhearesultR ases#iforth éntaisle dx O j0L40 pMensadng salt
conditions of Gardner viscosity Gardner viscosity was measured under

thbeoohditibrsigfles of the monocarbexylic acid include & fatty acid
having about 9 to 19 carbon atoms and naphthenic acid. Examples
of the salt of the monocarboxylic acid include a Cu salt, a Zn
salt and a Ca salt. Examples of the rosin include gum rosin, wood
rosin and tall oil rosin, and any of theses rosins is employable
in the invention. These water-soluble resin can be used singly
or-in combination of two or more kinds.
[0130] Solvent

In the antifouling coating compesiticon ¢of the invention,
various components as mentioned above are usually dissolved or
dispersed in a solvent., The solvents employable herein are, for
example, various solvents usually added to anitifouling coating
materials, such as an aliphatic sclvent, an aromatic solvanit, a
ketone solvent, an ester solvent and an ether solvent. Examples
of the aromatic solvent include xylene and toluene. Examples of

the katons solvent include MIBE. Examples of the ether sclvent
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resin concentration of 35% by weight and 25°C in accordance with JIS K
7233-4.3, as described in JP 2003-55890 A (patent document) . [0150]
Solids content 53 Solids content means a heating residue given when a
reaction mixture, a coating material4an uncured coating film or the like
containing a polymer, a solvent, etc. is heated and dried to evaporate the
solvent, etc., and in usual, the solid components 5 include a resin

1ROMBLNENLR PigInem. et and eceme filmsforming %WZ%ESEOJ.

the calculation, monomers (examples: Table 2) contained in a co

ndRatetial or thedike and:capablewfdorming a resin (solid component)
through reaction are also included in the solid components. 10 [0151]

rMeasurements of nymber.average rpglecuar weight Mg and r+c  with
weight-average molecular weight Mw_Weight-average molecular weignt

«Mw:oloa resin, sueh as a metal-containing resin was measured by
HLC-8120GPC using two separation columns (a-M) of TSK-gel a type
and using =as anRIuting ckhsohdion IRMEJLdimethylosmaide) . whighs o
20 mM of LiSr had been added. The weight-average molecular weight

chasdetermipedin terng of pelystyrang. [OAe2i Nurmbel-ayerageting
molecular weight Mn of the resin was measured by the above GPC and

coleferminoshindesms sbpolsiyrene. 20 [0153) Preparation Example 2 A
side-chain end structure metal salt copolymer (al-2) was prepared in the
same pgagoer as in PrepatatarE2ampte 1z excepinthat the £orapanagtso
were changed as shown in Table 1.

the invention is characterized in that a surface of & substrate

is coatad with a coating film osbtained by curing the antifouling
coating composition described above.

[0133] The substrate with an antifouling coating film
according to the invention is characterirzed in that a surface of
a substrate to be brought inte contact with the seawater or frash
water is coated with a coating film obtzinsd by curing the
antifouling coating composition described above.

[0134] In the substrate with an antifouling coating
film sccording to the invention, the substrate that iz & base is
preferably an underwater structure,ka ship’s outside plating, a
fishing net or a fishing gear,

[0135] Themethod for forminga coating filmon a surface
0f 2 substrate zccording te the invention is characterized by
zoating or impregnating a surface of a substrate with the

antifouling coating composition descrikbed above and then curing
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54 [0154] Properties of the resulting side-chain end structure metal salt
copolymer or a reaction mixture containing the copolymer were evaluated
in the same manner as in Preparation Example 1. The results are set
forthiin Table 1. 555 itm o NJW s YrooNIONeN-1D rlenN'C1N
+poamNN~N itktiO,p pWNWto-,l,teaNr~""e~nM UdNa
NN AHWmMmroOUa,x, MmN rip_ -prOUUto2fNg.UroroT'00

Ln.4~"aLIHINNN,G+immp --totovmtOtoooO0.-i"USJUU
t%ﬁ<§6ﬂ?aﬁi$&°“ to form a coating film.

[013e] The methed for preventing a substrate from
fouling according to the invention is characterized by coating
or impregnating a surface_of a substrate with the antifculing
coatingcompositiondescribedabove and thencuringthecomposition
to form an antifouling coating film.

[0137) The substrate that 1s a target of the method
forpreventingasubstrate fremfoulingispreferably anunderwater
structure, a ship’s outside plating, a fishing net or a fishing
gear.

[0138] In mors detail, if such an antifouling coating
composition as above is applied to surfaces of various products,
for example, underwater structures, such as water-supply and
exhaustportsof chermal electricpower/atomicpower plants, sludge
diffusienpreventive filmsof variousoceancivil engineeringwarks
for bay coast roads, undersez tunnels, harbor eguipments or
;anals/channels, ships, and fishery materisls {e.g., ropes,
fishing nets, fishing gears, floats, buoys), once or plural times
in a conventional way, ships, underwater structures and the like
coated with antifouling coating films which have excellent
antifoulingproperties, are capable of releasing antifoulingagent
components over 2 long period of time, have proper fiexibility
and excellent crack :esistance even 1f the films are thick are

obtalined.
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ti~tiCl-rNN.LI)LmM-{C3 UCO~NNNN~CLN~m~NY ffi"S
Nm~HfialONw nlroroOmYHtoYm OQuoomoUCOoocul
N'. 44i..0070C0OiOO0OIC abN1~+%'dNHG "mIC00-~+ro
NIUNXNUVHHNUH OFOHKHr+.,EC6G yN of d4L)0. Cv
H O Ln 56 [0156] Preparation Example 3 Preparation of metal-containing
monomer A In a four-necked flask equipped with a condenser, a

thermemeter., a drapping:funneland a-stirreh 85 dPakg Moating fiims
obtained by applying the antifouling coating compesition of the
inventien to surfaces of various products and curing it have
excellent antifouling properties such that adhesion of aquatic
organisms, suchas sea lettuces, barnacles, greenlavers, serpulas,
ovsters and Bugula neritina, can bs continuously inhibited for
a iong period of time.

0140 Even in the case where the materials of ships
and the like are FRP, steel, wood, aluminum alloy, etc., thé
antifouling coating composition particularly favorably adheres
to the surfaces of these materials. In the case of a steel ship
or an aluminum ship, the substrate surface is usually coated with
& primer, an anticorrosive costing meterial, and if necessary,
a binder coating material, and the ccated surizce is then coated
wlth the antifeouling coating composition of the invention, The
antifouling coating composition may be applied to a surface of
the existing antifouling coating £ilm.

[0141] If the antifouling ccating composition is
spplied to, for eécample, a surface of amarine structure, adhesion
of mariné organisms can be inhibited, and the function of the
structure #an be maintained for a long period of time. If the
antifouling coating composition is applied to a fishing net,
clogging of meshes of the net can be inhibited, and besides, the

environment is less likely te be polluted.



10

15

20

5 propylene glycol methyl ether (PGM) and 40.7 parts of zinc oxide were
placed, and with stirring, they were heated to 75C. Subsequently, from
the dropping funnel, a mixture consisting of 50.0 parts of methyl
methacrylate (MMA), 36.1 parts of drylic acid (AA) and 5 parts of water
was dropped at the uniform rate 10 over a period of 3 hours. After the
dropping was completed, the reaction solution turned transparent from an

°paq%'ﬁivxg- e stategﬁgt%fn%tﬁ@@lffﬁ% howrs; 36 pars ol propylene glygol

methyl ‘ether (PGM) were added to obtain a transparent mixture solution

inAe%QPI%H'K%%%@EE%&aHBBQir@am%@-h&mséﬂ The splidsepntent
(metal-contai

ning monomier " A) in the resulting mixture solution A was

 24-8% .y, weight., Compositiqn &1c. are Setforb in Table 2; [A158]at has

Preparation. Example 4 20 Preparation of metal-containinc monomer B A

pdlixture splution Brcontaining @ MetakgentipNG MeReNesB Wash as an

prepared in the same manner as in the process described in Preparation

arENRDPIe 3: xGeptihati 2 parisef butanel{heBUOH) sand:3k bpartmeb,

xylene were used =instead of 36 parts of propylene 57 glycol monomethyl
pSther(REM), D389) fihg salidusantent (sretalcantaining-monromete Bhisc

the resulting mixture solution B was 44.9% by weight. Composition, etc.
nd ¢ 86k forkinTable 2.2 &BwpW Licd@Mnt ional antifouling coating
material or the antifouling r:ioatmg composition of the invention
may be overcoated with the antifouling coating composition of the
invention for maintenznce. The thickness of the antifouling
coating £ilm formed on a ship, an underwater structure or the like
inthe abovemanner isnot specificallyrestricted, but forexample,
it is in the range of about 30 to 150pm per one coating time.
(0143} The antifouling coating £ilm of the invention
obtained as above or the coating film on the surfzce of a
water-contact area of 2 ship or an underwater structure is formed
from such an antifouling coating composition as described above,
and these films rarely have a fear of environmental pollution and
exhibit excellent long-term antifouling performance against
wide-ranging fouling orgasms on ships/underwater structures.
[0144) According to the present invention, an
antifouling coating composition capable of forming anantifouling
coating film which is a small burden to the environment, has

excellent antifouling properties, isuniformly consumed at a given
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rate over a long period of ftime resulting in an excellent uniform
£ilm consumption property, can maintain excellent antifouling
performance for a long period of time resulting in an excellent
long-term retention of antifouling performance and is preferable
for a ship for overseas service, an antifouling coating film, and
& ship, an undervater structure, a £ishing gear and a2 fishing net
each of which is coated-with the antifouling coating £ilm can be

provided.

[0145] EXAMPLES

The present invention is further described with reference
to the following examples, but it should be construed that the
invention is in no way limited to those examples,

(Cl46] In the following examples and comparative
examples, the term “part(s}” means part(s) by weight unless
otherwize noted.

(0147 Preparation Exanple 1

Preparationof side~chainendmetal salt bond-containing copolymer

(al-1)

In a four-necked flask ééuippad with a condenser, a
thermometear, a dropping funnel and a stirrer, 30 parts by weight
of PGM (propylene glycol monomethyl ether) and 40 parts py waight
of xylens were placed, andwith stirring, theywere heated to 100°C,

Subseguently, from the dropping funnel, a mixture consisting of
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y.,r000 OL fdNOto ~HNOO roNGH4NiNroroao o.kvO~3
naj (c)4XW W-+ao. aub59 (0161) Preparation Example 5
Preparation of metal-containing copolymer (a2-1) In a four-necked flask
equipped with a condenser, a therrggmeter, a dropping funnel and a
stirrer, 15 parts of propylene 5 glycol methyl ether, 57 parts of xylene and
4 parts of ethyl acrylate were placed, and with stirring, they were heated to
100C. Subsequently, from the dropping funnel, a transparent mixture
IRHERh G oF 1D RA-OFIREHTA TEthadtylaté (RIVR)O 68 ST bF dthiyi-© -+
acrylate (EA),5.4parts of 2-methoxyethylacrylate (2-MEA), 10 52 parts of
MR e S TAADA ARG I PrebialioPBRAIE 2228 BY weight

of zinc methacrylate, 12 parts by weight of zinc isostearate
acrylate, 12 parts by weight of zinc isostearate methacrylate,
13 parts by weight of 2-methoxyethyl acrylate, 13 parts by weight
of mathyl me.thacz:ylai::e:».f 34 parts by weignt of ethyl acrylate and
2 parts by weight of t-butyl peroxide) was dropped at the uniform
rate over a period of 3 hours. After the dropping was completed,
1 part by weight of t-butyl peroctoate and 10 parts by weight of
xylene were dropped over a period of 2 hours, and after stirring
for 2 hours, 20 parts by weight of xylens were added to obtain
& copolymer containing ametzl salt bond 2t a side-chainend {al-1)
which has property values shown in Table 1.

{0148 Gardner viscosity and solids content (%), which
are properties of the resulting copolymer containing a metal salt
bond at a side-chain end (also referred to as “side~chain end
structure metal salt copolymer” hereinafter) (al-1) or & reaction
mixture containing the copolymer, were evaluated. “The results
are sz&t forth in Table 1.

f0149] Measuring conditions of Gardner viscosity

Gardner viscosity was measured under the conditions of. a
resin concentration of 35% by weight and 25°C in accordance with
JIS K 7233-4.3, as described in JP 2003~558%0 A {patent document) .

[0150] Solids content
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3, 10 parts of xylene, 1 part of a chain transfer agent (available from
Nippon QOil & Fats Co., Itd.; "Nofiner MSD"), 2.5 parts of
azobisisobutyronitrile (A_IBN, available from Japan Hydrazine Company
Inc.) and 7 parts of azobismethylbu®ronitrile (AMEN, 15 available from
Japan Hydrazine Company Inc.) was dropped at the uniform rate over a
period of 6 hours. [0162] After the dropping was completed, 0.5 part of
rhutd perRctoale LRERRLAN £darts glolane wete, diapRad OveL 2 4 on

period of 30 minutes. After stirring for T hour and 30 minutes, 20 4. 4 parts

midfodgne,wereadded toohtain a.light,yelow raRsPEnt: IGSKY the 1ike
composition having a heating residue of 45.6%, a Gardner viscosity

cdmeasyred i adesiconcentration-of 35% by; weightials 250 ef1¥d @c
number-average molecular weight Mn, as measured by GPC, of 1950

o ih aweighisaveriage moleeular weightMwof 5200, 6Q -cantaibibhent s
insoluble matter and containing a metal salt bond-containing copolymer

1d82pk) I0163] ProneriesdCardneimisaosiy «solidg seniamnt %o bysweighly
molecular weight (Mn, Mw)) of the resulting metal 5 sal-,bond-containing |

cERpahumes (alse reterred 10 @81 :6:H0sHS linkdnghaatal saligopolymertie 2)
hereinafter) (a2-1) or a reaction mixture containing the copolymer are set

céaihiegetherindable ¢ midL64:Preparation kxample £:108 A osslinking
metal salt bond-containing copolymer (a2-2) was prepared in the same

a papper gl BreparmtiamExaynple:grexeept that e conspoprpisweiein
changed as shown in Table 3. [0165] Properties of the resulting

tiesosslinkingsnptalegakk bond-containing copolymer or a reaction mixture
containing

[0151] Mezsurements of number-zveyage molegular

weight Mn and welght-average molecular weight Mw

Weight-average molecular weight Mw of a resin guch as &
metal-containing resin was measured by HLC-B8120GPC using two
separation columns (o-M) of TSK-gel o type and using, as aneluting
solution, DME (dim_ethylfomamide) to which 20 mM of LiBxy had been
added. The weight-average melecular weight was determined in
terms of polystyrene.-

[0152)] Number-average molecular weight Mn of the resin

wasmeasuredby theabove GPCanddetermined interms of polystyrene.

[0153] Preparation Example 2

R side~-chain end structure metal salt copolymer (al~2) was
prepared in the same manner as in Preparation Example 1, except

that the components were changed as shown in Table 1.



15 the copolymer were evaluated in the same manner as in Preparation
Example 5 (preparation example of copolymer (a2-1)). The results are set
forthin Table 3. 61 LIWbb 7iIN~NNMlot~NN oaw3%00 -y™1
N.VianNb t((3Nh.iNhONN¥PN 0O)aN~imNNi O'u N mc~C
XX YWW -ICcaNC)WG 7.1b0C1 T(NAeLdIfdNAWF2i U
am WOuO6,u~tlw7EwS70.y.y.y>mlirnG6lv.+ ~v0C~{

(0154] Properties of the resulting side-chain end
structure metal salt copolymer or a reaction mixture containing
the coptlymer were avaluated in the same manner as in Preparstion

Examplie 1. The results are set forth in Table 1.
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)0+ ~70WUNO~ ~d/oNNCy ss60mNumO0014 ron-h
~.NCCbO O,0f+~+zC.mtia)4Na:CCrC)00 {U~IiE~UtIU
C7h' wl4 O62 [0167] Preparation Example 7 Preparation of silyl ester
copolymer (a3-1) in a reaction vesset equipped with a stirrer, a condenser,
a thermometer, a dropping device, a nitrogen feed pipe and a 5
heating/cooling Jacket, 100 parts of xylene were placed, and heating and
stirring were carried out in a stream of nitrogen at 85C. With keeping the
same tempetature, a mixture of 60 parts of triisopropylsilyl acrylate, 40
parts of metAyl methacrylate and 0.3 part of 2,2'-azobisisobutyronitrile as
a polymerizétion 10 initiator was dropped into the reaction vessel from the
dropping device over a period of 2 hours, Thereatfter, stirring was carried

out for 4 hOLﬁS {at the same temperature; then 14 part of
2,2 -azobisisp Lﬁf}ro}nnit ilg was [added, and stirring was further tarried out
for 4 hours & t & same temperatyre|to oc%ai N @ colorless» 1§ tinsparent
reaction soldi n cantaining asilyl esten ppalymEr (sylg itﬁ)acrylate
copolymer) (@3-]5). [0168] THe resulting capolymer (a3-1) had a heating
3
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residue (heating residue after drying for 3 hours in a hot air dryer at
105C) of 51.2% by weight, a viscosity at 25C (B type 20 viscometer, N0.3
rotor) of 408 cps, a number-average molecular weight (Mn), as measured
by GPC, of 9735 and a Weight-aver@tge molecular weight (Mw) of 55650.
[0169] The components dropped in the preparation of the copolymer,
properties of the product, etc. are set forth 63 together in Table 4. [0170])
Preparation Example B A s|Iy| ester copolymer (silyl (meth)acrylate
. S Me manner as in.Preparation

Example 7, except that the components (components dropped) were
PEREAGAALS SHoRALAITAIA 4) PeRaBAEsEof the resulting silyl ester
copolymer or a reaction mlxture contalnlng the copolymer were 10
evaluatBdinifiersamelphnhbr Hs RARIERAAtIBHEXEMPREdIpreparation
example of silyl ester copolymer (a3-1)). The results are set forth in Table
TR FAGWEG S N FRPRIFIZAANS N dine (DRNZIow: I8 3 Fxpart D oX

MaNmn Q0oaR,~, aNv>ofyj
propylene giycel methyl ether (PGM) and 40.9 parts of zine oxide

were placed, and with stirring, they were heated to 75°C.
Subsequently, from the dropping funnel, a mixture consisting of
50.0 parts of methyl methacrylate (MMA)}, 36.1 parts of acrylic
acid (AR) and 5 parts of water was dropped at the uniform rate
over z period of 3 hours. After the dropping was completed, the
reaction solutlon turned transparent from an opaque white state,
After stirring for 2 hours, 36 parts of propylene glyeel methyl
ether {(PGM) were added to obtain a transparent minture solution
A containing a metal-containing monomer A,

[0157] The solids content (metal-containing monomer
A) in the resulting mizxture sclution A was 44.8% by weight.

Composition, ete. are set forth in Table 2.

[0158)] Preparation Example 4

Preparation of metal-containine monomer B

A mixture solution B containing a metal-containing monomsr
B was prepared in the same manner as in the process described in
Preparation Example 3, except that 7.2 parts of butancl {n~BulH)

and 31, ts of xylene were used instead of 36 parts of propylens



OytU u 1OWNWC-H-1 NwlrtyuHtiaPlU70UO O-T.GL
HiHth 0)0~ .~INCNQqof000.I10H=0.HNaLNm.XENNONM
CLS~, HOw~a N7y:.1v% NtJo % A40,Gva#”9JCL alUp
OOO0P.".0.CeUNUN WCIULOTL W.u"™OOUTflti T>0.HUV
-iHOb-Hm.H HOUroO"O ynbdrm7 O

glycol moncmethyl ether (PGM).
10159) The solids content (metal-containing monomsar
B) in the resulting mixture solution B was 44.9% by weight.

Compozition, etc. are set forth in Table 2.



65 [0173) Examples 1 to 45 and Comparative Examples | to 24
Preparation of antifouling coating comnosition Using the side-chain end
structure metal salt copolymers 5 (al-1) to (al-2) obtained in Preparation
Examples 1 to 2 shown in Table 1, fge crosslinking metal salt
bond-containing copolymers (a2-1) to (a2-2) obtained in Preparation

VAT

Examples 5t

0 6-sh
to (a3-2) obtairj\éél in P
antifouling coatirfg 10 ¢

Examples 1 to 48 &j]
were prepared 0§ a
consumption degree

d
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antifouling coatinge
10 were each dirgctl
resin plate (50 mn X
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become 150 um.tTh
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Prefecture, fhanéhe
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consumptiorgde
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able 3, and the silyl ester copolymers (a3-1)

repanation Examples 7 to B shown in Table 4,

ompositions of the formulations shown in
ordparative Examples 1 to 24 of Tables 5 to 10

nvientional process. [0174; Measurement of film
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y.drum was rotated at a peripheral speed of 15
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rom just after the placement, coating 66 film
_measured for 6 months. The results are set
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[0175] Evaluation of static antifouling pro ernes of , antifouling coating
film 5 Preparation of test plate To a sandblasted steel plate (length 300
mm X width 100 mm x thickness 3.2 mm) , an epoxy anticorrosive coating
material (epoxy AC coating materiajgtrade name: "Bannoh 500", available
from Chugoku Marine Paints, Ltd.) was applied so that the dry film 10
thickness would become 150 pLn, and than an epoxy binder coating
material (trade name; "Bannoh 500N", avallable from Chugoku Marine

[B&ihts, Ltd. ) was -3-§§'e hie RURS-thickness would become 100
pm [0176] Subsequently, the antlfoullng coatlng 15 com ositions of the

P S SholptiteT 5Bdes 1 RO o ¥BRE apBficd once so that the
dry film thlckness wouyld ome 150 d then dried t are test
pIatesIRntﬁ & %Bﬁtlﬁﬁcﬁﬁ}fpfﬁgsﬁt&%‘é?ggﬁg g pﬁlc‘a?%ﬁ gx's 7 ohe of
the above coatlrcl.? materl (le g h 500; Ed apellcagon gf ne
%7‘1 EFE6AtIn ing g %%’at‘e%ar‘ e?teon Bannoh 560K )Swaf 1 cFa‘i/J/f

0 77}1 est met dfor stat_tca tlfoulln ro ertles er the te
a%lv[\}\a]s: |e3 Y robr?n mperat‘ur II?Lorn78a§7llsB %vaspa%e ¥n RI%

Bay of Nagasaki Prefecture and, allowe?3 to stand still for & months. .

%rurlr?g fhis p’erloéio‘f”t‘me 67 “the drea 53} o?’adhesmn‘“% fouling

5 Lclnbgiﬁnlsm as exam 7r8§d everé?O r?nt The results are set fort {1 tog}e% er

1(§r[?ﬂ Eval Tritetia o]f thé Stafic a{‘hét]foahng e
cgngg%@eég(%vfaw%é%n Cé'%terﬁ'&%fﬁr%%{%ra%q@%s'9:» ?&ﬁﬂ%‘?“&e.'z parts of

ethyl acrylate (EA), 5.4 parts of Z-methoxyethyl 'acrjrlate {2-MERA},
52 parts oI the mixturs solution A obtained in Preparation Example
3, 10 paxrts of Xxylene, 1 part of a chaip transfer agent (available
from Nippon Cil & Fats Co., Ltd., “Nofmer M3D"), 2.5 parts of
azobisisobutyronitrile (AIBN, available from Japan Hydrazine

Company Inc.) and 7 parts of azobismethylbutyronitrile (AMBN,
available from Japan Hydrazine Company Inc.) was dropped a2t ths
uniform rate over a2 paried of & hours.

[01e2] After the dropping was completed, 0.5 part of
t-butyl peroctoate (TEPO) and 7 parts of xylene were dropped over
e veriod of 30 minutes. After stirring Jor I hour and 30 minutes,
4.4 parts of zylens wers added to obtain a light yellow transparent
resin compeosition having 2 heating residue of 45.6%, a Gardner
viscosity {(measured in & resin concentraticn of 33% by weight at
25°C) of “~-Y”, a number-average molecular weight Mn, as measured

by GPC, of 1850 and a weight-average molecular weight Mw of 5200,
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5 organisms) are as follows. [0179] Evaluation criteria for area of adhesion
of aquatic organisms (evaluation criteria for static antifouling properties)
0 point: There is no adhesion of the aquatic organisms. 10 [0180) 0.5
point: The area of adhesion of the a@ﬂ:atic organisms is about 10%. 1
point: The area of adhesion of the aquatic organisms is about 20%. 2
points: The area of adhesion of the aquatic organisms is 15 about 30%. 3
cpoiat: The atea otadhesiomat the aguaticsraanisms is akouhdQd 4
points: The area of adhesion of the aquatic organisms is about 50%. 20 5
bqedrtsoThe: ater ot aghiegian of; te aguatic organisms is about 100%.
[0181] Components Details of the substances shown in the formula-ions in
the tafles3etc. are sebiostit ieSahie Adn&8 {04624:-aple Examaigs Jn.2

345 Corn onents (unit: part(s) b weiaht) c) Side-chain end structure
(amefabedliiropplymes A0 20 28 25025 (ak| (861jds coRat- 4 A WY netal
Side-chain end structure metal salt copolymer
salt bond-containing copolymer (also referred to as “crosslinking

metal szlt copolymer” hersinafter) {(a2-1) or a reaction mixture

containing the copolymer are set forth together in Table 3.

[0164] Preparation Example &

A crossiinking metal salt bond-containing copolyvmer (a2-2)
was prepared in the same manner as in Preparation Example 5, except
that the compenents were changed as shown in Table 3.

[01&5] Properties of the resulting crosslinking metal
salt bond~containing copolymar or a reaction mixture containing
the copolymer were evaluated in the same manner &s in Preparation

Example 5 (preparation example of copolymer (a2-1)). The results

are set forth in Tabls 3.



al-2 (solids it 50.5 w,;%) (bi) Cu Yic oxide RED COP97N 26 | 25 20 30 30
Cupric oxide NC803 (C) Zinc white No. 3 24 25 20 20 25 (b2) Canner
omadins 3 3 33 Sea-Nine 211 {solids content: 30 wt%) (D) To o arax 150
1221 Terpene phenol Y?-90LL Talc FC-1357 7 5 Red iron oxide
Gekko BB 0.5 0-5 0.5 0.5 0.5 Novo 2M Red FSRK 0.5 0.5 0.5 0.5 0.5 Di5
420011111 Xiene 17 16 16 9 7 ibis 630-20X,"2 2 2 2 2 Calcined
sum FT-2 Total 100 100 100 1 100 100 Amount of (C) based on 100
parts by weight of (A) (solid 241.4 251.5 161.0 161.0 201.2 component)
(part (s) b weight) Amount of (b1) based on 100 parts by weight of (A)
(solid 281.7 251.5 161.0 241.4 241.4 component) (par=is) by wai hz)
Weight of (C)/weight of (b1) 0.9 1.0 1.0 0.7 0.6 Amount of (b2) based on
100 parts byweight of (A) (solid 30.2 30.2 33.8 24.1 24.1 component) (
art($) by weight) Amount of (D) based on 100 parts by weight of (A) (solid
10.1 20,1 8.0 16.1 6.0 com onent) {part(s) b weight) Amount of (D) in
compositior{100 b weight) f8) 1.1 2.3 1 1.2 2.3 1.2 Amount of (D) in

compositiony(100P% py weiaht)ii8) 1.0 2.0{1.0 2[0 1 1.0 Coating film
consumptiorr degree
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After 2 months 9.9 8.7 10.3 9.4 10.3 After 4 months 18.9 20.1 19.7 18.8
19.7 After 6 months 34.1 33.1 32.1 29.3 30.3 Static antitonlin properties
After 2 months 0 0.5 0.5 0 0 After 4 months 0.50.50.50.50 After 6
months 0.5 1 0.5 0.5 0.5 69 Table g{Continuation) Examples 6 78 9 10
Components (unit: art(s) by weight) (A) Side-chain end structure metal salt
copolymer 33. 25 28 28 28 al-1 (solids content; 49.7 wt%l Side-chain end
structure metal salt copolymer al-2 (solids content: 50.5 wt%) (]l) Cupric
(9488t RED CcOP97 xide NC803 (C) Zinc white
(b2) Copper omadine 5 32 Sea-Nine 211
2 GO B 45D B Yerdfr—488722 2 1 Ter ene pheno
Yx-90LL 2 talc srC-16 0225 Red iron oxide Gekko BB 0.50.5 0.5 0.5
0-5 NBvD EFAREAFIRESs YBFE W05 Bifa200% 1 1 GRIERE1T 0

1256 8 . _ ) _ _
a thermometer, 2 dropping device, & nitrogen feed pipe and a

Pr

it -a'=|-‘ .2 3 lfa)

heating/cooling “acket, 100 parts of xylene were placed, and
heating and stirring were carried out in 2 stream of nitrogen at
B5°C. With keeping the same temperature, a mizture of 60 parts
of triisopropylsilyl acrylate, 40 parts of methyl methacrylate
and 0.3 ?art of 2,2 -zzobigisobutyronitrile as a polymerization
initiator was dropped into the reaction vessel from the dropping
device over g periced of 2 hours, Thereafter, stirring was carri.ed
out for 4 hours at the same temperatire, then 0.4 part of
2,2’ =zzobigisobhutvronitrile was added, and stirring was further
carried out for 4 hours at the same temparature toobtainacolorless
transparent reaction sclution containing a silyl ester copolymer
(silyl (meth)acrylate copolymer) (a3-l).

[0168] The resulting copeolymer (a3-1) had a heating
residue (heating residue after drying for 3 hours in a hot ailr
dryer at 105°C) of 51.2% by weight, a viscosity at 25°C (B type
viscometer, No.3 rotor) of 408 cps, a number-average molecular
welght (Mn}, as measured by GPC, of 973% and & weight-average
moliecular weight (Mw) of 55€50.

[0169] The components dropped in the preparation of

The copolymer, properties of the product, stc. are set forth
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Dis 630-20XC 22122 2 Calcined sum FT-2 1 0.5 Total 100 100 100
100 100 Amount of (C) based on 100 parts by weight of (A) (solid 103.7
225.4129.3 179.6 194.0 componeng (part(s) by weight) Amount of (bi)
based on 100 parts byweight of (A)? olidi 103.7 241.4 215.6 215.6 194-0
component) (part (s) by weight) Weight of (C)/weicht of Ibl) 1.0 0.9 0.6 0.6
1.0 Amount of (b2) based op 100 parts byweight o (A) (solid 39.6 33.8
Lok th2t .6d4rdbeemponent) (Hart(s) by weight) Amount of (D) based or.
100 parts by weight of (A) (solid 12.2 16.1 14.4 14.4 7.2 co onent) (part
(s) by weight) Amount of (D) in composition (100% by weight) (8) 2.5 2.3
2.4 2.4 1.2 Amount of (D) in composition (ID0% by weight) (%) 2.0 2.0 2.0
[2000.0 Coatmgfidmacinsufrettipheldyree After 2 months 9.39.38.2 7.9
9.1 After 4 months 19.7. 18.? 17.3 15.3 18.8 After 6 months 29.5 29.8
28.4 308 2917 eStatic eonifdyiie roséitids Afer? ariths 0O Dyndter)
4 months 0.50 0.5 0.5 0.5 After 6 months.0.5a0.50.570 Table 5
{{CohtintEipnEExaesiples tihe Z 3¢ 2:aBn G=RNChSTRIAE T ISTHpp L e
Weight) (A) Side-chain end structure metal salt copolymer 26 29
7, except Tthat the components (components dropped) were changed

as shown in Tabls 4,

(0171) Properties of the resulting silvl ester
copolymer or a reaction mixture containing the copolymer were
evaluated in the same manner as in Preparation Example 7
(preparation example of silyl ester copolyﬁer {a3=1)}., The

results are set forth in Table 4.



al-1 (so'-ids content: 49.7 wt%) Side-Chain end structure metal salt
copolymer 26 28 28 al-2 (solids content: 50.5 wt%) Cc 1) | Cupric oxide
RED C0?97N 34 35 30 35 Cu rig oxide NC803 | 30 (C) Zinc white No. 3
14 22 25 25 20 b2) Copper omadine 3 3 3 3 3 sea-Nine 211 (solids
content: 30 wt%) (D) Too arax 150 I'1 2 2 2 Terpene phenol YY-90LL
Talc FC-13 2 2 2 Red iron oxide Gekko BB 0.5 0.5 0.5 10.5 0.5 Novo
erm Red F5RK 0.50.50-50-50.5 Dis4200i1111 Xlease 84666
Dis 630-20XC 2 2 2 2 2 Calcined qy-pSum FT-2 Total 100 100 100 100
100 Amount of (C) based on 100 parts by weight of (A) (‘solid 136.5 -
"-58.1 176.8", 176.8-1 141.4 com orient) (part(s) by weight) Amount of
(h') based on 100 parts by weight of (A) (solid 244.3 2515 212.2 1212.2
247.5 component) (part(s) by weight) i Weight of (C) /weight of (bl) 0.6
0.6 0.8 0.8 0.6 Amount of (b2) based on 100 parts by weight of (A) (solid
21.6 21.6 21.2 21.2 21.2 com orient)( art(s) by weight) Amount of (D)
based on 100 parts by weight of (A) (solid 1.2 72 14.1 14,1 14.1

component) (parg(s) )Pweight) Amount pf (D) inl cdm josjtion (1006 by
weight) () 1.2 1,2.2.4 2.4 2.4} Amaount of (D) in cormposition {1008 by
. (R : - =]
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Coating film consumption degree After 2 months 8.5 1.7 6.4 9.2 8.7 After
4 months 18.9 14.4 20.1 1 16.9 116.9 After 6 months 30.3 L 29.7 31.2V
21.4 28.8 Static antifouling properties A.fzer 2 months 000 0 0 After 4
months 0.5 0.5 0 0.5 0.5 After 6 mag#hs 0.50.5a 0.5 71 [0163] Table 6
Examples 16 17 18 19 20 Components (unit: Dart (s) by weight) (A)
Crosslinking metal salt copolymer a2-1 (solids 20 2D 25 25 25 content:
45.6 wt%) rosslinking metal salt copol mer a2 2 (SO|Id$ content 46.2,
[Gh®3) (bl) Cupric oxidé 2 2& YIF3G R
3 (C) Zinc white No. 3 24 25 20 20 25 (b2) Copper omadlne 33333

24sea-Nine 217. (solids content: 30 wt%) 4 (D) Toyoparax 150122 1 Ter
5 ene phenol YP 90LL Talc RC-1357 1 5 Red iron_oxide Gekko ES 0.5

N TR R R B SEBEH S Dis42001111

Using the side-chain end structure metal salt copolymers
{al-1) to {281-2) cbtained in Preparation Examples 1 to Z shown
inTable l, thecrosslinkingmetal salt bond-containing copolymers
(a2-1) to (a2-2) obtained in Preparation Examples 5 te 6 shown
inTakle 3, andthe silyl ester copolymers (a3-1) to (a3-2) obtained
inEreparationExamples‘FtoBshowninTableé,antifoulingcoating
compositions of the formulations shown in Examples 1 to 45 and
Comparative Eiamples 1 to 24 of Tebles 5 to 10 were prepared by
a conventional process.

[0174] Measurement of film consumption degree of

antifouling coating film

The above-obtained antifouling coating compositions of the
formulations shown in Tables 5 to 10 were each directly applied
by an applicateor to a rigid vinyl chloride resin plate (50 mm x
50mm>thickness i, Smm) having been subjectedtonoprimer treatment
g0 that the dry £ilm thickness would become 150 . The resulting
test plates with a2 coating film were each set on a rotary drum
placed in the seawater in Nagasaki Bay of XNagasaki Prefecture,
then the rotary drum was rotated at a peripheral speed of 15 knots,
and & film thickness consumed every month {(total {(pm) of coating

film congsumption degree from just aiter the placesment, coating
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X'lene 17 16 16 9 7 Dis 630-20XC ~2 2 2 2 2 "alcined sum -2 Total 100
100 100 100 100 Amount of (C) based on 100 parts by weight of '(A)
Csolid ; 263;2 274,1 1?5.4 1?5.9 219.3'' component) (part (s) by weight)
Amount of (bl) based on 100 Hans t@éweight of (A) (solid 307.0 274.1
175.4 263.2 263.2 Component) (part(s) by weight) Weight of (C)/weight of
(bl) 10.91.01.00.7 0.6 Amount of (b2) based on 100 parts by weight of
A) (solid 32.9 32.9 36.6 26.3 26. 3 component) (part(s) by weight)

£3 Aph GERSFES) ISAs B A D0V PArREBF WRSGhE of (A Feolist 1. (708 9461t
17.5 5.6_ component) (part(s) by weight) Amount of (D) in composmon

are h P weighyqohN 1 273 1829812 tmblint of (D) in composition
100% b weight) (6) 1.0 2.0 1.0 2. O 1. 0 Coatlng f|II consumptlon degree

592montth7. R IPBPINEER &2 !

s —month30505D0505 After 6 months 0. 5
O 5 O 5 1 72 Table 6 (Contlnuatlon) Examples 21 22 231 24 25
. )

To a sandblasted steel plate (length 300 mm * width 100 mm
xthicknessB.me),anepoxyanticorresivecoatingmaterial(epnxy
AC coating material, trade name: “Bannoh 5007, available from
Chugoku Marine Paints, Ltd.) was applied sc that the dry film
thickness would become 150 pm, and then an spoxy binder coating
material {tradename; “Bannch 500N, available from ChugokuMarine
Paints, Ltd.) was applied s0 that the dry film thickness would
become 10C um,

[gil7e} Subseguently, the antifouling ecoating
compesitions of the formulations shown in Tables 3 to 10 were each
applied onee s0 that the dry film thickness would become 15¢ pm
and then dried %0 prepare test plates with 2 coating film. The
interval between application of any one of the above coating
materials (e.g., “Bannoh 500”) and application of another coating
material thereon (e.g., “Bannoh 500N”) was 1 day/l coat.

[0177] Test method for static antifouling properties

After the test plate was dried at room Temperature for 7
days, it was placed in Nagasaki Bay of Nagasaki Prefecture and

allowed to stand still for 6 months. During this pericd of time,
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(A) Cross linking metal salt copolymer a2-1 (solids 1 33 25 28 28 28
content: 45.6 wt9s) Crosslinking metal salt copolymer a2-2 (solids | .C
Content: 46.2 wt%) (bl) Cupric oxide RED COP97N 17 30 30 30 21 Curic
oxide Nc803 (C) zZinc White No. 3 1728 18 25 27 (b2) Copper omadine 5
3332 Sea-Nine 211 (solids content: 30 wt%) 5 4 (t) Too arax 1502 2 2
Terpene phenol YP-90LL 2 Talc FC-16 02 25 Red iron oxide Gekko BE

50805 P o Cuanblovoeom RachEaRE O3 03k 5,89 S nDin4200:1
1)111 Xlene 104 12.56 8 Dis 630-20XC f22 2 2 2 Calcined gyps=

ndrk.1 GRelol@d 100 100,100+ 00, 100 WREOT (G) baged.on; 100 payts
by weight of (A) (solid 113.0 245.6 141.0 195.8 211.5 component) (part(s)

by wejght) ¢ymount ef(bi)pases o108 arts by-weight of {A) {solich 1130
263.2 1235.0 235.0 211.5 com onent) (part(s) b weight) weight of

pAGHAYRIgHE Of =2l d5@ 1 8:9:0: 6:2:8:k 0o Ampuat of {h2)rhased: asr 19g paris:
byweight of (A) isolid 43.2 36.8 23.5 23.5 15.7 components part (s) by

omgeighimamaury of{X:-hased or 100 parts by weight of (A) isolid 13-3 17.5
15.7 15.7 7.8 Component) (part (s) by weight) _

(61797 Evaluation criteria for arsa of adhesion of

aquatic organisms (evaluation criterxia for static antifouling

properties)

0 point: There is no adhesion of the aguatic organisms.

[0180] 0.5 point: The area of adhesion of the aguatic
crganisms 1s about 10%.

1 point: The area of adhesion of the agquatic organisms is
about 20%,

2 points: The ares of adhesion of the aquatic organisms is
about 30%.

3 points: The area of adhesion of the agquatic organisms is
about 40%.

4 points: The area of adhesion of the aguatic organisms is
about 50%.

5 points: The area of adhesion of the aguatic organisms is
about 100%.
[c1g81] Compenents

Details of the substances shown in the formulations in the

tables, ete. are set forth in Table 11.



Amount of (D) in composition (100% by weight) (8) 2.52.42.42.41.2
Amount of (D) in composition (1009 by weight) (8) 2.0 2.02.0 2.0 1.0
Coating film consumption degree After 2 months 8.9 10.1 8.8 10.3 9.1
After 4 months 18.8 21.22 18.6 21.%689.8 After 6 months 29.7 33.4 28.8
34.5 31.5 Static antifouling properties After 2 months 00 0.50 0 After 4
months 0.5 0.5 0.5 U.S 0 After b months 10.5111 0.573 Table 6
[n@entinuation) Examples 26 12226 29 30 Components (Unit: Dart (s) b

\Alnlnhf\ /A\ Crosslinking

rosshiking metat-sait \,UpU|y|||t:| az2=t \bUIILﬁaéBJé?_CUHtEHt'
P

45.\.; va/u) \/IUDDIIIIV\IIIH metal-salt LUpUlymer <=2 (POHUS, 26 20 2¢

L.UH'L_EE;ib.oigﬁgsw%q}_(mék%ﬂ@&om@lBED CR9/N 34 35 30 25 Curic OXIde

@y ECRL0GIAMRHe Nes 1320k 2:2p2bratly 20 2¢b2) @opper omadine 353
31281Sea:Nine-2dkt (selids ¢antent: 30 wi%) (D) Toyo arpx.150.11 22 2
Tespenerphers] YR:O0EE Take FEL 3982v2*2 IRed ifon oxide Gekko BE
Nzl (poms qgnsent: 80,5 Wi i
(o1} | Cupric oxide RED COPSTN 25 | 25 | 20 | 30 | 30
Cupric oxide NCB03

(C) | Zime woite No. 3 24 25 | 20 20 25

2} | Comper cmadine 3 3 3 3 3
Seg-Nine 211 {solids content: 30wt ) 4

(D) | Toyeparax 150 1 2 1 Z 1
Terpene phenpl YE-80LL
Talc Fo-i 3 5 yi 7 g
Read iron oxide Gekke HE ) 0.5 .5 0.5 0.5
Novoperm Red FSRK 0.5 0.5 0.5 0.5 0.3
pis 4200 i 1 1 1 1
Xvliane 17 16 16 kl 7
Dis B30-20X%C 2 2 2 2
Calcined gypsum §7-2

Total 1e0 | 100 | 100 ! 100 | 100

Amount of (C) based sn 100 parts by welant of (A) (soldid | 243.4 | 25L.5 1610 | 161.0 | 201.2
copmonent) (part{s) by wsight)
Mmount of {b1) based on 100 parts by weight of (A} (soiid | 281.7 | 281.5 | 161.0 ) 241.4 | 241.4
component! (partiz) by welght)
Weight of (C)/weight of (bl) . 0.8
Amennt of (52) based on 100 parts Dy weight of (A) (solid
somponent) (part(s) bv weight)

Emount of (D} Dased on 100 pazts by weight of {A) (selid] 10,11 20.1 £.0 | 16,1} B.O
cowponent) (partis) by weaight)

o
[
[=]
-
[
[
~F

0.8
3.2 | 33.8 0 24.3 1 241

d
Lol
g% 3

hmeuns of (D) in compositipn {100% by weight) (%7 z.3 1.2 2.3 1.2
Bmount of (D! in composition (100% by weight) 1%} 1.0 2.0 1.0 2,0 1.0
ooasing £ilm eonsumption degree E

Ter 2 meonths 9.4 8.7 | 10,3} 2.4 |10.3
Aiter 4 months 18,9 : 2G.0 1 39,7 18,8 ¢ 19,7
After & months 34.1 | 33.1 32,1 0 26.3 4 3C.3
Tatic antifouling properties
After 2 months 0 .5 0.5 ¢ v
Afver 4 months 0.5 0.% 0.8 0.% 0
Biter € months 0.5 1 0.5 0,8 .5




~Novopers. Red F5RK 0.50.50.50.50.5 Dis420011111 Xylene 7 4
6 6 6 Dis 630-20XC 222 F 2 2 Calcined psum FT-2 Total 100 100 100
100 100 Amount of (C) based on 100 parts by weight of (A)t (solid 156.6
172.3 193.3 193.3 154.6 componeg@ (tart(s) by weight) Amountof (bi)
based on 100 partsbyweightof (A) (solid 266.3 214.1 231.9 231.9 270.6
component) (part(s) by weight) Wei ht of (C)/weight of (bl) 0.6 0.6 0.6 0.6
0.6 Amount of (b2) based on 100 parts by weight of (A) (solid 235 23.5
23.2 23.2 23-2 compOirEnt} (éaﬁ(@@%ﬁgm;mhount of (D) based on

100parts-by-wetght-of<(A){tsotid-7+8-78-15:515:5155 kﬁ)%fllcnt}
(part(s) by weight) Arrount of (D) T Tomposition {1G0% by wer nt) {6 1.2
1.2 Zsbdngnfentd ANNQUREDTLD) IRLHSHION (100% by weight) (Yo] 1.0 1.D
(2. e 246-2h D Contingdittreconsumptiondegiee | Atter 2 months 89 14.2 &2
8.251 (Aftetsqqmaeiths P?7+19 31171 18 3 190 3 After 6:months 305
32. “’%9"’3*‘2’9 ""‘7‘%31’5““3’{%1&‘6*&“%16Ilﬁé’ﬁﬁé‘ﬁértles After 2 months 0 010 0 0
=a. (s0lids conrent: 20.5 wr% At N - AC 74
{b lalxplitl II&_& é&R\ﬁD CBP?'?H I U U I-\IlCI 0 mont Ibl\!J. J.B\d.d U.s.é U q3101-|- P
[OL84T TahIE; O%am 1eS
(Cy | Zine white Ns. 2 17 28 18 25 27
(k2) | Copper omadine 8 3 3 3 2
Sea-Nine 211 (solids content: 30 wri) 5 4
{D} | Toyoparax 150 | 2 2 2 i
' Terpene phenol YE-9QGLL 2
Telc FE-1 3 0 2 2 5
Red iron oxide Gekko BB 0.5 0.5 0.5 G.5 0.5
N¥ovoperm Red FGSRE .5 0.5 0.5 0.5 0.5
Dis 4200 1 1 i 1 1
Xylene 10 4 12.5 g 8
Dis 630~20XKC 2 2 2 2 2
Caleined gypsum FT=2 1 0.5
Toral 100 100 100 100 100
Amount of (C} bagsed on 100 parts by weight of (A} (sclid ; 103.7 | 225.4 | 12%.3°] 179.6 | 194.0
compenent) (parti{z) by weilght)
Amount of (bl} hased on 100 parts by weight of (&) {soiid | 103.7 ] 241.4 | 215.6 | 215,86 | 194.0
component) (part (s} by weight)
Weight of (C)/weight of Ibl} 1.0 0,9 0.6 0.0 1.0
Amount of (b2) based on 100 pares byweight of (A) (selid | 3%.68 [ 33.8 [ 21.6 | 21.6 | 14.2
somponant) {pave (8) by weighr)
Amount of (U} based on 100 parts by waighr of (3) (selid | 12,2 | 16.1 | 14.4 | 14.4 | 7.2
component) (part{s) by weight}
Amount of (D) in composition [(100% by weight) (%} 2.5 2.3 Z.¢ 2.4 1.2
Amount of (D) in composition {100% by weight) (%) 2.0 1 2.0 2.0 2.0 1.8
Coating film consumption degree
After 2 months RS
Bfrar 4 months 18,7.1 8.7 | 17.3 | 13.3 | 18.8
After & months 25. 29,8 | 28.4 | 30.3 1 29,7
Static antifouling properties
After 2 months i O 0 0 £
Afcer 4 months 0.5 0 0.5 0.8 0.5
After & meonths 1 0.5 1 .5 0.5




31 32 33 34 35 Components (unit: na_rt(s) by weight) (A) Silyl ester
copolymer a3-1 (solids Content: 51.2 20 20 27 251 25 wt %) Silyl ester
copolymer a3-2 (solids content: 50.1 wt6) (bi) Cupric oxide RED CCP97N
2E 2520 30 30 Cupric oxide NC80g,(C) Zinc white No. 3 24 25 2D 20 25
(b2) Copper omadine 3 3 3 33 Sea-Nine 211 (solids Content: 30 wt%)
(D) Tooparax 150112121 Terpene phenol YP-90LL Talc FC-1357 7
5 Red iron oxide Gekkc BB 0.5 0-5 0.5 0.5 0.5 Novo perm Red F5RK |
C.50.5D.50.50.5 DI¢2280% 1~P1" 1+ Réieh®™7 16 18 9 7 Dis
630-20X0°ZZZ ZZ Caicined qvps= FT-2 Tofal 100 100=Le#£Q0 100

Amount of (,C) basedon 100 parts by weight of {A) (sotid|234.4 2441 1%
'1445¢2356:81 95.3 : e orientyépar(s) by weight) Amount of (bl) based..
(B}0pS100pEFShY wevgmrefﬂ}ml(s'ﬁﬁa sE3read 12§44 79344 234.4
C“aﬁr&cr"ﬂ’r‘f‘i# éﬂﬁ%&nﬁ‘, %"3C?"‘|&&i We:ght G \.,\II\ VC|9|| of (IUI 6 g T %'M 9 T
0 é“d}ﬁﬁm'ﬂ fad BZ)«. é’me@ Bo parts By weight gf (A) (solid P9, 5295
aoy% tg p %9 Qr@%;l' Y y €1g '
Dl Leloft b LA rio bopoment) (part(s) by weignt) s2 | 3s | 3¢ 35
Cupzic oxide WCBO3 30
() 1 Zinc wnite No. 3 12 22 25 25 20
(B2) | Copper omadine 3 3 3 3 3
Sea-Nine 2131 {solids content: 30 wgd)
(b)Y | Toyopazax 130 1 1 2 2 2
Terpens phenol YE-90LL
Tale FC-1 3 3 2 2 2
Ped iron oxide Gekke BB 0.3 0.5 h.5 0.5% 0,5
Novepers Bed FSRE 0.5 0.5 .5 0.5 0.5
Dis £200 1 i 1 1 1
Lylene 8 4 g & 6
Dig 630-20XC 2 2 2 2
Celcined oypsurm FT-2
Terkal 100 160 100 100 100
amount of (0) based on 100 pares by weight of (&) f{solid | 136,53 4581 176,81 176.8 | 141.4
component) (part(s) by weighr) |
Amount of (b1} based on 200 parts by weight of {A} (solid ! 244.3 | 23L.5 | 22,2 | 212.2 ; 247.5%
component} (part(s) by weight) i
Weight of (Q)/welght of {kl) 0.6 G.6 0.8 0.8 0.6
amount of {b2) based on 100 paris by weight of (A) (selid | 21.6 | 21.8 | 21.2 ; 21.2 1 21.2
component) (parti{s) by weight)
Bmount 6f (D) based on 100 parts by weight of (&) (solid | 7.2 To2 o 1401 ) 1403 1400
component) (partts) by waight)
Amount of (D) in compositicn (J0DR by weight) (%) 1.2 1.2 2.4 2. 2.4
Aameunt of (D) in composition (100% by weight) (%) 1.0 1.0 2.0 2.0 Z.0

Cozting £ilm consumption degrae E I

|
ATtsr 2 months g.5 | 9,7 | 8¢ [ 88 | BT
i

Afrer 4 montha 18.9 1 37.4 | 20.1116,8 1 18,8

After § months 30.3 [ 28.7 131,21 27.4|28.8
Static antifouling properties ?

sfrer 2 months g 10 P 0

After 4 months 0.5 0.5 4 0.5 0.3

After § months 0.5 1 0.5 1 ] 0.5




Amount of (D) based on 100 parts by weight of (A) (solid 9.8 19.5 7.2 15.6
7.8 component) ( art(s) by weight) Amount of (D) in composition (100%
by weight) (2) 1.1 2.3 1.2 2.3 1.2 Amount of (0) in con position (100% by
weight) (6) 1.0 2.D 1.0 2.0 1.0 Coatin film consumption degree i F After 2

months 6.% 5.1 7.7 6.9 8.1 After 4 months 10.3 "10.3 13.5 14.5 15.6
After 6 months 16.6 17.1 20.3 22.3 1 23.4 $tatir antifouling mrO ernes

[(ﬁrﬁ months 0 0.500 10 Aftgra igo%ths 0.50.50.50.510.5 After6
months 1 0.51 0.5 1 75 Table 7 (Continuation) Exam ies 1 36 37 38 39

-14.0. Components (unit: part (s) b weight). (A) Sllyl ester Bravale -]
/cnllrlc content: 51 ’) 21 ’)l:. 26 ’)Q ’)R \AlfO/n\ Q|l /| é&f‘_r_éa\pq-\h&ﬁe_f__a@ 2. 26
{S i § »d.:. : A Wt mYawA, %9 ] jﬁu 302%7
<
e Jﬁ’jﬁi@’g" gn&gﬁa 5 "2 18 2557 |(n2) Ca'ar
ofiading i didn3 w1 2 or NH6: &Lt (solids.confent: 3 Se 0
aXaerkefr 2 & 2 Lty
(b1} | Cupric cxide RED COPBTN 28 20 30
Cupric oxide NCEOJ
{CY | Zinc white Wo. 3 24 20 22
(12} | Copper omadine 3 3 2 3
Sea-fine 213 (solids gontent: 30 wi%) 4
(1 | Toyoparax 150 B! % 1
Terpene phenol YP-S0LL
Talc FC-1 3 7 S
Red iram oxide Gekke BB 0.5 0.5 0.5 0.5
Novoperm Red FSEK 6.5 0.5 0.5 0.5
Dis 4200 1 ¥ i 1
Aylens 17 16 7
Diz §30-20¥C Z 2 Z Z
Caleined gypsun FT-2
Total 100 100 100
| Ameunt of (C) based on 100 parts by weight of (&) (solid | 2632 1154 218.%
component) (partis) by welignt) :
Amount of {bl) basedon 100 parts by weight of {A) (s0lid | 307.0 175.4 263.2
compenens) (pertis) by weight) :
Weight of () /weight of (bl) 0.5 . 0.8
amount of (bZ) based on 100 parcs by weight of (A} (solid | 32. 36.8 26.3
component) (partis} by weight)
amount of (D) besedon 100 parrs by weight of (A} (selid | 1I. g.8
component) {part(s) by weight)
Ameunt of (D) ip compesiticn (100% by weight) (%) 1.1 1.2
Amount of (D) in composition ({100% by weight: (% 1.0 1.0
Coating film consumption degree
After 2 months %,7 4.8 R.6
After 4 monthsa 17.3 2. 1g.8
Afvar §& months 28.8 2. 30.1
Static antifouling propertieg
After 2 months a 0.5 0 0
Frer 4 months .3 0.5 " 0.5
After 6 months i.5 0.5 1




Ter ene phenol YP-90L5 2 Talc Ft-1 6! 02 2 5 Red iron oxide Gekko BB
0.50.50-50.50.5 Novo erm. Red F5RK 0.50.50.50.50.5 Dis 4200 2 j
11 Xlone 104 12-56 8 Dis 630-20X4 22 2 2 2 Calcined g smm FT-2 1
0-5 Total 100 100 _00 100 100 Ameant o (C)' based on 100 parts by
weight of (A) (solid 113.4 218.8 125.6 174.4 188.3 component) (part(s) by
weight) Amount of (bl) based on 100 parts byweight of (A) (solid 113.4
234,4 209.3 209,3 185.3 com onent) (Hart(s) by weight) Weight of (C)
Jweight of (bl) 1.0 0.9 3303 £.0'KREGAS(HT based on 100 parts

byweightof (A) (solid 34,7 32.6 20.9 20_q 14.0 com oneriLiaxe(s) b }
welqht) Amount of (D) based on 100 parts by wexght af2(A) (=olid 12.6 15.6
ariporeniy (parsisbaveight) Amount of () in compqsition
&) ggmﬁg)sz% SBDED a2111 SA#ﬂﬁJInt%f (DRI toBpositfon 28
¥ nasiisl r2-8-2-0 ?[]‘%; Coatir-im-constm--ep-degree—
AT mork_sméii@%‘l% TETES Aﬁeﬁl months i 0.4 1/14.6 12.3 15-3
(b &ﬂ&e&k@dm%th§:p$%3 20.220.TZI5F 199 J 1 pla [Ig@l lllg)d,,lll 30 el
propgeiesAfterz2anonths 0 0.5 O F 0.5 0 After 4 months{F 0.5(0.5 05505
(C0 h2inc white Wa. 3 17 28 18 25 7
(b2} | Coppar omagine 2 3 3 3 Z
Sea-Nine 211 {solids content: 30 wii) & 4
{B) | Toyoparax 150 ' b 2 2 p
Tarpene phensl YP=-30LL Z
Tals FC=1 3 g 2 z 3
Red iron axide Gekko BB 0.5 0.5 0.8 0.5 0.5
Noveperm Fed FSRE 0.5 0.5 0.5 0.5 0.5
Dis 424§ i 1 1 1 1
Rylens 10 4 i2.% £ 8
Dis 530-20%C 2 2 2 2
Celcined gypsum FT-2 1 0.8
Total 100 160 100 106 100
amount of (C) based on 100 parts by weighr of (A) (solid | 113.6 1 245.6 | 141.0°| 195.8 | 211.5
COMPOnENnt) {partis) by weigkt)
Amount of (bl) based on 100 parts by weight of (B) (solid | 113.0 | 263.2 ) z35.0 | 235.0 | 211.5
coamponent) (part ls) by weight)
Weight of (C)/weight aof (ki) 1.0 { 0.¢ 0.6 0.8 1.0
Anount of (b2} basedon 100 parrs by weight of (A) {eolid | 43.% | 36.8 | 23.5 | 23.5 | 15.7
sompenent) {parxt(s) by welght)
Amcunt of (D) based on 100 pearts by weight of {A) {solid ! 13.3 | 17.5  15.7 | 15.7 | 7.8
COMPOnent) (part(5) by waight)
Amount of (D) in ccmpus:‘-.tion (100% by waight) (%) = L4 2.4 2.4 1.2
Amount of {D) in compagition (100% by weight) (%) 2.0 .0 2.0 Z.0 1.0
Coating film consumption degres
hfter 2 months B.¢ 1 10.1 [ B.8 110,31 5.1
After 4 months ig.8 | 21.%3 1 18.6 | 21.2 1 148.8
After & months 28,7 33,4 1288 34,5 | 31
Sratic antifouling properties
After 2 months 0 0 g.5 D 0
After 4 months 0.5 0.3 0.5 b.5 ]
After & months 0,5 1 1 1 0.3




After 6 months 0.50.51 1176 Table 7 (Continuation) Examples 41 42
43 44 45 Components (unit: part(s) by weight) li (A) Silyl ester copolymer
a3-1 (solids content: 51.2 28 28 wt %) Silyl ester copolymer a3-2 (solids
content: 50. 11 26 26 28 wt%) (hl)gupric oxide RED COP97N 34 35 30

35 Cupric oxide NC803 30 (C) Zinc white No. 3 19 22 25 25 20 0)2)

Copper omadine 3 3 3 3 3 Sea-Nine 211'(solids content: 30 wt%) (D) To
aarax15011222 Te ene phenol YP-90LL Talc FC-133222 Red
iron oxide Gekko A5 0/EE]s 07-Tak 5 i DinNovonerm Red FSRK 0.5

0:5-6-5-6:5-6-:5 bis4260-+31-+1+I+—x1ens846-6-6-1+Dis 630
2 Cafcined Gypsun FT-2 Totat: 100 1002667260 ¢ ARt of {6} —
mommmamkp{paat(a) &yw@ghp)neb aZ~1 (solids | 28 | 28
content: 45,6 wr¥)
Cressiinking metzl salt copolymer a2~2 (solids 28 28 28
content: 46,2 wrh)
(Bl | Copric oxide RED GOPRBIN 3g 35 30 35
Cupric oxide NCEHO3 K3
(C} | Zine white No. 3 20 22 25 25 20
fa2) | Copper omadine 3 3 3 3 3
Sea-Wine 211 {zplids content: 30 wih)
(D} | Tevoparax 150 1 1 2 2 2
Torpene vhenol YP-SOLL
Tale FC=1 3 3 2 P 2
Red iron oxide Gekko BB .5 0.5 0.5 0.5 0.5
Heveperm Red FHSRE .5 0.5 0.5 0.5 0.5
Dis 4200 ] 1 1 1 1
Xylene 7 g 2 [
Dis &X0-20%C 2 2 2 2
Calcined evosum FT-2
Total 100 100 100 1090 108
Amount oF (C) based or 100 parts by weight of (BF (s0iid | 186.6 | 172.3 | 1033 | 183.3 | 154.8
comoonent) (part (5} by weight)
Amount of {bl)] based on 100 partsbyweightof (&) [selid | 266.3 | 274.1 | 231.9 | 231.9 | 270.6
component) (part (s} by weight) i
Weigh" of (C) /waight of (hl) 0.8 0.¢ C.8 0.8 0.8
Amount of (2) based on 10G parts by weishtof () (solid | 23.5 | 25.5 | 25.2 | 23.2 | 23.2
comnnnent) {part (3} by weight)
Amount of (D) based on 100 pazts by weight of (A) (solid | 7.8 7.8 15.5 { 153.% | 15.5
component) (parti{s! by weight)
Amount of (D) in compogition (100% by weight) (%) 1.2 1.2 2.4 2.4 | 2.4
Amewnt of (D) ir composition {100% by waight) (%) 1.0 1.0 2.0 2.0 2.0
Coating film consumptior degree
After 2 moaths B.9 1 11.2 | B.2 g.2 8.3
Bfrer 4 months 18.7 18,3 117.1118.3}1%.3
After & montns 3C.5 132.7 128,31 28,7 31.5
Staric antifouling properties
After 2 months O 0 o 0 g
Riter 4 months 0.8 0.5 0.5 0 0
After & months 0.5 1 0.5 0.5 0.5




Amount of (bi) based on 100 parts by weight of (A) (solid 237.2 244.1
213.9 213.9 249.5 component) (part(s) by waiaht) Wei ht of (C)lweight of
(bl) 0.6 0.6 0.6 0.8 0.6 Amount of (b2) based on 100 parts by weight of
(A) (solid 20.9 20.9 21.4 21.4 21.4 tgm orient) (part(s) by weight) Amount
of (D) based on 100 parts by weight of (A) I solid 7.0 7, 0 1413 14.3 14.3
component) (part (s) b weiaht) Amount of (D) in composition (100% by
weight) (81 (1,211.2 2,4 2.4 2.4 Amount of (D) in composition (1008 by
f@\}&@&t‘ (Q) 1.01.02.02.02.0 ’&ia}’tmg'?film consum tier de ree After 2

months 6;16:9-15-9-6:2-6-9After4-months 1451144 ,;.xmp+o 3137
Ateromontns 2ZU./ Z1L. 2 119.0 ZZ2.5 ZZ.5 SIafIC.dNUIoYling tHonegles -5
Alter z.4paRMs 0:8:0 G40 Alenrd gmenths 0.5]0.5 05 0.5(0 After 6
(EMOBthg 65ek OOl 0:57 Tsc0lBsltadle Szao‘rnparati\ze Examples®2 3 45
Conmtfrients (unit. part(s) by wet ht) (A) Side-¢chain.end structure metal
safﬁéb‘ﬁtﬂ%?"?@l?ﬁrfé"?d?&délcin(fsgﬁﬁdéacbntent 49.7 Wt%) Side-chain
(b%” Dgg%%é,l_ulc JIL) FI 8 IJI bUpUIyIIICI Aal=4 \DUIIU.) \?Lélll.,ll 5“ '_élvt’j/{J)Bébll 30
. S CuTicoxide NC v
{C) | 2inc white No. 3 24 25 20 20 25
2] | Cappes omadine A 3 3 3 3
Sea-Nine 211 (selids content: 30 wti)
{D} | Tovoparax 150 L 2 1 2 1
Terpene phenel YP-S0LL
Talc FC=l 3 5 7 7 !
Red iron oxide Gekko BB 0.5 0.5 ¢.5 0.5 0.5
Novoperm Red PHRE 0.8 0.8 0.5 0.5 0.5
bis 4200 1 1 1 1 1
Xyiene 17 1% ig 8 7
Dis £30=-20XC 2 2 2 2z 2
Caloined gvpsum Fr-2
Total 106 | 100 1 100 | 100 | 100
amount of {C) basedon 100 parrs by weight of (A) {solid 234.4 | 24401 | 144.7 | 156.3 | 198.3
component! (part(s) by weisht)
Amount of (bl) based on 100 parts by weight of {A) {30lid | 273.4 | 244.1 | 144.7 | 234.4 | 2344
component) (paxt(s! by weighti
Weight of (C) /weight of (bl) 0.9 1.0 1.0 Q.7 0.8
Amount of (b2) basedon 100 parts byweight of (A) (solid | 28.3 1 28.3 1 21.7 1 23.4 | 23.4
componeant) {(wart{s! by waight}
amount of (D) besed on 100 parts by weight of (A) (solid | 9.8 | i8.5 | 7.2 | 15,6 7.8
component) (pars(s) bv weight)
amount of (D) in compesition (100% by weight) (%) 1.3 2.3 1.2 2.3 1.2
amount of (D) in compesizien (100% by weight) (%) 1.0 2.C 1.0 2.0 1.0
Coating £ilm consumption dedree
After 7 months 6.7 5.1 7.7 5, % B,1
nfger 4 menrhe 0.3 | 0.3 1 13.5 | 14,5 ¢ 15.6
After € months 18,8 47,10 20.3 | 22,51 23,4
Static antifouling vroperties f
Afrer 2 monrhs D 0.5 9 o6 | o
After 4 months 0.5 | .5 | 6.5 | 0.5 | 0.5
After € months 1 1851 3 los 1




(C) Zinc white N0. 35.6575 (b2) Copper emadine 1313 Sea-Nine

211 (solids content: 30 wt%) (D) To onarax 150 1 i

_ 1 Terpene phenol

YP-90LL Talc F1--1 8 8 335 Red iron Or"ide Gekko BB 0.5 0.5 0.5 0.5

0.50.5
alcined

0.5 Novoperm Red FSRK 0.5 0.5 0
1316129 His 630-20XC 22222

Dis4200'11 Xylene 17
nsum FT-2 Total 100 100

100 100 100 .mount of (C) based on 100 parts by weight of (A) '(solid
'50.3 60.4 50.3 70.4 33.5 nt compone) (art(s) by weight) Amo::nt of (b1)
based oa 100 parts bywelghy of (A)4salichd52:i%-452.7 503.0 503.0 301.8

ightof (b* ) 010101D.1
O 1 —Amount of (b2)-based-on-166 pan {3 Uy wetght-of6A)-( /Qﬁﬁﬁ 1-30.2
10.1 \é%gex{tscmurigwlépgy &z?zlch’x vvv.:.'lglll) Armotint )3%&:\.%‘90.". 49
h00s pats fy-WesghEo! TA] (NIt L I T 01 19, 11677, ToTgponery)—;
(pars) by weight) Amount of (D) in composition (LODF byjweight) (%) 1.1
1. zﬁillemmw@fye@; Hi-C omPositien(06% b weight) (%) 1.0 1/0 1.0 1.0
.4 1 ! UU tlnn £1 Im Ccn:umpt on dvﬂl‘ﬂﬂ Affnr 2.months. 103959787
fnio upTic oxide RED COPATN 18 | 30 | 39 30 27
’ﬁug:ric: oxide NCBEQZ
(&) 1 'Zinc white No, 3 18 28 18 25 27
©2) | Copoer omadine 4 3 3 3 2
Sea-Nine 211 (solids content: 30 wis) 5 4
{D} | Toyoparax 150 2 2 pa 1
Terpene phenal YP=8QLL Z
Talec FG-1 3 0 z 2 5
Red iren oxide Gekko BB 0.5 0.k 0.5 (.5 0.5
Novgperm Red FSRK 0.5 0.5 0.5 0.5 0,8
Dis 4200 2 L 1 1 1
Xyvliene 10 4 12.5 g g
Dis €30~-20%C 2 2 2 2 2
Caloined gypsum FT=2 1 G.5
Tozal 100 100 100 100 100
Aamount of (C) hased on 100 parts by welght of 1A) (solid | 113.4 1 238.8 | 175.6 174.4 | 188.3
component) (partis) by weight)
Amount of (bl} based on 100 parts by weight of {A) (solid | 113.4 | #34.4 | 209.3 | 209.3 | 188.%
compenent) (part{s) by weight)
Welght of (C) /weight of (bl} 1.0 0.5 0,% 0.8 | 1.0
Amount of (b2) based on 100 parts by weight of (A) (solid | 34,7 | 32.8 | 20.9 26.¢ | 1i4.0
compenent) (part (s; by weight) . '
fmount of (B} based on 100 parts by welght of (A) {selicd | 12,6 | 5.6 1 14.0 | 24.0 7.0
component) (partis) by weight)
Amount of (D) in compesition (100% by weight) {%! 2.4 2.3 1 2.4 2.4 1.1
Amount ¢f (D) in composition (100% by weight) (%) 2.0 2.0 E 2.0 2.0 1.0
Coating film consumption degree
Afver 2 months 5.4 £.3 3.5 6.7 5.5
Affer 4 months i0.4 1 34,6 [ 12,3 115.3 | 15.3
Efter & months 18.3 1 26,2 | 20.1 | 21.5 | 19,9
Static antifouling propsrtiss
After I menths b 0.5 G 0.% 0
after 4 months 0.5 b, & G.5 0.5 0.5
After & months 0.5 6.5 1 L 1




After 4 months 16.7 18.8 17.3 17.1 1B.4 After 6 months 21.3 20.3 20.2
15.7 21.4 Static antifouling properties After 2 months 0.5 0.50.50.50.5
After 4 months 1 0.5 1 After 6 months 312 3 78 Table 8 (Continuation)
Como. Examples 6 7 8 Componenyg (unit: parv(a) by weight) (A)
Side-chain end structure metal salt copolymer 30 30 al-1 (solids content:
49.7 wt%) Side-chain end structure metal salt copolymer 30 al-2 (solids
content: 50.5 w1 3) (bl) Cu ric oxide REb COP91N 45 15 50 Cupric oxide
NC803 (C) Zinc white Neh34 6'8 &«¢h2)Bmperoimadine 3 3 3 Sea-Nine

PV N 4 | JOonm oo, 0-1 Tarmnenaesahaoanal

1l % T VA VW 10 VAN A m S Wi 1 a |
ZTISONAS-COMEnt.-ouUWi7o(U) oy ShafaxX—1 o1 rarponS-phener
T ﬁIﬁR N

~YP-90LL Talc FC4 535 3 Ret iromoxite Gukko;BE[ 633 t5,0-5Npvo

£5
perm Re@res RR.ho 05015 1544000 T1
{A) | 3ilyl ester copoclymer a3~1 {solids content: 51.2 ZB 2§
WCE)
Eilyl ester copolymer a3-2 (solids content: 50.1 ZB 28 28
wtE)
(bl) | Cupric oxide RED COPBTIN 34 a5 30 3%
Capriec oxide NCEQ3 3¢
(C) | Zing white No., 3 ) 18 22 25 25 20
(52) | Copper omadine 3 3 3 3 3
Sea-Nine P11° (selids centent: 30 wti)
(DY | Povepargsx 159 1 1 2 4 2
Terpene phenol YP-S0LL
Tale FC-1 3 3 2 2 2
Red iron oxide Gekko EB 0.5 0.8 G.3 0.5 0.5
Noveperm Red FARK 0.5 0.5 0.5 [ 0.8
Dis 4200 1 1 1 1 1
Xviense 8 4 & & 6
Dis &30-20¥C 2 2 2z
Caloined gypsum Fr-2
Total 160 100 100 108 00
Bmount of [C) bzsed on 180 parts by weight of (B) (solid  432.5 1 153.5 0 178.2¢) 178.2 1 14%2.8
component) (part{s) by weight)
Amount of (bl) basedon 100 parts byweight of (A) {solid | 237.2 ;) 244.1 ; 213,01 2134 248.5
compounent) (parti{s) by weiaght)
Weight of (C) /weight of (bl} 0.6 ¢.6 | C.B 0.8 0.6
Amount of (b2) based on 100 parts byweight of (A} {s0ldd | 20,8 1 20.8 | 21.4 | 23.4 | 21.4
compenent ) (part (&) by welght)
Emount of (I) based on 100 parts by weight of (R) (solid | 7.0 T.0 L1403 14.3 0 1403
component) (part{s) by weight! ]
Ameunt of () in comporition (100% by weight) (%) 1.2 1.2 2. 2.4 2.4
Amount of (D) in composition (100% by weight) (%) 1.0 1.0 2. 2.0 2.0
Costing film congumption degree 5
After 2 months 6.1 6.5 5.4 6.2 6.9
afrer 4 months 14,5 1 14,4 1 22,5123 .3113,7
After ¢ months 20,7 | 21.2 | 18.5 [ 22.3 | 22.2 |
Btatic anrifonling proparties ’
After 2 months {1 0.% {0 ¢ ¥
After 4 months 0.5 0.5 0.9 o
After £ montha 0.5 1 0.5 0.5




Xyiene 6 4 4 bis $30-20x; 2 2 2 Calcined sum r:-2 Total 100 100 100
Amount of (C) based on 100 parts by weight of (A) (solid 40.2 ' 50 33.0
-component) (art (s) by weight) Amount of (bl) based on 100 parts by
weight of (A) (solid 301.8 1100.6 33@,0 _component) (part(s) b y weight)
Weight of (C)/weight of (bi) 0.1 0.5 0,1 Amount of (b2) based On 100 parts
by weight of (A) (solid 20.1 120.1 19.8 component) ( art(s) by weight)
f r@;ﬁunt of (D) based on 100 parts by weight of (A) (solid 6,7 J 6.7 6.6
"o onent) (part(s) b weight) At Bf (D) in composmon (1005 by

£\ LI

welght) (%) 172 1.2 T.Z Amount of (D) incom

1.01.01.0 Coatina_film consumption degreg

Oblll(&g&&&é&%g)& vvcﬁ JUACY
FMONTNS §.1 ;14

P Adlel Z

& 5
10 3 cafperedt months b7:8(36 5 Wdi@urAfter 6 months) 21.4 B8.520.3 :Ltatlc
ménﬁb%ﬁmhp% erhesTAfter2atiehtis © S1e2vdes |After ¥ months 0J5 0.5 30
A1 ide~ghain end s tr:: t;f]) Table-8-Comparatn Fya;mpln 210,11
12 4% Cltindheia, s, Bkt (S by WD
{bx_l) Cupric oxide RED COPOTN 45 45 50 4%
Cupric oxide WCH(O3 50
{€) | Zine white No. 3 i 5 7 5
(b2} | Copper omadine 3 1 3 1
Sea-Wins 211 (Bolids cantent: 30 wth)
(D) ¢ Toyopayax 150 L 1 1 1 1
Terpene phemel YEP=G0LL
Tale FC-1 9 B 3 3 3
Red iron oxide Gekko RB 0.5 0.5 0.5 0.5 0.5
Hovoperm Red FSRE 0.5 0.5 0.3 0.5 0,5
Pis 4200 1 H 1 H 1
Xylene 17 13 56 1z o
Dig £30=204C 2 2 2 2 2
cglecined gypsum Flwp
Total 100 1068 100 100 100
Amourt o (Q) based on 100 parts by weight of () 1solid 1505 1 &0.4 | 50.3 0.4 | 335
component; Ipartl(s) by weight)
Amount of (bl) based on 100 parts by weight of (A) {solid | 452.7 | 452.7 | 508.0 | 503.0 1 301 g
component! (parv(s) by weighz)
Welght of {7) /weight of (bi) 0.1 0.1 0.1 0.1 0.1
Ampunt of {h2) based on 100 parts by weight of (A) {solid | 10.1 | 20.2 | 10.1 | 30.2 | .7
component] (part (8] by weight)
Amount of (D) based on 100 parts oy weight of (&) (solid | 10.1 0.3 | 10,1 | 10.1 ) 6.7
component) (part(s) by weight;
Amount of (D) in compesition (100% by weight! (%) 1.1 1.1 1.1 1,1 1.2
| Zmount of {9} in composition (L00% by weighe) (%) 1.0 3,0 1.0 | 1.0 | 1.0
Cogting fllm copsumption degree
After 2 months 26,3 ] 8.5 1 9.7 | B7 10,3
Afrer 4 months 1€.7 | 16.8 1 17.2 117,11 48,4
After & months 21.3 3020.2418.71 21,4
Static antifeuling properties
Afrer 2 months 0.5 .5 0.3 0.5 b.5
Rfter 4 months i 5 1 L 1
After § months 3 1 2 1 3




(A) Crosslinking meta" salt copolymer a2-1 (solids 20 20 20 20 30
content: 45.6 wt%) Crosslinking metal salt copolymer a2-2 (solids
content: 46.2 wt8) (bi) Cupric oxide RED Cop97N 45 45 50 45 Cupric
oxide NC803 50 (C) Zinc white No. 356575 (b2) Copper omadine 3 1
31 Sea-Nine 211 (solids content: 3wt%) (D) Toyoparax 1501111 1
Ter ene phenol YP-90LL Talc FC-1 8 8 3 35 Red iron oxide Gekko BE
0-50.50.5D.5 0.5 Novoperm Red FSRK 0.5 0.5 0.5 0.5 0.5 Dis 4200 1

11;11 Xylene 13 16 29, Dig G%g%gu?agl%g 2 Calcined gypsum
ET-2 Tatal 100 10Q0.100 100 ~ 100 Amount of (C) based on 100 parts by

weight-of{A)-(selid-54.6-65.8-54.8 76.8.36.5 _congrmnehdrtst (S) b
weightyAmeunt of _(jgl‘ basedbon 106 parts by weight-ok (A»-&olid 493.4
i ot A PATT "’Elht/ ..... lninl-n-
(ﬁ)yj 4 Ay ) y%l CI é VICIuIIL Of (C)
/Wg,@m O(fséb?l):Q éch«JnQ Lpﬂ@_g Amount of& (b2) based on 100 parts by
welight-ef(A) (eeliec ik 2%:0:11 832 s 13-cqamponent) (past (I...) by
weighti Arnadnti(#} basedwerl 100 parts by weight of (A) (solid 11.0 11.0
C%im&wm (part(s) by weight) | 43 1 50
. Cupric oxide NCB(3
{C) | Zine wnite No. 3 [ i 5
(b2) | Copper omadine 3 3 3
Sea-Nine 211 (solids zont atent: 30 weg)
{D)} | Toyoparax 180 1 1 1
Terpene phenol YP~3DLL
Tals FE-1 5 38 3
Red Lron oxide Gekko BB 0.5 0.5 0.5
Novoperm Red TERR 0.5 0.5 0.5
Dis 4200 1 1 1
Yyiene 6 4 4
Dis €30-Z0XC P 2 2
Caloinad gypsum FP-2
Total 1060 100 100
Amount of {£) based on 100 parts py weight of (A) lsedlid | 40.2 537 T 33.0
component) [part{s) by weight)
Amount of (k1) basad en 100 parts by weight of () (selid | 301.8 | 100.6 | 330.0
component] {(part (8§} by weight)
Weight of IC)/weight of (bl) 0.1 0.5 Q.1
Amount of (nZ) based an 100 parts byweight of (&) (solid | 20.1 | 2¢.1 | 19.8
cemponent) (parti{s} by weight)
Amovnt of (D} haged on 100 parts by weight of (A} (solid | 6.7 | 6.7 6.6
compongnt) (pert(s) by weight)
Eosunt of (D) ipn composition (100% by weight (%) 1.2 L.2 i.2
Amount of (D) in composition (1008 bv weight) (%) 1.0 1.0 1.0
Coating £ilm consumprion degree
Afrer 2 months 8.7 14.5 t10.3
Afvgr 4 months 17.3 1 38,7 1 17.8
After 6 months 21.4 1 BE A5 | 20.3
Static entifouling properties
After 2 months 0.5 2 0.5
Afrer 4 months 8.5 | 5 0.5
JBfrer € months 1] 5 1




Amount of (0) in composition (100% b wei ht) (~) 1.1p1.11.11.11.2
Amount of (D) in composition (100% by weight) (C) 1.4f1.01.01.01.0
Coating film consumption degree After 2 months 9,3 8.7 8.3 9.7 After 4
months 18.E 17.9 17.7 16.2 17.8 After 6 months 20.1 20.7 19.3 20,3 20.9
Static antifouling properties After 2 ii8nths 0.5 0.5 0.5 0-5 0.5 After 4
months 1 0.5 1 1| After 6 months 312 2 80 Table 9 (Continuation)
Comp. Examples 14 15 16 Components (unit: part{s} b weight) (A)
[Crasglinking metal salt copolymegg?s1 solids 30 30 content: 45.6 wt%)
Cresslinking-metal salt copolymer a2-2 (salids 30 _content; 46,2 wt%) (b1)
-Cuptie umdc RED CnDo7|\| /u: 1550 Cu.cic_oxide Kemsg {3 Ziennimhite
] ~Ta idg‘-r‘r nf&;t_ 35@

[NUSH 85 {h?)copreromeadine-3-3-3-Sea-Nind 211

pollents 41Nl r ) welgng) =i/

v mmmgﬂ%mmw BreS-1 553
Red:ireRoxite wekko 3B 0.5 0.5 0.5

Crosslinking metal salt copolymer aZ-2 (solids
content: £6,2 wri)

- A

o

{bl} | Cupric oxide RED CORPYIN 45 45 50 45
Cupric oxide NCRD3 80

(&) tZinc white No, 3 Z § 5 7 s

(b2} | Copper umadine 1 3 1 3 1
Sea-Nine 211 (splids gontenmt: 30 wih)

(D) | Toyoparax 150 1 1 1 1 1
Terpene phenol YE-S0LL
Tale HO-1 . B g 3 3 e
Red iron oxide Gakko BR 0.5 0.3 0.5 0.5 0.5
Novoperm Red FSRK 0.5 C.5 0.5 0.5 0.5
Diz 4200 1 1 1 1 1
Yylene 17 13 6 | 12 g
Dis 630-20%C 2 2 2 iz 2
Calcined gypsum PT-2

Total 100 100 160 100 106

Amount of (C) based on 100 parts by weight of (A) (sclid | 54.8 | 65.5 | 5.8 | 76.8 36.5
CONpOnent: (parc(s) hy weighu)
Amount of (bl) based on 100 parts by weight of (L) (s01id | 493.4 | 49%.4 | S48.2 | 548.2 | 320.9
cemponent) (parv(s) by weighrt)
Weight of (&) /waight of (b1} 0.1 1 0.1 0.1 0.1 ¥
Amount of (kb¥) based on 100 parts byweight ol (&) (solid | 11.0 | 32.9 [ 11.0 | 32.8 7
COMponent) (parcis) hy weight)

Amount of (D) based on 100 partes by weight of (A) (selicd | 11.0 | 11.0 | 12.0 ] 11.0 7.2
component) (mare (s} by weight) ;
Amount of (D) in composition (100% by weight) (%) 1.3 1.0 (e a1
Amount of (D) in composirion (100% by weight) (%) 1.0 1.0 1.0 1.0 1.0
Cozting film consumprion degree
After 2 months ' 2,7 8.3 8.7 g.3 9.7
After 4 months 18.8 1 17.8 { 17.7 | 18.2 | 17.8
After 6 months 20.7 1 20.7 1 19,3 | 28,3 1 20.8
Sratic antifenling proparriss
After 7 months 0.5 0.5 0.5 0.5 0.8
After 4 months 0,5 1 1
After 6 munths i 1 2




Novopemr. Red FORK 10.50.50.5 D's4200111" Xlene6qq Dis
630-20KC 2 2 2 Calcined gypsum. f-2 Total 100 100 100 Amount of (C)
based or. 100 parts by weight of (A) (sol id 43.9 58=5 36:1 component)
(part (a) b weight) Amount of (b1) bgéed on 100 parts by weight of (A)
(solid 328.9 109.6 3600.8 component) (Dart(s) by weight) Weight of (C)
/weight of (]DI) i 0.1 0.5 0.1 Amount of (b2) based on 100 parts by weight
of (A) (solid 21.9 21,9 21.6 com ponanz) (Part (s) by weight) Amount of
(D) based on 100 partsWWe?gHtcéﬂmr(Séﬁdmfﬁ 7.3 7.2 com onent)
pari(s) b Weig mount o ) weight) 1.2 1.2
1.2 Amount of (D) In composmon (100% by Weight) (83 T]D,E.0,1 1.0
, 1 tifogpfil : eesAfter 2 months 9.3 16.8 B.3 After 4
AT ilf?k%@?&gi&@ﬁ@t A@E@ﬁ@meﬁtﬁs (49.:8s7)7.9019.73Static antifouling

ropeRieRadte Hanth 5. After4.months 1. 5 0.6, After 6 months
2 5c§n§i Tb;@%jif qlbsl 16‘3@“?5“ 57400d Bidmbles 30
(1) | Cupric oxide RED COPOTH 45 15 50
Cupric oxide NE803
{C} | Zinc white Ho., 3 6 & 5
(o2} | Copper omadine 3
Sea-Nine 211 (solids content: 30 wid)
(D} @ Toyoparax 130 1 1 1
Terpene phenol YP-90LL
Tals Fo-1 5 35 3
Red iron cxide Gekko BB 0.5 G.5 0.5
Novopern. Red PERY ] 0.5 0.5 .5
Dis 6200 1 1 i’
Ayleng
Dig 630-20%C 4 2 2
Calcined gypsum FT-2 ?
Total 190 | 100 | 100

fmount of [T) based on 100 parts by weight of (A) (selid | 4%.3 | 585 | 361 +
compenent) {part(s) by welight)
Amount of {brl) based on L00 parts by waight of {2} (solid | 328.0 | 100.6 | 360.8
component) (part{s} by waight)
Weight of () /weight of (bl) 0.1 0.5 0.1
Amount of (b2) basedon 100 parts by weight of (&) [solid i 21.8 | 21.9 | 71.6
component) (pari(s) by weight)
Amount of (D) based on 100 parts by waight of (8) (solid | 7.3 7.3 7.2
component) {partis) by weight)

Apount of (D) in compositien {100% by weight) (%) | 1.2 . 1.2

Amomnt of (D) in composition (100% by weight! (%) 1.0 1.0 1.0
Coating film consumprion degree

After 2 months 2.3 -8 2.3

Afrer 4 monthe 17.5 137,81 16.8

Affer 6 months 18.8 § 77.8 | 18,7
Static anvifouling properties

After 2 months 0.5 2 0.5

Aftar 4 monrchy i g 0.5

After & months 2 5 2




17 18 191 20 21- Components p art (A) Silyl ester copolymer a3-1
(solids content: 51.2 20 20 20 ( 20 30 wt%) Silyl ester copolymer a3-2
(solids content: 50.1 wt%) (hl) Cupric oxide RED COP57N 45 45 50 45
Cupric oxide NC803 50 (C) Zinc whige No. 315657 5 (b2) Copper
omadine 13131 Sea-Nine 211. (solids content: 30 wt~} (D) Toyoparax
1501111!'1 Terpene phenol Y?-90LL Talc FC-188 335 Rea iron
oxide Gekko BE 0.5 0.5 0.5 10.5 ¢.5 Novoperm Red F5RK ¢.50.50.51
D.50.5 Dis42001111Xlene 17 --L3-16 129 Dis 630-20xC 22222
[ Ggglﬂ)ned gypsum ?'1'-2 Total 100 1100 100 100 100 Psnouat of (C) based
n 100 parts by weight of (A) (§&¥B‘EG.38058.6 48.8 68.4 32.6 component)

(Part(s) by weight) Amount of (b1) based on T00 pais Dy WelOhL Al (A

(solid 439.5 439.5 488.3 488.3 293.0 com onent) (pati{s) byswel bi) Wen

ht.of (CyAResight ¥3E th-Deer 150 My g} 0.1 Amjounta (b2) based on 100

m’paf}gﬁyﬁﬁ\?é’fg“ﬁ?ﬁfﬂ(‘ﬁ) "’(Ié"’c}liif‘;g‘.@?@’.‘g‘gfg 29-816.8° componettt) (0dst(s) B
R A e A A
9.8:8.B 6.5
1) | Cupric oxide RED COPS?N 45 45 50 45
Cuprie¢ oxide NCB0O3 50

{C) | Zine whive Mo, 3 5 8 3 7

(2} | Copper eomadine 1 3 1 3 1
Sea~Nine 211 (solids tontent: 30 wri) {

(D} | Toyoparay 150 1 1 1.0 1 ] 1
Terpene phenel YE-90L1
Tale FC-1 g g 3 3 g
Red iron oxide Gakke BE 0.5 0.5 0.5 0.5 0.5
Novoperm Red FSREK 0.5 0.5 0.5 0.5 0.5
Dig 4200 i 1 1 1 2
dvlene 17 13 16 iz g
Dis B30-20XC 2 2 Z 2 2
Calcined gypsum §r-2

Toenal 100 100 100 1240 109

Amgunt of (C} based on 100 pares by weight of () (solid | 48.5 | 58.6 | 48.8 | 8.4 | 22.6
component] (part (s by waight:

Amount of (b1} based on 100 parts by weight of (A) (solid | 43%.5 | 439.5 1 486.3 | 486.3 | 203.0
somponent) (pare(s) by weight)

0.1 0.1 0.

Weight of (C)/weight of (bl) 'R
Amount of (b2} based on 130 parrs by weight of (&) (solid | @
component) (mazt (s) by welight)

1 1
.8 lz2o3f 8.8 | 29,3

amount of (D) based on 100 parts by weighy of (R) {s0lid | 8.8 5.8 9.8 ©.8 €.5
component! (part(s) by weight) )

Amgunt of (P) in composition (100% by weight) (%} 2.l 1.1 1.1 1.1 1.2
Amount of (D) in composition (100% by weight) (%) 1.0 3.0 1.0 1.0 1.0
Coating film consunmption degree
fter 2 months 4.5 5.5 3.7 3.7 4.3
After 4 meohrhe 5.5 8,8 €.3 7.1 9.1
afeer € months 12,2 | 13.4 {18,211 3§ 12,8
Eravie sntifouling properties
After 2 months [ 0.3 .5 0.5 0.5
After 4 months Z 1 1 2
After 6 months 3 3 2 3




component) (part(s) by weight) Amount of (D) in composition (100% b
weight) (8) 1.1 1.1 1.1 1.1 1.2 Amount of (D) in composition (100% by wei
ht) (8) 1.0 1.0 1.0 1.0 1.0 Coating film. consv= tion degree After 2 months
4,55.5 3-7 3.7 4.3 After 4 months 85 8.9 6.3 7.1 9.1 After 6 months 12.2
13.4 10.2 11.3 12.5 Static antifouling properties After 2 months 0.5 0.5
0.50.50.5 After4 months 2112 After 6 months 3322 382 Table 10

(Continuation) ComppZxamplas (22,2324 Cemponents (unit; part(s) by

Weight) (A) Silyl ester copollymera3:-l.(solids content: 51.2 30 30 wt4)

1 Silyl.ester copolymer a3-2 (solids.content; 50,1 SBewf#BIeEI} Clipric oxide
—RED-COP97N-45-15-50 cupric-oxide-NCBO3HEH Zindinhitd NG, 3 6 B 5
(1A GPTDonents (uni axtisi B L L) s = L o
(m\ ‘."‘: l\‘l er copolymer at—l g Uhgec st ik GUHRENL OU NtA)) (D)
Toyggarax 150 Terpere phenol Y?-90LL TalciFC-1535 3
i1yl ester copolymer a3~? (sulids suntent: 50.1 30
wik)
hl) | Cuprie oxide RED COPYTH 45 15 50
Cupric oxide NCBOZ
(£Y | Zinc white No., 3 5 i I 3
(B2 | Copper omadineg 3 3 3
Sea-¥ine 211 (golids content: 30 wri)
(D) { Tovoparax 150 1 1 H
Torpans phenol YE-S0LL
Taic FC-1 5 a5 3
Red iron oxide Gekko BB 0.5 0.5 8.5
Novopezm Red FIRK 0.5 0.5 0.5
Dis 4200 1 5 1
' Xylene 6 4 4
Lls E30-20XC 2 2 2
Caleined gypsum PT-2
Taral 100 | 160 1 10D
Amount of (¢ based on 100 parts by weight of {A) {solid | 3%.1 | 52.1 | 333
component] (pertl(s) by weight)
amount of (bl) based on 100 parts by weight of (B) (solid | 283.0 | 97.7 | 332.7
compongnt! (parti{s] by weioht!
weight of (U} /weight of (bl) 0.1 0.5 C.1
amount of {b2) hased en 106G parts by weight of (A) {solid | 1%.5 | 18.5 | 20.0
componant! (part(s) by weight)
ameount of (D) based on 100 parss by weight of (A) (selid| 6.5 | 6.5 6.7
component) {(partis) by weight)
hmount of (D) in composition {100% by weight] (%) 1.2 1.2 1.2
hmount of (D) in composition {(100% by weight) (%) 1.0 L0 .0
Costing film consumpiion degree
After & months 4,7 5.8 3,3
Afrer 4 months 8.7 10.7 7.1
After ¢ months Il.¢ 1233 1009
Statisc antifeuling properties
After 2 months 0.5 g 0.5
after 4 months 1 5 1
Afrer & months 2 3 2




)). by weight) Amount of (bl) based
3.0 97.7 332.7 component) { arts}
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Claims:

1. An antifouling coating compesition comprising (A) a
hydrolyzable copolymer, (bl) copper and/or an inorganic copper
com@ound and (C) zinc oxide, wherein:

the hydrolyzable copolymer (A) is at least one hvdrolyzable
copolymer selected from the group consisting of:

(al) a metal salt bond-containing copolymer which is an
acrylic resin or a polyester resin and has, at the end of é side
chain, a group represented by the formula (I):

-COC-M-0-COR? (I)
wherein M is zinc or copper, and R' is an organic group,

(82) a metal salt bend-containing copelymer having

"2 component unit (a2l) derived from a monomer (321)
represented by the formula (II)}: .

CHp=C (R?} -COO-¥-0~C0O-C (R*} =CE, (IT)
whereinb&iszincorcopper,andeachR2i$independentlyarq@xogen
atom or a methyl group, and

a component unit {(a22) derived from other unsaturated
monomer (a22) copolymerizsble with the monomer (a2l), and

(23) a silyl aster ccpolymer having

a component upit {a3l) derived from a monomer (a31)
represented by the formula (III):

R7-CH=C (8%) ~CO0-SiR‘RR® (1I1)

wherein R® is a hydrogen atom or & methyl group,
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ITHNMO ~+~.C-QOro0000UNOUCOO GM myVO0 E'wo
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+1RNOO OOO, mMNH,C7LIW yXy.0tlftthyb.Ad4yvl Oaro>.
OH?OCOOaQW~meX>HWIxAOHANN(MOrNG w
x 0wk | B FBIOR A epM P EELeR AT i) aX DYCRPR2 TIDIUK OUID

30C0:pi00
and

R’ is a hydrogen atom or R®-0-CO~ (wherein R is an organic
group or & silyl group represented by -SiR*RI®RY, and R?, R ang
R* are each independently & hydrocarbon group), and

a component unit (232) derived fromother unsaturated
monomer {(&32) copolymerizable with the monomer (a31), and

(1) the content ¢f the copper and/or the inorganic copper
compound (bl) is in the range of 100 to 400 parts by weight, and
the content of the zinc oxide (C) is in the range of 30 to 350
parts by weight, each content being based on 100 parts by weight
of the hydrolyzable copolymer (B), and

(2) the weight ratio of the zinc oxide (C) to the copper
and/or the inofganic copper compound (bl) (zinc oxide (C)/(copper
and/cr inorganic copper compound (bl))) is in the ranges of 0.6

to 1.2.

2. The antifouling coating compesition as claimed in
zlaim 1, wherein:

(1} the content of the copper and/or the inorganic copper
compound (bl) i1s in the range of 100 to 350 parts by weight, and
the content of the zinc oxide (L) is in the range of 75 to 350
parts by weight, esach content being based on 100 parts by weight

of the hydrolyzable copolymer (A), and
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Wrn(LGS~NNHHCN”"mCiOOU[LU-1vd2FDW.i-1 UFH
NFENCI21~FV3U7;ZQUYV 84 Claims: 1. An antifouling coating
composition comprising (A) a hydrolyzable copolymer, (bl) copper and/or
an inorganic copper compound and %C) zinc oxide, wherein: 5 the
hydrolyzable copolymer (A) is at lea8® one hydrolyzable copolymer
selected from the group consisting of: (al) a metal salt bond-containing
copolymer which is an acrylic resin or a polyester resin and has, at the

end of asidgsChainya-greup represented by-theformulay () 1Ay, copper
-CO0O-M-0-COR1 (I) wherein M is zinc or copper, and R1 is an organic

agigup, ta2) AdHgka isalthanck canigining Copolyrer haying & COMPRREHL »
unit (a21) derived from a monomer (a21) represented by the formula (I1)

add/CHI{GERBREQO0MPLL0LHRAFEHZAN whereinMdsZine 05 £OPPEY, 7
and each R2 is independently a hydrogen atom or a methyl group, and a

teomp@anent unit (a22) derived from other unsaturated monomer (a22)
copolymerizable with the monomer (a21), and 20 (a3) a silyl ester
copolymer having a component unit (a31) derived from a monomer (a31)
represented by the formula (Il1): R-CH=C(R3)-C00-SiRRSRE (lll)

wherein R3 isadydrogematony of SametBylgriosgs B85 on as claimed in
claim 1 or 2, whersin:

{1) the content of the copper and/or the incrganic copper
cempound {bl} is in the range of 100 to 300 parts by weight, and
the content of the zinc coxide (C) is in the range of 100 to 350
parts by weight, each content being based on 100 parts by weight
of the hydrolyzable copolymer (A), and

(2) the weight ratio of the zinc oxide (C) to the copper
and/or the inorganic copper compound (b1} (zinc oxide (C)/ (copper
and/or inorganic copper compound (bi1l)) is in the. range of 0.8

to 1.0.

4. The antifouling coating composition as claimed in any
one of claims ] to 3, wherein the copper and/or the inorganic copper

compound (bl) is cupric oxide.

5. The antifeuling coating composition as claimed in any
ong of claims 1 to 4, further comprising an ofganic antifouling

agent (b2).
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R4, RS and R6 are each independently a hydrocarbon group, and R7 is a
hydrogen atom or Re-O-CO- (wherein RB is an organic group or a silyl
group represented by -SIR9R10Ru and R', R" and 5 R11 are each
independently a hydrocarbon group), and a component unit (a32) derived
from other unsaturated monomer (a8372) copolymerizable with the
monomer (a31), and (1) the content of the copper and/or the inorganic
copper compound (b") is in the range of 100 to 400 parts by weight, and
10 the content of the zinc oxide (C) is in the range of 50 to 350 parts by
weight, each content being based on 100 parts by weight of the
hydrolyzableTrepalymef dA) iagd €23 timweighbedio- obthe zine @ided G,
to the copper and/or the inorganic copper compound (bi) (zinc oxide (C) /
cledppér YBand/oriherganjscoppercampoung Gidis invthe r1ange 9£Q.6
to 1.2. 2. The antifouling coating composition as claimed in claim 1,
onghereier20d 13¢hectontent af tha capperandior theingrganic OPPehione
compound (b1) is in the range of 100 to 350 parts by weight, and the
CoRptentof thet zincooxigel(€)ds inthendnge0f 66 te 350mpasts, by neeight,
each content being based on 100 parts by weight of the hydrolyzable
4 copdlyinée tAY 2and 88 ¥ 2) thd aetightratio.nbtiie-zing, oxide (C) to the
copper and/or the inorganic copper compound (bl) (zinc oxide (C) /
(copper and/or inorganic copper compound (bl))) is in the range of 0.7 to
1.0.

7. The antifouling coating composition as claimed in
claim €, wherein the organic antifouling agent (b2} is at least
one compound selected from the group consisting of copper
pyrithione, zinc pyrithione, triphenylboren pyridine complex,
methyldiphenylboren 4-isopropylpyriding complex and

4,5~dichloro-2~octyl-4-isothiazoline-3~cne.

g. The antifouling coating composition as claimed in any
one of ciaims 5te 7, wherein the content of the organic antifouling
agent (b2) is in the range of 10 to 500 parts by weight based on

100 parts by weight of the hydrolyzable copolymer (A).

9. The antifouling coating composition as claimed in any
one of claims 1 to 8, further comprising at leas:t one extender
pigment sslected from the group consisting of tale, clay, calcium

carbonate, barium carbonzte, diatomaceous earth and silica.
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5 3. The antifouling coating composition as claimed in claim 1 or 2,
wherein: (1) the content of the copper and/or the inorganic copper
compound (bl) is in the range of 100 to 300 parts by weight, and 10 the
content of the zinc oxide (C) is in thggange of 100 to 350 parts by weight,
each content being based on 100 parts by weight of the hydrolyzable
copolymer (A); and (2) the weight ratio of the zinc oxide (C) to the copper
and/or the inorganic copper compound (bl) (zinc oxide (C)/(copper 15
and/ot fnorgaiie. GBPPertBrhpBURREBNsisTPmthe s g0k, & 1aik8d4in
The aptifouling coating composition as claimed in any one of claims 1 to
L {fhdreifESiopherararsrahe iMbrgasiceeorpae 2 éompourics (K ishe
cupric gxide. 5. The antifouling coating composition as claimed in any one
* i Faitns U152, FORHRT Toipiisiy- & orgarrsiantifd@hgaagentb b 2e Bih=
O@.:__Ehe gnéif_o;l}ifn coating composition as claimed in claim 5, wherein the
‘organic anif Iﬁ%daéaeﬁf’?&l)yi’g%ﬁ Ié&4t one compound selected from the
group consisting of a pyrithione 5 compound, a tri-organic boron and its
amine complex, and 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one, 7, The

antifoﬂing C%Etin composition as claimed in claim 6, wherein the organic

antifouling ag8ft{pB2] I Ht IEECP0 THe OB E;d Seletredledmethan any

roup cansisting of copper _pyrithione, zinc pyrithione, triphenylboron
orgeyr%?ng c%lrﬁﬁlegx,to ;P(P, tfhrther compriding a plasticizer.

12.  The antifouling coating composition as claimed in
claim 11, wherein the content of the plasticizer is in the range
of 0.C5 to 40 parts by weight based on 100 parts by weight of the

hydrolyzable copolymer (A).

13. The antifouling coating compesition as claimed in
claim 11 or 12, wherein the plasticizer is chlorinated paraffin

and/or terpene phenol.

14, The antifouling coating composition as claimed in any
cne of claims 1te 13, further comprising at least one color pigmant
selected from the group consisting of red iren cxide, titanium

white, yellow iron oxide and an organic pigment.

15. The antifouling coating composition as claimed in any

£ uy + "
one ox claims 1 to 14, wherein the metal szli+ bond-containing
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methyldiphenylboron 4-isopropylpyridine complex and
4,5-dichloro-2-octyl-4-isothiazoline-3-one. 15 8. The antifouling coating
composition as claimed in any one of claims 5 to 7, wherein the content
of the organic antifouling agent (b2}és in the range of 10 to 500 parts by
weight based on 100 parts by weight of the hydrolyzable copolymer (A),
20 9. The antifouling coating composition as claimed in any one of claims

co{aé‘iﬁn@%”ﬂﬂf%@?g%}%?%%%g SHgteﬁﬁgfe P%gﬁj%%gg%gﬁﬁg@sghf

group consisting of talc, clay, calcitifh “carbonate,

»cdlgtamegeous e an sl 88 0, The Aouing soating cgnypositor

as claimed in claim 9, wherein the con en? of the is'in

the r@gggc%i)o_%a,g _Rarts, by weight based or.!JIQI(’)) parts by weight of

the hydrolyzable copolymer (A) 5 11, The antifouling’coating composition

T e B AR hEe

12. The antifouling coating tomposition as claime

gowgreindhe.content of the plagficizer is in the range of 0.05 to 40 parts by
weight based on 100 parts by weight of the hydrolyzable copolymer (A).

13. The antifouling coating composition as claimed in 15 claim 11 or 12,
wherein the plasticizer is chlorinated paraffin and/or terpene phenol. 14.

The angifoulingLoating sempesition as,dlaimed in.any, one. chggaﬂms 119
13, further comprising at least one color pigmeéent 20 selecte rom?ﬁe

cIGONP songisting af red &E@'ﬂ%iggﬂ.@%H&lcemaiming copolymer {al)
has

a component unit (IV) derived from a moncbasic acid metal
(meth}acrylate represented by the above formula (IV), and

a component unit (al2) derived from at least one unsaturated
compound selected from the group consisting of an. alkyl
(m.eth) acrylate, an alkoxyalkyl (meth)acrylate and a hydroxyaikyl .

(meth)acrylate.

7. The antifouling codting composition as claimed in any
one of claims 1 to 16, wherein the organic group R in the metal
salt bond-containing copolymer (al) is a saturatsd or unsaturatsd
aliphaticmonovalent hydrocarbon group having 2 to 30 carbon atoms,
which may be substituted, a saturated or unsaturated alicyclic
monovalent hydrocarbon group having 3 to 30 carbon atoms, which
may be substituted, or an aromatic monovalent hydrocarbon group

having ¢ toc 30 carbon atoms, which may be substituted,
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white, yellow iron oxide and an organic pigment. 15. The antifouling
coating composition as claimed in any one of claims i to 14, wherein the
metal salt bond-containing 89 copolymer (al) has a component unit (IV)
derived from a monobasic acid metal (meth)acrylate represented by the
formula (IV): CH2=C(R2)-O0O0-M-O-CORL1 (IV) wherein R1 is an organic
group, R2 is a hydrogen atom or a methyl 5 group, and M is zinc or
copper. 16. The antifouling coating composition as claimed in claim 15,
wherein the metal salt bond-containing copolymer (al) has 10 a
component unit (IV) derived from a monobasic acid metal (meth)acrylate
represénted Byaherabdva Iomuut @V rand angeraponent anit(ail) getived
from at least one unsaturated compound selected from the group
clegiisidting wharsdikyt netyacidater anpalRoxyalkhémeth)acryzate and a
_ hydroxyalkyl 15 (meth)acrylate, 17, The antifouling coating composition
Lol crpmed i a0y come bfftainie 1toiks, avhersindhe drganingeauyr Rlein
the metal salt bond-containing copolymer (al) is a saturated or
alimsattiiftetr2G aliphatiedmeonovalertunaredaroregrile having 21fer30
_ carbon atoms, which may be substituted, a saturated or unsaturated
nyrseRebrordiaientaydrscdibon grouparndngt a8 carbon atomae
which may be substituted, or an aromatic monovalent hydrocarbon group
SURARAGE &730 carbon atoms, which may be substituted. 90 18. The
antifouling coating composition as claimed in

13, The antifouling coating compesition as claimed in any
one of claims 1 tc 18, wherein the organic group R! in the metal
salt bond~containing copolymer (al) is a residue of at least one
monobasic acid (R'COCH) selected from the group consisting of
versaticacid, palmiticacid, stearicacid, iscstearicacid, oleic
acid, linoleicacid, linolenicacid, ablieticacid, neoabisetic acid,
pimaric acid, dehydroasbietic acid, 12-hydroxystearic acid and

naphthenic acid.

20. The antifouling cozting composition as claimed in any
one of claims 1 tc 19, wherein the total content of zinec and copper

in the metal salt bond-containing copolymer (al) is in the range

-of 0.5 to 20% by weight.

21. The antifouling coating composition as claimed in any

cne of claims 1 €0 20, wherein the monomer (a21) capable of deriving
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claim 17, wherein the organic group R1 in the metal salt bond-containing
copolymer (al) is a saturated or unsaturated 5 aliphatic or saturated or
unsaturated alicyclic monovalent hydrocarbon group having 9 to 20
carbon atoms, which may be substituted. 19, The antifouling coating
composition as claimed in any 10 ok of claims 1 to 18, wherein the
organic group R'in the metal salt bond-containing copolymer (al) is a
residue of at least one monobasic acid (R1000H) selected from the group
theonsistieg ef tvessatic @cid) paimiticsacid: steasiciacigeisostearis acid.oleic
acid, linoleic acid, linolenic acid, abieticacid, neoab.ietieacid, 15 pimaric
cogeitlydehydsaabiagiaacivs e hyssoxystesanicacieane aapbleNiEAGHo up
20. The antifouling coating composition as claimed in any one of claims i
cansi@twhereifl theriotaheantest of zinceane £oppss=20 iRdhe reta) salt |
bond-containing copolymer (al) is in the range of 0.5 to 20% by weight.
21. The antifouling coating composition as claimed in any one of claims 1
to 20, wherein the monomer (a21) capable of deriving 91 the component
unit (821) in Ttre metdlsali bopt-cantaigingreepalynier £32)is ahieast QRg
compound selected from the group consisting of zinc (meth)acrylate and
orgopperi@iethyadylale, 5122 <Ehetastitouiing costing:earapositionds (a22)
claimed in any one of claims 1 to 21, wherein the other unsa'~:urated
CaRbhetn oL (aZ2). capable of cleviving the coimpdreat upit (822):a the eetat
salt bond-containing copolymer (a2) is a monobasic acid metal (meth)

boggiyra (I ieweseptddbyr (a2) is

a monobasgie acid metal (meth} acrylate (IV) represented by
the formula (IV):

CHp=C (R?) ~COO-M~0-COR? (IV)
wherein R! is an organic group, R? is a hydrogen atom or a methyl
group, and M is zin¢ or copper, and/or

at least one unsaturated compound selected from the group
consisting ef an alkyl (meth)acrylate, an alkoxyalkyl

{meth)acrylate and a hydroxyalkyl (meth)acrylate.

23. The antifouling coating composition as claimed in
claim 22, wherein the unsatﬁrated sompound is at least one
ﬁnsaturatad compound seiected from the group consisting of methyl
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylates and

Z~hydroxyethyl (meth)acrylate.

24. The antifouling coating composition as ¢claimed in any



10 the formula (IV) ¢ CH2=C(R2)-C00-M-O-COR' (IV) wherein R1 is an
organic group, R2 is a hydrogen atom or a methyl group, and M is zinc or
copper, and/or at least one unsaturated compound selected from the
group 15 consisting of an alkyl (meth)acrylate, an alkoxyalkyl
(meth)acrylate and a hydroxyalkyl (nagth)acrylate. 23. The antifouling
coating composition as claimed in claim 22, wherein the unsaturated
compound is at least one 20 unsaturated compound selected from the

gt R i A byt Bl i oot

yl
(meth)acrylate an oxyethyl {meth)actyl tig ™9

cﬁ?% GO sit£ n as cl i‘_e in any. 92 one of claims 1 to 23, wherein
the r%qégtedl salt bon -conﬁg%ﬂ?\ ggp%oﬁ%‘r%grg(aZ) is a copolymer having, as

the copranenunlh @213 comperentynl dervedrom cesstone

compound selected from the group consisting o acrylaté

a-and copnsrdmsiacndale and as F}%ﬁ%ﬁ@%@% QLI

29 a ‘
component unit from at least one unsaturate compoun%i*e?é’&%c? Fro%;inc

5 (dBewr Q%fﬁﬁ!s% ogchlgg}yl %%Wﬁ% a%%feeth%l%(é;eth)acrylate, butyl

(meth)acrylate and 2-hydroxyethyl (met ate. 5. The antifouling

coulrconpesion ancianed by euealane die 2 uhgen g,
one unsaturated compound selected from the group consisting of
methyl (meth)acrylate, ethyl (methjacrylate, butyl
(meth)acrylate and 2-hydroxyethyl (meth)acrylate.

i0

25. The antifouling coating compositicn as claimed in any
one of claims I to 24, wherein the metal salt bond-containing
copolymer (a2) is a copolymer having,

2% the component unit {(aZl), a component unit derived from

13 at least one compound selected from the group consisting of zinc
{meth)acrylate and copper {(meth)acrylate, and

as the component unit {a22), a component unit derived from
a monobasic acid metal (methjacrylate (IV) represented by the
formula (IV):

20 CHa=C (R*) ~coowM~o?c031 (IV)
wherein R' is an organic group, R® is a hydrogen atom or a methyl

group, and M is zinc or copper.

26. The antifouling coating compesition as claimed in any
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as the component unit (a21), a component unit derived from 15 at least
one compound selected from the group consisting of zinc (meth)acrylate
and copper (meth)acrylate, and as the component unit (a22), a
component unit derived from a monobasic acid metal (meth)acrylate (V)
represented by the formula (1V); 20€83H6=C(R2)-C00-M-0-COR1 (V)
wherein R1 is an organic group, R~ is a hydrogen atom or a methyl
group, and M is zinc or copper. 26. The antifouling coating composition as

oflaigied.in any 93 .qne of claims 1 to 25 wherejn the metal salt
bond-containingL c%%o?ﬁﬁeﬁ%ﬁs%%%%oﬁ%ﬁ Hafirg PRERE Whidrant

c P @de) @a%mggngnwnglﬁé\ée%}gom A least one compound

selected from the group consisting o Zince s (meth)acrylate and copper

th t t units (a22 | tunit _
(methjacryla %bﬂ\%@rg%xt@%(ﬁ?@ RRITH Ul I%Sc%n%:?gléa%a‘etcg{r}n)lpﬁ;%%&g%%otB§;m

derived from a monobasic acid metal’(me

olarmula (B CHEFGURA)-COOMO-CORD (IV) 10 wherein R is an
aﬂgaﬁ%ﬁ% pb\%lﬁsd é%%(ﬁfﬁl(%e%%ig\é or%gmé{ﬁ%}}; grouV\é, g%%%/?@%l%g%?

(zﬁ@ﬁ’@%c@ggﬁgog}gpr}?&;ﬁ%yt %Eiyﬁ‘ii%‘%&h%tt'g?sé one unsaturated

compound selected from group consisting of an acfkyl (meth) acrylate,

an alkoxyallod imeliaedaleand.a Sy dipxalio. d (meth) acnfale, 27,
The antifouling coating composition as claimed in any one c?fec aims 118
a 28 NdRerein the faetal salt bepdconiaing, -y, represented by the

formula (IV):

CHy=C (R?) ~COO-M~0-COR? (IV)
wherein R is an organic group, ®% is a hydrogen atom or & methyl
group, and M is zinc or copper, and

a component unit derived from at least cone unsaturated
compound selected from the group consisting of an alkyl
(meth)acrylate, an alkoxyalkyl (meth)acrylate and a hydroxyalkyl

{meth)acrylate.

27. The antifouling coating composition as claimed in any
one of claims 1 to 26, wherein the metal salt bond=-containing
copolymer (a2) is a copolymer having,

as the compenent unit {a2l), a component unit derived from
at least one compound selected from the group consisting of zinc
(meth)acrylate and copper (meth)acrylate, and

as the component units {a22); & component unit derived from

& monobasic acid metal (meth)acrylate (IV) represented by the
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copolymer (a2) is a copolymer having, 20 as the component unit (a21), a
component unit derived from at least one compound selected from the
group consisting of zinc (meth)acrylate and copper (meth)acrylate, and as
the component units (a22) ; a component unit derived from a monobasic
acid metal (meth)acrylate (V) represgnted by the 94 formula (IV);
CH2=C(R2)-COO-M-0-CORL1 (IV) wherein R1 is an organic group, R2 is
a hydrogen atom or a methyl group, and M is zinc or copper, and 5 a
£0m %{ne(\gu{%n‘it derived from at least one unsaturated compound selected
fi5m the roup consisting of methyl (meth)acrylate, ethyl (meth)acrylate,

butyl (@Et;%g&ﬁxlgé% gﬂp&iﬁ C.32-h droxyethyl (meth)acg late. 10 28. The

antifou ating composTt(f A as claimed in any @ of claims 22 to 27,

in the .organic group R= in the monobasic acid metal (meth)acrylate
O T R P Bt o AT D1 TS A o

) IS a saturated or

i Ilicamgn&)v%ent. hydrqcarbon grou gaving 9 to 20 carbon atoms,
g\?lvhqi_%:?n may be 15 szu:bnsét(itﬁfedg.%el‘ﬁe %\erl'l ifouling coating composition as

claimeg ip e of claims 22 to 28, wherein the organic group R1 in
the monoba icn%%iarhlg a (r%eelfﬁyg?:zrwéfbem (%A is B3EsifhE Jfmatusated

C%&%%Q@b%ﬂ %qig r@gct%g: selected from the grqQup consisting of

& o
versatic acid, pa mitic acid, |€°élc§df:%%5$%§‘§:ﬁ'@gc s &é?‘(:hgt]:id, linoleic

id,. li ic.acid,abietic acid,.neoabietic acid, pimaric acid,
bk R e it A A TR

2-hydroxyethyl (meth)acrylate.

28. The antifouling coating composition as claimed in any
c.ne of claims 22 to 27, whereinthe organic group R* in the monobasic
acid metal (meth)acrylate (IV) is a saturated or unsaturated
aliphatic or saturated or unsaturated alicyclic monovalent
hydrocarben group having % te 20 carbon atoms, which may be

substituted.

29. The antifouling coating composition as claimed in any
one of claims 22 to 28, wherein the organic group R* in the monobasic
acidmetal {(meth)acrylate (IV) is.a residueofat least onemoncbasic
acid (R'COQH) selected from the group consisting of versatic acid,
palmitic acid, stearicacid, isostearic acid, oleic acid, linolejc
acid, linolenicacid, abieticacid, nevabietic acid, pimaricacid,

dehydroabietic acid, 12-hydroxystearic acid and nzphthenic acid.
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95 30, The antifouling coating composition as claimed in any one of
claims 1 to 29, wherein the total content of zinc and copper in the metal
salt bond-containing copolymer (a2) is in the range of 0.5 to 20% by
weight. 5 31. The antifouling coating composition as claimed in any one
of claims 1 to 30, wherein the monoger (a31) capable of deriving the
component unit (a31) in the silyl ester compound (a3) is a trialkylsilyl
(meth)acrylate. 10 32. The antifouling coating composition as claimed in

claim 31, wheyein the. trialkylsi:iyl (meth) acrylate is triisopropylsilyl
(meth?agc?yla%g%gg%'.{r%ééﬁ 64 %g%%% ESmpEition %ﬁa&ﬁ'i?ﬁ’e%ﬁﬁny
Y one of clajm o%,whgrei the oth runsgtugated monomer (a32)
D?Sp%%%‘d%ﬁ%ﬁivih%]%éé cor%‘é%ﬁ%rﬁq‘l?ni ‘iﬁi‘;ﬁﬁ‘}hé“ﬁlﬂ%ﬁé}c&?ﬁmr
(a3, leas turated_compound selected from the group
léo%é%ﬁ%g% a%r% %iﬁ%g(%r%etﬁ%%?ﬁ%%e,gaﬁ FR kyl %0 (riethiatRfatange

Ogng‘%_h;jgr@@@g%I @;&@ﬁlcrylate. 34. The antifouling coating composition
m s,

as claimed in cla érein the other unsaturated monomer (a32)

capable of deriving the component unit (a32) in the silyl ester compound
(a3) 96 is at least one unsaturated compound selected from the group

consisting of methyl(meth) %&y@%t%h L(meth g\%{%%te bL{[Xl‘

(meth)acrylate and 2-hydroxyethyl (metR)acrylafe 2R aftfBtfing any
of QAN MIARIOIMEG oM. i 1 the monomer | a31) capable of deriving

the component unit {(a3l) in the silyl ester compound (a3) is a

trialkylsilyl (meth)acrylate.

32.  The antifouling coating composition as claimed in
elaim 31, wherein +the trialkylsilyl (meih)acryviate is

triiscpropylsilyl (meth)acrylate.

33, Theantifouling coating composition as claimed in any
one ol claims 1 te 32, wherein the other unsaturated monomer (a32)
capable ¢f deriving the component unit (232) in the silyl ester
compound (a3) is at lesst one unsaturated compound selested From
the group consisting of an alkyl (meth)acrylate, an alkoxyalkyl

{meth)acrylate and a hydroxyalkyl (meth}acrylate.

34. The antifouling coating composition as claimed in
claim 33, wherein the other unsaturated monomer (a32) capable of

deriving the component unit (232) in the silyl ester compound (a3)
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antifouling coating composition of any one of claims 1 to 34, 36. A
substrate with a coating film in which a surface of a substrate is coated
with a coating film obtained by curing 10 the antifouling coating
composition of any one of claims 1 to 34. 37. A substrate with an
antifouling coating film in which a sug@ce of a substrate to be brought into
contact with the seawater or fresh water is coated with a coating film
obtained by curing 15 the antifouling coating composition of any one of

isclaigwsllatgt34. 38. The substrate with an antifouling coating film as
claimed in claim 37 Wherdih the SOFRPaRYs St GRbBAVARST stRR1GEo e

in's, urgsid lati fishing net or a fishing 20 gear. 39. A method for
o R S R TP 2F ot om0

(ﬂ@pﬁ an "_g sgrf ceofa substr;t te with the antifoyling coating
co\r'ngosi%%'ﬂ OL?Q any. %n(ie %\‘y Qégﬁn%lilto@f tgﬁ? 8afing the
composition to form a coating film. 40. A method for preventing a

substrate from fouling, 5 comprising coating or impregnating a surface of

a substsate with g@% P%GRH_’% &8 %iggﬂgoég E&sl}ig;m%%a%%éﬂiﬁ%%aif?;.1

to 34 ‘and then curing the composition m an u

anfi4l, theme %qh}; reventing.a substrate from fouling as claimed in
claim EO, W#erg%n t g s%é%grgtse“%gﬁ u%’dear%tgﬁj"stl%ctﬁgﬁjénghi]p?" 34,
outside plating, a fishing net or a fishing gear. 15

36. A substrate with a coating film in which a surface
of a substrate is coated with a coating film obtained by curing

Lhe antifouling corting composition of any one of claims 1 to 34.

37.  Asubstrate with an antifeuling coating £ilm in which
a surface of a substrate tobe brought into contact with the seawater
or fresh water is coated with a coating film obtained by curing

the antifouling coating composition of any one of claims 1 to 34.

38. The substrate with an antifouling coating £ilm as
claimed in claim 37, wherein the substrate is an underwater
structure, @ ship’'s outside plating, & fishing net or a fishing

gear.

39. A method for forming a coating film on a surface of
&4 substrate, comprising coating or impregnating a surface of a

substrate with the antifouling coating compesition of any one of
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claims 1 to 34 and then curing the composition to form a coating

film.

40. I method for preventing a substrate from fouling,
comprising coating or impregnating & surface of a substrate with
the antifouling coating composition of any one of claims 1 to 34

and then curing the composition to form an antifouling coating

£ilm.

41, The method for preventing = substrate from fouling
as claimed in claim 40, wherein the subsrtrate is an underwater
structure, a ship’s cutside plating, a fishing net or a fishing

gear,



