1 DESCRIPTION ANTIFOULING COATING COMPOSITION, ANTIFOULING COATING FILM,
SUBSTRATE WITH COATING FILM, ANTIFOULING SUBSTRATE, METHOD FOR FORMING
COATING FILM ON SUBSTRATE SURFACE, AND METHOD FOR PREVENTING SUBSTRATE
FROM FOULING TECHNICAL FIELD [0001]The present invention relates to an antifouling  coating
composition, an antifouling coating film, a substrate'with 10 a coating film, an antifouling substrate, a
method for forming a coating film on a surface of a substrate and a method for preventing a substrate
from fouling. [00021More particularly, the invention relates to an antifouling coating composition having

characteristics that when 15 a coating film cé&fposedldf4 coating material obtained from the
composition is formed on a surface of a ship's null or the like, synergistic effect of improvement in
antibacterial actionr-and-mptovEfertin CF@H%W&?%‘?%atiﬁ@?%%%bﬁé@?@%e‘&ﬁww prevent
adhesion of marine organisms, an antifoulin coatingfilm, 90 a substrate with a coating film, an

antifouling subgtrate> L mEtR8d fBA Toiiiingd Yo g ik o ¥ s GHAEE R HEsu 5T HRDaRdR method for

preventing a substrate from fou%{&g. %@CKGROUND ART 2 [0003]If ships' bottoms, underwater
structures, fishihg Hets et ek dosed S WalEFfoiaTeng ”'%‘HE]@f fihe, MaFBus ditfatic organisms,

e.g., anig1als such as oysters, mussels
PREVENTING SUBSTRATE FROM FOULING

TECHNICAL FIELD
[o001l The present invention relates to an antifouling
coating composition, an antifouling coating film, a substrate with
10 a coating film, an antifouling substrate, & method for forming
acoatingfilmona&uxﬁaceofasubstrateandanwthodforpreventing
a substrate from fouling.
(00021 More particularly, the invention relates to an
antifouling coating compesition having characteristiecs that whan
15  a coating film composed 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 renewal of coating film is exhibited te effectively
preventadhesionofnmrineorganisms,anantifoulingcoatimgfilmf
20 @ substratewitha coating film, an antifeuling substrata, 2 method
for forming a coating £ilm on & surface of a substrate and & method

for preventing a substrate from fouling.

BACKGROUND ART



and barnacles, plants such as laver, and bacteria, adhere and 5 propagate on them, and thereby, their
appearances are marred and 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, increase of fuel cost, etc.
Further, removal of such aquatic organisms from the ship's bottomneedsmuch labor and much working
tine. If bacteria adhere and propagate on an underwater structure and slime (sludge-like substance)
further adheres thereto, rotting is liable to take place, or if large fouling 15 organisms adhere and
propagate on a surfaééflan underivateeBRUckTE SUeh adacstEBRERHCtFE BHI RS do damage to an
anticorrosive coating film of the underwater structure, strength and the function of the underwater
structure are’ foWleiedl ¥ sdmetife§ Case A aRTa§esStic asrh kst shprieriNg éf &0 [0005] In
order to inhibit such damages, ships' bottoms, etc. have been coated with various antifouling coating
materials in e paSE aAHEch VaFpRsSAtifdtlihg coRlifgHatEfbIs ad HeseABedHERRM Rave been
proposed. [0006]In a patent document 1 (JF 2000-234072 A), an 3 antifouling coating composition
comprising &p8IyrRefizapRiunSatrie kb ok§lic AR zirt SaIPBrEBppar safleoifolyer, and copper
and/or an inorganic copper compound_having a specific particle diameter is disclosed, and it is also
described thet #i& B c6nioshih nfdiFfirtfertantdiiZinc g a8 1066 7fin* pateRt dbctmtent 2 (IP
2001-40274 A), an antifouling coating composition, comprising a pciymerizable unsaturated carboxylic
acid metal c&%%ﬁ&%ﬂ%iﬁ@&ﬁgﬁﬁa Coptyfiet: copter 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 14 tompositiorHzy P a?chﬁ]@%lﬁiﬁ%.ﬁo%%fﬁlérﬁ%taﬁ?%?ument 3 (P
2001-323208 Aﬁn antifouling coating compaostion comprising a oolymerizable 15 unsaturated
carboxylic a@8 TASFEFHPO %oﬁ%ﬁsgnén?p %F]ﬁ@%nf‘a‘fﬁ%%cﬁoﬁfi@ﬁ%‘r? EBpPelrBRdIGF AR inorganic
copper compaound, metal pyrithiones, and a specific organic antifQuling agent js disclosed, and it is
2150 describ@A (A (IS BoripoRRIGH Sy RREF EorEATR 2R BRIGES S F LG of velocrty

ef'contain inc oxide"

10  of the ship, increass of fuel ecost, etc. Further, removal of such
aguatic organisms from the ship’ s bottom needs much labor and much
working time. If bacteria adhere and propagate on an underwater
structure and slime (sludge-like substance) further adheres
thereto, rotting is liable to take place, or if large fouling

15 organisms adhere and propagate on a surface ¢of an underwater
structure such as a2 steel structure and they do damage to an
anticorrosive coating film of the underwater structure, strength
and the function of the underwater structure are lowered Lo
sometimes cause damagss such as marked shortening of life.

20 [C005] Incrder toinhibit suc:hvdamag%, ships’ bottoms,
grc, have besn coated with various antifouling coating materials
in the past, and such various antifeouling coating materials as
described below have been proposed.

[C0086] In a patent document 1 {Jp 2000-234072 3}, an



20[0009]in a patent document 4 (JP 2005-97400 A), an antifouling coating composition comprising at
least one copolymer selected from the group consisting of a metal-containing copolymer and a
polymerizable unsaturated carboxylic acid silyl ester copolymer, surface-treated titanium oxide, and
copper and/or an 4 inorganic copper compound is disclosed, and it is also described that this
composition may further contain zinc oxide. [O@lOlAs described above, in the patent documents 1
to 4, an antifouling coating composition comprising a 5 metal-containing copolymer and copper and/or
an inorganic copper compound and if necessary further containing zinc oxide (zinc white) is disclosed,
[00111In the?&asd WherB T opFErd1itl/6PaRCiRbFgaRNIc Ol doripauRa afte ZintadXide are used in
combination in the 10 examples and the comparative examples in these patent documents, their
quantitative FEISROHSKIPSS déErRved S iHd the"GuaRtly 6F zfBie ey BeRolS parts by
weight based on 30 to 40 parts by weight of the copper and/or the inorganic copper compound (zinc
oxide conterftféortBRESBY cHPEtaftdrmbiIganic COPPEL 15 EHIRPBHMF 2 dodt DPEE B9) in many
cases, and even in the example in which the ratio of zinc oxide content to a content of copper and/or
inorganic coBB&F tomOaAtSS theGreaftst OXRE Z AR oxideRGHTE GHaE FaRE W06 #=0.5) at most
(Example 9 of the patent document 2). 20[0012]In brief, in the conventional antifouling coating
composftion§ FRYTANtIRTo 2t oxidethatisteBarhenTECeE5r§Fs small as compared with the quantity
of the copper and/or the inorganic copper compound, and the technical idea that the zinc oxide is
added in an amountH8Ary equal ththat BR1§8 tpdocument 2 (JE 2001~40274 &), an

copperand/orthej or%fniccopper_compoundtoachieveenhan,cement of antifouling properties did not

exist at all. 5-Patent doctmeRt Patént d8élihent PatsrPHocieht ARV BECHRfEH L. 2:

unsaturated carboxylic acid metal compound component
unit-containing copolymer, copper and/or an inorganic copper
10 compound, and a metal having lower oxidation-reduction potential
tharn copper is disclosed, and it is also described that this
composition may further contain zing oxide.
(00087 In 2 patent document 3 (J2 2001-323208 &), an

antifouling coating composition compriszing a polymerizable

-
w

unsaturated carboxylic acid metal compound component
unit-containing copblymer, copper and/or an inorganic copper
compound, metal pyrithiones, and a specific organic antifouling
agent is disclosed, and it is also described that this composition
may further contain zinc oxide.

20 [0009] in a patent decument 4 (JP 2005-97400 A}, an
antifouling coating composition comprising at lzast one copolymer
selected from the group consisting of ametal-containing copolymer
and a polymerizable urmsaturated carboxylic acid silyl ester

copolymer, surface-treated titanium oxide, and copper and/cr an



3: 4: JP JP JP JP 2000=234072 A 2001-40274 A 2001-323208 A 2005-97400 A DISCLOSURE OF
THE INVENTION PROBLEM TO BE SOLVED BY THE INVENTION 10[0013)It is an object of the
present invention to provide a coating material, particularly a novel antifouling coating composition that
is a hydrolyzable antifouling coating composition, and forms an antifouling coating film which is
excellent particularly in antibacterial action and renewal of 15 coating film with a good balance
between them and can effectively 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. [0014]It is
another objéc?%?ﬁ?@bi%%ﬁ?%@ﬁﬁ@?%dtdﬁoﬁrﬁi%ﬁﬁouﬁﬁ Eoatifid ifMWHTER i BB tainedby
applying and curing the above-mentioned antifouling coating composition, is excellent in antibacterial
action and rétéalSf oG fifh with 'g8od baldiice belvéar tHeRf aRl & effectively prevent
adhesion of marine organisms for a long period of time, a substrate 6 with a coating film and an
antifouling substrate! f86¥8]:t is a RFtHEGHRCESf R Praseft ﬁ%/%rﬁ?o???o%?&ﬁ%#ﬁ?e&md for
forming a coating film having the above properties on a surface substrate safely and efficiently and a
method for prévéntiiy a®Stibstrat-rontitling MEARE TO 8D IVEPFHE PRGBLEM [0016]As a result
of earnest studies, the present inventor has found that when éi c oxide is added to an antifouling 10
coating omP&Ston A amouit %%%‘?I{/}g}?lfaﬁ% tTSE6f copper and/oran morganic copper compound,
the resulting antifoulincg co tin% film is excellejpt in gntibacteria] action_and rene\c/:\(al ?f coating filmwith
l% T3 r T GHLOE 2100

a good balarité Bstive em“and (;cg‘a“as’hseafyfgctl“\}zéﬁ AFevent adhesion of Marine organisms for a long

period of tmghggg}heiga%fscgptg%pelé%hed the present invention.

f0011) - In the case where copper and/or an inorganic
copper compound and zinc oxide are used in combination in the

10 examples and the comparative examples in thesa_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/or the inorganic copper c::z::%npound
(zinec oxide content/content of copper and/or incrganic copper

1% compound = about G, 1 te 0.2) inmany cases, and even in the example
in which the ratio of zinc oxide content to a content of copper
and/or inorganic copper compound 1is the greatest, the zinc
oxide/cupric oxide ratio was 10/20 (=0.5) at most (Example 9 of
the patent document 2).

20 [0012] In brisf, in the conventional antifouling
coating compositions, the gquantity of zinc oxide that is used when
necessary is small as compared with the guantity of the copper
and/or the inorganic copper compound, and the technical idea that

the zine oxide is added in an amount nearly equal to that of the



[0017]The antifouling coating composition according to the present invention is an antifouling coating
composition comprising (A) a hydrolyzable copolymer, (b1) copper and/or an inorganic copper
compound and (C) zinc oxide, wherein: 20the 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 had, at the end of a side chain, a group represented
by the formula (1); 7 -00C-M-0-CORI(I) wherein M is zinc or copper, and Rl is an organic group, (a2)
a metal salt bond-containing copolymer having a component unit (a21) derived from a monomer (a21)
representeddsyprse forh(ta (e CR2TCIR2 R OOEPRMOSTREIRS) CHII Y SvARREMIOMEFinc or copper,
and each R2 is independently a hydrogen atom or a methyl group, and a component unit
(a22) derivedframrother Lisatarstea=to-fiforibmer (3287 é&bolmértZable with the monomer (a21), and
(a3) a silyl ester copolymer having a component unit (a31) derived from a monomer (a31)
represented by the Férifia diFBPRE14-0(RB) DOGSTRARSRE(II1) 15 wherein R3 is a hydrogen atom

or a methyl group, R4, p5 and E6 are each independentl;za hydrocarbon group, and Risa
hydrogen atom, or RBYXR00-FAHEIERT I4is & ofgiric Grolp St a silyl group represented by

-SiR9RI1-1fl, and R9, Rl and 20 R11 are each independently a hydrocarbon group), and
5 Patent document I: JP 2001-32320%.& y group)

Patent document 4: JP 2005~-87400 A

DISCLOSURE OF THE IRVERTION
PROBLEM TO BE SOLVED BY THE INVENTION
10 [0013] It is an object of the present invention te
provide a coating material, particularly a novel antifouling
coating compesition that is 2 hydrolyzable antifouling coating
compoasition, and forms an antifouling costing film which is
excellent particularly in antibacterial action and renewal of
15 ceating filmwith a good balance between them and can affectively
nrevent adhesion of marine organisms for & long period of time
when it is applied to a surface of & substrate of a ship’s hull
or the like and then cured.
[00147 It is another object of the present invention
20 toprovideanantifoulingcoating filmwhichisobtainedbyapplying
and curing the zbove-mentioned antifouling.coating composition,
ig excellent in antibacterizl action and renewal of coating £ilm
with & good balance between them ang can gffectively prevent

adhesion of mazine organisms for a long period of time, a substrate



a component unit (a32) derived from other unsaturated monomer (a32) copolymerizable with the
monomer (a31), and (1) the content of the copper and/or the inorganic copper compound (01) 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 the hydrolyzable copolymer
(T), and (2) the weight ratio of the zinc oxide (C) to the copper 5 and/or the inorganic cooper
compound (to") (zinc oxide (C)/(copper and/or inorganic copper compound (b1))) is in the range of 0,6
to 1.2, [0018]In the present invention, it is preferable that (1) the content of the copper and/or the
inorganic copipéi1e compétad J01yisidtrirandgd 6¢2001t0 380 pars 1y weight, and the content of
the zinc oxide (C) is in the range of 75 to 350 parts by weight, each content being based on 100 parts
by weight of the hydi&lyzable copolyimiet fASaRde {2y rhe Welght-ratic ot 8568 Ziht OXidd {(8) to the
copper 15 and/or the inorganic copper compound (-01) (zinc oxide (C)/(copper and/or inorganic copper
compound (R piscivithe Fafgs of0. 716 L.OURHEt is PRsielpreféidbliehthai 1T) the cahtaitt of the
copper and/or the inorganic copper 20 compound (b1) is in the range of 100 to 300 parts by weight,
and the cont®APBEHE-Zihevxdedasirthe mHyereR100%8 350 parts Dyiweightt édckindontent being
based on 100 parts by weight of the hydrolyzable copolymer (A), and (2) the weight ratio of the zinc
oxide (C¥ to the"&opper PanBiH AR Mctganic EBppér e8mpatid @) iZife 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

MEANS TQ SOLVE THE PROBLEM

(001%5] As a result of earnest studies, the present

inventor has found that when zinc oxide is added to an antifouling
10 coating composiftion in an amount nearly equal to that of copper

and/or an inorganic copper compound, the resulting antifouling

coating film is excallent in antibacterial action and renewal of

cogting £filmwith a good balance between them and can effectively

prevent adhesi_on of marine organisms for a long period of tims,
1%  and he haz accomplished the present invention.

[0017] The antifouling coating composition according
to the present invention is an antifouling coating composition
comprising (A} & hydrolyzable copolymer, (bl) copper and/or an
inorganic copper compound and (C) zing oxide, wherein:

20 the hycirc:lyzabie copoiymer (A) iz at least one hydrolyzable
copolymer selected from the group consisting of:

(al) 2 metal salt bond-containing copolyvmer which is an
acrylic resin or a polyester resin and has, at the end of a sids

chain, a group repressanted by the formula {I}:



(bit) is preferably cupric oxide. [0020]The antifouling coating composition preferably further comprises

an organic antifouling agent (b2). [0021]The organic antifouling agent (b2) is preferably at least
one compound selected from the group consisting of a 10 pyrithione compound, a tri-organic boron
and its amine complex, and 4,5-dichloro-2-n-octy1-4-isothiazoline-3-one, and is more preferably at

least one compound selected from the group consisting of copper pyrithione, zinc pyrithione,
triphenylboron pyridine complex, methyldiphenylboron 15 4-isopropylpyridine complex and
4,5-dichloro-2-octyl-4-isothiazoline-3-one. [0022]The content of the organic antifouling agent (b2) is
preferably in the rangeof#odeciG0partsbyweighti@sed on 100 parts by weight of the hydrolyzable
copolymer (A), 20 [0023] Theantifoulingcoatingcompositionpreferably further comprises at least one
extender pigrhentgeletted: fromtheygroupeensistingoftalc, slay; cafcismicarbomate, bariumcarbonate,
diatomaceous earth and silica. [0024]The content of the extender pigment is 10 preferably in the
range of 10 to 100 parts by weight besed oridocpaits by weighteb tvedydeslyzable copolymer (A).
[0025;The antifouling coating composition preferably further comprises a plasticizer, 5[002G]The
content of the plasticizer isprefevabieit the kange?of 0 D564 parathy wekiHtdbasedon 100 parts by
weight of the hydrolyzable copolymer (A), [0027]The plasticiter is preferably chlorinated
5 zrepresented by the formula [I1):
CHp=C (R*) ~COO-M-0-CO~C (R®) =CHy (11}
wherein M is zine or copper, and each R is independently a hydrogen
atom or a methyl group, and
a component unit (a22) derived from other unsaturated
10 monomer (a222) copclymerizable with the monomer (a2l), and
(a3} a silyl easter copolymer having
a component unit (a3l) derived from a monomer (a3l)
represented by the formula (II1):
&7-CH=C (R?) ~CO0-SiRR®RE (III)
15  wherein R® is a hydrogen atom or a methyl group,
B¢, % and R® are each independently a aydrocarbon group,
and
2" ig a hydrogen atom or R*~0-CO- (wherein R® is an organic
group or a silyl group represented by —S$iRR™RY, and R®, R and
20 R are each independently a hydrocarbon group), and
a compenent unit (&32) derived fromother unsaturated
monomer (232) copoclymerizable with the monomer {(a3l), and

(1} the content of tThe copper and/or the incrganic copper

compound (BX} 1s in the range of 100 to 400 parts by weight, and



paraffin and/or terpene phenol. 10[00281The antifouling coating composition preferably further
comprises at 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)
15 preferably has a component unit (Iv) derived from a monobasic acid metal (meth)acrylate
represented by the formula (IV): CH2-C(R2)-000-M20-CORI(IV) wherein Ri is an organic 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) preferably has a component unit (IV) derived from a monobasic acid metal
(meth)acrylatesepresenteddly tire:abowe forhdda (IV), andiacoimpareainit (812)-def¥éd from at
least one unsaturated 11 compound selected from the group consisting of an alkyl (meth)acrylate, an
alkoxyalkyl (meethyabrylatel ghtl a #ydnogyalkyh inieth e iykete 0038 L [Examptes iof theigrganic group R1
in the metal 5 salt bond-containing copolymer (al) include a saturated or unsaturated aliphatic
monovalent hydidcarbgrgroypaaving@to 80=carldih .aters, which may be substituted, a saturated or
unsaturated alicyclic monovalent hydrocarbon group having 3 to 30 carbon atoms, which may be
substituted, and an &gomalie 1@ isdriovalent hydracarbohrgrotpibiaving 6 to 3t:earbarpatoms, which
may be substituted. Preferable is a saturated or unsaturated aliphatic or saturated or unsaturated
alicyclicmorfgvadent hiyerbtarsen brotrPRING YR RO aibon Bionts owhith Mhay beosuastituted; and
15 more preferable is a residue of at least one monobasic acid (RICOOH) selected from the group
consisting ofrsatic dtid Spalhitieaie rstedrecacid, idostedrié acid clefc aerrdineleit otid, linolenic
acid, abietic acid, neoabietic acid, pimaric acid, dehydroabietic acid, 12-hydroxystearic acid and
naphthenic dcd* -2 -

[0018] In the presant invention, it is preferable that
(1) the content of the copper and/or the inorganic copper
10 compound (bl) is in the range of 100 to 350 parte by weight, and
the content of the zine oxide (C) is in the range of 75 to 250
partes by weight, sach content being based on 100 parts by weight
of the hydreolyzable copolymer (A), and
(2) the weight ratlo of the zinc oxide (C) to the copper
15  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: znd
it is more preferable that
(1) the content of the ceopper and/or the inorganic copper
20 compound (bl} is in the range of 100 to SOD_parts by weight, and
the content of the zinc oxide {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 wsight ratic of the zinc oxide (C) 1o the copper



20 [0032] The total content of zinc and copper in the metal salt bond-containing copolymer (al) is
preferably in the range of 0.5 to 20% by weight. [0033]The monomer (a2) capable of deriving the
component unit (a21) in the metal salt bond-containing copolymer 12 (a2) is preferably at least one
compound selected from the group consisting of zinc (meth)acrylat and copper (meth)a ylate.
[0034]Examples of the other unsaturated monomer¥a22) capable of deriving the component unit (a22)
in the metal salt 5 bond-containing copolymer (a,) include: a monobasic acid metal (meth)acryl(1V)
represented by the formula (IV): CH2-C(R2)-CDO-M-0-CORI(IV)  wherein R1 is an organic group,
R2 is a hydragéreatdmeoizomsthylclQopreups emplcvirid Zine)of coppearzade (C) /diclenredne
unsaturated compound selected from the group consisfing of an alkyl (meth)acrylate, an alkoxyalkyl
(meth)acrylatedaiig altydroxy atkyd ¢areth) acpate rThisrdnsaturatedncsfp Ol s preferdbly at least
one unsaturated 15 compound selected from the group consisting of methyl (meth)acrylate, ethyl
(meth)acryldte, butil (meth)acrylate and 2-hydroxyethyl (meth)acrylate. [0035)Examples of the metal

salt bon containing copolymer (a2) include: 20a copolymer having, = as the component unit (a21), a
component unit deriV& Hom at €85t 6RERDMPULNBISERECIEP HBRT Hie GrRRB AR of zinc

(meth)acrylate and copper (meth)acrylate, and as hcomponent unit (a22), a component unit derived
from = (bl) is preferably cupric oxide.

[0020] The antifouling coating composition preferably
further comprises an organic antifoculing agent (bZ).

FG0213 Theorganicantifoulingagent (b2} ispreferably
at least one compound selected from the group consisting of a

10  pyrithione compound, a tri-organic boron and its amine complex,

and 4,5mdichloro“2mn-octyl—4-isothiazolinéw3waﬁa, and

is more preferably at least ons compound selected from the
group consisting of copper pyrithicne, zinc pyrithione,
criphenylboron pyridine complex, methyldiphenylboron

15 4~isopropylpyridine complex and
4,5-dichlore=-2-octyl-4=1isothiazoline~3-0ne.

[ooz2) The content ¢f the organic antifouling agent
(b2) is preferably in the range of 10 to 300 parts by weight based
on 100 parts by weilght of the hydrelyzable copolymer (A),

20 [0023] Theaﬂtifoulingcoatingcbmpositxonpreferably
further comprises at least one extender pigment selected from the
group consistingofrale, clay, calciumcarbonate, bariumcarbonste,
diatomaceous sarth and silica.

[0024) The content of the extender pigment is



13 at least one unsaturated compound selected from the group consisting of methyl (meth)acrylate,
ethyl (meth)acrylate, butyl (meth)acrylate and 2-hydroxyethyl (meth)acrylate; a copolymer having, 5as
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 unit (a22)
, @ component unit derived from a monobasic acid fHetal (meth)acrylate (IV) represented by the
formula (IV): CH2=C(R2)-COO-M-0-COR1(lV) wherein R is an organic group, P2 is a hydrogen atom
or a methyl group, and M is zinc or copper; a copolymer having, as the component unit (a21), a
component B Serietlfrom dtdesstdsche EBrhpolifel BaIetelrifMm e greEs dtisistifg of zinc
(meth)acryla e and copper (meth)acrylate, as the component units (a22), a component unit derived
from a monatsagie deid wrath teth)aesy RIELIRA T prRSe FeR By B forfula (1V):
CH2=C(R2)-000-M-0-COR1(IV) 20wherein R s an organic group, R2 is a hydrogen atom or a methyl
group, and M is zind B¢ 2opper, anthe 22 GiEeMmponeRrahit de e HoHy Htldet thetindaturated
compound selected from the group consisting of an alkyl 14 (meth)acrylate, an alkoxyalkyl (meth)
acrylate andf@hydrex IR (raemth)acBldet AfeF&copolymer having, as the component unit (a21),
a component unit derived from 5 at least one compound selected from the group consisting of zinc
(meth)aérylate and E8PBEF (meth)d&r§IteraRat © L abhthePdGiRpbRtAtENE (B5%) 23 Tmponent unit

derived from a monobasic acid metal (meth)acrylate (1V) represented by the fgrmula (IV%:
10CH42=C(R%§4???Nﬁﬁﬁ@ﬂ)ﬁﬁﬂ%@05 to 40 parts by Wweight based on 100 parts by

weight of the hydrolyzable copolymer (A).
[0027] The plasticizer is preferably chlorinated
paraffin and/or terpene phenol.

10 002873 The antifouling coating composition preferably
further comprises at least one celor pigment sselected Ifrom the
group consisting of red iron oxilde, titanium white, yellow iron
oxide and an organic pigment.

[0029] The metal salt bond-containing copolymer (al)

jo2
i

preferably has a component unit (IV) derived from 2 monobasic acid
metal (meth)acrylate represented by the formula (IV):

CHp=C (R?) —COO-M-0—COR (IV)
wherein R* is an organic group, 7 is a hydrogen atom or a methyl
group, and M 1ls zinc or copper.
20 16030] The metal sz2lt bond-containing copolymer {(al)
preferably has

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

a component unit {alZ) derived fromat least one unsaturated



wherein R1 is an organic group, R2 is a hydrogen atom or a methyl group, and M is zinc or copper,
and a component unit derived from at least one unsaturated compound selected from the group
consisting of methyl 15(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate and 2-hydroxyethyl
(meth)acrylate. [0036]As the organic group R2 in the monobasic acid metal (meth)acrylate (1V), a
saturated or unsaturated aliphatic or saturated or 20'unsaturated alicyclic monovalent hydrocarbon
group having 9 to 20 carbon atoms, which may be substituted, is preferable, and a residue of at
least cnemonchasic acid (RICOOH) selected from the group consisting of versatic acid, palmitic acid,
stearic acid, isasteatiel acil, cleiedagidotinoteic geiddinolenic acidy 1brabietielacid,
neoabieticacid,pimaric acid, dehydroabieticaoid, 12-hydroxystearic acid and naphthenic acid is more
preferable. (md0P87drFhe tetalsontentgliiRg andeopper iy the metal salbendcaritgining

copolymer (a2) is preferably in the range of 0.5 to 20% by weight. [0038]The monomer (a31) capable
of deriving thérearnpanent ahit.(a31) in the silyl ester compound (a3) is preferably a trialkylsilyl
(meth)acrylate. [0039]The trialkylsilyl (meth)acrylateispreferably 10 triisopropylsilyl (meth)acrylate.
[0040]The other unsabirdtéd moncimern(sid2) cdpable of dervingitheugoiiponenbeanit{ad2) in the silyi
ester compound (a3) is preferably at least one unsaturated compound selected from the group
consisting of emtalkyb(wetivateylaiesasekopeaikyl (al) include & saturated or
unsaturated aliphatic monovalent hydrocarben group having 2 to
30 zarhon atoms, which may be substituted, a saturated or
ungaturated 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, which
may be substituted,
Preferable 1s a saturated or unsaturated aliphatic or
saturated or unsaturated alicyelic nonovalent hydrocarbon group
having 9 to 20 carbon atoms, which may be substituted; and
is more preferable is & residue of at least one monobasic acid
(R'COOH) selected from the group consisting of versatic acid,
palmizicacid, stearicacid, iscstearicacid, oleicacid, lincleic
acid, Iinclenic acid, gbieticacid, necabietic acid, pimaricacid,
dehvdroabietic acid, lZ-hvdroxystearic acid and naphthenic acid.
20 [0032} The total content of zinc and copper in themetal
salt bond-containing copolymer (al) is preferably in fthe range
of 0.5 to 20% by weight.
[0033] The monomer (a2) capable of deriving the

compeongnt unit {(a2l) in the metal self bond-containing copolymer



15(meth)acrylate and a hydroxyalkyl (meth)acrylate, and is more preferably at least one unsaturated
compound selected from the group consisting of methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate and 2-hydroxyethyl (meth)acrylate. 20[0041]The antifouling coating film of the present
invention is characterizedbybeing formed from the above-mentioned antifouling coating composition,
[0042]The substrate with a coating film of the preséﬁt invention is characterized in that a surface of a
substrate is 16 coated with a coating film obtained by curingtheabove-mentioned antifouling coating
composition. [0043]The substrate with an antifouling coating film of the present invention is
characterizedia that & safacaunsat stbsiratend EBRSUGH ifto toRtact With tHeeseawiker or fresh
water is coated with a coating film obtained by curing the above-mentioned antifouling coating
composition “fODT FAizgs GBstrafecis Breterabhy ahaifl srVvaterPP &tructare & Ship's Batside plating, a
fishing net or a fishing 10gear. (0045]Themethodforformingacoatingfilmonasurface of a substrate of
the present inventioh4§ tharacteriZ&dHy-GSafifig BEiRTHIB g iy B St PBBIoR Sibstrateé with the
above-mentioned antifouling coating composition and then curing the composition 15 to form a coating
film. [00461 THE#EtRoBE R PréventnglE stpkatehbninit (222) in the metal salt

%  bhond-containing copolymer (&) inciude:
2 monobasic acid metal (meth)acrylate (IV) represented Dy
the formula (IV):
CHy=C (&*) ~COO-M~0-~COR (IV)
wherein R® is an organic group, R° is a hyd&cgen atom or a methyl
i0 group, and M is zinc ox coppsr, and
at lesast one unsaturated compound selected from the group
consisting.of an alkyl (methlacrylate, an alkoxyallyl
(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, sthyl (meth)acrylate, butyl (meth)acrylate and
Z=hydroxysthyl (meth)acrylate.
[0035] Examples of the metal salt bond-containing
copolymer (aZ) include:
20 & copolymer having,
as the component unit (g2l), a component unit derived from
at least one compoundrselected from the group consisting of zing
{meth)acrylate and copper (meth)acrylate, and

as the component unit {222}, a component unit derived from



fouling 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 composition 20 to form
an antifouling coating film. [0047]This substrate is_[freferably an underwater structure, a ship's outside
plating, a fishing net or a fishing gear. 17 EFFECT ©F THE INVENTION [0048]The present invention
provides a coating particularly an antifouling coating composition which is a hydrolyzable
antifouling coating composition, and forms an o antifouling coating film which is excellent particularly in
antibactetial action ayd reneyalof goating fimuith 2, gaod balance petween e and can effectively
prevent adhesion of marine organisms, partmlﬂarly algae, for aﬂong pe?io%l of fime When 1t is applied to
a surfacemc(%fC ?bFIEréattfe])%f a Sﬂ—iﬁlg hueI]EQr Jllh? n%ot ike andJ[thten cur%d.l [0149 Further;L the present
invention provides an anfifouling céating-film Which is obtained by applyihg andcurirng the™<
above-mgggo gd arét;fgu{in cc%%tgn% co [go:s}ition, is excellent in antibacterial action (static antifouling
properties) ahd 15 tériewal or?ecoatﬁ\gzﬁ M with a good balance between them and can effectively
prevent adhesion of marine organisms fora long period of time, a substrate with a coating film and an
antifouling substraté JUsGIMoredVer %the present invention provides a 20 method for _ng a coating
film having the above properties on a surface of a substrate safely and efficiently and a method for

orevénting a sub&Faté FroM By BEST MODE FORBARRY ING CUTTRE IRVERTIORS 18
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 (IV) represented by the formula (IV):

et
<O

CHy=C (R"} ~CO0-M~O~COR" (IV)
wherein R is an organic group, R® is a nydrogen atom or a methyl group,
and M 1s zinc or copper:
a copolymer having,
as the component unit (z21), a component unit derived from at least
15 one compound selected from the group consisting of zinc (meth)acrylate
and copper (meth)acrylate,
as the component units (a22), a component unit derived fromamonobasic
acid metal (meth)acrylate (IV) represented by the formula (IV):
CHp=C (R*) ~CO0~M~0~COR} (TV)
20 wherein R is an organic group, R® is a hydrogen atom cor a methyl group,
and M is zinc or copper, and
a component unit derived from at least one unsaturated compound

selected from the group consisting of an alkyl



[0051]The antifouling coating composition, the antifouling coating film the substrate withating
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 described 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 specificatlén, the amount of ' 10 copolymer indicates that of a
solid component which does not include a solvent or the like, unless otherwise noted. [0053]However,
in such a case where a solids content (.%) is specified as a "heating residue (% by weight)" or a
volatile contdAisSFegified & irt T e84 5 to- IDlof I thie exampiss andl EShtheompakative examples,
the copolymer (polymer) quantity indicates a quantity containing not only a quantity of a solid
component thaid aacsating-film-F6fning component but also a quantity of a volatile component
(solvent, dispersion medium). [0054]Antifouling coating composition 20The antifouling coating
composition according* &Pt Tventionidemprises a specific hydrolyzable copolymer (A), copper and/or
an inorganic copper compound ()DU, and zinc oxide (C). [0053](A) Hydrolyzable copolymer Examples
of the hydrolyzable EspBhnfeiyiicigaé thel 19 fallowiry aretapash bond-totraiheg dopetymers (al)
and (a2) and the following silyl ester copolymer (a3) (al) a metal salt bond-containing copolymer
which isan &dryleasiReh s PBRREEtEr FedRraRe Rasatthe 8REWT S2idd ehaly & Eralpaepresented
by the formula (% -000-M-0-CORIL.(I) wherein M is zinc or copper, and RI is an organic group, (a2)

a metal salt BBf %&ﬁﬁﬁnﬁﬁ%oﬁﬂ&rﬁ%ﬁﬁ%@m@%m@drﬁ‘%ﬁ%ﬁ?ﬁnlté(ﬁﬁl) derived from a monomer (e21)

10 represented by the formula (I1): CH2=C(R2)-COO-M-0-CO-C(R2)= CH2(II)
a5 the component units (222), 2 component unit derived from

a monobasic acld metal (meth)acrylate (IV) represented by the
formula (IV):
10 CHy=C (R*) =COD=M-0-COR? (IV)
wherein R' is an organic group, R® is a hydrogen atom or a methyl
group, and M is zinc or cepper, and |
2 component unit derived from at least one unsaturated
compeund selected from the group consisting of methyl
15 (meth)acrylate, ethyl (meth)acrylate, butyl {(meth)acrylate and
Z~hydroxyethyl (rﬁeth}ar:rylate.
[00G36] As the organiec group R' in the monobasic acs
metal (meth)acrylate (IV},
a saturated or unsaturated aliphartie or sasturated or
20  unsaturated alicyclic monovalsnt hydrocarbon group having 9 to
20 carbon atoms, which may be substituted, is preferable, and
& residue of at least one monobasic acid (R'COOH) selected
fromthegrowpconsistingofversatisacidrpalmitiaaaidfstearic

acid, isostearic acid, oleic acid, linoleic acid, linolenic acid,



wherein M is zinc or copper, and each R2 is independently a hydrogen atom or a methyl group, and

a component unit (a22) derived from other unsaturatedmonomer 15(a22) copolymerizable with the
monomer (a21), and (a3) a silyl ester copolymer having a component unit (a31) derived from a
monomer (a31) represented by the formula (ll): R7-CH=C(R3)-COO-SiR4R5R6(lll) 20 wherein R3 is a
hydrogen atom or a methyl group, R4, R5 and R6 dre each independently a hydrocarbon group, and
20 R11 are each independently a hydrocarbon group), and a component unit (a32) derived from
other unsaturatedmonomer (a32) copolymerizahle with the monomer (a31). [0056]These hydrolyzable
copolymers &&) ardy e Gse chs siigly Gicin cothbitidior efaweror HBHSKRTHR: $5 tRet picsent invention,
they may be used according to the use purpose of the antifouling coating composition, the sea area
where the sHi-stdeukett.candicspscitically, A3rREIRRIFGIy2ablE EBPBNIACTTAT S4RY bie of the metal
salt bond-containing copolymers (al) and (a2) 10 and the silyl ester copolymer (a3) may be used
singly, e.g., the silvIi@$ér topolymErea3) by Bk GE8PS Tgiy Frdft thehewbBirt 8 5edention of
adhesion of algae, or two or more of them, e.g., the metal salt bond-containing copolymer (al) (or (a2))
and the sily15@3terkuHipGaRE (a3}, 1A ay 5 LEREFin (Broper TanBiRidrh 18 gn“ﬁrﬁi?r%‘?ﬁ quantity ratio
from the viewpoint of long-term stability. [0057]The metal salt bond-containing copolymers (al) and
(a2) an&the%ﬁypeétﬁ%gb%%‘yrﬁﬁr‘(’&S‘ﬁﬁ?e described in detail hereinafter. 20[0058]As the metal salt
bond-containing copolymers (al) and (a2) andthesilyl ester copalymer (a3), hitherto publicly known

ones are employablé®Bik@ples of themioRfiide: = 1 i) S2RVArby £4bIE el pBlishihg resin having, in

the side chain, a group represented by the formula "-X-0-Cu-Y" (wherein

comp@n@mtuﬁit(a31}mmﬁmes;lylesterammpo nd {a3} iz preferably
a trialkylsilyl {(meth)acrylats.

[6039] Thetxialkyléilyl(meth)acrylateispreﬁa:ab;y

10 triisopreopylsilyl (meth)acrylate.

(00407 The other unsaturated monomer {a32; capable of
deriving the component unit (a32) in the silyl ester compound (23)
is preferably at least one unsaturated compound selected from the
group consisting of an alkyl (meth)acrylate, an alkoxyalkyl

15 (meth)acrylate and a hydroxyalkyl (meth)acrylate, and

ismorepreferablyat least oneunsaturatedcompound selected
from the group consisting of methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate and Z-hydroxyethyl
(meth)agrylate.

20 [0041] The antifouling coating film of the present
inventionischaracterizedbybeing fermed fromthe above-menticned
antifouling coating composition.

[(0¢42] The substrate with a coating fiim of the present

invention iz characterized in that a2 surface of & substrate is



21 X is >C--0, andY is an organic acid residue and may be an alkylsilyloxy group or the like), which is
described in [00103 to [0017] of JP 1998-298454 A (Patent document); (ii) a hydrolyzable acrylic resin
or polyester resin having, 5 in the side chain, a group represented by the formula "000-M-Y" (wherein
y is (a valence of M) - 1, M is any one metal of Cu, Zn and Si (when y is 2 or greater, Y may be the
same as or different from each other), and Y is an afkyl group, a hydroxyl group or a group
represented by -O00R1 (wherein Rl is a hydrocarbon group 10 of 10 or more carbon atoms)) or a
group represented by -R2-00-01-12-00-R2 (wherein R2 is an alkylene group or a divalent group
composed of-aphehy derivative; amyl R is drtalkykgrovprora mgonoyaent grawp tompased of a
phenyl derivative), which is described in [0010] to [00171 of JP 2000-5692 A (patent document); 15(iii)
a hydrolyzabie copolyimes(artithitsrycmetaks6ataining copolymer) described in (00391 to [0068] of JP
2004-196957 A (patent document) and a polymerizable unsaturated carboxylic acid silyl ester
copolymerdescribedir? f3089] to [0092] sRERS saRTe YLD cHtiom Wik ivhlhavedyedn previously proposed
by 20 the present applicant; and (iv) a hydrolyzable copolymer (particularly metal-containing
copolymer) deSciiveding0ost. 11 v o9E]ofiFP J005:8 7400 2¢ (hatent e ument) Ewt aqiblymerizable
unsaturated carboxylic acid !llya ester copolymer described in [0092] to [0124] 22 of the same
publicatidn, hitiRAve bed® preisasi propdseddy-the-prasént apphears {0039 THeemetal salt
bond-containing copolymers (al) and (a2) and the silyl ester copolymer (a3) which are particularly 5
preferable fol&ftaming theéBhiects dfthe SresehtinvenfiorP e degdribdd BeEldisinidétail. [0060]Metal
alt bond-in(al) The metal salt bond-containing copolymer (al) is an acrylic resin or a .polyester
resin that is £PAEE [BEHSHERGediT 4 1676 £e8peRMmECHRGRYE 4Pthe end of a side chain, a group
represe.nted by the formula (I) -T00-4-0-COR1(l) wherein M is zinc or cooper, and Rl is an organic

group, with the provisB4Aat the casewhefEEET 78 vidyRffeEpraPly an underwatexr

structure, a ship’s outside plating, a fishing net or a2 fishing
10 gsar.

100435 Themethod for forminga coatingfilmona surface
of a substrate of the present invention is characterized by coating
or impregnating a surface of a substrate with the above~-nentioned
antifouling coating composition and then curing the composition

15 to form a coating £ilm.

[0G4e) The method for preventing a substrate from
fouling of the present invention is characterized by coating or
impregnating a surface of 2 substrate with the above-nmentioned
antifouling coating composition ;nd then curing the composition

20 to form aﬁ antifouling coating film.

[0047] This substrate is preferably an

underwater structure, a ship’s outside plating, a2 fishing net or

a fishing gear.



15 (-CH=CHz) and an isopropyl group (-O, (01-53)=C1-12) , namely, the case of a monomer (a21)
represented by the formula (I1) , is excluded. [0051] Organic group RI Examples of the organic groups
Ft1 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 aliphatic group having 2
to 30 carbon atoms, preferably 9 to 20 carbon atom$, a saturated or unsaturatedmonovalent alicyclic
group having 3 to 20 carbon atoms, preferably 9 to 20 carbon atoms, and a monovalent aromatic
group having 6 to 30 carbon atoms; and organic 23 acid residues of monobasic acids composed of
substituted greEBS thérdfHE 0D62H0T tiédlse organic groups RI, preferred Rl is a monovalent saturated
or unsaturated aliphatic hydrocarbon group 5 having 9 to 20 carbon atoms, a saturated or unsaturated
alicyclic hydrocarbor @fré8ip having'9¢o2Bearsori-awoms L oratorganksasidyesiduw of amonobasic
acid composed of a substituted group thereof, from the viewpoints of resin viscosity, elution of a resin
from a coatirepfiler sl srweigecotbbility ¢iradoatifgmateriah a0l 100eSpmheldrganichgroup R1 is
preferably an organic acid residue (R1) formed from a monobasic acid (RLCOOH), such as versatic
acid (mixturelef eareYicy aeikisehavinbfo e 1(MaRity 1) CErBoh idtd s, WhtH fEfEsented by
RaRbReC-COOK (Ra, Rb and Re areeach independently an alkyl group)), palmitic acid, stearic 15
acid, isosteafit Befd o1eis agith tiktseit adid “indlenica&itic &bidtictadifi~ hababisticyaéid, pimaric acid,
dehydroabietic acid, 12-hydroxystearic acid or naphthenic acid, from the viewpoints that synthesis of
the metal saltBbRBECSHhiFhG CobohIREr(B15 & e Ay Midrmiatal BHR bbhacoRELRPeESHolyraer Cal)
canbe slowly 20 hydrolyzed from a coating film formed from the resulting antifouling coating
composition BFeXkbit A6 UHHG ﬁéﬁoﬁﬁgﬁ%}ﬁ%‘iﬁﬁe@éﬁé’ﬁ%oﬁa%ﬁﬁmiﬁ’é dBpolter (al) is a small
burden to the environment when hydrolyzed, the antifouling effect lasts Ion%, surface renewal property

is excellent, PAFEEOHbIRGTH Fintidg YoP haffterziicd orthe RéFioekedleitefthen it

is applied to a surface of a substrate of a zhip’s hull or the
10 1like and then cured.

[0048] Furthar, the present inventicen provides an
antifouling coating £ilm which is obtained by applying and curing
the above-mentioned antifouling coating composition, is excellent
in antibacterial action (static antifouling properties) and

15 renewal of coating £ilm with a ¢good balance between them and can
effectivelyprevent adhesion of marine crganisms for a long period
of time, a2 substrate with & coating film and an antifouling
substrate.

[005¢7 Moreover, the present invention provides a

20 method for forming & coating film having the above properties on
a surface of a substrate safely and efficiently and 2 method for

preventing a substrate from fouling.

BEST MODE FOR CARRYING OUT THE INVENTION



[0064]As the metal salt bond-containing copolymer (al) , a copolymer having one or more kinds of
component units derived from compounds represented by the following formula (IV) (also referred to
as wmonobasic acid metal (meth) acrylate (IV) " or "monomer. (Iv)" in the present specification) is
preferable from the viewpoints of elution of a resin and long-lasting property. [0065]CI-12=C (R2)
-000-M-0-CORZ1(IV) 10In the formula (Iv),and NI ar&the same as those previously described, and R2
is a hydrogen atom or a methyl group. That is to say, in the formula (IV) , Nl is zinc or copper, R2
is a hydrogen atom or a methyl group, R1 is the same organic group as R1 in the aforesaid foixoula (1)
, and preferred embbédiiragits 15 of'thee ergdificgroups and-tiveyreasanssate: the same as those
previously described. [0066]Examples of the monobasic acid metal (meth) acrylates (IV) which are
metal-contaiirigifonomersrepraseftetiby the formataite inctude zinenergataten20¢(meth) acrylate
(CH2e-C (R2) -000-2n-C-00- (versatic acid residue) ) r zinc isostearate (meth) acrylate (C142---C (R2)
-000-Zn-0-08n fisbstddriwasit-residue) ) tvoppervatsitate’ (et aerylate: (Gl 1250 (R2)
-COO-Cu-0-CO- (versatic acid residue) ) and copper isostearate (meth) acrylate 25

(CH2-C(R2) TH IGO0 (Isssitant acidne sitae) tThestmpnebasiciagic: metal {maeth)acrylates
(IV) are used singly or in combination of two or more kinds. [0067jIn the preparation of the metal salt
bondcortainingPEopelhes (alF taviHidga compohémvismit Heriver:rdes thd htohomet={i¥). {also referred
to as a "component unit (IV)" . hereinafter), the monobas c acid metal (meth)acrylate (V) does not
necessarily {&Hetised as a monomer, and the process for preparing he copolymer (al) is not
specifically restricted as 10 long as the component unit (IV) is present in the resulting copolymer.
[0068]It is desirable tR&Pthe metal SalItBonFRBRERTIG CBPBIyFRER tal} ComEnght torfponent unit (al2)

derived from "other unsaturated monomer (al12)" in addition to the
copolymeér or the gquantity ratio between a copolymer and other

compeonent 1s described in this specification, the amount of
1¢  copolymer indicates that of a solid componant whichdoesnot include
2 sclvent or the like, unless otherwise noted.
[0053] However, in zuch a case where a solids content
(%) i1s specified as a “heating residue (& by weight)” or a volatila
content is specified as in Tables 5 to 10 or in the examples and
15 the compararive examples, the copolymer (polymer) guantity
indicates a quantity containing not only a quantity of a solid
component. that is 2 coating film-forming component but also a
quantity of a velatile component (solvent, dispersiocn medium).

(00547 Antifouling coating composition

- 20 The antifouling coszting composition according to the
inventioncmmprisesaigpec;fichydrolyzablecopolymex(A}rcoppez
and/or an inorganic copper compound (bl), and zinc oxide (C).

[0G55)] (A} Hydrolyrable copolymer

Examples of the hydrolyzable copolymer (A&) include the



15 component unit (1V). Examples of he "other unsaturated monomers
(a12)"includeunsaturatedcompounds, 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 20 wherein the number of carbon atoms
of the alkoxv group is 1 to 20 and the number of carbon atoms of the alkylene group is 1 to 20, and
hvdroxyalkvl (math) h)acrylate wherein the number of carbon atoms of the hydroxyalkyl group is 1 to
20. [0069)Examples of the alkyl (meth)acrylates of t ??? 26 "otherunsatura dmonomers °

(al2)"includemalhymetiyactylate, ebuhdmethlaciylate archbLidmetr)poasateas; examples of the

alkoxyalkyl (meth)acrylates include methoxymethyl (meth)acrylate, 2-methoxye hyl (meth)acrylate,

ethoxymethyi fmeth)ecrylate;, ethoxyethyl{dmettpaaraie, butgxymethyl (meth)acrylate, 3-methoxybutyl
(meth)acrylate and 3-methy1-3-methoxybutyl (meth) rylate; and examples of the hydroxyalkyl

(meth)acrylates inclddé 2-hydeoseyethyliimetir) derylatez 10{00Q7 @O these: fotier stsadurated monomers
(a12)", methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate and 2-hydroxyethyl
(meth)acrviate aye prefarabte from thelviewpoints of coatidgifile propesties-and forgdasting resin
elution from a coating film. 15[00711These "other unsaturated monomers (al2)" are used singly or in
combindtion Biawo.-ormore kinds{067ejit ésidbgirabke thatimike hietal salt bond-containing copolymer
(al), the monobasic acid metal (meth)acrylate component units (V) are contained in amounts of 20
usually 10 to 100% b§PRokiprefedBbly 10 to 90% by)mol, with the proviso that the total amount of all
the component units in the cO00lymer (al) is 100% bymol and the component units (al12) derived from
the "othermoﬁ'@?ﬁéﬁ(aﬁ)‘*'%rémtamewm,e@ﬁ@aﬁamsums thrats) i amoynts of usually O to
90% by mo , preferably 10 to 27 90% by mol, from the viewpoints of resin viscosity, elution of a resin
from a coating film, Wader redistoieeseila doalifigafitin; Bto L0 73}ids viesirable thagt the
number-average 5 molecular weight Mn (in terms of polystyrene, the same shall apply hereinafter,
measured by GPO, inEaSHATF eonditiohst olnPRGINSEpEE FIR0002¢4DH800) Bt the metal salt

bond- contalnlng copolymer (al) is in the range of usually 1,000 to 100,000, preferably 1,000 to 50,000,
from thetvieWHBHES SR FESinisEasin: iBkage 16y :

CngC(R } =CO0=M=0=CO~C (R y=CHs {II)
wherein M is zinc or copper, and each R® is independently a hydregen
atom ©r a methyl group, and
g component unit (822) derived fromotherunsaturatedmenomer
15 {a22) copolymerizable with the monomer (a21), and
(a3} a silyl ester copolymer having
a8 c:qmponent u}nit (23l) derived from & monomer {a3l)
represented by the formula (III):
R'-CH=C (R?) -COO-SiR'R°R® (III)
20  wherein R*® is a hydrogen atom or a methyl group,
R‘, R® and R® are sach independently a hydrocarbon group,
and
R’ is a hydrogen atom or R'-0=CO~ (wherein R® is an organic

group or a silyl group represented by —SiR*R™R', and R®, R and



10 stability of a coating material, elution rate of a resin from a coating film, etc. [0074]It is desirable that
the total content of zinc (Zn) and copper (Cu) in the metal .salt bond-containing copolymer (al) is in the
range of usually 0.5 to 20% by weight, preferably 15 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 of a coating materiaf and elution of a resin from a coating filmbecome
excellent . [0075] Preparation of metal salt bond-containing copolymer 20(al) and the like Any of
the above metal salt bond-containing copolymer (al), the following metal salt bond-containing
copolymer (&2} aritktreafdiiowingrstiytientaritapalyier ¢aspean Beopreparsatby a hitherto publicly
known process, such as a process described in (i) the 28 aforesaid JP 1996-298454 A and (ii) the
aforesaid JP 2000-56929RC6Ea proésssdds chibeind iy IP200ar 19635 IA Patémdsenent) and (vi)
JP 2005-97400 P. (patent document) which have been proposed by the present applicant. [0076)Metal
salttaining cdfio2) CPEe hieeat safbend-Ebhtaihthgredpsiymera@?) is a metal salt bond-containing
copolyTner having a component unit (a21) derived from a monomer (a21) sented by the foula (I1):
10CH2= (R2)-000-M-9A€B-C(R2)=EA2H | filieréirERiibez iReistlobidr, dnd BathPR248g4Adependently
a hydrogen atom or a methyl group, and a component unit (a22) derived from "other unsaturated
monomer (a22)*SCopymEerZBIE Wit #88 nfondimer FA2ERTe  Kj00F?7] IH-thé pes&istinvéntion,
themonomer (a21) does not necessarily have to be used in the preparation of the metal salt
bond-contair%iﬁﬁ%}ﬂ@rne@“{ﬁ?)F‘éﬁdﬁﬁe‘ﬁﬁféé@%@@f‘"%@ﬁaﬁﬁgﬁgﬁ BBBORIAER ER2)iS fibEspecifically
restricted as long as the same component unit as a component unit (component unit (a21)) 20 derived
from h onom@t (A2 2y ishréseft rthe [ BRAGCofdlyntels yoRftHe easehsithe-hfetal dzitts

bond-containin% copolymer [0078]Examples of the monomers (aZl)l include zinc
usad, ett., 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, &.g., the
silyl ester copolymer (23) may be usad singly from the viewpoint
of prevention of adhesion of algae, or two or more of them, e.qg.,
the metal salt bond-containing copolvmer (al) (or (a2)) and the
s1lyl ester compound (a3), may be used in proper combination in

15 an arbitrary gquantity ratio from the viewpoint of long-tezm
stabllity.

[0057] The metal salt bond-containing copelymers (al)
and (a2} and the silyl ester copolymer (a3) are described in detail
hereinafter.

20 [0058] As the metal salt bond-containing copolymers
(2l) and (aZ) andthe silyl ester copolymer (23), hithertopublicly
known ones are employable. Examples of them include:

{i) a hydroiyzable self-polishing resin having, in the side

chain, a group represented by the formula “-X%X-0-Cu~Y” (wherein



29 (C1-12r-C(Cii3)000)21n and (CH2-CHO000)(CH2=0(Ch3)C00)2n, and copper (meth)acrylates
(copper di(meth)acrylates), such as (C142,-CH000)2Cu, (CH2=C(CH3)C00)2Cu and
(Ch2=CHO000)(CH2-C(CH3)CO00)Cu. Of these, zinc (meth)acrylates are 5 preferable from the
viewpoints of the resulting resin viscosity, storage stability of a coating material, elution of a resin from
a coating film, etc. In the *,resent invention, these bnomers (a21) maybe used singly or in
combination of two or more kinds. [0079]It is desirable that the metal salt 10 bond-containing
copolymer (a2) contains a component unit (a22) derived from "other unsaturated monomer (a22)"
copolymeriz&ble Wit thenadricmery(aga) s addidion1ddne eopeneatamitl(e?dy derhvedyfrom the
monomer (a21), from the viewpoint of control of elution rate of a resin. [0080)Examples of the "other
unsaturated gronemer (a22)ikrludeithetaforesakimidrobasgic Htid Pietat (Math) acrylatg (IV) which is
sometimes used in the preparation of the metal salt bond-containing copolymer (al) and/or the 'other
unsaturated a¥dvoned {at2y Whikkeista fesHdeiel used in the Preparation of the 20 metal salt
bond-containing copolymer (al) when necessary. [0081] That is to say, inthe metal salt
bond-containing copGhymeér ey cthernbneFasivadia et (P PHasSAsRIcoMpo st Lkt (1IV) may be
present, or the component unit (al12) derived from the other unsaturated monomer (al2) may be
present,or both ot 30-He CompPon fiiP (RPPARE the LOmponthtiiiittd £2) mrafbéipresent, in
addition to the essential component unit (a21) derived from the monomer (a21). As the other
unsaturated MBIGIRER (X125, phefEtaBRER Sick ar alkyF{métHaérfiate Mtk Yalky(nféth)acrylate
and a hydroxyalk I_(h&%%rylate‘as previously described, and more preferable is methyl (meth)acrylate,
ethyl (meth)&ctfiate, BFR(Meth) achiate BhetFnyd ey ethy iR et s me-rsithEesstie reason as
previously described. [0082]it is desirable that in the metal salt 10 bond-cont 4 9 copolymer (a2), the

£

component Uit B &TEd frorfifle mbfofie 2 S Whtafndd i akiouftsBtustfally 10 to

100% by mol, preferably 10 to 90% hy moltwit_h the proviso that the total amount of all the component

units in the COPBITIRRIERY 78 10695 Y mdt-SRd fﬁ‘g‘%gﬁ?ﬁbﬁen}%rﬁt&?ﬁf’)ﬁéﬁ\?@d%ﬁﬁﬁhe "other

mono %)r (a22;)"§ge contained in the residual imounts, that mounts of usually 0 to 90% by mol,
y

preferably 1Gto 9095 by ot fréfrte Fsdoint fiat I8 T3mtrof 8F eRitfdit Pite”dt a resin froma coating

film is easy. in.100% bymaol of the componept units (a22) derived from "other unsaturated monomers
(a22)", the 20ano%;c{b(gl’é"lc%’Zé:i(gi mZ‘E%'I ﬁ"leé"tﬁ)gcrﬁsatea g’lco'Flnz'Lp%{(if(re%é‘m’rﬂE‘:eur%[’sat"ﬁ’/)r‘}rﬁail/ e B? S&Mt in amounts

of 0 to 100% b Omolé eraefggg ly Q tg 9 %ﬁb rgglf amrgg__thveecomogrke}nt unitg (ﬁai%)ﬂderityggﬁfrom the
other unsatufatedmonomers a?["Z) mgyge resent In the residu Iam%ﬁn‘%s, at”is, i amounts of 100
to 0% by mo!j lpreferabl¥ajl% Itl% 90% t});y 31 mcl. &Og§3llt 1‘-‘;131 Qr%ﬂraable Ihatcthe ?yr{} er-average

& mond groupy compoge erivative
described in [0010) to [Q017] of JP 2000~5692 & (patent document);
15 (iii) a hydrolyzable copslymer (particularly
metal-containing copolymer) described in [0038] to [0068] of Jp
2004-196557 A (patent document) and a polymerizable unsaturated
carboxylicacidsilyl estercopolymer described in [D068] o [0082]
of the same publication, which have besn previously proposed by
20 the present applicant; and
(iv) a hydrolyzable copolymer (particularly
metal-~containing copolymer) described in [0051]) to [0081) of JP
2005~-97400 A (patent document) and a polymerizable unsaturated

cerboxylicacidsilyl ester copolymerdescribedin [0082) to [0124]



molecular weight Mn (in terms of polystyrene, the same shall apply hereinafter, measured by GPO,
measuring conditions: columns of Super H2000=H4000) of the metal salt bond-containing copolymer
(a2) is in the range of usually 1,000 to 100,000, preferably 1,000 to 10,000, from the viewpoints of
resin viscosity and elution :ate of a resin from a coating film. [0084]It is desirable that the total content
of zinc 10 (Zn) and copper (Cu) in the metal salt béfd-containing copolymer (a2) 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 (a2) is 100% by weight), from the viewpoint that resin viscosity,
storage stabilify Ofsa coatimgpb5 materad and: efutidr o doresin fraevd coating-filvobeedniesexcellent .
[0085]Silyl ester copolymer (a3) As previously described, the silyi ester copolymer (a3) is a
copolymer havingrasomponent ani{a3l) (also referred to as a "silyl ester 20 component unit"
hereinafter) derived froma monomer (alsoreferred to as a "silyl ester monomer" hereinafter) (a31)
represented by the fdlloWihg formtagmgtaddsalt deormporeht Unin@gs2rdeywedsroat other
unsaturatedmonomer (a32) copolymerizable with the monomer (a31). 32 [0086]Formula (lII) :
R7-CH=C (R2)4C80-SIRARBRE(UYU s Hie formria Y1E1)I K1 s pdrogavratomorza methyl group,
R4, R5 and R6 are each independently a hydrocarbon group, 5 and R7 is a hydrogen atom or
R6-0-00° (wherehsnad 1 &9 brehic gicuporacsilf gisupTepreserredrby 18iIRBRIGRATeand R9, RID
and R11 are each independently a hydrocarbon group) . [0087]With regard to the silyl ester monomers
(a31) , 10 whesRZARed hodroyeiatsthgH)-, the monomer (a31) is represented by the formula (ll1a) :
Cii2=C (R5) COO S|R4R6R6(Illa) Whereln R5 R4, R5 and R6 are the same as those in the formula
(ITT) . [0088JRASRE and REsialesd ABREAR EkIIGHBLE NS R 134

preferably 1 to 5 carbon atoms, and more specmcally they are each deswably an alkyl group, such as

a methyl group, an StHyFEictb 52 PropyRaFaaR Ehd 4R S-prapyt Jisip(al) is en acrylic

resin or a polyester resin that is a base (substrate) resin, and

10  isacopolymerhaving, at the endof aside chain, a grouprepresented
by the formula ({I):
~CO0-M-0-COR* ()
wherein M is zinc or copper, and R' is an organic group,
with the proviso that the case where R' is a vinyl group
13 (=CH=CHp) and an iscopropyl group (~C(CHs)=CH;}, namely, the case
of a monomer (aZl) represented by the formula (IT), is excluded.

[0061) Organic group R

Examples of the organic groups R include hydrocarben groups,

such as amonovalent saturated aliphatic group having 2 to 30 carbon

20  atoms, preferably § to 20 carbon atoms, a monovalent unsaturated
aliphatic group having 2 to 30 carbon atoms, preferably 9 to 20
carbonatoms, asaturatedorunsaturatedmonovalent alicyclic group
having 3 to 20 carbon atoms, preferably 9 to 20 carbon atoms, and

amonovalent aromatic group having 6 to 30 carbon atoms; and organic



[0089]Examples of the ally]. ester monomers (a31) 20 represented by the formula (ma) include
trialkylsilyl (meth) acrylates, such as trimethylsilyl (meth) acrylate, triethylsilyl (meth)acrylate and
triisopropylsilyl (meth) acrylate. Of these, triisopropylsilyl (meth) acrylats is preferable from the
viewpoint that elution of a resin from a coating 33 film, long-lasting elution property and coating film
properties (e.g., crack resistance) are excellent. 23 [0090] With regard to the silyl ester monomers
(a31), when R8 is "R8-0-00-" (wherein R8 is the same as that in the formula (111)), the 5Smonomer (all)
is represented by the formula (111P): R8-0-00-CH-C(R3)-000-SiR5RR5(11Ib) wherein 148, 144, R5, R6
and 148 arezhecsameiatitrose indhefarmola ¢1b.s[ 0894 SHwe! siljl esterirhonbater@sdi)sepresented
by the formula (I1b) is specifically, for example, maleic ester (compound represented 10by the
formula (nub)haherein R8 is H). [0092] Examples of the "other unsaturated monomer (a32)"
copolymerizable with the monomer (a31) include the aforesaid "other unsaturated monomer (al12)"
which can be used forqeparing the copelamer (i) ik5[0098hAthe vdothernrrshtBrated monomer
(a32)", preferable is such an alkyl (meth)acrylate, an alkoxyalkyl (meth)acrylate or a hydroxyalkyl
(meth) acrylatenay previoushy destrbed anrdimbre piefeabla s methil (netsaieeylats oathy |
(meth)acrylate, butyl (meth)acrylate or 2-hydroxyethyl (meth)acrylate for the same reason as
previously 20desexib8d.0 20 JO094T e iesiratie thatiethe 5ilt esteredpslyimériEa)(the total
amount of all the component units in this copolymer (a3) being 100% by mol), the component units
(a31) derivedl o thakily| EepePriGiomer (3D dfe CORPERET- Qe &7 dMCURESFisaahi10 to 100%
by mol, preferably 10 to 90% by mci, and the component units (a32) derived from the "other monomer
(a32)- are cortaibtinirerresitasl arcuASOIRSSdA amBunts 6F USHAINF 018 Y098 B<mol, preferably
10 to 90% by mol, from the viewpoint that resin viscosity of a coating film ( .e., crack resistance),
storage stabfifgf 2heodtifiyRateral O8I UtioH-Bf Birels o FesatRy fith, BtESaid ekEellent.

[0095] It is desirable that the number-average molecular weight Mn (in terms of polystyrene, the same
shall apply heré&raitersmeasiréd By EPeEdhedstifing conditiods SSGttRls BASEHe? H2000+H4000) of

the silyi ester copolymer gaS) Is in the range of usually 1,000 to 200,000 ‘
10 [0063] The organic groip R* is preferably an organic

acid residue (R') formed from & monobasic acid (R'COOH), such as
versatic acid (mixture of carboxylic acids having 9 to 11 (mainly
10) carbon atems, which is represented by R*R®ROC~-COOR (R®, RB® and
R% are gach independently an alkyl group) ), palmitic acid, stearic
15  &acid, isostearic acid, rleic acid, linolelic acid, linolenic acid,
abietic aéid, nepabietic acid, pimaric acid, dehydroabietic acid,
12-hydroxystearic acid or naphthenic acid, from the viewpoints
that synthesis of the metal salt bond-econtazining copolymer (al)
iseasy, themetal salt bond=containing copelymer (21) canbe slowly
20 hydrolyzed from a coating film formed from the resulting
antifouling coating composition to exhibift antifouling
performance, the metal salt bond-containing copelymer (al) is a
small burden to the environment when hydrolyzed, the antifouling

gffect lasts long, surface renewal property is excellent,



preferably 1,000 to 100,000, from the viewpoints of the aforesaid resin viscosity, storage stability and
elution of a resin from a coating [0096] (ol) Copper and/or inorganic copper compound 15In the
antifouling coating composition of the invention, copper and/or an inorganic copper compound (bl) that
is an antifouling agent (B) is contained as an essential component. It is desirable that the copper
and/or the inorganic copper compound (bl) is contaified in an amount of usually 100 to 400 parts by
weight, preferably 100 to 350 20 parts by weight, more preferably 100 to 300 parts by weight, based
on 100 parts by weight of the hydrolyzable copolymer (A) (solids content) that is the total amount of
the polymerstéfrio-@a) L frovntheajiaiwpoint thatthe resalting coatiegl 35:film dasexeeltent antifouling
Properties and is excellent in film properties, particularly in crack resistance. If the content of the
cooper and/Gtthe inorganic copper compound (bl) is less than the lower limit of the above range, the
coating film tends to exhibit insufficient antifouling effect, or renewal of the coating film surface tends to
be inhibited. If the cditéht thereofis Fh6msthah the Uppet fintnsrielabowreranges troubles in
properties, such as occurrence of cracks, tend to be brought about. [0097]The mean particle diameter
and the partigl&-size it aisHBbEtoR BFthe E0pPER ahdIeF the instizrietoppe cordpounddbl) are not
specifically restricted, but for example, when the copper and/or the inorganic copper compound (b1)
has a méan pafiE|& eHaRBtsEof BAEEST HRT b Antfculing- eouting fifmwhiel is BXtellehtin continuity of
hydrolysis, maintains stationary film consumption 15 degree (constant film consumption degree) over a
long period of tin¥é a7 as 2xceMeRPRiFY-teritaftiftfiiiny prtperies t@ras to bEVOBtaied. [0098]The
inorganic copper compound may be any of copper compounds of inorganic type, and examples
thereof includ89e &pric 6%lde ~CopperiffRtsanide tEdproirRltHidey dfats &b Faotksiide), basic
copper sulfate, basic copper acetate, basic copper carbonate and cupric hydroxide. These copper
compounds &4 be-G¥& %ﬁgﬁyodr it BoAfBingtioh SERVE o tflore IidS ThéteadPEPEEEREr or together
with copper. 36 [00 he copper ang/ the inorganic copper compound (hi), cupric oxide is
desirable from the Vi%%;%iﬁl%t that the'7es ﬁ?ﬁg‘“ 888{7%9@%‘?9%%5 excellent antifouqi:%) properties and is
excellefé in film propertjes, gartic%larrky in crack 5 resistance, [0100]The antifouling coating composition
of the ifivention pref&fablFraRhEY toritals dn RgatiE Fhfitsulftg agent 557 & HE aRffoUling agent

(B), from theﬂvglg\évggﬁjné C}tlag :tque ggsgglnag %Q;%E':% élrllmathogdbg% agtgl%léjipympg\évgé zljn the highly

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
grmg;asRlintheaforesaidfcxmula(I),andpreferredambcdiments

15 oftheorganicgraupsaﬁdthereasonsarethesameasthosépreviously
describer,

[006¢) Examples of the monobasic acid metal
(methjacrylates (IV) which ars metal-containing monomers
represented by the formula (IV) include zinc versatate

20 (meth)acrylate (CHp=C(R*}-CO0-Zn-0-CO- (versatic acid residue)),
zine isostearate (meth)acrylate
(CHng(szwcoo-anowcon(isastearic acid residue)), copper
versatate (meth)acrylate (CHy=C(R*)~CO0=-Cu=0=-CO-(versztic acid

reszidue)) and copper iscstearate (meth)acrylats



10 fouling sea area where fouling is particularly serious and is excellent in long-lasting antifouling
effect and surface renewal property. [0101]In the present invention, the organic antifouling agent (b2)
is particularly preferably at least one 15 organic antifouling agent selected from the group consisting of
a metal-pyrithione represented by the following formula [V] and its derivative (pyrithione compound) (in
the formula [V], R1 to are each independentlya h)?érogen atom, an alkyl group, an alkoxy 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-lasting film consumption into account, and n is a valence), [0102] 37
[0103]a tr- gébiiz HDLEA) anditsCamingoriplex and i 4 Bafichlves-2Enecty1-Fhetisazolihe-3-one, from
the viewpoint that antifouling properties of a coating film and storage 5 stability of a coating material
are excellenh{B4]ii the present idvemicr therorgabies ahfifou g agest (b2p4s preferably at least
one compound selected from the group consisting of copper pyrithione, zinc pyrithione, triphenylboron
pyridine comyuiekimethyidiptieryiboren 10:4-isoprépylyridine complex and
4,5-dichloro-2-octy1-4-isothiazoline-3-one, taking into account the storage stability of a coating
material and that thé ¢6kgJlasting film bssarpiieRsci@toalng! it &id thé antifouling properties are
excellent with a good balance. 13[0105]In the present invention, it is desirable that the organic
antifoulihg aBene partcalaHyrthe abplEtfantidhed drtiibulih g ayent: /i tortaineds iR antifouling
agent (2) in an amount of 10 to 500 parts by weight, preferably 10 to 100 parts by weight, based on
100 parts byfwelyhtisf thevtpher ndiar-fie 2OEMBFGaAnie cobper<OIRPBaRE M) fidiithe viewpoint
that the 38 resulting antifouling coating film is excellent in antifouling properties, particularly in
long-lasting BRfifotiing @opeities HYLORFT CBATIMPIGR de Rt AC Y adral bUrd&Ef the

environment and is excellent in water resistance. : N
not necessarily have to be used as a monomer, and the process for

preparing the copolymer (al) is not specificelly restricted aa
10 long as the component unit (IV) is present in the resulting
copelymer.

[0068] It is desirable that the metal salt
bond-containing copelymer (al) contains a component unit (alld)
derived from “other unsaturated menomer (alZ)}” in addition Lo the

15  component unit (IV). Examples of the “other unsaturated monomers
(al2) ” include unsatyrated compounds, suchasalkyl {meth)acrylate,
alkoxyalkyl (meth)acrylate and hydroxvalkyl {meth)acrylate, and
praferable are alkyl (meth)acrylate wherein the number of carbon
atoms of the zlkyl group is 1 to 20, alkoxyalkyl (meth)mcrylate

20  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 hydroxyalkyl (meth)acrylate wherein the number of carbon
atoms of the hydroxvalkyl group is 1 te 20.

FoDes) Exanples of the alkyl (meth)acrylates of the



5[0106](C) Zinc oxide In the antifouling coating composition of the invention, 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 weight, still more preferably 100 to 350 parts by weight, particularly
preferably 100 to 300 parts by weight, based on 13t 'parts by weight of the hydrolyzable copolymer
(A) (solid content) that is the total amount of the polymers (al) to (a3) , from the viewpoint that the
resulting 15 coating film has excellent antifouling properties and is excellent in film properties,
particularly irt' ctackeresistance.t =d ndQi0Zk Betieer thecqontentehite ziae pxide-(G) apd the content
of the copper and/or the inorganic copper compound (b1), a relationship that (content of zinc oxide
(C))/(copper 20rarid/dréridrganity teppescompoyid (bE)is imthe samge of 0.6 to 1.2, preferably 0.7 to
1.0, more preferably 0.8 to 1.0, is formed. (0108] If the amount of the zinc oxide (C) based on the
cooper and/or the inergawitscopperitampouneymil)id lesssthanthe/ovwerslinit-afithe above range, the
antifouling properties 39 of an antifouling coating film formed from the antifouling coating, composition
of the inventidfA-epdyioetid BkhibitethirsuffiSienty. Theathsepds presumatily sratwbes the
hydrolyzable copolymer (A) is the metal salt-containing copolymer (al) and/or the metal 5
salt-containiriy-Eopulyeiéy(a2)mehe) filor o asemptivhopropery of te Antitauling-egating film is
gradually lowered because of the reaction of the copper and/or the inorganic copper compound (bl)
with the met&SalEraatainthg sepblyarey(A): sand-the dntibdoterial action of ¢he Zine oxide itself eluted
simultaneously with film 10 consumption is not exerted sufficiently. On the other hand, if the amount of
the zinc oxidé TrY Haskiionthdespper uhd/br e frgantecopper compound (1;1) is more than the
upper limit of the above range, troubles in properties of the coating film (e.g., occurrence of cracks)
tend to be brought sRitP15[0 109 Setorpiérsient L kv Aenmehdelor pigrhents,nErisis pigments of
organic type or ingrganic type hitherto publicly known are employable. [0110]Examples of the
organic pignferits Frétda CarborsaBk ARE5RG red and phthalocyanine blue. 20[0111]Examples of
the inorganic pigments include red iron oxide, barite powder, titanium white and yellow iron oxide.
Varioug tolorants sUdP4d dyes m&f bENEGHtai e 90 1427+ #ve Bréssntimventions a2 tfe color

pigment, spec fi%alﬁy as the inorganic color pigment, any one of red iron .
metnyl {(meth)acfylate, ethyl (methiacrylate, butyl

{meth)acrylate and 2=hydroxyethyl (meth)acrylate are preferable
from the viewpoints of coating film properties and long-lasting

resin elution from a coating film.

-
23]

[Go71) These “other unsaturated monomsrs (212)” are
used singly or in combination of twe or more kinds.

[0072) It is desirable that in the metal szlt
bend-containing copelymer (al}, the monobasic acid metal
(meth)acrylate cmmponént units {(IV) are contained in amounts of
20 usually 16 to 100% by mol, preferably 10 te 90% by mel, with the
proviso that the total amount of all the component units in the
copolymex(ai}isloo%bynml,andthecamponentunits(alE)dexived
fromthe“othernmnomar(312}”arecontainedintheresidualamounts,

thet i3, in amounts of usually 0 to 90% by mol, preferably 10 to



40 oxide, titanium white and yellow iron oxide is particularly preferable from the viewpoint of
coloringpower. The above organic pigment is also preferable from the viewpoints that a coating film of
particularly bright color can be provided, the coating film 5rarely suffers discoloration, etc.
[0113]Extender pigment The extender pigment is such a piyment of a low refractive indexes is
transparent and does not hide the coated surface When mixed with an oil or a varnish. Examplesofthe
extender pigment 10 include talc, silica, mica, clay, diatomaceous earth, calcium carbonate that is
used also as an anti-settling agent, kaolin, alumina white, white carbon that is used also as a flatting
agent, alumffUimydekide GaaghesitEeEbbrate ChafiGmicarbotire dnt bafitmstifate. Of these, an
extender pigment selected from the 15 groupconsistingoftalc,clay,calciumcarbonate,bariumcarbonate,
diatomaceodsEditi %ﬁl%&%&ﬁ%lﬁéﬂ?rpﬁ’@@%@?m5tmﬁh%s%°@§%‘aeﬁlﬂi§ments can be
used singly or in combination of two or more kinds, The coating film consumption degree can be
controlled dé&pénding upon the type of the extender 20 pigment. [0115]In the case where talc is used
as the extender pigment in the antifouling coating composition cf the invention, the talc is desirably

contained in an amoGAt8f 10 to 186 pattSBY WETGhE praférabi? 164878 paF&isy feight, based on
100 parts 41 Qy weight of the hydrolyzable copal mgr (A), taking into account cost reduction of the
resulting codtfhginatéiar éafien fhd“é?f@@ﬁf??aﬁéé? KEy BF BTE restfiig Coitifg HiIRFEnd increase of
film thickness. When the talc is contained as above, the talc is 5 desirabl hconéa,inedgin %n amount of 1
to 10% by wWATGHE DiéfeFably*3 15 Yor by Wéight, MRS HMiGulifg Toating compodition fiom the
viewpoint that the tal g ng evilinflyence on the coaﬂ film, properties,and the antifouling
properties. [éﬁgﬁnﬁt% %iqé%éﬁ? g}ﬂvé’r?tid* SHE SRtifoUl gg?ﬁ %%aﬁ%%%&rfﬁﬁ%%it%or? Breféraoly further
o Cungted R 2LiGPRNS,RNE00L 2 B pIRBLCiRSY, [, IEeetielssr puchg chiornated
to 50,000, from the viewpoints of resin viscosity, storage layer
10  stability of a coating materizl, 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-containing copolymer
(al) is in the range of usually 0.5 to 20% by weight, preferably
15 5 to 20% by weight (with the proviso that the amount of the metal
salt bond-containing copolymer (al} 1s 100% by weight), Irom the
viewpoint that resin viscesity, storage stabllity of & coating

material andelutionofaresiniromacoating filmbecome excellent.

[COT75] Preparation of metal salt bond-containing conelymer

20  {ml) and the like

Any of the above metal salt bond-containing copolymer (al),
the following metal salt bond-containing copolymer (a2) and the
following silyl ester copolymer (a3) can be prepared by & hitherto

publicly known process, such a&s a process described in (1) the



Examples of the plasticizer include TOP (tricresyl phosphate), paraffin chloride, polyvinyl ethyl ether
and terpene 15 phenol. These plasticizers can be used singly or in combination 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 chloride) is preferablyzﬁsed. [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 TO= temperature. However,
chlorinated pafaffinswhoséfaveraiielAtikiberiofaatbonatonisisiisualiy: 8o k0 2piEferakiy 10 to 26, is
preferably used, and chlorinated paraffin having a number-average molecular weight of usually 200 to
1200, 5 preférably 80016=FEOD: srviseedityrofiusuaily ABE kessAhah 2 ((oise/25Cdoprafarably not less
than 1.2 (ooise/25C) and a specific gravityof 1.05 to 1. 80/25C, preferably 1.10 to 1.70/25C; is
preferably usger Whenéhicirate dpabdifiirrawng Soehnendmbet of sarbohetomsisused, a coating
film rarely suffering cracking 10 and peeling can be formed by the use of the resulting antifouling
coating composifios. BEIREFImBEE 6f €arSon atoms of the chlorinated paraffin is less than 8, the effect
of inhibiting cracking sometlmes becomes |nsuff|C|ent If the number of carbon atoms thereof exceeds
30, constimptidh roperty (s ieialsr A ftirst gfilegurface is sometimes
deteriorated, and the antlfoullng propertles are sometlmes deterlorated The percentage of chlorination
of the chlorinated pat&ffifééflorifidlcorteRd 18 Wsied b e9R tRemaRgécusually 8516 75%,
preferably 35 tg 65,%. When chlorinated paraffin having such 20 percentage of chlorination is used, a
coating film raféiy wlr@ﬁrﬁdﬁﬁﬁ%n@@@émﬁﬁaﬁ%ﬂaed by the use of the resulting antifouling
coating composition. Examples of such chlorinated paraffins include "Toyoparax 150" and "Toyoparax
A-70" available from™T GEBR CSporation. 430 ZONVHE  terpeRe® IORGFI§ usetfad the plasticizer, the

coating film |S£revented from whitening dug to exrposure so that use of terpene phenol is preferable.
represented by the formula

10 CHp=C (R*) ~COO-M~0~CO-C (R*) =CH, (I1)
whereinM is zinc or copper, and each R® is independently a hydrogen
atem or a methyl group, and
a compenent unit {(a22) derived from “other unsaturated

moneomer (a22}" copelymerizable with the monomer (a2l).

[
5

(0077 Inthe present invention, themonomer (221 does
not necessarily have to be used in the praparation of the matal
salt bond-containing copolymer (a2), and the process for preparing
the copolymer {(a2) is not specifically restricted &s long as the
same component unit as a compeonent unit (compeonent unit (a2l))
20 derived fromthemonomer (aZl) ispresent inthe resulting copolymer,
similarly to the case of the metal salt bond-containing copolymer
{(al).

[og78] Examples of the monomers (a2l) include zine

{merh)ecrylates (zinc di (meth)acrylates), suchas (CH=CHCOO) »Zn,



[0121]In the case where the plasticizer is added in 5 the invention, the plasticizer is desirably
contained in an amount of 0,05 to 40 parts by weight based on 100 parts by weight of the hydrolyzable
copolymer (A) fromthe viewpoints of crack resistance, decrease of discoloration, enhancement of
water resistance, etc. of the coating film, 10[0122]In the antifouling coating composition (i.e.,
composition containing volatile components such ag%olvent) of the invention, the plasticizer is
desirably contained in an amount of 0.1 to 5Ds by weight (the amount of the antifouling coating
composition is 100% by weight). 15[0123]Preparation of antifouling coating composition The
antifouling cdatirgcarnpositonof thednvertienaabovs can be prepares indhe fellgwing manner.
The antifouling coating composition of the invention can be prepared by properly utilizing a hitherto
publicly knowngrotess hhusing (thecmedrotiiz atde lcbpotymer «(A) sushcas Hze metal salt
bond-containing copolymer, the copper and/or the inorganic copper compound (bl) and the zinc oxide
(C) as essentiatraifidierials. The satifoningcoating omposition of the invention can be prepared
by, for example, blending the metal salt bond-containing 44 copolymer or the silyl ester copolymer as
the hydrolyzaBle0poBimeE Ayl (RE 0diercand/drithe sserganicccoppel compaund £hl); 4he zinc oxide
(C), talc and "other components” described below at once or in an arbitrary order and having them
stirred, 5 mixetk o e like for24h@thérwpnpuients the tathéipipparation ofithesantifpuling coating
composition of he invention, an antifouling agent, a thixotropic agent, a plasticize:, an inorganic
dehydrating Bfeft ¢staifkdd ian 10 antisagyingfantissénling agent {thickening sigeitypa color
pigment, a dye, other coating film-forming components, a solvent (e.g., butyl acetate,
ethyicycloheXafies kjfehej: &gefiicide 1an drtifungakagest eprantiagingegempantantioxidant, an
antistatic agent, a flame retardant, a heat transfer improver, 15 a tackifier, etc. may be added in given
proportions aeéneeBtinPanverbitraiygrde randnternstiredinixeetd dissoiveddispeise them in the
solvent. [0125]In the stirring/mixing of the above components, a mixing/stirring device hitherto
publicly known, such®5' &Ross 26 mixér, desiarids mirgr 6ihg Sinaganaltniversal mixer, is
appro%réatelﬁ used. [0126]Anti-sagging/anti-settling agent (thixotropic agent)

ona~-containing copolymer {(aZ) contains a component unit {(a22)
derived from “other unsaturated monomer {al2)” copolymerizable
with the monomer (aZl) in addition to the component unit (221)
derived from the monomer (aZl), from the viewpoint of control of
elution rate of a resin.
15 [0080] Bxamples of the “other unsaturated monomer
(a22)” include the aforesaid monobasic acid metal (meth}acrylate
(IV) which is scmetimes used in the preparation of the metal salt
bond-containing copolymer (al) and/or the “other unsaturated
monomar (al2)” which is a monomer used in the preparation of the
20 metal salt bond-containing copolymer {al) when necessary.
(o081 Thatistasay,inthenmtalsa;tbcndwaontaining
capolymer(a2),themonabasicacidnﬁtal{zmth)acrylatecomponent
unit (IV) may be present, or the componant unit {al2) derived from

-

the other unsaturated monomer (2l2) may be pressnt, or both of



To the antifouling coating composition of the invention, 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
salt of Al, Ca or Zn derived from organic clay, stearate salt, lecithin salt and an alkyl sulfonate,
polyethylene wax, amide wax, hydrogenated castor®il wax, Dolyamide wax, a mixture of both of them,
synthetic finely divided silica, and polyethylene oxide wax. Of these, preferably used are polyamide
wax, synthetic finely 10 divided silica, polyethylene oxide wax and an organic clay type agent.
[0127]Examples ofspehearitizsdgyiiy/ aatidettingpmagents melidethdse.on e market under the
trade names of "Disperon 305", "Disperon 4200-20" and "Disperson A630-20X" available from 13
Kusumoto Chensiddls; 1ed. [0128]©thesevnatiag filmefoneing componeht) derliwie dntifouling coating
composition of the invention, a resin other than the aforesaid copolymer (A) may be contained as a
coating film-fermirgeansgorieatwithidsliraits notdetrimertal:28 tedheobjeets akthe) present invention.
Examples of such "other coating film-forming component" include poorly water-soluble or
water-insoluBlesiesiizramoirefsiel terasigotrly neisr-solble/vate pinsolibiky sdsin™ hereinafter) such
as an acrylic resin, an acrylic silicone resin, an unsaturated polyester 46 resin, a fluororesin, a
polybutehe ré&fii-a sificghaiaibbed, a urethane :ésinl(ribbeh) anrepederesimzenolyaniide resin, a
vinyl chloride-based conolymer resin, a chlorinated rubber (resin), a chlorinated olefin resin, a
styrene/butadfeife e8p6yMBe résine Sradthy e/ viry ntctate dopslyhisrresinsaviayhghloride resin,
an alkyd resin, a coumarone resin and a petroleum resin, [0129] Examples of water-soluble resin
include a rosifite &y, 2fradédtdm e REsin MR 24 Ridrécarbosty fic Bt antlss Bak thereof. Examples of
the monocarboxylic acid include a fatty acid 10 having about 9 to 19 carbon atoms and naphthenic
acid. Example®¥6PifeE3ik BFthé Pholdearting |8 Fd¢indlada 2eTiosal va Feesalt bed-a Ca salt.
Examples of the rosin include gum rosin, wood rosin and tall oil rosin, and any of these rosins is
employable in the inV&Hioh. These vat&r-SBRiBIBRESIFRER b usdE shiGIF A58 in combination of two

or morioelfindqs. 0130]Solvent In the antifoulig/ré% coating composition of the invention, various
i

components K& feriibritd abBVe BRE WEGAIAdissoWEFEFPonent units (a2l) derived

from the monomer (a2l} are contained in amounts of usually 10 to
100% by mol, preferably 10 to 90% by mol, with the provisc that
the total amount of all the component units in the copolymer (az)

is 100% by mol, and the component units (a22) derived from the

&
(91

“other monomer {(a22)” are contained in the residual amounts, that
is, in amounts of usually 0 to 90% by mol, preferably 10 to 50%
by mol, from the viewpoint that the control of elution rate of
a resin froma coating filmis easy. In 100% bymol of the component
units (a22) derived from “other unsaturated monomers (222}, the
20 monobasic acid metal (meth)acrylate component units {IV) may be
present in amounts of 0 to 100% by mol, preferably § to %0% by
mol, and the component units (al?) derived from the other

unsaturated monomers (al2) may be present in the residual amounts,

that is, in amounts of 100 to 0% by mol, preferably 10 to 90% by



dispersed in a solvent. The solvents employable herein are, for 20 example, various solvents usually
added to antifouling coating materials, such as an alinhatic solvent, an aromatic solvent, a ketone
solvent, an ester solvent and an ether solvent. Examples of the aromatic solvent include xylene and
toluene. Examples of the ketone solvent include MIRK. Examples of the ether solvent 47 include
propylene glycol monomethyl ether and propylene %1ycol menomethyl ether acetate (PMAC).
[0131]Antifoulingcoatinc film, substrate with coating film, etc. The antifouling coating film
according to the invention is characterized by being formed from the antifouling coating composition
described abyeve. [0132: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 curing the antifouling
coating compositioni@&$ctibed abdivie. {0188} & Blbstiate witkeah RS UG E88ting film according to
the invention is characterized in that a surface of a substrate to be brought into contact with the
seawater or freshcls waterisitodied Withsr 66 ating FivisohtaRTed eutritptRE Bhtifstlihg coating
composition described above. [0134]In the substrate with an antifouling coating film according to the
invention, thesubbaaie #rat Bed basedispretBrabBERf bhdepvamIstiicife, 43hiFBDWSide plating, a

20 fishing net or a fishing gear. [0135]Themethodforformingacoatingfilmonasurface
5 Super H2000+H4008) of the metal salt bond-containing copolymer

(a2) is in the range of usually 1,000 to 100,000, preferably 1,000
to 10,000, from the viewpeints of resin viscosity and elution rate

of 2 resin from a coating film.
100847 It is desirable that the total content of zinc
10 {Zn) and copper {Cu) in the metal salt bond-containing copolymer
(a2) 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 (a2) is 100% by weight), from the
viewpoint that resin viscosity, storage stability of a cosating
15 materiszlandeluticnofaresinfromaccatingfilmbecomsexcellant,

[0085] 8ilv]l ester copolymer (23)

As previcusly described, the silyl ester copolymer (a3) is
a copolymer having
a compenent unit (a3l) {also referred tec as a “silyl ester
20 component unit” hereinafter) derived fromamonomer (also raferred
to as a “silyl ester monomer” hereinafter) (a3l) represented by
the following formula {(III), and
acomponentunit (a32) derived fromother unsaturatedmonomer

{2a32) copolymerizable with the monomer {a3l).



of a substrate according to the invention is characterized by coating or impregnating a surface of a
substrate with the antifouling coating composition described above and then curing 48 the
composition to form a coating film. [0136]The method for preventing a substrate from fouling according
to the invention is characterized by coating or impregnating a surface of a substrate with the antifouling
5 coatingcompositiondescribedaboveandthencuringthecomposition to form an antifouling coating film.
[0137]The substrate that is a target of the method for preventing a substrate from fouling is preferably
an underwater structure, a ship's outside plating, a fishing net or a fishing 10gear. [0136)In more detail,
if such an anfitadihly coating:compositiras above is applied to surfaces of various products, for
example, underwater structures, such as water-supply and exhaust ports of thermal electric
power/atomic powersplartisskidgeds-diffriior®Preventive films of Mayious ocean civil
engineeringworks for bay coast roads, undersea tunnels, harbor equipments or canals/channels,
ships, and fishery matetiats (e topes] fishiRy ftets Hishinggeatsyfloats, thidys), ereegr plural times
in a conventional way, ships, underwater structures and the like 20 coated with antifouling coating
films which have exé€lle amidbﬂﬂn@:p@opemes;imablnbimlea@ipg‘anti&nbimagem;npmponents
over a long period of time, have proper flexibility and excellent crack resistance even if the films are
thick areSobt&inéd. 49 [0139]That is to say, the antifouling coating films obtained by applying the
antifouling coating composition of the invention to surfaces of various products and curing it have
excellent antifouling lﬁrdﬁeﬁié&’ém@ﬁﬁha&’a&the@oﬁ%@a@@atid%gaafsmﬁ? suchuascsemtettuces,
barnacles, greenlavers, seroulas, oysters and Bugula neritina, can be continuously inhibited for a long
period of tim& fOT40)Evertint the Easeowhers #iemiaerials of ships aHd thedike’ ara'ERRgsteel, wood,
aluminum allo , etc., the 10 antifouling coating composition particularly favorably adheres to the
surfaces of tResefatéials, 16 Tedendfa stedlshis or drraluptivegn ship, the substrate surface is
usually coated with a primer, an anticorrosive coating material, and if necessary, a binder coating
material, and the coél&begﬂjrface itk EBEfdE To the silyl ester monomers (a3l),

10  when R’ is a‘hydrogen atom (H), ﬁhe menomer (all) is represented
by the formula (IIIa):
CHz=C {R®) -CO0-SiR*R°RE (IIIa)
wherein R’, RY, ®® and R® are the same as those in “he formula (IIT).
[0088) R*, R* and R® are each desirably an alkyl group
15 having 1 to 10 carbon atoms, preferably 1 to 5 carbon atoms, and
more specifically, they are sach desirably an alkyl group, such
as & methyl group, an ethyl group, a propyl group and an i-propyl
group.
[0089) Examples of the =ilyl ester monomers (al3l)
20  represented by the formula (IIIZa) include trizlkyisilyl
(meth)acrylates, such as trimethylsilyl (meth)acrylate,
triethylsilyl (meth}acrylate and triisopropylsilyl
(meth)acrylate. Of these, trilsopropylsilyl (meth)acrylate is

preferable fromthe viewpoint that elution of a resin fromsa ccating



15 with the antifouling coating composition of the invention. The antifoul ng coating composition may
be applied to a surface of the existing antifouling coating film. [0141]If the antifouling coating
composition is applied to, for example, a surface ofa marine structure, adhesion 20 of marine
organisms can be inhibited, and the function of the3structure can be maintained for a long period of
time. If the antifouling coating composition as applied to a fishing net, clogging of meshes of the net
can be inhibited, and besides, the environment is less likely to be polluted. 50 [0142]The antifouling
coating ccgrpposi&ign oflge in\Illentiﬁ)Qrtnia}ybe directly appliedto a fishing net, ormaybe applied to a

surface of a ship, a rhafine stricture or the fikE that h%%dbggﬁté&h?eﬁlﬂf‘hﬁi?aﬁEéWW arfufidercoating

material scu?gzgcﬁs aensg agggogrpsgvreea ent andaﬂprimer. Moreover, the surface ofa ship, particularly a
FRP ship, an underwater Sfructureor the like that has been coated in advance with a conventional

antifouling coatin %%tﬁi%l,%r the antifoulin% coating composition of the invention maybe overcoated
with the antifoulin% coating Compositich of tha®L6 nvenfish for HAiRtsHzhdE: 3ite thickhdss of the
antifouling Qpatirl%film formed on a ship, an underwater structure or the like in the abovemanner is not

Stricted, BUFforExAmple: Tt ISR thdrarfge of &botit 307 T5OpMH per bhé!coatifigtime.

specifically restric
[014§]The antifoulin%h%oating film of the invention 15 obtained as above or the coating film on the
surface of &' Walter-contact ared BP AT GihrP VinBBAvARSTStAtUre: iformed from such an antifouling
coating composition as describ{gd above, and these films rarely have a fear of environmental pollution
and exhibit excelfntiohgternicdntifouiirig Séfofnfance against 20 Widkiranging fouling orgasms on
ships/underwater structures.  [0144]According to the present invention, an antifouling coating
compositlBH E&pable of formingancastifoufiig Cartingfifmawhicts i alsmizikbGrdem te: the Environment,
has excellent antifouling properties, is uniformly consumed at a given 51 rate over a long period of
time resulting in ary xéelfet uriforin fitrmecoRsteiption! pioberty rears ergintaimexcellentrantifouling
performance for a long period of time resulting in an excellent long-term retention of antifouling
performance‘andis prcterdblesor a-ship-for eveiseanskrvice; e antifouling coating fitmnand a ship,
an underwater structure, a fishing gear and a fishing net each of which is coated with the antifouling
coatihg fifi daitbéprovitred; ID[O145/EXAMPRES s H) .

[0092] Examples of the “other unsaturated monomer {a32;”
copolymerizable with the monomer (a3l) include the aforesaid “other
uﬁsaturatedﬂmnomer(al2}”whid&cmﬂbeusedforpreparingthecopolymer
(aly.

15 [00593] As the “other unsaturated monomer {(a32)”, preferable is
such an alkyl (meth)acrylate, an alkxoxyalkyl (meth)acrylate or a
hydroxyalkyl(meth)acrylateaspreviouslydescribed,andmorepreferable
is methyl (meth)acrylate, ethyl (meth)acrylate, butyl {meth)acrvlate

or Z-hydroxyethyl (meth)acrylate for the same reason as previously

20 described.
[0094] It is desirable that in the s1lyl ester copolymer (a3) (the
total amount of all the component units in this copcelymer (a3} being
100% by mol), the component units (a3l) derived from the silyl ester

monomer (a3l) are contalned



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. [0146]In the following examples
and comparative 15 examples, the term "part(s)" means part(s) by weight unless otherwise noted.
[0147]Preparation Example 1 Preparation of side-¢fiain endmetal salt bond-containing conolymer
(al1-1) 20In 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 wer. d with stirring, ereheatedto100C. Subsequently, from the dropping funnel,
a mixturee“Lc%ﬁgsk’iisc‘i%qgjuglfnC 5(¥2%Irﬁlosﬁl§r%% Sﬁgﬁg‘% p{)gﬂ/?nakéﬁz%%]i%h Mitiator S g%r%‘ i Tabié "1 e “rhixture of 8
parts by weight.of zinc acrylate, 8 parts by weight of zinc methacrylaze, 12 parts by weight of zinc
isostearafenggicﬁgtefgf? 83%@;%;}* \I}v%?gs ht(g%zi cgl%étve%c}a{er?nmetﬁl"é%ryl‘éf&eﬁ HAEHY weeight of
2-methox¥gth3(/:1O gggylgged 113 PE rts bg w%i h{ of me:trgl methacrylate, 34 parts by weight of ethyl
acrylate and 5 parts by weight of t-butyl paroxidie) Was tropped-at the unitoriratd ovrs petiod of 3
hours. Aftgrttge9 rgo%pin was corr%ple_ted, 1 part by weight of t-butyl peroctoate and 10 parts by weight
of 10 xylene Weré dropped bver a'period bf 2’ holirs, and affst stirfiig for hBurEEI0 parts By weight of
xylene were added to obtain a copolymer containing a metal salt bond at a side-chain end (al-1)
which hag property Vaties Ehdwnin“Tabi L. [0148]Ghrdner Viseokity ARt SoltieeonteR® 196}, which
15 are proee,rti,es, of the resulting copolymer containing a metal salt bond at a side-chain end (also
referred t6 &8 sid&chaiR & Srletlifd- Al saftddpdlynidre Het&irafkte N a1 copéria ¥ebiction mixture
containing the copolymer, were evaluated. The results are set forth in Table 1. 20[0149]easuring
condition§ FGatdfieFistbsF T 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,
asdescribedinIP2003-558901° (patent YottirhBat), TOE50FSetids conaat B3LecuSolidesdaitent means
a heating residue given when a reaction mixture, a coating material, an uncured coating film or the like
containing™a polyrtéria Solvent; B¢ i$ heatbdcandiicd 2o evaporatestheisoifent; eteszand i usual,
the solid components include a resin component, a pigment, etc. and become film-forming
componehitsS For thies ealeinetioRnfionome s (examplest Tabler2) tontaihedin accoating imatérial or the
like and capable of fo ming a resin (solid component) through reaction are also included in the solid
componefts S0 [PI5 {Measutements of nuriisercaveragefmotecular Weigtht Mo ahtbweight-average
molecular weight Mw Weight-average molecular weight Mw Of a resin such as a metal-containing
resin was irdasiived oy HIOC-82 2069 CWsing twotdeparatiarccolumns (@M} of TSKe-gela type and
using, as an eluting

viscosity, storage stability and elution of a resin from a coating film.

[CO26] (bl) Copper and/or inorganic copper compound

15 In the antifouling coating composition of the invention, copper
and/or an inorganic copper compound (b1} that is an antifouling agent
(B} is contained as an essential component. It is 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
20 parts by weight, more preferably 100 to 300 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



15 solution, DMF (dimethylformamide) to which 20mM of LiBr had been added. The weight-average
molecular weight was determined in teuts of polystyrene. [0152]Number-average molecular weight Mn
of the resin was measured by the above GPC and determined in terms of polystyrene. 20
[0153]Preparation Example 2 Aside-chain end structure metal salt copolymer (al-2) was
prepared in the same manner as in Preparation Ex&mple 1, except that the components were changed
as shown in Table 1. 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 Examptes le-dhe lesults are seiforh in-dpble: 1. 5anHEJALeR)Preparation Example 3
In a four-necked flask equipped with a condenser, a thermometer, a dropping funnel and a stirrer, 85.4
parts of 5 prepyipaegiyeol methykether (M) and 40.7parts ohzic OXiehe content of
the copper and/or the inorganic copper compound (bl) i1z less than
the lowez 1limit of the above rangs, the c:c::atirng filmtends toexhibit
5 dnsuificient antifouling effect, or renewal of the coating film
surface tends to be inhibited. If the content thersof is mors
than the upper limit of the above range, troubles in properties,
such as occurrence of cracks, tend to be brought about.
10087] Themeanparticle diameter andtheparticle size
10  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) hasameanparticle
diametrerof 6to 50 pm, anantifoulingcoatingfilmwhichisexcellent
incontinuityofhydrelysis, mainteins stationary filmeonsumption
15 degree (constant film consumption degree) over & long period of
time and has excellent long-term antifouling properties tends to
be obtained.
[0098] The inorganic copper compound may be any of
copper compounds of incrganic type, and examples thereof include
20 cupric oxide, copper thiocyanide (cuprous thiocyanate, copper
rhodanide}, basic copper sulfate, basic copper acetate, basic
copper tarbonate and cupric hydroxide. These copper compounds

can be used singly or in combinaticon of two or more kinds, instead

Hh

of copper or together with copper.



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 acrylic 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 opaque white state. After stirring for 2
hours, 36 parts of propylene glycol methyl ether (P8M) were added to obtain a transparent mixture
solution A containing a metal-containing monomer A. 15[0157)The solids content (metal-containing
monomer A) in the resulting mixture solution A was 44.8% by weight. Composition, etc. are set forth in

Table 2. [0158]Prepagation Exampie 4- ROtal-gnataining menemer B A-mixtiuge Sotion containing a
metal-containing monomer B was prepared in the same manner as in the process described in

Preparation Exapiple S, @xeeptihat:~2-pads afbutanol{pRBUOHand3tik-pars:af xylene were used
instead of 36 parts of propylene 57 glycol monomethyl'ether (PGM). [0159]The solids content

(metal-contaifnisaymenomerBlda the desulting mixiye:soktion-B vwas 4di9% byameight s€omposition,
etc. are set forth in Table 2 59 [0161]Preparation Example 5 Preparation of metal- ontaininc cool er
(a21)- Inadouenecked flask equipped withizeeandenser a-theriormetern acdrapping funnel and a
stirrer, 15 parts of propylene glycolmethyl ether, 57 parts of xylene and 4 parts of ethyl acrylate
5 rasistance,
01061 The antifouling cosating composition of the
inventionpreferably further contains anorganicantifoulingagent
h2) as the antifouling agent (B}, from ths viawpain@ that the
resulting coating film exhibits antifouling power in the highly
10 fouling seas area where fouling is particularly sericus and is
excellent in long-lasting antifouling effect and surface renewal
property.
[G101] In the present inventicn, the organic
antifouling agent (b2) is particularly preferably at least one
15 organic antifouling agent selected from the group conaisting of
a metal-pyrithione represented by the following formula [V] and
its derivative (pyrithions compound) {in the formula [V], R to
,RéareeachindependentlyaIumﬂbgenatmm,analkylgroupfanalkoxy
group or a halogensted alkyl group, M is & metal, such as Cu, Na,
20 Mg, Zn, Ca, Ba, Pb, Fe and Al, M is preferably Cu or Zn taking

long-lasting £film consumption inte account, and n is a valence)},

[0102]



were placed, and with stirring, they were heated to 100C. Subsequently, from the dropping funnel, a
transparent mixture consisting of 1 part of methyl methacrylate (MMA), 66.2 parts of ethyl acrylate
(EA), 5.4 parts of 2-methoxyethylacrylate (2-MEA), 10 52 parts of the mixture solution A obtained in
Preparation Example 3, 10 parts of xylene, 1 part of a chain transfer agent (available from Nippon Oil
& Fats Co., Ltd. ; "Nofmer MSD"), 2.5 parts of azobisisobutyronitrile (AIHN, available from Japan
Hydrazine Company Inc.) and 7 parts of azobismethylbutyronitrile (AMBN, 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 t-butylperoctoate (TBPO) and 7 parts of xylene were dropped
over a period of 30 mnutes. er stirrimg for 1 hour and 30 minutes, 20 4.4 parts ofxylene were added
to obtain a light yellow gansparent rRSin composition having a heating residue of 45.6%, a Gardner
[1=8 ation of 35% by weight at 25C) of "-Y", a number-average
. : i ! ks . .
molecular weight Mnj as measured by GFRC, of 1 and a weight-average molecular weight Mw of
5200, 60 containing|fpé.i soluble~mattar and ¢on
1'0163)Properties (Gardner v cositygj solids content (% by weight), molecular weight (Mn, Mw)) of the
lyfner (also referred to as"crosslinking metal salt copolymer”
hereinafter) (a2-1) or a reaction mixture Containing the copolymer are set forth together in Table 3.
[0164]Preparation Example 6 10A crosslinking metal salt bond-containing copolymer (a2-2) was
prepared in the same’ifahiner as i Piep=raishiExRRpIB 5iexéspt HditheeBmpshenidvere changed
as shown in Table 3. 10165jProperties of the resulting crosslinking metal salt bond-containing
copolymer of aeathBhIRRTArE coRtalhirty 1S TRE chpolymer Weresevaigafed-tfthe same manner as in

Preparation ample 5 (preparationexampleofcopolymer (a2-1)). The results are set forth in Table 3.
61 viewpolnt that antifoulingpropertiesof a coating filmand storage

5 stability of a coating material are sxcellent.

[0104] In the present ilnvention, the crganic
antifoulingagent (b2) ispreferablyat least one compound selected
from the group consisting of copper pyrithione, zinc pyrithilone,
triphenylboron pyridine complex, methyldiphenylboron

10  4-isopropylpyridine complex and
¢, 5-dichloro-Z-octyl-4~isothiazoline=3-one, taking into account
the storage stabllity of a coating marterial and that the
long-lasting filmconsumption of a coating filmand the antifouling
preperties are excellent with a good balance.

15 (0105) In the present invention, it is desirable that
the organic antifouling agent, particularly the above-mentioned
antifouling agent, is contained as the antifouling agent (B} in
an amount of 10 to 500 parts by weight, preferably 10 to 100 parts
by weight, based on 100 parté by welght of the copper and/or the

20 inorganic copper compound {bl), from the viewpoint fhat the
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resulting antifouling coating £ilm is excellent in antifoulihg
proparties, particularly in long-lasting antifouling properties
(i.e., film consumption degree iz low), is a small burden to the
environment and 15 excellent Iin water resistance.

1610867 (C) Zing oxide

In the antifouling coating composition of the invention,
zinc oxide (zincwhitel (C) 1s contained as an essential component.
It iz desirable that the zinc oxide (C) is contained in an amount
of usually 50 to 350 parts by weight, preferably 60 to 350 parts
by weight, more preferably 75 to 350 parts by welight, still more
preferably 100 to 350 parts by welght, particularly preferably
100 to 300 parts by weight, based on 100 parts by weight cf the
hydrolyzable copolymer (A) (solidcontent) that is the total amount
ofthepolymers(al)to(331,fromth@v&ewpointthattheIesulting
coating filmhas excellent antifouling properties and is excellent
in film properties, particularly in crack resistance.

[0107] Between the content of the zine oxide () and
the contant of the copper and/or the inorgaﬁic copper compound
(bly, = relationship that {content of zinc oxide (C))/(copper
and/or inorganic copper compound (bil)) is in the range of 0.6 to
1.2, preferably 0.7 to 1.0, more preferably 0.8 to 1.0, is formed.

[C108)] If the amount of the zine oxide (C) based on
the copper and/or the ineorganic copper compound (bl) is less than

the iower limit of the above range, the antifouling properties
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of an antifouling cozting £ilm formed from the antifouling coating
compogition of the invention tend te be exhibited insufficiently.
The rezson ig presumably that when the hydrolyzable copolymer (A)
is the metal salt-containing copolymer (al) and/or the metal
salt-containing copolymer (a2), the film consumption property of
the antifouling coating film is gradually lowerasd because of the
reaction of the copper and/or the inorganic copper compound {bl)
withthemetal salt-containingcopelymer (A), andthe antibacterial
action of the zinc oxide itself asluted simultaneocusly with film
consumption i1g nat exertecd sufficiently. On the other hand, if
the amount of the zinc oxids (C) based on the copper and/or the
inorganic copper compound (b1} is more than the upper limit of
the above range, troubles in properties of the coating film {e.g.,
occurrence of cracks) tend to be brought about,

[0109] Color pioment

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

[0110] Examples of the organicpigments include carbon
black, naphthel red and phthaloecyanine blue.

(01117 Examples of the inorganic pigments include red
iren oxide, barite powder, titanium white and yellow iron oxide.
Various colorants such zsg dyes may be contained.

[0112] In the prasent invention, as the color plgment,

specifically as the inorganic color plgment, any one of red iron



62 [0167] Preparation Example 7

10

20

40

oxide, titanium white and yellow ilron oxide is particularly
preferable fremthe viewpoint of coloringpower. Theaboveorganic
pigrﬁen‘t is also preferable from the viewpoints that a coating film
of particularly bright coler can be provided, the coating film
rarely suffers discoloration, etc.

(01133} Dxtender pigment

The extender pigment is such a2 pigment of a2 low refractive
index as 1 transparent and does not hide the coated surface when
mixed with an oll or a varnish. Examples of the extender pigment
inelude tale, silica, mice, ¢lay, diatomaceous garth, calcium
carbonate that is used alsc as an anti-settling agent, kaolin,
zluming white, white carbon that iz used also ag a flatiing agent,

luminum hydroxide, magnesium carbonate, barium carbonats and
barium sulfate. Of theses, an extender pigment selected from the
group cohsisting oftalc, clay, calciumcarbonate, bariumcarboenate,
diatomaceous earth and silica 1s particularly preferable.

(G114} 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 sxtender
pigment.

[0115] In the case where talc is used ag the extender
plgment in the antifouling coating compositicon of the invention,
the talc is desirsbly contained in an amount of 10 to 100 parts

by weight, preferably 10 to 70 parts by weight, based on 100 parts



In a reaction vessel equipped with a stirrer, a condenser, a thermometer, a drooping device, a nitrogen
feed pipe and a 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 temperature, a mixture of 60 parts of
triisopropylsilyi acrylate, 40 parts of methyl methacrylate and 0.3 part of 2,2'-azobisisobutyronitrile as a
polymerization 10 initiator was dropped into the redttion vessel from the dropping device over a period
of 2 hours. Thereatfter, stirring was carried out for 4 hours at the same temperature, then 0.4 part of
2,2'-azobisisobutyronitrile was added, and stirring was further carried out for 4 hours at the same
temperaturelig ebtaifn‘a cdlatess id-tragspaientreaciionssol(tipn centatging: a:siid estercopolymer
(silyl (meth)acrylate copolymer) (a3-1), [0168)The resulting copolymer (a3-1) had a heating residue
(heating residuetaftetwdryimg fof Shwoues i ainat@iadriver mt 1050) Iof & 2% by yveidghbt; @, viscosity at
25C (B type 20 viscometer, No.3 rotor) of 408 cps, a number-average molecular weight (Mn), as
measured by GRGref 8785 andtaweight:average mdleculdrieightd M) of 66650 [0160]The
components dropped in the preparation of the copolymer, properties of the product, etc. are set forth
63 together iniEaliee4 501 7oyt PhEntalc is contained as above, the talc is

5 desirably contained in an amount of 1 to 10% by welght, preferably
2 to 9% by weight, in the antifouling ceating composition from
the viewpeoint that the talc has no evil influence on the coating
film properties and the antifouling properties.

0116 In the present invention, the antifouling
10 coating composition preferavly further contains chlorinated
paraffin or terpene phencl as a plasticizer.

f0117] Plasticizer such as chlorinated paraffin

Examples of the plasticizer include TCP (tricresyl

phosphate), paraffin chloride, polyvinyl ethyl ether and terpene
15 phenol. These plasticizers can be used singly or in combination
of two or more kinds.

(01187 These plasticizers contribute to enhancement
of crack resistance of 2 coating film (antifouling coating film)
composed of the resulting antifouling coating composition. Of

20 these plasticizers, chlorinated paraffin (paraffin chloride) is
preferably used.

[011%8] The chlorinated paraffin (paraffin chloride)
wnich can be added to the antifouling coating composition of the

invention may be straight-chain or branched and may be liquid or



8 A silyl ester copolymer (silyl (meth)acrylate copolymer ) 5 (a3-2) was prepared in the same
manner as in Preparation Example 7, except that the components (components dropped) were
changed as shown in Table 4, [0171]Properties of the resulting silyl ester copolymer or a reaction
mixture containing the copolymer were 10 evaluated in the same manner as in Preparation Example 7
(preparation example of silyl ester copolymer (a3-f§§, The results are set forth in Table 4. 64

solid (powdery) at room temperature. However, chlorinated

paraffin whose average number of carbon atoms is usually 8 to 10,

preferably 10 to 26, is preferably used, and chlorinated paraffin

having a number-average molecular weight of usually 200 te 1200,

5 preferably 300 te 1100, a viscosity of usually not lesg than 1
{polse/25°C), preferably not less than 1.2 (poise/25°C), and a
spealfichavityofl.GEtol,BO/ZE“Cypr@ﬁaxablyl°10ﬁml.?O/ZE”Q}
ispreferablyused. WhenchlorinatedparaZfinhaving such anumber
of carbon atoms is used, a coating film rarely suffaring cracking

10 and peeling can be formed by the use of the resulting antifouling
coating composition. If the number of carbon ztoms of the
chlorinated paraffin i1s less than 8, the effect of inhibiting
cracking sometimes becomes insufficient. TIf£ the number of carbon
atoms thereof exceeds 30, consumption property (renewal property)

i3 of the fesulting coating film surface is sometimes deteriorated,
and the antifouling prsperties are sometimes deteriorated. The
percentage ¢f chlorination of the chlorinated paraffin {chlorine
content) is desirsd to be in the range of usually 35 to 73%,
preferably 35 te €5%. When chlorinated parzffin having such

20  percentageof chlorinationisused, 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” available

from Tosoh Corporation.
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(01201 When terpene phencl is used as the plasticizer,
che coating film ie prevented from whitening due to exposure, so
that use of terpene phenol is preferable.

[0L21] In the case where the plasticizer iz added in
the invention, the plasticizer isdesirably contained in an amount
of 0.05 to 40 parts by waight based cn 100 parts by welght of the
hydrolyzable copolymer (A) fromtheviewpointsofcerackresistancs,
decrease of disesloration, enbancement of water rasistance, ete.
of the coating film,

[0122] In the antifouling coating composition {(i.e.,
compesition containing volatile coﬁponents such as solveni) of
the invention, the plasticizer is desirably contained in an amount
of 0.1 to 5% by weight (the amount of the antifouling coating
composition is 100% by weight).

[0123] Preparation of antifsuling ceoating composition

The antifoulingccoating compesitionof theinventionas above
can be prepared in the following manner.

The antifeuling ceoating composition of the invention can
bepreparedbyproperly utilizing a hithertepublicly known process
using the hydrolvzable copolymer (A) such as the metal salt
bond-containing copelymer, the copper and/or the inorganic copper
conpound (bl) and the zinc oxide (L) as essgential raw materials.
The antifouling costing composition of the invention can be

prepared by, for example, blending the metel salt bond=containing
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copolymer or the gilyl ester copolymer as the hydrolyzable
copolymer (A), the copper and/or the inorganic copper compound
(bl}, the zinc oxide (), talc and “other components” described
below at once or in an arbitrary order and having them stirred,
mixed or the like.

(01247 Other components

In the preparation of the antifouling ceating composition
of the invention, an antifouling agent, a thixotrepic agent, a
plasticizer, an inorganic dehydrating agent (stabilizer), an
anti-sagging/anti-settliing agent (thickening agent), a color
plgment, a dye, other coating film~-forming components, a aolvant
{e.g., butyl acetate, ethylcyclohexane, xylene), & germicide, an
antifungal agent, an anti-aging agent, an antioxidant, an
antistatic agent, a flame retardant, a heat transfer improver,
a tackifier, etc. may be added in given proportions at once or
inan arbitrary-orde& and then stirred/mixed to dissclve/disperse
them in the solvent.

(0123 Inthe stirring/mixing of the above components,
a mixing/stirring device hitherto publicly known, such as a Ross
mixer, a planetary mixer dr a Shinagawa universal mixer, is
appropriately used.

[012¢€] Anti-sagging/anti-settling agent (thixotropic

agent)

To the antifouling coating composition of the invention,



65 [0173)Examples 1 to 45 and Comparative Examples 1 to 24 Preparation of antifouling coating
composition 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!, the crosslinking metal salt bond-containing copolymers
(a2-1) to (a2-2) obtained in Preparation Examples 5 to 6 shown inTable 3, and the silyl ester
copolymers (a3-1) to (a3-2) obtained in PreparatiofExamples 7 to 8 shown in Table 4, antifouling
coating 10 compositions of the formulations shown in Examples 1 to 45 and Comparative Examples 1
to 24 of Tables 5 to 10 were prepared by a conventional process. [01747Measurement of film
consumption=degree:nf cantifouling eoating fiinal 5 Hhe ahoverahtained aatifouling:zoating, compositions
of the formulations shown in Tables 5 to 10 were each directly applied by an applicator to a rigid vinyl
chloride resimpiate: (B@daas an anti-sagging/anti-settling agent (thixotropic
agent) in an arbitrary amount. Examples of the
anti-sagging/anti-settling agents include a sals, suchas an amine
5 salt of &1, Ca or In derived from organic ¢lay, stearate salt,
lecithin s2lt and an alkyl sulfonate, polyethylene wex, amide wax,
hydrogenated castor oil wax, polyamide wax, a mixture of both of
them, synthetic finelydividedsilica, and polyethylene oxide wax.
Of these, preferably used are polysmide wax, synthetic finely
10 divided silica, polyethylene oxide wax and an organic clay type
agent.
[0127] Examples of such anti-sagging/anti-settling
agents include thoseon themarket under the tradenames of “Disperan
305", “Disperon 4200-20" and “Disperson AE30-20X” available from

15 Kusumoto Chemicals, Ltd.

[012B] Cther coating film-forming component

In the antifouling coating composition of the invention,
& resin other than the aforesald copolymer (A) may be contained
asacxmtingfilmwformingSompenentwithialimitsnotdetrimental
20 to the objects of the present invention. 2Sxamples of such “other
coating film-forming componant” include poorly water—soluble or
water-insoluble resin (also referred to as “poorl
water-secluple/water—insoluble resin” hereinafter) such as an

acrylicresin, anacrylicsilicone resin, anunsaturatad polysster



50 nun x thickness 1 . 5 mm) having been subj acted to noprimer treatment so that the dry
filmthicknesswouldbecome 150 gm. The resulting 20 test plates with a coating film were each set on a
rotary drum placed in the seawater in Nagasaki Bay of Nagasaki Prefecture, then the rotary drum was
rotated at aperipheral speed of 15 knots, and a film thickness consumed every month (total (gm) of
coating film consumption degree from just after the‘ﬁ@lacement, coating 66 film consumption degree)
was measured for 6 months. The results are set forth together in Tables 5 to 10. [0175]Evaluation of
static antifoulin. pro.ertjes antifouling coating film 5 Preparation of test plate To a sandblasted
steel plate (leagth 300 imorwitthzk00 mittod Witkisess 8s2rhm) saf dposgranticdipssiveicoating
material (epoxy AC coating material, trade name: "Bannoh 500", available from Chugoku Marine
Paints, Ltd.)was$ apptiet:sbrthatthieadry. fitrh d0othickaess wa ald egome 180ipm zafid:itiien an epoxy
binder coating material (trade name; "Bannoh 500N", available from Chugoku Marine Paints, Ltd.) was
applied so thattheidiy-fitasthickress Wl disedome21 005 [GIF6] SUBSEUdAY ithe aftifouling
coating 15 compositions of the formulations shown in Tables 5 to 10 were each applied once so that
the dry film thickriessaiedidheédme 25U pnEafthen et -trp A Fare st prae sifith & coating film.
The interval between application of any one of the above coating materials (e.g., "Bannoh 500") and
application GiraRbiHeraEating 20 AEHEE (FePSoNTE e BEANG SHBN S WS 18478 tdat. [0177]Test
method for static antifouling Properties After the teséfg;late was dried at room temperature for 7

days, it was placedi¥FNagasaki BajOrRAGaCakPidtetitile AP ATGWR AT 0™&EH still for 6 months.

During this period of time, o ,
[012%] Examples of water-zoluble resin include a rosin

(e.g., trade name: “Rosin WA"”), & monocarboxylic acid and a salt
theréofa Examplesoftheamnocarboxylicacidinciud@afattyacid
10 having about 9 to 19 carbon atoms and naphthenic acid. Examples
of the salt of the monocarboxylie scid include & Cu salt, a iIn
salt and a Ca salt. Examples of the rosin include gum rosin, wood
rosin and tall oil rosin, and any of these rosins is employable
in the invention. These water-soluble resin zan be used singly
15  or in combinaiion of two or more kinds.
[01307 Solvent
In the antifouling coating compesition of ¢he invention,
various components as mentionsd above are usually dissolved or
dispersed in a solvent. The solvents employable herein are, for
20  example, variocus solvents usually added to antifouling coating
materials, such ag an aliphatic selvent, an zromatic solvent, a
ketone solvent, an ester solvent and an ether solvent. IDxamples
of the aromatic solvent include xvliene and tolusne. Examples of

the ketone selvent include MIBE. Examples of the ether solvent



67 the area (%) of adhesion of fouling organisms was examined every month. The results are set forth
together in Tables 5 to 10. [0178]Evaluation criteria of the static antifouling properties (evaluation
criteria of area for adhesion of aquatic 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{8180]0.5 Point: The area of adhesion of the aquatic
organisms is about 10%. | 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 points: The area of
adhesion of thecAquatiGorganisms is abeut 4ofbmeth¢ipeitts Thearpanhadhasign wfdhe aquatic
organisms is about 50%. 205 points: The area of adhesion of the aquatic organisms is about 100%.
[0181]Compenentsethy.Detatls:ofdhersulstanges shown in the formulations in the tables, etc. are set

forth in Table 11. 69 _
T01317 Antifouling eoating f£ilm, substrate with

ceating £ilm, etc.

5 The antifouling ceating film according to the invention is
characterized by being formed from the antifouling coating_
composition described above.

(0132 The substrate with & coating £ilm according to
the invention is characterized in that & surface of a substrate

L0 is coated with a coating film obtained by curing the antifouling

coating composition described above.

[0133] The substrate with an antifouling coating £ilm
according to the invention is characterized in that a surface of
a substrate to be brought into contact with the seawater or fresh

18  water is coated with a coating fiim obtained by curing the

antifouling coating compesition described abeve.

[0134) in the substrate with an antifouling coating
fiim according To the invention, the substrate that i5 a base is
preferably an underwater structure, a ship’s outside plating, a

20 fishing net or a fishing gear.

[0135] Themethodforfarmingacoétingfilmonasurface
of a substrate according to the invention is characterized by
toating or impregnating a surface of 2 substrate with the

antifouling coating composition described above and then curing



Table 5 (Continuation) Components (unit: Side-chain end structure metal salt copolymer33 al-1 (solids
content: 49.7 wf9) Side-chain end structure metal salt copolymer al-2 (solids content: 50.5 wt%)
(1:::Cupric oxide RED 009971( Cupri oxide NO803 hite /40- Copper omadine 5N.(soli Toyoparax
150 e phenol YP-90 Red iron oxide Gekko B60.50.50.50,50. Noymperm Red F5RK0.50.50.50.50.5 Dis

42001111 Xylenel012.5 Die 630-20XC22222
the composition to form a coating £ilm.
[D136) The method for preventing a substrate from
fouling according to the invention is characterized by coating

or impregnating & surface of a substrate with the antifouling

coating compositiondescribedabove and then curing the composition

eI

to fomm an antifouling coating film.

{0137 The substrate that is a target of the method
forpreventing a substrate fromfouling is preferably an underwater
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 2s water-supply and
exhaustportsofthermal electricpowsr/atomicpowerplants, sludge

15 diffusionpreventive filmsofvariousoceancivil engineeringworks
for bay coast roads, undersea tunnels, harbor sguipments or
canals/channels, ships, and fishery materisls (e.g., ropes,
fisning nets, Zishing gears, fleats, buoys), once or plural times
in a conventional way, ships, underwater structures and the like

20  coated with antifouling coating films which have execellent

antifoulingproperties, are capable of releasingantifoulingagent

components over 2 long period of time, have proper flexibility

and excellent crack resietance even if the £ilms ars thick are

obtained.



Calcined dycsur. FT-20.5 Total100100100100100 Amountof (based on 100cartsbyweight of (A)
(solid comPonent) (part(s) by weight)  Amount of (b2) based On 100 parts by weight of (A) (solid
component) (part(s) by weight) Amount of (D) based on 100 parts by weight of (A) (solid component)
(part (s) by weight) Amount of (0) in c PD- on (1%%9 by weight) (9)

[G13%] That is to say, the antifouling coating films
obtained by applying the antifouling coating composition of the
invention to surfaces of various products and curing it have
excellent antifouling properties such that adhesion of aguatic

5 organisms, suchas sea lettuces, barnacles, greenlavers, serpulas,
ovsters and Bugula neritina, can be continuously inhibited for
a long period of time.
(0140 Even in the case where the matsrials of ships
and the like are FRP, steel, wood, sluminum alloy, etc., the
10 . 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
a primer, an anticorrosive coating materisl, and if nacessary,

g binder coating material, and the coated surface is then coated

g1
it

with the antifeuling coating composition of the invention. The
antifouling coating compesition may be applied to = surface of
the existing antifouling coating film.

(0141 If the antifouling coating composition is
applied to, for example, a surface of a marine structure, adhesion
20 of mariné organisms can be inhibited, and the function of the
structure can be maintained for & long pericd of time. If the
antifouling coating composition 1s applied to a fishing net,
clogging of meshes of the net can be inhibited, and besidas, the

environment is less likely te be poliuted.



2.52.3 2.41_2 Amount of (D) irr composition (100 byz.) (9) 2.012.0 2.01.0 Coating film
consumption degree After 4 months- 19.7 18.7 17.3 15.318.8

50

[0142] he gntifouling coating composition of the
inventionmaybedirectlyappliedtoafishingnet, ormaybeapplied
to a surface of a ship, a marine structure or the like that has
heen coated in advance with an undercosting material such as an

5 anticorrosive agent andaprimer. Moreover, the surface of é ship,
particularliy a FRP ship, an underwater structure or the like that
has been coated in advance with a conventional antifouling coating
material or the antifouling goat;mg composition of the invention
may be overcoated with the antifouling coating composition of the

10 invention for maintenance. The thickness of the antifouling
coating £film formed on a ship, an underwster structure or the Iike
inthe abovemanner isnot specificallyrestricted, but forexample,
it is in the range of about 30 <o 150um per one coating time.

[0143] The antifouling coating £ilm of the invention

15 cobtained as above or the ceosting film on the surfaces of =
water-contact area of a ship or an underwater structure is formed
from such an antifeuling coating compoesition as describad above,
and these films rarely have a fear of environmental pollution and
exhibit escellent long-term antifouling performance agains:

20 wide-ranging fouling orgasms on ships/underwater structures.

[0144)] According te the present invention, an
antifouling coating composition capable of forming anantifouling
coating film which is a small burpden to the environment, has

excellent antifouling preperties, lsuniformly consumed at a given



After 6 months 29.5 29.8 28.4 30.329.7 Static antifouling propertie After 2 months  After 6
months1l 70
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rate over a long pericd of time resulting in an excellent uniform
film consumption property, can maintaln excellent antifouling
performance for a long period of time resulting in an sxcellent
long-term retention of antifouling performance and is preferable
5 for a ship for overseas service, an an?ifogling‘cgating'filmd and
a ship, an underwater structure, a fishing gear and a fishing net
each of which is coated with the antifouling coating £ilm can be

provided,

10 [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.
[0146] In the following examples and comparative
15 examples, the term “part(s)” means part(s) by weight unless
ctherwise noted.

In14) Preparation Example 1

Preparationof side-~chainendmetal salt hond-containing copolymer

(gl=1)

20 In a four-necked £lask équipped with a congenser, a
thermometer, a dropping funnel and & stirrer, 30 parts by welght
of PGM (propylene glycol moncmethyl ether) and 40 parts by weight
of xylene were placed, andwithstirring, theywere heatedto 100°C.

Subseguently, from the dropping funnel, a mixture consisting of



Table 5 (Continuation) Examples 1112121415 Sonatas:errs (unit: oart(s) by weight) (A) Side-chain end
structure metal salt copol er2829 al-1 (solids content: 49.7 wt%) Bide-chain end structure metal salt
copolymer al-2 (solids content; 50.5 wt8) (b1) CdPric oxide RED 00557d 34 Cunric oxide N0803
,(C) Zinc white No- 3 (h2) Copperomadine Sea-Nine 21 (solids content 30 wt ) To o arax 150 Terpene
henol Y8-00L1, Talc-1 Red iron oxide Sekko BS( 0°50.5 Novoperm Red F5R14 Dis 4200 Xylene
Calcined gypsum FT-2 Total 100100

monomers and & polymerization initiator shown in Table 1 {i.e.,
mixture of 8 parts by weight of zinc acrylzte, § parts by weight
of zinc methacrylate, 12 parts by weight of zinc isostesarate
acrylate, 12 parts by weight of zine isostearate methacrylate,

2 12 parts by weight of 2-methoxyethyl acrylate, 13 parss by welght
of methyl methacrylate, 34 parts by weight of ethyl acrvlate and
5 parts by weight of t-butyl perozide) was dropped &t the uniform
rate over a period of 3 hours. After the dropping was completad,
1 part by weight of t-butyl peroctoate and 10 parts by welght of

10 =xylene were dropped over a period of 2 hours, and after stirzring
fer 2 hours, 20 parts by weight of ¥ylene were added to obtain
& copolymer containing ametal salt bond at a side-chain end (al-1)
which has property values shown in Table 1.

[0148) Gardner viscosity and solids content {§), which

15 are properties of the resulting cepolymer containing a metal salt
bond at a side-chain end (glso referred o as “side~chain end
structure metal salt copolymer” hereinafter) (al-1) or a reaction
mixture containing the copolymer, were evaluated, The results
are set forth in Table 1.

20 [0148)] 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
JISKT7233-4.3, as described in JP 2003-55800 2 {patent document) ,

0150 50lids content




100100 Amount of (Cl based on 100 parts byweight of (A) (solid component) (part(s) by weight)
Amoantof (b1) basedonl100partsbyweightof (A) (solid 244.5 component) (part(s) by weight) Weight of
(C)/weight of (01)0.6 Amount Of (b2) based On 100 parts byweight of (A) (solid Component) [part(s) by
weight) Amount of (0) based on 100 parts by weight of (A) (solid component) (oart(s) by weight)
Amount of (D) in composition (100% by weight) (8°2.42.4 Amount of (D) in composition (100% by
weight) (%) 1.02.02.02.0 Coating film consumption degree

Solids content means a heating residue given when a reaction
mixture, a coeiing material, an upcured cocating £ilm or the like
containing a polvmer, z solveni, etc. is heated and dried to
evaporate the solvent, etc., and in usuel, the seclid components

includeaxﬁsimcamponant,agﬂgm@nt,etc,andbecamefilmfforming

&R

compongnts. For the caleculation, monomers {examples: Table 2)
contained in a coating material or the like and capable of forming
& resin {solid component} through reaction are also included in
the selid components.

10 [0151] Measurements of number-zverage molecular

waight Mn and wejght-average molecular weight Mw

Welght-average molecular weight Mw of 2 resin such as a
metal-containing resin was measured by HLC-B120GPC using two
separation columns (o-M) of TSE~gel o type and using, as an eluting

15  solution, DMF (dimethylformamide) to which 20 mM of LiBr had been
added. The weight-average molecular weight was determined in
terms of polystyrane.

[0152] Number-average melecular weight Mn of the resin
wasmeaéuradbytheaboveGPCandd@terminedintermsofpelystyrene.

20

[0153] Preparation Example 2

A 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.



After 6 months Static antifouling properties After 2 months 30.3129.7 . 31.227.4  After 6 months0.5
1! 0.510.5 72 Table 6 (Continuation) nles
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(01547 Properties of the resulting =ide-chaln end
structure metal salt copolymer or & reaction mixture containing
the copolymer were evaluated in the same manner 25 in Preparation

Example 1. The results zre set forth in Table 1.



Sea-Nine 211 (solids content: 30 wt%) (D)
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022

Crosslinking metal salt copolymer a2-2 (solids content: 46.2 wt9) (O1) CupriC oxide RED COP97N

Cupric oxide N0803 Zinc white No. 3 .. Copper one-dine
To o arax 150 Terpene phenol YP-50LL Talc FC-1 Red iron oxide Gekko ES NovOperm Red F5RK

onen sit: nart(t) b wel ht Crosslinking metal salt copolymer a2-1 (solids content: 45.6 wt%)

Cis 4200 Xylene Dis 630-2
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0-50.50.510_0.50-50.510.51 1111102 0.5 0.51 2 Calcined oypsur FT-2 100100100100
Amount of (C) based onparts by weight of (A) (solid 112.0 245.6 component) (nart(s) by weight)
Amountof (bl) basedon 10Cpartsbyweightof (A) (solid component) (par9(s) by weight)

10

is

20
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[015&) Preparation Example 3

Freparation of metal-containing monomer A

In a four-necked flask equipped with a condenser, a
thermometer, a dropping funnel and a stirrer, 85.4 parts of
propylene glycel mechyl ether {(PGM) and 40.7 perts of zinc oxide
were placed, and with stirring, they were heated to 75°¢.
Subsequently, from the dropping funnel, a mixtura consisting of
50.0 parts of methyl methacrylate (MMA)}, 36.1 parts of acrylic
acid (AR) and S parts of water was dropped at the uniform rate
over a period of 3 hours. After the dropping was completad, the
reaction sclution turned transparent from an vpague white state,
After stirring for 2 hours, 36 parts of propylene glycol methyl
ether (PGM} were added to obtain a transparent mixture solution
A contzining a metal-containing monomer A,

[0157] The scolids content {(metal-containing mohomer
A} in the resulting mixture solution A was 44.08% by weight,

Composition, etc. are set forth in Table 2.

[0158] Freparation Example 4

Preparaticon of metal-containing monomer 5

A mixture sclution B containing a metal-containing monomer
B was prepared in the same manner as in the procezs described in
Preparation Example 3, except that 7.2 parts of butanol (n-BuQH)

and 31.1 parts of xylene were used instead of 36 parts of propylene



Amount of (b2) based on 100 parts byweight of (A) component) (part(s) by weight) 'Amount of (D)
based on 100 parts by weight of (A) (solid component) (part(s) by weight) Amount of (D) in
composition (1009 by weight) (9) Amount of (D) in composition (1009 by weight) (9) 2.01.0 Coating
film consumption degree After 2 months 10.:8-8 %9.3 After 4 months

glyveol monomethyl sthar (PGM).
[0159] The solids content (metal-containing monomesr
B) in the resulting mixture solution B was 44.9% by waight.

Composzition, etc. are set forth in Table 2.
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73 Table 6 (Continuation) Crosslinking metal salt copolymer a2-1 (solids content: 45.6 Crosslinking
metal salt copolymer a2-2 (solids content: 46.2 hi) CUaric oxide RE 00897N Cupric oxide NC003 Zinc
white No. 3 ) Copper omadine Sea-Nine 2(solids content: 0) Toyonarax 150 Terpene p enpl fl-BOLL
alc FC-1 Red iron oxide Gekko BE cgroperm Re Nis 420 ylene Die 30-20940 alcined gypsum F2'-2
Tota &flounto'f (C) based cn 100 parts byweight of ¥y (soil

(0161} Preparation Example 3

Preparation of metal-containing copolymer (alzel)

In & four-necked fiask equipped with a condenser, a
thermometer, adropping funnel and a stirrer, 15 parts of propylane
5  glycolmethyl sther, 57 partsofxylene and4 partsof ethyl acrylate
were placed, and with stirring, they were heated =o 100°C.
Subseguently, from the dropping funnel, & transparent mixture
consisting of 1 part of methyl methacrylata (M) ; 56.2 parts of
ethyl acrylate (ER), 5.4 parts of 2-methoxyethyl acrylate (2-MEA),
10 52 parts of the mixture solution A obtalned in Preparation Example
3, 10 parts of xylene, 1 part of 2 chaln transfer agent (available
from Nippon 011 & Fats Ca., Ltd., “Nefmer MSDY), 2.5 parts of
azobisisobutyronitrile (AIBN, available from Japan Hydrazine
Company Inc.) and 7 parts of azcebismethylbutyronitrile (AMBN,
15 awvailable from Japan Hydrazine Company Inc.) was drepped at the
uniform rate over a pericd of 6 hours.
[0162] After the dropping was completed, 0.5 p&r’t uf
t-butyl peroctoate (TBPO) and 7 parts of xylene were dropped over
a period of 30 minutes. After stirring for 1 hour and 30 minutes,
20 4.4 partsof xylene ware added to obtain a light yellow transparen:
resin composition having a heating residue of 45.6%, a2 Gardner
viscosity {measured in & resin concentration of 35% 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,



component) (Part is | by weight) Amount of (hi) basedon 100parts byweightof (A) (solid component)
(naut(s) by weight) Weight of (C)/weight of) Amount of 1b2 based on 100 parts by weight of (A) (soli
component) (part (s) b weight) ATODW17, of (D) based on 100 parts by weight of (A) (soli
component) (parr (s) by weight) Amount of (0) in composition (100% by weight) 3) Amount. of (D) in
uomposition (100% by weight) 1%) Coating film coféumption degree  After 4 months 19.7 19.3
17.1

containing no insoluble matter and ¢ontaining a metal salt
bond-containing copolymer (aZ-1),
[21e3) ' Properties (Gardner viscesity, solids content
(5 by weight), moleculay weight (Mn, Mw)) of the resulting metal
5 galt bond-containing copolymer (also referred toas “crosslinking
metal salt copolymer” hereinafrer) (a2-1) or & reaction mixture

containing the copolymer are set forth together in Table 3.

(01647 - Preparation Example &

10 A crosslinking metal salt bond-containing copoliymer {a2-2)
was prepared in the same manner as in Preparation Example 5, except
that the components were changed as shown in Tabhle 3.

[CL&5] Properties of the resulting crosslinking metal
salt bond-contzining copelymer or a reaction mixture containing

15 the copclymer were evaluated in the same manner as in Preparation

Example 5 {preparation example of copolymer {(22-1)). The results

are set forth in Table 3.
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Table 7 Com onents (unit: oart(s) by weight) Silyl ester copolymer a3-1 (solids content: 51-2 20
wt%) Sly! ester copolymer a3-2 (solids content: 50, t%) Toyoparax 150 Terpene phenol YP-90LL
35 Red iron oxide Geklcn MB0.5 Dis 4200
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[0167] Preparation Example 7

Preparation of silvl sster copalymer {(a3-1)

Ina réaeti@n vessel eguipped with a stirrer, a condenser,

a2 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 2 stresm of nitrogen at
B5°C. With keeping the same temperature, a mixture of 60 parts
of triisopropylsilyl acrylate, 40 parts of methyl methacrylate
and 0.3 part of 2,2 —zzobisisobutyronitrile as & polymerization

10 initiator was dropped into the reaction vessel from the dropping
gevice over a period of 2 hours., Thereafter, stirringwas carri"ed
out for 4 hours at the same temperatire, then 0.4 part of
2,2" ~azobisisobutyronitrile was added, and stirring was further
carriedout for 4 hours at the same temperature toobtainacoloriess

15 transparent reaction solution containing a silyl ester copolymer
(silyl (methjacrylate copolymerﬁ (a3-1y.

[01s8) The resulting copolymer (a3-1) had a heating
residue (heating residue after drying for 3 hours in a hot air
dryer &t 105°C) of 51.2% by weight, & viscosity at 25°C (B type

20  viscometer, No.3 rotor) of 408 cps, a number-average molecular
welght (Mn), as measured by GPC, of 9735 and a weight-average
molecular weight (Mw) of 55650,

[0169) The components dropped in the preparation of

the ceopolymer, properties of the product, etc. are set forth



CalCined gypsum FT-2 100no 1 loo 100100 Amount of Oc) basedon 100 parts by weigh: of (R)
(solid component) (part(s) by eight) Amount of (hi) based on 100 parts byweight of (A) (solid
component) (part(s) by weight) Weight of (C)/weight of (hi) AMOunt of (b2) based on 100 parts
byweight of (R) (solid component) (nal-t(s) by weight) Amount of (D) basedonNDpartsbyht of (A)
(solid component) (pen(s( by weioht) (Amount of (BY in compos 0. (100% by weight) (5)

together in Table 4.

LOL7071 Preparation Example 8

A silyl ester copolymer (silyl (meth)acrylate copolymer )
] {a3=2) was prepared in the same manner as in Preparation Example
7, except that the components (components dropped) were changed
as shown in Table 4.
[0171) Properties of the resulting silyl ester
copolymer or & reactlon mixture containing the copolymer ware
10 evaluzsted in the same manner as in Preparation Example 7
(preparation example of silyl ester copolymer (a3-1))}. The

results are set forth in Table 4.



1.12.3 1.22.31.2 AMOtant Of (0) in composition (100% by weight) (1)1.02.01.02.01.0 Coating film

consumption degree

After 4 months 0.5 0.5 0.5 0.5(0.5
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75 Table 7 (Continuation) Artiount of (t) based on 100 pasts by weight el (A) (solid 113.4 2 8 8 225.6
174,4 188. no Onen) (part (e) by e ht 76 Table -7 (Continuation) 77 Table 6 Zinc white No. 3
Copper omadine e -N 2 (solids co 30 wtl( 50 Terpene phenol YP-90 Red ironoxieGekko
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[0173] Examples 1 to 45 and Comparative Examples 1 to

24

Preparation of antifeuling coeting composition

Using the side-chain end structure metal salt copolymers

5 {al-1l) to (al-2) cbtained in Preparation Examples 1 to 2 shown
inTable 1, the crosslinkingmetsl salt bond-containing copolymers
{a2~L) to (a2-2) obtained in Preparation Examples 5 to 6 shown
inTable 3, andthe silyl estercopolymers (a3=-1) to {23-2) cbtained
inPrepazatianExamples7%x;85howminTabieéyanﬁif@ulingcaating

10  compositions of the formulations shown in Examples 1 to 45 and

Comparative Examples 1 to 24 of Tebles 5 to 10 were prepared by

a conventional process.

101747 Measurement of film consumption degree of

antifouling coating £ilm

18 The above=-obtained antifouling coating compositions of the
formulations shown in Tables 5 to 10 were gach dlreétly applied
by an applicater to a rigid vinyl chloride resin plate (50 =zm x
50mm > thickness l.5mm) havingbeean subiectedtonopriner trestment
50 that the dry £ilm thickness would become 150 pm. The resulting
20  test plates with a coating film were each set on a rotary drum
placed in the seawater in Nagasakl Bay of Nagasaki Prefecture,
then the rotary drum was rotated at a peripheral speed of 15 knots,
and a £ilm thickness consumed every month {total (um) of coating

film consumption degree from just after the placement, coating



Novo Is 4200 CElcined Y $ ount of (C) based on 100 p component) (p t(s) by Amount of (bl)
based on 100partsby component) (oarm(s) by weight) eight of (C)!weight of (hl) Amount of (b2)
based on 100 parts by weight of (a) (solid componenti (part(s) by wei,ght) Amount of (D) based on
100 parts byw ght of (A) (solid component) (oart(s) by weight) Amount of (D) in composition (1001 by
weight) (8) of (0) Sn Coro.osition (100t b weight) (8ating film consumption degree

film consumption degree) was measured for 6 months. The results
are set forth together in Tables 5 to 10.

[0175] Evaluation of static antifouling properties of

antifouling coating film

Praparation of tast plate

[H3]

To a sandblasted steel plate (length 300 mm x width 100 mm
xthicknessBQme),an&pmxyanticorro&ivecoatingmaterial(epaxy
AC coating material, trade neme: “Bannoh 500, zvailable from
Chugoku Marine Paints, Ltd.) was applied se that the dry film
10 thickness would become 150 um, and <hen an epoxy binder coating
material(tradename;“aanﬂthDON”,availablefromﬂhugokuMarine
Paints, Ltd.) was applied so that the dry film thickness would
become 100 um.
[0176] Subsegquantly, the antifouling coating
1% compositions of the formulations shown in Tables 5 to 10 were each
applied onée so that the dry film thickness would become 150 pm
and then dried to prepare test plates with a coating film. The
interval between application of any one of the above coating
materials (e.g., “Bannoh 500”) and application of another coating
20  material thereon (e.g., “Bannoh 5008”) was 1 day/l coat.

[0177] Test method for static antifouling nroperties

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

aliowed to stand still for 6 months. During this period of time,



After 2 months After 4 months 0.50.51 0.sr 0.5 21 78 Table 8 (Continuation) Comm. Examples 7
Components (unit: part)s) hr weight) CA)Side-chain end structure metal salt copolymer al-1 (solids
content: 49wt%) Side-chain end structure metal salt copolymer

67

the area (%) of adhesion of fouling crganisms was examined evary
month. The results are set forth together in Tables & to 10.
101783 Evaluation criteriz of the static antifouling
properties (evaluation criteria of area for adhesion of aguatic

> organisms) are as follows.

[0179) Bvaluation criteria for area of adhesion of

squatic organisms (evaluation criteria for static antifouling

propertiea)

0 point: There iz no adhesion of the aquaiic organisms.
10 [0180] 0.5 point: The area of adhesion of the aguatic
organisms is about 10%.
1l point: The area of adhesicn of the aguatic organisms is
about 20%.
2 points: The area of adhesion of the aguatic organisms is
15 about 30%.
3 points: The area of adhesion of the aguatic organisms is
about 40%.
4 points: The area of adhesion of the aguatic organisms is
about 50%.
20 5 points: The area of adhesion of the aquatic organisms is
apout 100%.

[01B1] Ccmponeants

Details of the substances ghown in the formulations in the

tables, ete. are set forth in Table 11.



al-2 solids content: 50.5 wt%) upric oxide nZD CUM upric oxide NC80 inc white No. ) Copper omadine
See-Nine 21 (solids content: 30 wtt) Tov ara 150 Terpene phenol YP SOIL Talc C-15 ec iron oxide
Gekko BE Tote Amount of (C) based on 100 parts by weight of ) (solid component) (part (s) by
weight) ount of (bl)basedon100partsbyweightof (A) (solid component( (part(s) by weight) Weight of
(C)/weight of (hi) Amount of (b2) based on100part&°byweigbt of (A) (solid 20.1 20.1 component) (
art(s) b weight) Amount of (D) baSed on 100 parts byweight of (A) (solid 6.7 5.7 ¢ ponent) (part Is( by
weight) Amount of (D) in composition (100 by weight) (%) 1.21.2 AmountD) in composition (100% by
weight) (1.0100.8Réating film consumption degdréete >

Eramples
1 z 3 g 5
Componenty (unit: BaETt(s) by welght)
(A] | Side~chain end structure metal salt copolymer 20 20 25 25 25
al-l {sciids content: 498.7 wibj
Side~chain end structure metal salt copclymer
al-? (molids centent: B0.5 wih)
pl) | Cupric oxide RED COPBTN z8 25 20 30 30
Cupric oxids NCE03
ey | Zine white No. 3 2 25 | 20 20 25
(&2} | Comper ocmadine 3 3 3 3 3
See-Mine 211 (splids comtent: 30 wig)
(D) | Toyoparax 130 i 2 1 Z 1
terpene phenol Ye-30LL
Trle FC-1 3 g 7 7 5
Red iron oxide Gekke BE 0.5 B.5 0.5 0.5 0.5
Novoperm Red FARK 0.5 0.5 {.5 0.5 0.5
D1 4200 1 1 1 1 1
Xylense 17 L6 16 5 ¥i
Dig 630-20%C 2 2 Z 2 2
Caluined gypgun ¥T-2
Total 196 | 100 | 200 ! 100 | 100

Amount of {C) based on 100 parts by waight of (A} (solid| 241.4 | 251.% | 161.0 | 161.C 2052
component! (parti{a) by weight)
Amount of {1} beset on 100 parcs by weignt of (A) (solid | 28L.7 | 281.5 | 161.0 [ 241.4 | 241.4
component) (part{=} by welghty
Beiwht of (C) fweight ef {hl} . 0.5 1.0 0.7 0.8
Bmeunt of (b2) bassd on 100 parts by weight of (A) {selid| 30.2 ) 30.2 | 33.8 | 24.1 | 24.1
component) (part{s) bhv weight}
Amcunt of (D) based on 100 pazts by welght of (A} (sedid | 10.1 ¢ 20,1} §.0 6.1 B.O
component) (part (s} by weighti)

o
<

Amouns of (D) in compositisn ([100% by weight) {%) 1.1 2.3 1.2 2.3 1.2
Amount of (DY in coemposition (100% by weight) (%) 1.0 2.0 1.0 2.0 1.0
Coating film consumprion degree
After 2 mombths 5.4 2.7 110.3 1] 9.4
aftar 4 months 18,8 120,21 119,79 118,81
After € months 34.1 1 33,1 1 32,1 ] 25.21 30,2
Static sutifouling properhiss
Afrer 2 months 0 0.5 0.5 0 G
Afrer ¢ months 0.5 .58 0.5 G6.% O
After € monghe 0.5 1 0.5 0.5 )




After 4 months17. er 6 months21.4 Static antifouling properties 88,520. ter 4 months After 6
monthsl 51 79 [0186] Table 9
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Table 5 {Continuation)

Examples
& 7 B | s 10
Components {univ: part{s; by weight)
(&) | Side-ehain end structure metal salt copolymer 33 25 | 28 28 28
al=1 (solids conrent: 49.7 wekl
Side-chain end strugture metal sali copolymer
gi=2 {8olids conrent: 50.5 wt%)
1) | Cupric oxide RED COPYIN i7 20 ap 30 27
Cupric pxide NCBD3I
{(C} | Zine white No. 2 17 28 18 25 27
b2} | Copper omadine 5 3 3 3 2
Sea-Nine 211 (s0lids content: 30 woh) g &
(D) | Tovoparax 150 2 2 2 i1
: Terpene phenol YE-S0LL 2
Telc PO-1 3 i 2 2 5
Red ipen oxide Gekke BB 0.5 0.5 0.5 0.5 0.5
¥ovopern Red FSORE 0.5 0.5 ¢.5 0.5 0.5
Dig 4200 1 1 i 1 1
Ayvlens 1D 4 12.5 & ;
Dis 630=-20XC 2 z 2 2 2
Laleined gypsum FT=2 1 0.5
Total 200 { 1DB0 | 300 § 100 | ip0

Ameunt of (C) based on 100 parts by weight of (A) (solid i 103.7§ 225.4 | 229.31 1786 | 194.0
component) (parti{s! by weighr}
Amaunt of (b1} based on 100 parts pyweight of {A) (solid | 103.7 | 241.4 | 215.6 | 215.6 | 194.0
comenent) (part(s) by weight)
Weight of (L) /weighe of ibl) i 0,8 0.6 0.8 1.0
hwount of (b2} based on 100 parts by walght of (A) (selid| 39.6 | 33.8 | 21.6 | 21.6 | 4.4
i component) (part{s) by weight)
Amount of {D) based on 100 parcs by weighr of (A) (selid| 12.2 | 36.1 | 14.4 ) 14.4 | 7.2
component) (partis) by weight)

ameunt of (D) in composition (100% by weight] (%) 2.5 | 2.3 | 2.¢ | z.4 | 1.2
Bmount of (D) in compositiorn (100% by weight) (%) 2.0 | 2.6 2.0 2.0 1.0
Coating £ilwm consumprtion degree
After 2 months 8.3 3.3 8.2 7.8 8,1
Afrar 4 months 39.7. 1 18,7 117.3 | 15,3 18.8
After & months 29.5 | 20.8 ] 26.4 { 30.3 | 28.7
Btztig antifouling preparties
After 2 meonths 0 0 o J 0
Bfter 4 months 0.5 0 ) 0.5 0.5
After £ months 1 0.5 i 0.5 0.5




Comaa 2 ComponentsPart(s) bylg., ) ICrosslinking metal salt copolymer a2-1 (solids2 content: 45.6
wt8) Crosslinking metal self- copolymer a2-2 (solids on-: 46.2 boxide P3 Cupric oxide NOOO3 () (D)
Toyoparax 150 cined gypsum FT-2 Amount of (C) based on 100 parts by weight of (A) (solid
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Table 5 (Continuation)

Exanples
11 12 L3 14 15
Commanents {(unit: pars (s by welght)
(&) | 5ide=-chain end srructure mecal salt copolymer | 28 28
al~) {svlids content: 498.7 wii)
Side—chain end structure meral sslt copolymer 28 28 28
al-2 (solids content: 30,5 wth)
{ol) | Cubric oxide RED COESTH G4 1% 30 35
Cupric exide NCBOZ _ 30
(¢) | Zinc white No. 3 19 22 | 25 25 20
(b2} | Copper omadine 3 3 3 3 d
Sea-Wine 211 (molids content: 30 wok)
(B | Tovoparax 150 1 1 2 2 2
Terpens phenol YP-90LL
Talc ¥C-2L 3 3 2 Z i
Red iron oxide Gekko BB 0.5 0.3 0.5 0.8 0,5
Novoperm Red FSRE 0.8 0.5 0.5 0.5 0.5
Dis 4200 A i 1 1 1
Iylene B 4 & G 3
Dis 63D-20X0 2 2 2 i 2z
Calcined gypsuws FT-Z2
Total 100 100 100 100 100
Amount of () based on 100 parss by weight of (&) (soiid | 136,51 1381 ) 1768 1768 141.4
component) (part(s) by weight)
Amount of {bl) based on 100 parts by weight of (A) (solid | 244.3 | 251.5 | 212.2 | 21Z.2 ; 247.3
component) {wart(s) by weight)
Weight of (C)/weight of {bl} 0.6 0.% 0.8 0.8 0.8
Amount of (b2) hased on 100 partabywelght of (A) (solid| 21.6 | 21.6 [ 21.2 | 21.2 | 21.2
compopent) (parzt(s) by weight)
Amount of {D} based on 100 parts by welght of (A) (selid| 7.2 7.2 0 14,011 14.1 ) 4.1
component) {(part (s} by waight)
Ameunt of (D) in composition (100% by weight) (%) 1.2 1.2 2.4 2.4 2.4
amount of (D} in compesition (1003 by weicght) (%) 1.0 1.0 2.0 2.0 2.0
Cozting £ils consumption dsgres i
After 2 months 8.5 | 7.7 i 8.4 | 8.8 | BT
fter 4 months i6.9 1317.4 120,13 116.8 1 36.8
After § months 30.3 128,% 1 31,2 1 27.41 28.B
Statdie anvifounling propesrties
rfter 2 months ) { C D | 0 0

After 4 moanths 0. .
After € monthsg 0.3 1 0.5 ! 0.5




component) (Part(s) by weight) Amount of (b1) based or. 100 parts by weight of (A) (solid
component) (part(s) by weight) Weight of (0).41i.oht of (hi) Arablitt of (b2) based on 100parts
byweightof (A) (solid 11.0 32.9 11.0 component) (Parn(s) by weight) Amount of (0) based on 100
parts by weight of (A) (solid component) (parn(s) by weight) Amount of (0) in composition (1008 by
weight) (%) Amount of (D) in oomoositicn (100% y’weight) (%) Coating film consumption degree
After 2 months After 4 months After 6 months Static antifouling properties

[0183] Table ©

Exanplies
15 1 17 18 iy 20

Components (unit: part(s) by weight)

{A) | Creosslinking metal salt copolymer aZ-=1 [soldids 20 20 25 25 25
content: 45.6 wtd)
Crosslinking metal salt copolymer a2-2 (gsolids
content: 46,2 wid)

(ol; | Cupric oxide RED COFSTR 28 25 20 a0 30
Gupriec boride NCBOI

() { 2inet white WNo. 3 24 25 20 20 )

{2} | Copper omadine 3 3 3 3 3
Sea~-Nine 2131 (solids pontent: 30 wik) £

i) | Toyoparax 150 1 2 1 2 1
Terpene phenpl YP-S0LL
Talc FC-1 3 B 1 7 5
Red iron oxide Gekke BB 0.5 0.5 0.5 0.5 0.5
Movoperm Red FBRE .5 0.5 0.5 0.5 0.5
Dis 4200 1 B 3 i 1
Lylene L7 16 16 g 7
Dis §30-20¥C Z 2 2 2 2
Caluined gymsum FT-2

Total 1040 308 100 100 100

1 Amoymt of {C) based on 100 parta by waight of YA) tsolid | 263.2°) 2.1 1 475.4') 1754 1 219.%
componsnt) (part{s) by weight)
Argunt of (W1} based on 100 pares by weight of (&) {sclid | 307.0 ;) 224.1 | 175.4 | 283.2 | 263.2
semponant) (partis) by weight) :
Weight of {C)/weight of (bl 0.9 1.0 1.0 0.7 0.8
Amount aof (b2) besedon 100 parrs by welght of (h) (s0lid | 32.9% { 32.9 | 36.8 | 26.3 | 26.3
component) (part{s) by weight)
Arount of (D) besed on 100 parcs by weight of (&) (solid | 11.0 | 21.% | 8.8 | 17.5 ] .8
component; (parri{z) by weight) {
Bmount of (D} in compositieonm (1G0% by weighr) (%) { 1,

1 2.3 1.2 . & 1.2
Emount of (D) ir composition (100% by weight) (%) 1.0 2.0 1306120 3.8
Coating film consumptlion degree
After 2 monthe 9.7 5.2 ¢.8 9.3 8.6
Afrer 4 months 17.3 018,81 19,71 18.7 | 18.8
After 6 monthe 28.8 132,31 32.1125.8 1 30.1
Static antifouling properties
After 2 months 0 0.5 0 Q 0
Afrer 4 months 0.5 5 & t.5 G.5&
After & months 0.5 5 0.5 1 1




80 Table 9 (Continuation) p. tamties 1 141516 Components (unit: part(s) by weight Crosslinking metal
salt copolymer a2-1 (solids3030 content: 45.6 yr%) Croaslinking metal salt copolymer a2-2 (solids
content: 46.2 wt%) Cupric oxide RE01297N Cupric oxide N0603 Zinc white No. Copoer omedine
Sea-Nine 211 (solids content: Toyoparax 150 TerPZene phenol YA-9OLL

Tabhle € (Continuation)

Exannies
21 22 23 24 | 23

Components (unit: parti{s) bv weilghit)
{A) | Crosslinkineg metal salt copolymer aZ-1 [solids 33 z5 2d 28 28
content: 45.6 wii)
Crosslinking mefal salt copolvmer a2-2 (selids
content: 46.2 wrk)

i) | Cupric oxide AED COPSTN 17 30 30 30 27
Cupric oxide NC8O3

(C) 1 Zinc white No, 3 17 28 18 25 27

(b2} § Copper swmadine ] 3 3 3 2
Ses-Hine 211 (solids content: 30 wii) 5 '

(B) i Tevoparar 150 2 2 2 i
Terpene phenol YP=%0LL 2
Tale FC=1 & 3] 2 2 E
Red fron oxide Gekiko BB 0.5 $.5 0.5 1 0.5 2.5
Novoperm Red F5RK C.5 [ 0.5 1 0.5 ! n.5 ! 0.5
Dis 4200 1 101 1 1
¥Xvlene 16 4 12.5 5 g
Pis 630-20KC 2 p 2 z 2
Celeined oypsum FT-2 1 0.5

Total 100 100 100 106 100

Amount of (C] based oo 100 parts by weight of (A} (solid | 113.0 + 245.6 | 141.0 195.8 | 211.5
component) (marti{s) by weiaght) !

Bmount of (bl) based on 100 parts by weight of (B) {solid | 133.0 | 283.2 | 235.C | 235.0 | 211.5
component) (partis) oy weight)

Waight of (O /fwsight of (k1) 1.4 .9 .6 (.8 1.0
Amount of (b2} based on 100 parts by weight of (&) (solid: ¢3.2 | 36.8 | 23.8 | 23.5 | 15.7
cemponent) {(part (g} by weight) '
Amount of {D) based on 100 parts by weight of {A) (solid | 23.3 1 19.8 | 15.7 { 15.7 | 7.8
component) (part{s) hy weight)

Ameunt of (D) ir compesition (100% Dy weight; (%) | 2.5 | 2. ¢ | 2.4 | 2.4 | 1.2
Amount of (D) in comppsition (10D% by weicht) (%) 2.0 2.0 2.0 z.0 1.0
Coating Ffilm consumption degree |
After 2 months 8.5 |10.% ; 8.8 110.3| 5.1
After 4 months 18.8 1.2 0 16.6 1202 18.%
After & months 29.7 | 33,4 1 20 8| 34.5 ] 31.5
Sratic antifouling properties
After 2 months o o 0.5 C 0
after 4 months 0.5 0.5 G.5 0.5 &
after & months 8.5 1 1 1 0.5




Xylene Die 620-20)cC  Amount of (C) based on 100 parts by weight of (A) ((solid component)
(part.(S) by weight) Amount of (b1) based on 100 parts by weight of (A.) (solid comnopent) (ven(s) by
weight) Weight of (C)/weight Of (b1) Amount of (b2) basedon 100 parts byweight of (A) (solid
component) (Part(s) by weight) Amount of (D) based on 100 parts by weight of (A) (solid %.2
component) (part (s) by weight) Amount of (D) in céfposition (100% by weight) It) 1.2 Amount of (0) in
composition (100% Coating film consumption degree

Takble & (Continuation)

Exanples
26 27 28 28 30
Compenenta {unit: part(s) by weighs)
(&) | Croselinking metal salt copolymer g2e1 (solids | 28 28
content: 45.6 wii)
Cresslinking metal salt copolymer a2-2 (solids 28 28 28
comtent: 46.2 wu§)
(Bl) | Copric oxide RED CopovN 3¢ 35 20 33
Cupric oxide NCHDI 30
(C) § Zing white No. 3 20 22 25 25 20
B2 | Copper omadines 3 3 3 3 3
Bea-Nine 211 (zwlids content: 30 wii)
(D0} | Tovopgraxs 130 1 1 2 2 2
Terpens phenol YE-S0LL
Pale FC=1 3 3 2 2 z
Red iron oxide Gekko BE | 0.5 0.5 B.3 | 0.5 | 0.5
Noveoperm Red FRRK 0.5 0.5 0.3 0.5 0.5
Disz 4200 1 1 1 1 1
Aylene 7 4 5 & [
Dis E30-20%C Z 2 2 2
Caicined gypsum FT-2
Total - 100 1090 1008 100 166
Ampunt & (C) based on 100 pavts by welidht of (BY (solid | 156.6 172.3 ) 183.3 1 195,31} 1558
sompgnent) (wart(s) by weight)
Amount of (D1) based on 100 parts byweight of {B) {sclid | 266.3 | 2774.1 | 29,0 | o3 6 270.6
compeonant; (part(s) by waight)
Weight of () /weight of (bl) 0.6 0. ¢ 0.8 [H: 0.8
Amount of {l) based on 100 parts by waight of (&) (selid | 23.5 | 23.5 | 23.2 23.2 ) 23.2
component) {(part(3) by welght)
Amount of (D) based on 100 parts by weight of (A) (selsd ] 7.8 7.8 | 15.5 | 15.5 | 15.5
component) {(partis! by walghts)
Awount of (D) in composition (100% by weight! (%) 1.2 1.2 2.4 2.4 2.4
Amount of (D) in composition (100% by weiaht) (%} 1.8 1.0 Z.0 2.0 f ]
Comzing film consumption degrse
After 2 months B.% [ 11.2 | §.2 g.2 B.3
Afrer 4 months 18.7 1 1%.3127.1 ] 18.3{ 18,58
Aftar 6 monthe 0.5 1 32,7 | 28,3 | 26.7 ) a1.5
Svravic antifonling properties
After 2 months 0 0 0 0 0
After 4 monthy ) 0.5 0.5 4 0
After & months G.5 1 0.5 0.5 0.8




After 4 months 17.5 37.9 16 9 After 6 months 19.677.9 19.7 Static antifouling properties After 6
months
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10184] Table 7

Examples
31 32 33 34 35

Components (unit: part(s) by weloht)

(&) | 8ilyl ester copolymer 83-1 (solids conteant: 51.2 20 20 27 25 25
wid ]
211yl ester copolvmer al-2 (sollds content: 50.1
wWih)

(1)t Cuprilc oxide RED COPYTN 28 25 20 3¢ a6
Cupric oxids NOBO2 :

(G} tZing white No. 3 24 25 20 20 25

(b2} | Copper emadine 3 3 ] 3 3
Sga~Nine 211 (solids convent: 30 wbi)

(&) | Toyoparax 1EO 1l Z 1 2 i
Terpene phenal ¥P-30LL
Talec Fl=1 3 5 7 7 5
Rad iron omide Sekke BB 0.5 0.5 0.5 0.3 0.5
Novoperm Red FSRR 0.5 0.5 0.5 0.5 0.5
Dis 4200 1 1 1 1 1
iviang |17 16 18 8 7
Dizs 630=20%C 2 2 2
Caleoined gvpsunm Fr-2

Total 100 100 100 100 1060

amount of {0) based on 100 parts by welght of (A} (solid | 234.4 § 244.1 | 144.7 | 1R&.3 | 188,23
component) {part{s) by waight}
hmount of {bl) bBased on 100 parts by weight of (A} (s0lid | 273.4 | 244.1 | 144.7 | 234,84 | 234.4
component) (part{s) by weighr)
Weight of (C) /weight of {bl} g.5 1.0 1.0 6.7 O_8
Bmount of [(b2) basedon 100 parts by weight of (B) (s0lid | 25.3 3P 2L.7 23,44 23,4
companent) (partls) by weight)

amount of (D) based on 100 parts by weight of (&) (solid ) $.9  19.5 ¢ 7.2 | 153.6| 7.8
Lcomponent) {part(s) hv weight
Amount of (B} in composition (100% by weight) (%) 1.1 2.3 1.2 2.3 1.2
amount of (D) in composition (100% by welight) (%) 1.0 2.0 1.0 2.0 1.0
: 4
Coating £1iilm consumption degree i
Lfter 2 monthe 8,7 3,1 7.7 £, 3 2.1
Afrer 4 months 8.3 730,318,517 14,5 1 15.¢6
After © months i8.6 | 19,1 1203 1223125 .4
Static antifouling properties
Afcey 2 months 0 0.5 0 ¢ 0
After 4 months 0.5 0.8 0.5 0.5 0.5
After & monthe 1 Q.5 1 0.& 1




82 Table 10 (Continuation) Comp. Examples 22 23 (unit( part(s) by w 0 0 (A) Silyl ecopolymer a3-1
(solids conten2 wt%) Iyl ester copola-(solids content: 50.1
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Table 7 (Continuation)

Exgmples
36 37 38 3% | 40

Components (unit: Part(s) by weight)
(A) | 811v] ester copolymer ai~1 (solids content: 51.2 31 25 28 28 z8

wi§)
§ilyl ester copolymer a%~2 (selids sontens: 56,1
weg )
(il | Supric oxide RED COBSTN 18 ap 30 30 27
Cupric oxide NCBO3
(€) | Zinc whire Mo, 3 1B 28 18 25 27
(02) | Copper omadine 4 3 3 3 2
Se¢a-Nipe 211 (solids content: 30 wid) 5 £
(D} | Toyoparax 150 2 2 2 i

Ternene phenol YE=-80LL
Tale Fo-3 g | 2 1 o» 5
Red iron oxide Gekko 2B

%4

n
(=)
[£ 0

0. 0.5 0.5 D.5
Hovoperrm Red F3RE 0.8 0.5 8.5 G.5 0.5
Dis 4200 2 4 1 1 1
Zyvlene i0 4 12.5 ] g
Dig &30-204C 2 2 2 2 2
Caloined gypsum P~ 1 0.5
Toral 100 100 =00 100 160

hmount of (C) baged on 100 parts by weight of {A) (#olid | 113.4 | 218.8 | 125,6 | 174.¢4 | 1883
compenant) {part(s) by weighw)
Amount of {bl) bazed on 100 parts by Weight of (A) (solid | 113.4 | 234.4 | 208.3 | 20,3 | 188.5 |
Component) (partis) by weight) ;
Weight of (Cj/weight of (bl 1.0 0.8 0.& 0.8 1.0
Amount of (b2} based on 100 parts by weight of (&) (solid 3.7 [ 32.8 | 20,8 | 20.¢ ] 14.0
compongnt) (partie] by weight)
Amount of (D) bagsd on 100 parts by weight of (A) (sclid | 12.6 | 15 6 14.0 | 14,0} 7.0

comprnent) (partis) by weight)
ABmount of (D) in compesition (100% by waight) (% 2.4 2.2 2.4 Z.¢ 1.1
Amount of (D) in cemposition [100% by weight) I%) 2.0 2.0 1 2.9 2.0 1.0
Coating Zilm consumption degree
After 2 months 5.5 1 4.3 3.5 6.7 5.8
After 4 months 10.¢4 |14 ¢ 112,53 15.2 13.3
hfter & months 1%.% 1 20.2 20,0 1 21.5 1 19.9
Static antifpuling properties :
After 2 months | 0 0.5 0 .5 0
After 4 monthe 0.5 0.5 0.5 0.3 0.k
frar & monine 0.5 0.5 il 3 1




t) 0 1) Cupric oxide RED CO  Cupric oxide NC903 (C) Zinc white No.3

(b2) Copper omadine
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Table 7 {(Continuation)
Examples
41 42 | 43 44 25
Components (unit: part(s) by weight)
(A) | 8iiy] ester copolymer a3=1 {sclids content: 51.2 28 28
wi¥)
81ilyl ester copolymer a3-2 {solids gontent: 50.1 28 26 28
Wi )
(bl) | Cupric oxide RED CORYTN 34 35 30 35
Cuprie exide WCBQ3 30
{C) | Zine white Ns. 3 18 22 25 28 20
(2) | Copper omadine 3 3 3 3 3
Sea-Nine 211° (eelide content: 30 wil)
(D) | Tovoparay 150 1 3 2 pa 2
Terpene phenol YP-80LL
Tale FPC-1 3 3 2 2 z
Red iron oxide Gekko 5% 0.3 8,8 0.5 0.5 G.5
Hovepsrm Fed FHRK £.5 0.5 0.5 0.5 0.5
Dis 4200 1 1 1 1 1
Eylene g 4 3 7 &
Dis €30-20%C 2 2 23 2 2
FCaloined gypsum FT-2
Totel 106 1 3100 ! oieo | o100 | 100
Amount o [C) bzsed on 100'parts by weight of () (s0lid | 232.5 | 183,53 | 178.2-] 170.2 | 142.8
component) (parti{s) by weight)
Ameunt of (bl) based on 100 parts by weight of (A} (solid | 237.2 | 244.1 | 233.8 ] 213.9 | 249.5
t component) (part{s) by weight)
Welght of (C) /weight of {(bl) 0.8 0.6 4 0.8 0.8 0,6
Amount of (b2) hased on 100 parts by weight of (A) (solid ! 20.% [ 20.% 1 21.2 | 21,4 | 21,4
component) (part (s} by wailght)
Amount of (D) based on 100 parts by welght of (B) (sclid| 7.0 F.0 O] L4030 14.3 14.3
COMDODEnT ; ipart 2) by weight)
Amount of (D) in composition {100% Dy weight) (%) 1.2 1.2 2.4 2.4 2.4
Amount of !D) in compesition (100% by weight) (%) 1.0 1.¢ 2.0 2.0 2.0
Coating £ilm consumption dagrec
After 2 months 6.1 6.5 5.% £.2 6.9
Lfter 4 months 14.5 134,41 12,5 1 13,31 313.7
After © months 20,7 | 21,2 1 19,5 { 22.3 1 22.%
Static anrifouling propervies
After 2 months g C.% 0 0 0
After ¢4 month G.5 o5 G.5 0.3 0
After 6 months 0.5 L 0.5 0.5 0.5




3 a-Nine 21(solidsn30 wta) (0) Toyoparax 150 Terpene phenol YP-9OLL Talc FC-15
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[0185] Table §

Comparative Examples
R 3 i |8

Components (unit: part(e) by welehs)
(&) | Side~chain end structure mete) salt copol yme» 20 20 2¢ 20 a0
al-1l (swplids sontent: £9.7 wed)
Side-chain end structere meial salt copclymer
l82l-2 (selids content: 50.5 wrg)
Bl) | Cupric oxide RED CORPITN : 45 4% 50 45

Cupric oxide NCRO3 50

(&) | Zine white No. 3 5 1 % 5 7 5

(52) | Copper omadine N 1 3 il
Sea-Nine 211 (smolids content: 30 whd)

(D) | Tovoparax 150 1 1 i 1 1
Terpene phanal YP-50LL
Talc FC=1 ) N 3 3 5
Bed iron exjde Gekko BB 0.5 [ 0.5 | 0.5 | 0.5 | 0.3
Novoperm Red FSRE 0.5 0.5 0.5 0.5 L. 5
Dis 4200 1 1 1 1 1
Zvlene 17 13 1s 12 8
Dis &30=-20%0 2 2 2 2 2
l Calcinad gypsum FT-2 | l

Total 100 | 100 | 160 | 100 | zop |

Amovwt of (C) based on 100 parts by welght of (A) (solid | 5003 60.4 © 50.%2 | 0.4 ! 33,5
component) Ipart(s) by weigat)
| Amount of (bl based on 100 parts by weight of (A} (solid | 452.7 | ¢52.7 | 503.¢ | 503.0 | 301.8
gomponent! (pazrt(s) by weight)
TWeioht o o) fweight of (bl) 0.1 | 6.1 ] 6.1 7
Amount of (b2} based on 100 parts by weight of (R) {solid i 10.1 ] 306.2 | 10.2 | an.z | &9
component) {parti{s) by weighs)

Amount of (D) based on 100 pagts by weight of (A) (solid | 104 0.3 1 10,2 | 10.10 | 6.7
component) {parti{s;} by welight) J
Amount of (D) in cempesition [100% bv weight! (%) 1.1 1 1.1 1.1 1.2
Ampunt of (D) ipn composition [100% by weighe) (%) 1.0 1.0 1.0 1.0 1.0
Cozting film consumption degree ’ E
After I months 10,3 8.8 8.7 B.7 110.3
frer 4 months | 16.7 | 18.8 | 17.3 | 17.1 | 184
After & months 123,31 20.3 20,2 18.7 | 1.4
Static antifeuling proveriiss !
After 2 momths 6.5 n.& 0.5 0.5 0.5
After 4 months 0.5 | 1 1 1|
Afrar £ monchs 3 g 2




35 3 Red iron oxide Gekko BB 0.5 0.5 0.5 Novoperm Red F5RY 0.50.50.5 Dis 4200 11 Xylene 6
4
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Table B (Continuation)

Comp. Examples

€ 7 g
Compongnts (unit: part (s by weight)
(A} | Side-chain end structuzre meral salt copolymer | 30 a0
ai-l {solids content: 49.7 wii)
Side-chain end structure metal sal: copol ymer 30
al«? (solids coptent: 5G.5 wkk)
&l | Cupric oxide KED COPYTN 43 15 50
. Cupric oxide NOBO3
(C} | 2ing wnite No. 3 6 g
b2 | Copper omadine 3 k] 3
Sea-Nine 211 (solides soptent: 30 wed)
(D} | Tovopazax 150 1 1 1
Terpane phennl YP«80LL
Talec FC-J 5 35 3
Red iron oxide Gekko BE 0.5 0.5 0.5
Novoperm Red FERE 0.5 0.5 0.5
Dig 4200 1 1 1
Lylens g 4
Dig 630-20XC 2 2
Calcined gypsum Fr-p
Total 100 108 L00

Amount of {C) hased on 100 pares by weight of (A} (sclid | 40.2 - 53.7 | 31.0
component) (part(s) by weight)
ﬁﬁmunzof{bl)basednnlaﬂpartsbyweightof(A)(solid J0L.8 | i00.6 | 330.0
Somponent) (Dart{s) by weight)
Weight of (C)/weight of (bl 0.1 0.5 0.1
Amount of (bZ) based an 100 parts by weight of (A) {salid | 20.1 20.1 ] 18.8
cemponent: (part{s) by waight)
Amount of (D] based on 100 parts by waight of (&) (solid | §.7 §.7 6.¢
compongnt: (parrt(s] by weight)

amount of (D) in composition (100% by weight) (%) 1.2 1.2 1.2
Amount of (P) in cemposition (100% bv weignt} (%) 1.0 | 3.0 | 3.0
Loating £ilm consumption degres
Afrer 2 months 8.7 |1 34.5110.3
After 4 months 17.3 1 38,7 1 17,8
After © memths 21,4 1 BB.S | 20 3
Static entifouling properties
After 2 months C.5 2 0.5
Bfter 4 months 0.5 5 0.5

[ - After & months | 2 3 1




4 pis630-20XC 2 2 Calcined gypsum FT-2 Total 100 100 100 Amount of (C) based on 100 parts
by weight Of (A) (solid component)(part (s)by weight)) 39.1
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[D18¢8] Table 9
Cottparative Examples
g 10 11 1z “3
Components (Unit: part(s) by weight)
{R) 5 Croselinking metal salt copolymer aZ-l (solids 20 20 20 20 a0
gontent: 45,8 wel) :
Crosslinking metal salt copolymer 22-2 (solids
content: 46,2 wehs
(bl) | Cupric oxide RED COPUTN 45 a5 50 45
Cupric oxide NUH03 50 I
(&) | Zinc white No. 3 i g 5 7
B2y | Copper omadine i 3 i 3 1
Sea-Nine 231 (solids comgent: 30 wih)
(B} | Toyoparax 150 1 1 1 1 3
Terpene phencl YF-20LL
Tale FC-1 B 8 3 3 3
Red iron exide Gekko HE .5 0.5 0.5 0.5 0.5
Novoperm Red FORK 0.8 0.5 0.5 0.5 0.5
Diz 4200 1l 1 1 1 1
Xylene 17112 ] 316 | 12 Y
Dis 630-20%C 2 2 2 oz 2
iCalcined gynsum .2 : |
Total 100 | 100 | 160 | 1006 | 100

Amount of (C) based on 100 pazss by weight of (R) (solid | S4.8 | 5.6 | 54.8 | 76.8 | 36.5
COMPONEnt) {wart(s} by waighy)
Amount of (bl) Daved on 100 parts by weight of () {solic | 453.4 453.4 1 B4B.2 1 4.2 | 398 9
component) (parcti(s) by weight)
Weight of (C) /weiaht of (bl 0.1 0.1 0.1 0.1 G
RmDuntufCb2)basedcnlOOpartsbyweightof(R)[Eoliﬁ 1.0 32.9711.01 329 7
compdnent) (part(s) by weighe)
Ameunt 6f (D) based on 100 parts by weight of (&) (sclid| 11.0 | 11.0 ] 11.0 | 3%.0 7.3

iy |t

component) (parv(s) by weighe)
Amount of (D) in composition (100% by weight) (%) RS T S R T S I W N .
Ampunt of (D} in composition (1D0& by weight) [%) L0 2.0 | 1.0 1.0 1.0
Coating film consumprion degres ' |
After 2 months ¢.7 1 8.3 | 8.7 | 8.3 | a,7
After 4 months 18.8 | 17.8 17,7 | 18.2(17.8
Liter 6 monrhs 20.2 1 20.7 1 18,3 | 20.3 | 26.9
ratie angifouling propercies
Afcer 2 months 0.5 0.5 6.5 0.5 D.%
; hfter 4 meonths 1 0,5 1 I 1
| After & months E 1 2 2




52.1 33.3 Amount of (hi) baseci on 100 parts by weig.Of (2a) (solid component)part (s) by weien't)
293.0 97.7 332.7 weight of(C)/weigh/ of(b1) 0.1 0.5 0.1 Amount of (b2) based on 100 parts by weight
of (A) (solid component)(part(s)by weight) 19.5 19? 20-0 Amount of (D) based on 100 parts by weight
of (A) (so commonenz)(part (s)by weight) 6.5 6,5 .ééb\mount of(0)in composition(100a by weight)(t) 1.2

Table 8 (Continuation)

Comp. Examples
14 13 16
Components (unit: part () by weight)
(A) j Crosslinking mebal salt copolvmer &2-31 (solids 30 30
content: 45.6 wrh)
Crossiinking metal salt copolymer al=2 (solide i
content: 46,2 wtg)
{wl) | Cupric oxide RED COBHTH 45 15 50
Cupric oxide NCEO3Z
(C) [ 2ine whive No. 3 & 8 5
b2} | Copmer omadine 3 3 3
Sea=Nine 211 (selids content: 30 wed)
(D} [ Toyoparax 150 i 1 1
Terpens phencl YP-90LIL
tals Fo=1 5 % 3
Bed iron oxide Zskko BB 0.5 0.% 0.5
Novoperm Red FOHRE 0.5 .5 0.5
Dis 4200 1 1 1
nylene
Diz 630-20%¢ 2 2 2
Calcined gypsum Fr-2
Toral 1060 100 00
Amount of () based on 100 parts by weight of (&) (solid | 43.0 5.5 | 38 b
component! (parcig) by weight)
Amount of {bl) based on 100 pares by wedghs of (&) {solid | 328.0 | 208.6 | 380.8
| Sompenent) (Dm(s) by weight!
Weight of (C)/weight of (bl 0.1 0.5 0.2
Amount of (b2) besed on 100 pazts by weight of (&) (solid | 21.5 | 23,8 | 21.8
L component) {part{s) by weight)
amount of (D) based on 100 parts by weight of {R) {sclid | 7.3 7.5 7.2

component! (part{s) by weight}

Amount of (D) in composition {100% bv weighr) (%} 1.2 1.2 1.2
Amount of (D) in compesition (100% bv weiant) %) L 1.0 1.0
Coating f£ilm consumprion degrae
After 2 months 8.3 1 1€.8 1 8.3
Aftsr 4 months 17.5 1 37.9 7 16.8
After & months 16,8 1 77.8 1 19,7
tatic sntifouling vroperties
After 2 months 0.5 2 0.5
Aftsr 4 months 1 & 0.5
After & months 2 3 z




1.2 Amount of(n)in composition(100% by weight)(%) 1.0 1.0  Coating film consummtidecree After 2
months 4.7 8.63.3 After 4 months 8.7 10. After 6 months 111.4. 3110.9
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[0187] Table 10
Compazative Examples
L7 18 15 249 21
Components (unit: part(3) by weight)
(A} | 8ilyl ester copoliymer ad-l (solids contant: 51.2 20 20 20 20 30
WLE)
Bilyl ester copelymer 23-2 (solids content: 50.1
WThk}
(i) | Cupzic oxide RED COBSIN ' 45 45 350 45
Cuprie oxids NCB03 50
() | Zinc whirce No. 3 5 5 5 7 5
&2} | Copper omadine 1 3 1 2 1
Sea=Nine 211 {(golids gontent: 30 wog)
(D) | Tovongras 150 1 1 L 1 1
Terpene phensl YE-S0LL
Talc FC-1 g g 3 3 5
Red irom oxide Gekkn BR 8.5 0.5 Q.5 C.5 0.5
Novoperm Red FSRK 0.5 0.5 0.5 0.5 G.5
Diz 4200 : 1 1 1 1 1
Xylene 17 13 16 12 ]
Dis 630~204C 2 4 Z 2 2
Calocined gypsum FT-2
Tonel p el LO0 100 100 100

amount of {C) based on 100 parts by weight of (A} (solid | 48.6 { 56.6 | £8.9 | &6.£ | 0.4
componsnt) (pare{s} bv weight)
Ewount of {bl) based on 100 parts by welght of (A) {(solid | 438.5] 439.5 | 488.3 | 4po.3 | 263.0
compengnt) [pare(s) by weight)
Welght of (C)/weight of (bl) C.1 0.1 0.1 .

Emount of (b2) based on 100 parts by weight of (A) {solid | 9.8 § 26.% | 9.8 | 29.3°1 6.5
component! {(past (5) by weight) ;
Amount of (D) based on 100 parts by weight of (A) fsoiid | 5.8 5.8 2.8 ¢.8 €.5
component! {part(s) by weight) )

Amount of (D) in composition (100% by weighv) (%) 3.1 1.1 1.1 3.l 1.2

Amount of (D) in composition (100% by weight) (%) 1.0 1.0 1.0 1.0 | 1.0
Coating £ilm ponsumpsiopn dagree

After Z months 4.5 5.5 3.7 3.7 4.3

After 4 menths 4.5 8.2 6.3 7.k 9.1

Lfcer & months 12,2 1 13.4 | 10,2 121,31 12.8

Stavie antifouling properties
After 2 months 0.5 ]
After 4 months
After £ months

3 0.5 0.5 0.5

Ly
[FCR TR
n
L]




Static antifouling properties After 2 months 0.5 4F0.5 After 4 months a Mts.:- 6 months 25 83
rmT
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Table 10 (Continuation)

Comp. Zxamples
22 23 24

Components (unir: parcia) by weight)

(A | 5ilyl ester copolymer al3=~] (solids content: 51.2 a0 ap
Wtk .
811yl ester copolymer ad~? {solids contant: 50.1 a0
Wil

L) | Cupric oxide RED COPSTN 43 15 50
Cupric oxide NCBO3

(&) | Zine white No. 3 ) B

=2} | Copper cmadine 3 3 k!
Sea=Wine 211 (selids combtenv: 30 wii)

(D) | Toyoparax 1350 i ! 1
Terpene phanol YE-90LL
Tale FC-3 5 35 3
Red iron oxide Gekko BR G5 0.5 2.5
Novoperm Red FIRK 0.5 0.5 0.5
Dis 4200 1 1 1
Aylene & 4 4
Dis €30-20HC 2 2
Calcined gypsum PT-2

ratal 100 | 200 | 100

Amouvnt of {C) based on 100 parts by weight of {A) {seiid | 281 | 52.1 1 33.3
component) (mart (s) by wedght)

Emount of (bl) based on 100 parts by weight of {A) (sclid | 293.0 ( 97.7 | 332.7
compogent) (partis) by welght) ‘ ‘

Weioht of (C) /weight of (bl} | D1 0.5 | 0.1
mmount of (b2) based on 100 parts by weight of {A) (solid 1%.5 | 198.5 ! 2C.0

component) (part(s) by weight)
Ampunt of (D) bazed on 100 parts by weight of (B (selid] 6.5 6.5 6.7
compongnt) (partls) by weight)
Amount of (D] in compesition (100% by weight) (%) 1.2 1.2 -2
ameount of (Dl in compositvion (100% by welighit) (%) 1.0 1.0 i

3
oF

Costing £ilm consumption degree

After 2 months 4.7 8.0 a.3

Afrer 4 mohths 8.7 10.7 7.1

After & months 1i.4 121,35 10.8
Static antifouling properties

After 2 months 0.5 4 0.8

After 4 months 1 5 1

Afver & months 5 2




83

jusnresl] proe 91Iesns ‘ediy syoiired HECE T OS]

BpTXo orrdny

uotyeacdios 3oL HRS Y I6URF

HLGA0D Q38 epixe o7adn,

BpTHOe stadnn

£0BOH BpTXO oiadnng

Juebe buypbhes_tyug

"PIT YRTESTWSUD o] omTEny

DUGZ-0F0 STqQ

Hong-p

auaTiy

Jusbe ButyeIpAyap oTueh1ouT

"PIT o3 sYEarion

Z-1d wnsdiB pautores

{aygbrtes Ag g0¢ :iijusjucd SDTTOE)
wﬁanmlwﬂﬂﬂammwzu@mﬂxvvqmuuotm:N¢0u0m£umvsm‘w

Jusbe Sugynoyrive arusbio

Ausdic] sewy pue TELO

TIZ S|UIN-2ag

BEIRO-L-TOTH} 8pIxe-7 Jo 11es xaddon

Juabe BuTTnogyaue ajuehao

'P3 SeTIYSBPUT

TeDTInNeoRNI e TUGHTYSD:

auTpewo rsdden

Qusbe DuTTiles-rIuy

‘PIT TETBROTIRYD O FOUMS T

{pozp votadstal gozk s1a

Jreubyd psr orvuefip

RPOTIBWY YITON JURTIR[]

WHGA pey wisdoaon

JusubTd roTtan

~dich oABoy mpog

Hg O¥Y8D apTHo UAIT pay |

Juswbrd Ispusing

UGTIRICEI0D IRSTNYEY-NUSHAY

£ "OM 83THM oUTZ

ulse: soadisg

P31 ¢ ap TesTHSYD BIOYNSPL

THIE-dA T[ousayd suadie]

Juaubyd gepaeiwy

"PIE Y oD DR eyoayng

1-54 o718y

utiyered pajewyictun

UOTIRICdI0] yosrog

61T wezedoiar

S@I0N

*232 ‘garyiadorg

EEr ]

SWEY 3ANPOIg

{pasn sTRTISICW Aed

11 aTg®]

UTRH]

[88T0]



10

15

20

84

Claims:

1. An antlfouling coating composition comprising [(A) a
hydrolyzable copolymer, (bl) copper and/or an inorganic copper
compound and (C) zinc oxide, wherein:

the hydrolyzable copolymer (A) is at least one hydrolvzable
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 and of a side
chain, a group represented by the formula (I):

~CO0~-M~0=COR? (1)
wherein M is zing or copper, and R* is an organic group,

(aZ) a metal salt bond-containing copolymer having

‘a2 component unit (a2l) derived from a monomer (a21)
represented by the fermula (IT);

CHp=C (R?) ~COO-M~0-CO~C (R?} =CH, (I1)
whereinM s zinc or copper, and each R’ is independently a hydrogen
atom or a methyl group, and

& component unit (a22) darived from other unsaturated
monomer (&Z2) copolymerizzble with the monomer (a2l), and

(a2) a silyl ester copolymer having

a component unit (a3l) derived from a monomer (a3l)
represented by the formula (III):

R'-CH=C (R%) =CO0-8iR‘RPR® (III)

wherein R® is a hydrogen atom or a methyl group,



84 Claims: 1.An antifouling coating composition comprising (A) a hydrolyzable copolymer, (pi) copper
and/or an inorganic copper compound and (C) zinc oxide, wherein: 5the hydrolyzable copolymer (A)

isatleastonehydrolyzable
85

RY, R® and R® are each independently a hydrocarben group,
and
R’ is a hydrogen atom or ngOmCOm.{wheréin R is an organic
group or a silyl group represented by -SiR*RYRM, and R, RY ang
5 RM are sach independently & hydrocarbon group), and
2 componant unit (a32) derived from other unsaturated
monomer (a32) copeolymerizable with the monomer (a31), and
{1) the content of the copper and/or the incrganic copper
compound (bl) 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
rarts 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 ({) to the copper
and/or the inorganic copper compound (bl) (zine oxide (C)/ (copper
15 and/or incorganic copper compound (bl))) is in the range of 0.6

to 1.2,

2. The antifouling coating composition as claimed in

claim 1, wherein:
20 {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 350
parts by weight, each content being based on 100 parts by weight

of the hydrelyzable copolvmer (R), and



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 represented
by the formula (I): 10-000-M-0-CORI(l) wherein M is zinc or copper, and Rl is an organic group, (a2) a
metal salt bond-containing copolymer having ‘a component unit (a213 derived from a monomer
(a21) represented by the formula (I1): . 150H2=C(RE-C0-M-0-CO-C(R2)=CH2(Il) whereinM is zinc or
copper, and eachR2is independentlya hydrogen atom or a methyl group, and a component unit (a22)
derived from other unsaturated = monomer (a22) cO00lymerizable with the monomer (a21), and

20(a3) a silyl ester copplyiner Baviig ratio dgomponaMunitiadl) derived fromamanomer (a3l)
represented by the formula (Ill): R7-CH=C(B3)-000-SiR4RERG6(IIl) wherein R3 is a hydrogen atom or a

methyl groupsn83 R4+ RS ancl-Rerare esspdndepgndently auhydragarhen group, AndR.Jjs.a hydrogen
atom or 0-0-00- (wherein R9 is an organic  group or a silyl group represented by -S4R9R1cR11,
and R9, Rl andd’ R liarergach indepeadentyschydrocarhon areup), and a-gempanent unit 32)

derived from other unsaturated
to 1.0,

3. The antifouling coating composition zs claimed in
ciaim 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 the range of 100 to 350
parts by weight, each content being based on 100 parts by welght
of the hydrolyzable copolymer (A). and
(2} the weight ratisc of the zinc oxide () to the copper
and/or the inorganic copper compound (bl) (zinc oxide (C)/ (copper
15 and/or inorganic copper compound (bl))} is in the range of 0.8

te 1.0,

4. Theamtif@ulimgcoatingcompositionascﬂaimede:any
one of claims ] to 3, wherein the copper and/or the inorganic copper

20 compound (bl) is cupric oxide.

181
3

The antifouling coating compesition as claimed in any

- 3 1 3 ] ! 3
one of claims 1 to 4, furiher Comprising an organic antifouling

agent (b2).



monomer (a32) copolymerizable with the monomer (a31), and (1) the content of the copper and/or the
inorganic copper  compound (bl) 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 hydrolyzable copolymer (A), and (2) the weight ratio of the zinc oxide (C) to the
copper  and/or the inorganic copper compound &ﬁ) (zinc o(C)/(copper 15 and/or inorganic copper
compound (bl))) is in the range of 0.6 to 1.2. 2.The antifouling coating composition as claimed in claim
1, wherein: 20(1) the content of the copper and/or the inorganic copper compound (b1) 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 350 parts by
weight, each content being based on 100 parts by weight of the hydrolyzable coPolymer (A), and 86
(2) the weight ratio df.the zificzoxidei(€).10ithe copperandiarthe inorganic.coprer.compound (hi) (zinc
oxide (C)/(copper and/or inorganic copper compound (b1))) is in the range of 0.7 to 1.0. 3The

antifouling c@é@ﬂ@cﬁ)mp@smemasmamg@mela!ﬁtiw@ whemipn: () the cante éﬁ%]égg 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 them#incWde(C)ds I the dafigeroft heO 4o 380 panis;ky weight %agg,pg‘r}ttg&tn eing based
on 100 parts by weight of the hydrolyzable copolymer (A); and (2) the weight ratio of the zinc

oxide ((3:) to BREBOPPEr @ tri-organic boron and its amine complex, and

4, 5=dichloro-2Z-n-octyl~4=-isothiazoline=-3-one,

7. The antifouling coating composition as claimed in
claim €, wherein the organic antifouling agent (b2) is at least
10 one compound sslected from the group consisting of copper
pyrithione, zinc pyrithione, triphenylboron pyridine comples,
methyldiphenylboron 4~isepropylpyriging complex and

4,5~dichlcro-2-octyl~4~isothiazoline—3~one.

15 B. The antifouling coating composition as claimed in any
one of claims 5to 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),

20 9. The antifouling coating composition &5 claimed in any
one of claims 1 to 8, further comprising at least one extender
pigment selected from the group consisting of tale, clay, calcium

carbonate, barium carbonate, diatomacenys earth and silica.



and/or the inorganic copper compound (b1) (zinc oxide (C)/ (copper 15 and/or inorganic copper
compound (hi))) i5 in the range of 0.8 to 1.0. 4. The antifouling coating composition as claimed
in any one of claims 1 to 3, wherein the copper and/or the inorganic copper 20 compound (b1) is
cupric oxide. 5. The antifouling coating composition as claimed in any one of claims 1 to 4, further
comprising an organic antifouling agent (b2). 87 6%fhe antitouling coating composition as claimed in
5, wherein the organic ntifouling agent (b2) is at least one compound selected from the group
Consisting of a yrithiorje compound, a tn-organic boron and its amine complex, and
4,5-dichloro-2-n-octyl-4-isDi-<azolines3-0ne.o d8eanfiforling coating.compgsition as Eliaimed in
claim 6, wherein the organic antifouling agent (b2) is at least 10 one compoun selected from the

group consistihgisf Copperpyrrhione, zinspyrithione;ipbepyibaronpyridine complex, .
methyldiphenylboron 4-isopronylpynidine complex and 4,5-dichlcro- -octy1-4-isoth|azoﬁ‘ne-3-cne.

15S.The anti#&dlirg ebalitig-coiripositian aselai@medrn any:epeHf qlgmlga'é}@&?b\ﬁyhﬁégi&htge 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 thePRydiety 2atsiecdovatirher ¢Apc2@@d@heantifoulingcoatingcomposition as claimed in any one
of claims 1 to 8, further comprising at least one extender pigment selected from the group consisting of
talc, clay, calcium carbonate, barium carbonate, diatomaceous earth and silica. 88 10.The antifouling
coating composition as claimed in

11.  The antifouling coating composition s claimed in any

ene of claims 1 to 10, further comprising a plasticizer.

12. The antifouling coating composition as claimed in
10 claim 11, wherein the content of the piasticizer is in the range
of 0.05 to 40 parts by weicght based on 100 parts by weight of the

hydrolyzable copolymer (A).

13, The antifouling ceating composition as claimed in
+> claim 11 or 12, wherein the plasticizer is chlorinated paraffin

and/or terpene phenol.

14, The antifouling coating composition as claimed ir any
one ol claims 1 to 13, further comprising at least one color pigment
20  selected from the group consisting of red iron pxide, titanium

white, yellow iron oxide and an Crganic pigment.

- o . L. . .
15, The antifouling coating composition as claimed in any

L e 3 b y "
one of claims 1 to 14, wherein the metal salt bhond-conrtzining



claim 9, wherein the content of the extender pigment is in the range of 10 to 100 parts by weight based
on 100 parts by weight the hydrolyzable copolymer (A).

11, Theantifoulingcoatingcompositionasclaimedin any one of claims 1 to 10, further comprising a
plasticizer. 12. The antifouling coating composition as claimed in 10 claim 11, wherein the
content of the plasticizer is in the range of 0.05 to 48 parts by weight based on 100 parts by weight of
the hydrolyzable copolymer (A). 13. The antifouling coating composition as claimed in claim 11 or
12, wherein the plasticizer is chlorinated paraffin and/or terpene phenol. 14.
Theantifoulirfgtsatimygcorpositiesasclaimedinanyni+ opeofelaimsteldrom a monohasic
furthercomprisingatleastonecolorpigment 20 selected from the group consisting of red iron oxide,
titanium whites y@|patiron oxidée ancral organikopigmentzd by Yhel e antifauling: coating composition
as claimed in any one of claims 1 to 14, wherein the metal salt bond-containing 89 copolymer (al) has
a component. unit (%ﬁ@ﬁ@éﬂ“ﬂ@m%@eﬁﬁhhsic acid metal (methyjacrylate represented by the
formula (1V): C82-O(R22-OOO-M-O-CORl(IV) wherein RI is an organic group, R2 is a hydrogen atom or
a methyl grotipgaric:Mis Hnerorcopper: 16.Fihe, artifoslingseating sompesision agelaimed in claim
15, wherein the metal salt bond-containing copolymer (al) has 10a component unit (IV) derived from a
monobasic &&G@#etdind M is zinc or copper.

16, The antifouling coating compositien as claimed in
claim 15, wherein the metal salt pond-containing copolymer (al)
has

10 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 lsast one unsaturated
compound selected from the group consisting of an alkyl
(rgath) acrylate, an alkoxyalkyl (meth)acrylate and a hydrexyvaikyl

15  (meth)acrylate.

17, The antifouling codting compos:ition as claimed in any
one of claims 1 te 16, wherein the organic group R' in the metal
salt bond-containing copolymer {al) is a saturated or ungsaturated

20 aliphaticmonovalent hydrocarbon group having 2 £o 30 carbon atoms,
which may be substituted, 2 saturated or unsaturated alicyclic
monovalent hydrocarbon group having I to 30 carbon azoms, which
may be substituted, or an aromatic monovalent hydrocarbon group

naving 6 to 30 carbon atoms, which may be substituted,



(meth)acrylate represented by the above formula (lv), and a component unit (al12)
derivedfromatleastoneunsaturated compound selected from the group consisting of an alkyl
(meth)acrylate, an alkoxyalkyl (meth)acrylate and a hydroxyalkyl 15(meth)acrylate. 17,The antifouling
coating composition as claimed in any one of claims 1 to 16, wherein the organic group RI in the metal
salt bond-containing copolymer (al) is a saturated 8Punsaturated 20 aliphatic monovalent 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 6 to 30 carbon atoms, which may be substituted. 90
18.The antifouling coating composition as claimed in claim 17, wherein the organic group RI in the

metal salt bond-contdining tapolymer(al) is:a sesurated orynsaturated aliphatic or satyrated or
unsaturated a7i. y lic monovalent. hydrocarbon group having 9 to 20 carbon atoms, which may he

substituted. &9 he aiitifoulingecoating compesiton asglaimed;in:any 49.0ne gielaims 1 to 18, wherein
the organic group RI in the metal salt bond-containing copolymer (al) is a residue of at least one

monobasic it ¢RICOOH)iselectarhfrom:the group sonsistingafwrsastic; acid, palmilic acid, stearic
acid, isostearic acid, oleic acid,linoleicacid,linolenicacid,abieticacid,neoabieticacid, 15 pimaric acid,
dehydroabiefié agid t12-hydrerysteatiecacid anc sapbthenic acich20. ;the antifauling. coating
composition as claimed in any  one of claims 1 to 19, wherein the total content of zinc and copper
20 in the metaisaicBohdscantaining copolymet ¢at) is inihesrangeat 0.5,40 20% Py weight. 21. The

antifouling coating composition as claimed in any
substituted,

lg, The antifouling coating composition as claimed in any

10 one of claims 1 to 18, wherein the organic group R' in the metal
salt bond-containing copolymer (2l} is a residue of at lesst ones
monobasig acid (R'COCH) selected from the group consisting of
versatic acid, palmiticacid, stearic acid, isostearicacid, oleie
acid, linoleicacid, linolenic acid, ableticacid, necabietic acid,

15  pimaric acid, dehydreabietic acid, lZ=hydroxystearic acid and

naphthenic acid.

20. The antdiouling coating composition as claimed in any
one of claims 1 to 19, wherein the total content of zine and Copper
20 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

one ot claims 1 £to 20, wherein the mononer {g21) capable of deriving



91 the component unit (a21) in the metal salt bond-containing copolymer (a2) is at least one
compound selected from the group consisting of zinc (meth)acrylete and copper (meth)acrylate.

22. The antifouling coating composition as claimed in any one of claims 1 to 21, wherein the other
Unsaturated monomer (a22) capable of deriving the component unit (a22) in the metal salt
bond-containing copolymer (a2) is a mcnobasic ac’f metal (meth)acrylate (IV) represented by 10the
formula (IV): CH2=C(R2)-000-M-0-COR1(IV) wherein Rl 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 grotpd S-copsisting af:art alky (mei) acryate: 2 alkoxyaliod émethiacrylate and a
hydroxyalkyl (meth)acrylate. 23. The antifouling coating composition as claimedn claim 22,

wherein the einpaturated ¢cahipaundislatdeast oae2wnsatursied compeynd %ﬁl@%&%{{ﬁm the grout)
consisting of methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate and 2-hydrcxyethyl
(meth)acrylater 82sone of claims:t tonRs; whesejn fhe mejal saihond:partaining sepalymer (a2) is a
copolymer having, as the component unit (a21), a component unit derived from at least one
compound selected from the group consisting of zinc 5(meth)acrylate and copper (meth)acrylate, and
as the component unit (a22), a component unit derived from at least one unsaturated compound
selected from the gfbp cofisrstimg bf mathyl(methjacrylatey ethyl (eth)achlatey huty{meth)acrylate

and 2-hydroxyethyl (meth)acrylate. 10
one of claims 1 to 21, wherein the other unsaturated monomer (a22)

capable of deriving the component unit (a22) in the metal salc
bond-containing copolymer (&2) is

a moncbasic acig metal (meth)acrylate (IV) represented by

10 the formula (IV):

CHz=C (R?) ~CO0O~M~0-COR (1V)
wherein R* ig an organic greup, R? is a hydrogen atom or a2 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 (meth)acrylate.

23.  The antifouling coating composition é5 cialmed in

claim 22, wherein the unsaturated compound is at least one
20 ﬁnsaturated compound .se.lected from the group consisting o_f methyl
fmeth)acryiate, ethyl (methjacrylate, butyl (meth)acrylate and

2=-hydroxyethyl (meth)scrylate.

24, The antifouling coating compositicn as claimed in any



25.The antifouling coating composition as claimed in any one of claims 1 to 24, wherein the metal salt
bond-containing copolymer (a2) is a copolymer having, as the component unit (a21), a
component unit derived from 15 at least one comgpeund 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 (IV) represented by the formula (1V):
20CH2-C(R2)-000-M-0-00R1(IV) wherein 122 is an organic group, R2 is a hydrogen atom or a methyl
group, apdM dsrzing of sepper: 93 one whelaima 1itb2Snahetein 4he metaldsattdydrad-camtaining
copolymer (a2) is a copolymer having, as the component unit (a21), a component unit derived from

at least eng,60mpewund selected tomdbe grawp-censisting 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/ T\ depresanted bydhe formutecthi):Ghi2aG(R2)-000-M0ICORK(IV) 10
wherein R1 is an organic group, R2 is a hydrogen atom or a methyl group, and M is zinc or copper,

and a compgnent-unit.derives fopyat leastene unsaturated gompeund-selected fropt the group
consisting of an alkyl ~ (meth)acrylate, an alkoxyalkyl (meth)acrylate and a hydroxyalky!l

25(meth)agrylgte. 27, Fhe antifguling,¢oating compasition;as elajmed in any one of claims 1 to 26,
wherein the metal salt bondcontaining copolymer (a2) is a copolymer having, 20as the component unit

(a21), a compongat unit derived from atleast anexqompoundssalected.from the graupiconsisting of

zinc (meth)acrylate and copper (meth)acrylate, and as the component units (a22), a component

unit derived from.a manobasic.acid metal (MmsHyacniated\reptesentsd by theyroup
consisting of methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate and 2-hydrozxyethyl {(meth)acrylate.
10
25, The antifouling coating composition as claimed in any
one of claims 1 to 24, wherein the metal salt bond-containing
copolymer (a2) is a copolymer having,
as the component unit (aZl), 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 (IV) represented by the
formula (IV):
20 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 1s zinc or copper.

26. The antifouling coating composition as claimed in any



94 formula (IV) CH2-C(R2)-COO-M-0-CORI(IV) wherein Rl is an organic group, R2 is a hydrogen
atom or a methyl group, and M is zinc or copper, and a component unit derived from at least one
unsaturated compound selected from the group consisting of methyl (math) acryJ.ate, ethyl
(meth)acrylate, butyl (meth)acrylate and 2-hydroxyethyl (meth)acrylate. 1028.The antifouling coating
composition as claimed in any one of claims 22 to%7, wherein the organic group RI in the monobasic
acid metal (meth) acrylate (1V) is a saturated or unsaturated aliphatic or saturated or unsaturated
alicyclic monovalent hydrocarbon group having 9 to 20 carbon atoms, which may be substituted.

29.The antifsulingpéoatiagreempasitios as-akaimed inrany,eng of glaims, 221028, wherein the organic

group RI in the monobasic acid metal (meth) acrylate (IV) is a residue of at least one mGnobasic 20

acid (RICO0-2)ysefented feam the groupeansistingaafvarsatic acid, palmit ¢ acid, stearic acid,
isostearic acid, oleic acid, linoleic acid, linolenic acid, abietic acid, neoabietic acid, pimaric acid,

dehydroabietic acidz$2:hydroxystearie asidand nephthenie.asikn95,,1 » 3. 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 saftbdsd-contamningroapolymner (ad:s ifrthe kg #Q,54020%: by, weight, . 31. The

antifouling coating composition as claimed in any one of claims 1 to 30, whereinthemonomer (a31)
capable’of démeiiy teryéaiporent unibtadl) inthe)silyt estercompeund (a3) is a trialkylsilyi
(meth)acrylate. 10
&8 Tne component units (a22), a componant unit derived from
& monobasic acid metal (meth)acrylate (IV) represented by the
formula (IV):
CHy=C (R?) ~COO-M=0-COR? (1V)
10  wherein R is an organic group, R? iz a hydrogen atom or a methyl
group, and M ig zinc or copper, and
2 component unit derived from at least one unssturated
compound selected from the group consisting of an alkyl
(meth)acrylate, an alkoxyalkyl (meth) acrylate and a hydroxyalkyl

15 (meth)acrylate.

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

20 s the component unit (a21), a component unit derived from
at least one compound selscted from the group consisting of zinc
{meth)acrylate and copper (meth)acrylate, and

as the component units (a22); a componens unit derived From

a8 monobasic acid metal (meth)acryiate (IV) represented by the



32. The antifouling coating composition as claimed in claim 31, wherein the trialkylsil-yl (Meth)acrylate
is triisopropylsilyl (meth)acrylate. 1533.The antifouling coatingcompositionasclaimed in any one of
claims 2 to 32, wherein the other unsaturated monomer (a32) capable of deriving the component unit
(a32) in the silyl ester compound (a3) is at least one unsaturated compound selected from the grout)
consisting of an alkyl (meth)acrylate, an alkoxyalky$20(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 (a32) in the silyl ester compound
(a3) 96 is atfeashqne upsaturated compound selected from the group consisting of methyl
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate and 2-hydroxyethyl (meth)acrylate. 35.
An antifouling coatingefikn fafmethisom the.@rttifouling coating co 995ition 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 obtainedwine catingstOithe: antifeuling ceating, cem gsgiq;%,@gggggn&%c@n%s 4034 37.A
substrate with an antifouling coating film in which a surface of a substrate to be rough’fy into contact

with the seawataror feesh water isigeated withoa £0ating film obtained by curing 15 the antifouling
coating composition of any one of claims 1 to 34. 38. The substrate with an antifouling coating film

as claiméd in claim 87 -ahereiarthe subsitate; issan sngderwatersstrycture, a.ship's outsige plating, a
fishing net or a fishing 20 gear. 39. A method for forming a coating film on a surface of a

substrate, comprsingCcoating-oeimpreanating ereuface of asubsirate \ﬁ{glegpg antifouling coating
composition of any one of
(meth) acrylate, ethyl (meth)acrylats, butyl (meth}acrvlate and

Z-hydroxyethyl (meth)acrylate,

i0 28.  The antifouling coating composition as ciaimed in any
one of claims 22 te 27, wherein the organic group R* in the monobasic
acid metal (meth)acrylate {IV) is a saturated or unsaturated
aliphatic or saturated or unsaturated alicyclic monovalent
hydrocarbon group having 9 to 20 carbon atoms, which may be

15 substituted.

29. The antifouling coating compesition as ¢laimed in any
one of claims 22 to 28, wherein the organic group R in the monobasic
acidmetal (meth)acrylate (IV) isaresidueofat least onemonsbasic

20  acid (R'COOH) selected from the group consisting of versatic acid,
palmitic acid, stearicacid, isostearic acid, sleicacid, linoleic
acid, linolenic acid, abietic acid, necabietic acid, pimaricacid,

dehydroabietic acid, 12-hydroxystearic acid and naphthenic acid.



97 claims 1 to 34 and then curing the composition to form a coating film. 40.A method for preventing a
substrate from fouling, comprising coating or impregnating a 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 film. 1041.The method for preventing a substrate from fouling as claimed in claim 40, wherein
the substrate is an underwater structure, a shin's otftside plating, a fishing net or a fishing gear. 15 98
ABSTRACT The antifouling coating composition of the present invention includes (A) at least one
hydrolyzable copolymer selected from the group consisting of specific metal salt bond-containing

copolymers and a sihyi estemg@m{ymu@mgcgggggg@qggfﬂggg%{%%nécsc&o ;Le?rl Tg:é)()r_P{%ound and (C)
IS In

zinc oxide, wherein (1) the content of the antifouling agent ( e range 0 g:(3)0) parts by

weight and the earttent:ofiibe 2incoxide (C)isyin theyange of,50.19.350 parts b@()vei ht, each content
being based 10 on 100 parts by weight of the hydrolyzable copo?ymer (A), an i f‘v?éight ratio of

the zinc oxidex(@hte the: sopperand/i-the inarganic cagner sompeund (hl) (zinc °>§§$§01)’ (copper
and/or inorganic copper compound (bl))) is in the range of 0:6 to 1.2, The p?esefﬁelnve ion provides a
coating material Oparticsllaaty ks arqvelantifouling coating composition which is a 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 effectively
preven adhesion of marine organisms for a long period 20 of time when it is applied to a surface of a

substrate of a ship's3ull orthe like abshthenscoiReling compasition 2z claimed in any
one of claims 1 to 30, wherein the monomer (a3l) capable of deriving
the component unit (a3l) in the silyl ester compound (a3) is a

trialkylsilyl (meth)acrylate.

10
32. The antifouling coating composition as claimed in
claim 31, wherein the trialkylsilyl (meth)acrylate is
triisopropylsilyl (meth)acrylate.
15 33, The antifouling coating composition as claimed in any

one of claims 1 to 32, wherein the othser unsaturated monomer (a32)
capable of deriving the component unit (a32) in the silyl estér
compound (a3) is at least one unsaturated compound seiscted from
the group consisting of an alkyl (meth)acrylate, an alkoxvalkyl

20 (meth)acrylate and a hydrozyalkyl (meth)acrylate.

34, The antifouling coating composition as claimed in
claim 33, wherein the other unsaturated monomer (a3l capable of

deriving the component unit (232) in the silyl estex compound (a3
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10

96

is at least one unsaturated compound selected from the group
consisting of methyl (meth)acrylate, ethyl (meth)acrylate, butyl

(meth)acrylate and Z=hydreoxyethyl (meth)acrylate.

5. An antifouling coating fiim formed from the

antifouling coating composition of any one of claims 1 to 34,

36. B substrate with & coating film in which a surface
of 2 substrate is coated with a coating film obtained by curing

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

3T, A substrate with an antifeuling coating £ilm in which
a surface of z substrate tobe brought inte contact with the seawater
or fresh water is coated with a2 coating £ilm obtained by curing

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

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

gear.

38. A method for forming z coating film on a surface of
a substrate, comprising coating or impregnating a surface of a

substrate with the antifouling coating composition of any one of
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97

claims 1 to 34 and then curing the composition %o form a coating

£ilm,

40. A method for preventing a substrate from fouling,
comprising coating or impregnating a surface of a substrate with
the antifouling coating composition of any one of elaims 2 to 34
and then curing the compesition to form an antifouling coating

£ilm.

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

gear,
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ARSTRACT

The antifouling coating composition of the present invention
includes (A) at least one hydrolyzable copolymer selected from
the group consisting of specific metal salt bond-containing
copolymers and a silyl ester copolymer, [(bl) copper and/or an
inorganic copper compound and (C) zine axide, wherein (1) the
content of the antifouling agent (B) is in the range of 100 to
400 parts by weight and the content of the zinc oxide {C) 15 in
the range of 50 to 350 parts by weight, each content being based
on 100 parts by weight of the hydrolyzabls copolymer (A), and (2}
the weight ratio of the zinc oxide (C) to the copper and/or the
inorganic copper compound (bl) (zine oxide (1) / (coppar and/or‘
inorganic copper compound (bl))) is in the range of 0.6 to 1.2,
The present invention provides a coating material, particularly
a novel antifouling coating composition which is a hydrolyzable
antifouling&catingcomposiﬁicn,andformsanantifaulingcoating
film which is excellent particularly in antibacterial action and
renewal of ceating £film with a good balance between them and can
effectivelypreventadhesionofn@rineorganismsforalongperiod
of time when it is applied to a surface of a substrate of & ship’s

hull or the like and then cured.



