-1- DESCRI PTI ON ANTI FOULI NG COATI NG COWPCSI Tl ON, PROCESS FOR PRODUCI NG THE
COVPCSI Tl ON, ANTI FOULI NG COATI NG FI LM FORVED FROM THE COWVPCSI TI ON, COATED
OBJECT HAVI NG THE COATI NG FI LM ON SURFACE, AND METHOD OF 5 ANTI FOULI NG
TREATMENT BY FORM NG THE COATI NG FI LM TECHNI CAL FI ELD [ 0001] The present
invention relates to an antifouling coatifig 10 conposition, a nethod for
produci ng the conposition, an antifouling coating filmformed using the
conposition, a coated object havingP Eﬁ%R%35¥ing filmon its surface, and a
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on. [0003] 25 The attachnent of aquatic fouling organi sns has been
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subner ged s @ctures with antifouling coating materials that include
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15 BACKGROUND ART
[0002]

Aguatic fouling organisms such as barnacles, Tubeworms,
common mussels, Bugula neritina, sea squirts, green laver, sea
lettuce, and slimes attach to ships (especially the ship bottoms),

20  fishing tools such as fishing nets and fishing net accessories,
and structures submerged in seawater such as power plant
aqueducts, leading to dysfunction, impaired appearances, and
cther problems of the ships and so on.

[0003]

25 The attachment of aquatic fouling organisms has been
heretofore prevented by coating surfaces of ships, fishing tools,
and submerged structures with antifouling coating materials that
include corganic tin-containing copolymers. For example, a ccating
fiim formed by application of an antifouling coating material

30  that contains a polymer with tributyltin groups gradually
dissolves the polymer compenent into seawater, causing constant
replacement of coating film surfaces, which enables the
prevention of the attachment cof aquatic fouling ocrganisms to the
coating film. After dissolution, the coating film can be re-

35  applied to exhibit continued antifouling performance. However,



[ 0004] Triorganosilyl ester-containing copolyners with 5 triorganosilyl
groups, which are less toxic and less environnentally harnful than organic
tin groups, have recently been devel oped and used as hydrol yzabl e
copolynmers to replace organic tin-containing copolyners (Docunents 1 to
12). However, a coating filmthat includeés a triorganosilyl 10
ester-contalnlng copol yner has the follow ng drawbacks. \When a copol yne
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used, the reéﬂftlng coating fil'm has a hi gh hydrolysis rate. This causes
t he dissol vi#@f4late of 15 the coating filmto gradually increase, and to

becoms excessively bLolhalissg:| ong.Retiod.of diqe hassslansed: o

Furthernore, the coating filmhas poor ter resi'stance, an
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coating filmfor n [0005] In order.to solve this pr obl
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branched abkyl geospsoaer enconseédered HyBabentafoeunend synerso th2) replace

However, while a trlorgan05|lyl ester- cont inin cogglynﬁé cont ai ni ng only
t

25 branchedo%ﬂ%ﬁﬂc §roup nﬂ%§“§ﬁb§PP8}YW%ﬁ (Ppgep to resul ting

coating filmhas an pypdeder slowdndigl ¥sis take. indhelef of &ribkgb@kes i me
before the coating filmstarts to di ssolve, resulting in an undesirable

anti f olld ngeefgeECnapifhes FAPS IS Isthidge. tfﬁq@%l@ww CRgvRR Qe siEePhds
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regl ons where aq uatic oulin rgani sns are active or séeawater
relatively C@ma;{xm[ngooapn@rnem dewving seal vieritiedutylabl ehs Jranrat @Jérrﬂtlkﬁas

been 35 made Jqnadidisht N, Al Sfﬂ%\ﬁbnqsr alecof e ,coaning, fLLm by using
-3- trior gan03| O%/ est -cont al n COpO yn”ers in conbi nat?on w t rosin
(or rosin dexsvathigs)hy®Ratlent sDeetaent Bhis teau@s. r@007ssclving rate of
15 the coating film to gradually increase, and to become excessively
high after a long period of time has elapsed. Furthermore, the
resulting coating film has poor water resistance, and easily
suffers from swelling or cracking, making it difficult to use the
coating film for a long time.
20 [0005]

In order to solve this problem, triorganosilyl ester-
containing copolymers in which all crgano groups have branched
alkyl groups were considered (Patent Documents 6 to 12). However,
while a triorganosilyl ester-containing copolymer containing only

25  Dbranched alkyl groups has superior water resistance, the
resulting coating film has an unduly slow hydrolysis rate.
Therefore, 1t takes time before the coating film starts to
dissolve, resulting in an undesirable antifouling effect at the
initial stage. Aquatic fouling organisms thus adhere to the

30  coated surface during the initial period of time in regions where
aquatic fouling organisms are active or seawater is relatively
cold.

[0006]
In order to solve these problems, an attempt has been

35 made to adjust the dissolving rate of the coating film by using



However, when rosin (or a rosin derivative) is used, 5 although a portion
of the rosin reacts with a netal conpound contained in the coating
conposition to forma nmetal salt during the nmanufacture of a coating
material, the reactivity is insufficient, resulting in the rosin (or a
rosin derivative) with free carboxylic acid remaining in the coating
conposition. In 10 particular, when a |large anount of rosin is used, there
is a tendewq%mélwbh SFeFESAPAGE AP It HERPIPRTEorit hetiygiakion with

derivative) 40, enR Bobﬂntcﬁkem%@&{ré@ capeskt hoAmehe posbmdjor the rosin
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difficult tohe conplfetehye reimyeoctdsid rizdkraal pstine dersicvative)iscont ai ni ng

free carbox Cld 25 009 Furthernore, in view,of envirannental
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amount of organic solvent into the air. Accordingly, there 30 have been
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the coating f£ilm.
[0008]
Therefore, a method wherein an excessive amount of
metal compound and rosin are premixed has been proposed (Patent
20 Documents 9 and 10). In this method, however, even though an
excessive amount of metal compound is used, the metal compound
and rosin do not react sufficiently, making it difficult to
completely remove rosin {or a rosin derivative) containing free
carboxylic acid.
25 [0009]
Furthermore, in view of environmental problens,
solvent-type coating materials have become restricted worldwide
in recent years, because solvent-type coating materials emit a
large amount of organic solvent into the air. Accordingly, there
30 have been attempts to reduce the content of organic solvent in
coating materials (Patent Documents 11 and 12). It is difficult
to provide antifouling coating materials having excellent coating
properties and antifouling properties by using these methods.
[0010]

35 In order to effectively use a dock when building a new



5 finishing coats are applied. However, because it takes about three
nonths to prepare the interior while floating the ship body on the
seawat er, organi snms adhere to the surface of the coating filmduring this
period. Alternatively, even if the adhesion of organisns can be prevented,
slime may adhere to the coating film 10 49Fhese organi sns and sline cannot
satisfactorily be rennve%ggéf washing with water. 1If the finishing coats
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antifouling coating conposition that nmakes it possible to forma coating
filmthat exhibits, in seawater, stable solubility and an excellent
antifouling effect fromthe initial stage as well as 10 sufficient water
resi stance, and that effectively exhibits an antifouling effect for a |ong
period of time, while also being highly-®nvironmentally friendly by
emtting only a snmall anount of volatile organic conpounds (VOCs) into the
air. 15 Mead<03di8288Pvi ng the Probl em [0012] The present inventors
conduct ed extensive research to solve the above problem and found that

t he above object can be achieved by using a conmposition having a specific
constituti oRISQ2ESDike PFeSEntINVIVERONon has been acconpli shed based on this

finding. [QO0 Speci ficall th resent .invention provides the
antifoulingQEég%whgocéﬁpg%#?%%Qy ?ﬂ% ﬁgFﬁ%&OPor produci ng the conposition
the antif ould¢dgricoating filmformed by using the 25 conposition, the coated

obj ect having the coating. filmon its surface, and the nethod o

f
antifoul i ng treat ment”byP1ormati ohe dteEhE &B%%W?ﬁfqilFﬁFﬁspEﬁﬁﬁgﬁi%%d bel ow.

Item 1. An aftifoulingdcegeiidGoa@Bposidd amaCoRRkSiiNgposddhRolyyTEb LAY,
which is a polyner having a nunber average nol ecul ar melght of 1,000 to

20, 000 t hat SP&- gt 4iABA Byt Po1phEri Zihg @YBbFymetids 0L FPblganasd| 3t
unsat ur at ede; CarRexyLat eroand LRt S8l £r Bl heWh £ 415 Rbgbeast,Qneazi ne

salt selected 35 fromthe grdup conS|st|ngrof rosin zinc salts and zinc

sal ts of0 - esukBisiienderpvar i vassistenee amid GhRFngf Eotiivieg veopbsitts 8h (1)
havi ng t he j rati t o] t . .Ro A Lot .Zi.nc Sal t
(B) ((A)/(B?‘ﬁ(\ﬁo%ﬂ’tiﬁ%b?%&tl%/%& %5@%’%] %eggioﬁgb?gi%%nyg 2 ggong{etlé?
content of hothlesevitrhame7H e ghtosadandy( 8hittubst amlvakl ymbel mgofnee from

a rosin or [psin,.dsti ¥aLLYe. CORLAIRADO AT C8, L3 XK (9T OUP. | tem 2. The
anti fouling coéflng conposition ccordl%g
15 Means for Solving the Problem
[oo12]

The present inventors conducted extensive research to
solve the above problem, and found that the above object can be
achieved by using a composition having a specific constitution.

20  The present invention has been accomplished based on this finding.
[0013]

Specifically, the present invention provides the
antifouling coating composition, the method for producing the
composition, the antifouling coating film formed by using the

25 composition, the coated object having the coating film on its
surface, and the methced of antifouling treatment by formation of

the coating film as described below.

Item 1. An antifouling coating composition comprising:
30 Polymer (A), which is a polymer having a number average
molecular weight of 1,000 to 20,000 that is cbtained by
polymerizing a polymerizable triorganosilyl unsaturated
carboxylate; and
Zinc Salt (B), which is at least one zinc salt selected

35 from the group cconsisting of rosin zinc salts and zinc salts of



10 to. Item 1, wherein Polynmer (A) has a nunber average nol ecul ar weight of
2,000 to 15,000, and a degree of dispersion of nolecular weight of |ess
than 2.5. Item 3. The antifouling coating conposition according to Item1
or 2, wherein Polynmer (A) has a glass transition 15 tenperature of 20 to
70C. Item 4. The antifouling coating comgosition according to Item 1,
wherein Polynmer (A) is triisopropylsilyl (neth)acrylate copolyner. ItemS.
The anti f ourdsig: ceativagledmposition according 20 to Item 3, wherein the

triisopropylsilyl ( ) : opa| I ht-ai.n QPO rizing
(a) 30 to 60 meightg?%$6?§¥¥§g%$%%y sﬁ%&ﬁ %%@%ﬁ aégblg?é?¥?%%%1%M?§ 50
wei ght % of wetdhl ramebhatriyHeatcentamd (ft)Pol yiner 6 (R weicglihes obf (Zimchyact yl i c

ester other_th t def in ind (b). 25 Item 6. The antifouling
coating conﬁ%@i6@%Aqu§o?§Fﬁg%gt%OI£§%¥?, wherein the rosin zinc salt is at
| east ore zinc salt (selectied thomdrhelgrolp wonsdstongenf fumotosdéss zi nc

salts, wood ros}n zinc salts and tall oil rosin zinc salts, and the zinc
salt of the"#bsih"GePivatiVe is at |east one zinc salt selected from 30

the group consisting(ef dudregenatl Bd Heasignrzéace s ks ranth dbsprepent i onat ed
rosin zinc salts. Item7. The antifouling coating conposition according to
ltem 1, whef®FiVatRaensaAvht HtiNde anaF eRrCodbRtERt IFS ot | ess than 80 wei ght %

and viscosity is 80 §0-/100 Kb, measyred) Uss Ndhad i ndScShbdBiiokl scosmliay at
25C. -7- Item 8. The antifouling coating Tonposition according to Itém 1,
wher ei L0 heteofiteantl, ofheheinvdlodtnge Grlgdmisc a cowplorindverage easlahanr 400 g/ L.

Item 9. The | f aul bn 119 1E0NMPYAS| L. og di tg,ld€em 1, which
further coﬁ%rlkgég Obfg0§8%§6§(P§9byﬂ%£ﬁg%§gg§§ é?ﬁggﬁf?aégber 100 parts by
wei ght of twotlkdcdrmourtiofit R yeee tn “and Zinc Salt (B). Item 10. The

oot oul L ORI EOIPOS 1 L 5Ll LOLET dodiSh b B,
wei ght of todatteamiunt ®f Redngier Polymer (A) has a glass transition

15  temperature of 20 to 70°C.

Item 4. The antifculing coating composition according
to Item 1, wherein Polymer {A) is triisopropylsilyl
(meth)acrylate copolymer.

ITtem 5. The antifouling coating composition according

20 to Item 3, wherein the triiscpropylsilyl (meth)acrylate copolymer
is obtained by copolymerizing (a) 30 to 60 weight% of
triisopropylsilyl {meth)acrylate, (b) 10 to 50 weight% of methyl
methacrylate, and {c} 0 to 60 weight% cf (meth)acrylic ester
other than those defined in (a) and (b).

25 Item 6. The antifouling coating composition according
to Jtem 1, wherein the rosin zinc salt is at least one zinc salt
selected from the group consisting of gum rosin zinc salts, wood
rosin zinc salts and tall oil rosin zinc salts, and the zinc salt
of the rosin derivative is at least cne zinc salt selected from

30 the group consisting of hydrocgenated rosin zinc salts and
disprcportionated rosin zinc salts.

Item 7. The antifouling coating composition according
to Ttem 1, wherein the nonvolatile matter content is not less

than 80 weight% and viscosity is 80 to 100 KU measured using a

35  Stormer viscometer at 25°C.



(A) and Zinc Salt (B). Item 11. The antifouling coating conposition
according to Item 10, wherein the cuprous oxi de has an average particle
dianeter of 8 to 20 pm 15 Item 12. The antifouling coating conposition
according to Item 1, which further conprises 1 to 100 parts by wei ght of
organic antifoul ant per 100 parts by wei-ght of total amount of Polymer (A)
and Zinc Salt (B). Item 13. The antifouling coating conposition according
20 to Item 1, which FigmnHer c"-‘BT@pla%ééOLllJtW 502parg SHPORRLpe aFcording

plasti ci Zerté?efi‘]egno% Egﬁé%lt}y Y go &l Lot 2l ampunt | of o??éxm? comgéln@”d

Zinc Salt ( anti |ng coating conposition according to
tem 13, whes eiasst hbapl@@llqﬂzer is an epoxidized oil or fat. 25 Item 15.

The antifouling coat ition rdin o lte es 1
to 50 parts by wei ghjt[ &i‘ dewat 61 fa%lg%%je)rﬁg ﬁg?ﬁ%iﬁ% COrHrpgbgl\bM%& %?Hﬁ%ﬁtot al
amount of Podyrmem (A) waheh ZiraeSatdn(Bkesl n@md&OOTber*aﬂtw msdughg ehat i ng

conposition according 30 to ltem 15, wh devvate ent
| east one WEHUMEAFF] BFT skeOPEES oM tg?gutbo §P§PP fpaglylz‘ﬁ&-yéﬁrlanes

and al kyl oxtdofier-mates. (dit.em 17. The antifouling coating corrp05| tion
according to ltem1 V\/mch further corrprlses 1 to 50 parts, by weight of 35
fatty acid ani de- basttewdildber st 2pet LA005RFPE B VEFERE b o0 8300969%19

amount of Pol g, (A wand, Znensal &on(;ﬁ)lsegt enn 18, 40 éﬁkt%%‘} 'm@ﬂgﬁff@ﬁt ment
met hod conduct ed u5|ng the antifouling coating conposition of any one of

ltems 10 tocqgf%@rrﬁﬂll@if nee1a 1§10epa©t5fwr meﬁghém%rﬁqtﬁéuﬁm@n’@:d&t iPRGYTRST m on
5 the surfagzg) of 27 ARI T@zlglt be coated. Item 19. An antifouling coating
filmformed by using e antl fouli ng coating conposition of any one of
ltems 1 to 17. IterrIQ@n 1A .codthed aobj éetlivavicrgt the cmicbobl PnEsoating

et ou | el SRR 1b! SRl A0 e 0 LA Bhaf MR N90 2L 0F-BE Yl 090 20
antifouli ng Coa |ng conposi rising the steps of:
diameter of 8 teo 20 um.

15 Item 12. The antifouling coating composition according
to Item 1, which further comprises 1 to 100 parts by weight of
organic antifoulant per 100 parts by weight of total amount of
Polymer (A) and Zinc Salt (B).

Item 13. The antifouling ceating composition according

20  to Item 1, which further comprises 1 to 50 parts by weight of
plasticizer per 100 parts by weight of total amount of Polymer
(A) and Zinc Salt (B). '

Item 14. The antifcouling coating composition accerding
to Item 13, wherein the plasticizer is an epoxidized cil or fat.

25 Item 15. The antifouling coating composition according
to Item 1, which comprises 1 to 50 parts by weight of dewatering
agent per 100 parts by weight of total amount of Polymer (A) and
Zinc Salt (B).

| Item 16. The antifouling coating composition according

30 to Item 15, wherein the dewatering agent is at least one
dehumidifier selected from the group consisting of alkoxysilanes
and élkyl orthecformates.

Item 17. The antifouling coating composition according
to Item 1, which further comprises 1 to 50 parts by weight of

35 fatty acid amide-based dispersant per 100 parts by weight of



m xi ng Polymer (A), which is a polyner having a nunber average nol ecul ar
wei ght of 1,000 to 20,000 that is obtained by polynerizing a polynerizable
triorganosilyl unsaturated 15 carboxylate with Zinc Salt (B), which is at
| east one zinc salt selected fromthe group consisting of rosin zinc salts
and zinc salts of rosin derivatives; thé&-antifouling coating conposition
(1) having the weight ratio of the content of Polyner (A) to the content

of Zinc 20tSak a(“B)m(i(%é/]{CB)Y)neéf (H5/8% 2enT0PdDE (E2) havi ng the
nonvol atile matter C?@érﬁ 8. OfArPQatntl%Ellﬁcﬁ‘a&eE@m@ﬁt HY Ko ced

substantially being free froma rosin or rosin derivative containing a
free car boxwé»irgr atp. a6l faEmn22coThisngretdnpdst ororproddasy ngnarrfadtiehdul | ng

i g Pol yRer (S REER A i SehPt L B A CunE e o o T
aver age 5parftm@:lse;rf36edoﬁrm*t eibjeft 3t¢ el @opietio the m xture of Polymer (A)

and Zinc Salt (B); and m xi and .di s erS|n the re xt ur.e usmg a
di sperser. Item 23. %1%{“ th‘% f‘%&lg? ¥ ng’ ﬁﬁngnﬁﬁ{btﬁ gdn?@% ‘€0l ng
conposi ti on @aecendi Agulind e 2dy adkipehieoopréses vt bee-&F =iegpsloto 1M.xi ng
Pol ymer (A) with Zi nc Salt (B); dispersing the m xture usi a di sperser

while mxing: and 51EdHI4Yg arfd cﬁ?%?ﬂgo%]‘?ﬂplhéﬁ%”%xﬁ% aﬁ&?fﬁ%‘@ HY aver age

parti cle di aipliety 014008 012 B of Oddlaurpatef ouling Coating Composi tion
The anti foul 1 ng coatlng conposition of the present 10 invention conprises:

(A) a pél ymer (Pol yngker A)). h%ﬁ“ﬁ@wﬁ ﬁGﬁU@KXBVéﬁag@n %ﬁﬂ%ﬁ%&ﬂéﬁgwgﬁﬁﬁpgof
1,000 to 20 &mgkéf%abn'éo&ﬂ¥f§lﬂ§dt9¥ steps of:

mixing Polymer (A), which is a polymer having a number
average molecular weight of 1,000 to 20,000 that is obtained by
polymerizing a polymerizable triorganosilyl unsaturated

15 carboxylate with Zinc Salt (B), which is at least one zinc salt
selected from the group consisting of rosin zinc salts and zinc
saits of rosin derivatives;

the antifouling coating composition (1) having the
weight ratio of the content of Polymer (A} to the content of Zinc

20 Salt (B) ((R)/(B)) of 45/55 to 10/90;

(2) having the nonvolatile matter content of not less
than 75 weight%; and

(3) substantially being free from a rosin or rosin
derivative containing a free carboxyl group.

25 Item 22. The method for producing an antifouling
coating composition according to Item 21, which comprises the
steps of:

mixing Polymer (A) with Zinc Salt (B):
adding a cuprous oxide having an average particle

30 diameter of 3 to 10 um to the mixture of Polymer (A) and Zinc

Salt (B}; and

mixing and dispersing the resulting mixture using a
disperser.

Item 23. The method for producing an antifouling

35 ceating composition according to Item 21, which comprises the



pol ymeri zing a polynerizable triorganosilyl unsaturated carboxylate; and
15 (B) at least one zinc salt selected fromthe group consisting of rosin
zinc salts and zinc salts of rosin derivatives (Zinc Salt (B)); wherein
(1) the weight ratio of the content of Polynmer (A) to the content of Zinc
Salt (B) ((A)/(B)) is 45/55 to 10/90; 20-94-2) the nonvol atile matter content
is not less than 75 weight% and (3) the antifouling coating conposition
is substanttegdd ypffree froma rosin or rosin derivative containing a free
car boxyl group. 25 [rgo)gj&;; 29 QFr(A()ALiIFezB‘?éisfa(i‘E' i(gg; coating conposition
of the present inven OIY CONprises a pol ynmer that is obtained by

pol ynmeri zing a pol yaespezatihg thée origanosi hylnaursatepatesr caribBexylata /(i . e.
a 30 pol ymaricﬁabl e triorganosilyl unsaturated carboxylate unit- containing
pol yner) haVihg a nunber average nol ecul ar wei ght (Mh) of 1,000 to 20, 000,
and prefserably of 2, 888i:tp a8, Q00ind G0L6prIhe dxickusiomopfarPalvymese (A)
makes it possible to form 35 a_coatj filmthat can effectively exhibit
anti f oul i nP®FFédes 2 @@t%d’fdggi?%bi@%ﬂ’event t he adhesi on of aquatic
fouling orgamiisgys. [0017] If Polymer (A) has an M of 1,000 to 20,000, the
resulting coating filmw ||| have satisfactory physical properties 5

(har dness ahiif iiatdage h§oa tiids CAFBYRHE Ot he occurrence of cracki ng and/ or
peeling, allow ng the,antifiQul)i DGy &fdRGhgt QoRsos iFRLAL 8F n@tk fhksant ong
period of time. If the M is I'ess”than %,00 , al though the dissolving
anount 1¢f chatdnigohi Femprictesdses, the coating fil mbeconmes too brittle and
easily suffers from C i t Cl%ﬁg 20, L, fouling
effect of the coati}lfg) f%ﬁ%&@%ﬁoﬁ%lﬁ%iwn%g?ne ?lgrgalq%eglt %???(Q)%éof tinme.
Speci fi cal Iygladulthewdhglex ceeds 020, 00E0,100€ teasulis wytedatdny fil m becones

very str Ongpof)ﬁ%erqazsln!gogv 50%%%@1@%951'}1& yt'ritog c[agcfngafleyl unsaturated

carboxylate; and

i5 (B) at least one zinc salt selected from the group
consisting of rosin zinc salts and zinc salts of rosin
derivatives (Z2inc Salt (B)}; wherein
(1) the weight ratic of the content of Polymer (A) to
rhe content of Zinc Salt (B) ((A)/(B)) is 45/55 to 10/90;
20 (2} the nonvolatile matter content is not less than 75
weight%; and
(3} the antifouling ceating composition is
substantially free from a rosin or rosin derivative containing a
free carboxyl group.
25 [0015]
Polymer (A)
The antifouling coating composition of the present
invention comprises a polymer that is obtained by polymerizing a
polymerizable triorganosilyl unsaturated carboxylate (i.e., a
30 polymerizable triorgancsilyl unsaturated carboxylate unit-
containing polymer) having a number average molecular weight (Mn)
of 1,000 to 20,000, and preferably of 2,000 to 15,000.
i0016]
The inclusion of Polymer (A} makes it possible to form

35 a coating film that can effectively exhibit antifouling effects



the antifouling effect may gradually deteriorate. If the M 15 exceeds
20,000, the viscosity of Polynmer (A) becones unduly high. The viscosity of
the coating conmposition containing Polyner (A) also becones very high.
Therefore, a |large anmount of organic solvent (thinner) is necessary when
such a coating conposition is used as al@eating material; this adversely
affects both cost 20 effectiveness and the environnent. [0018] One exanpl e
of a net hodaﬁd)rdermagbilyn@retwﬂ@tlvhhﬁ? sa@@lsmpe@fremlﬁmccﬁ@@hﬁt%@fﬁﬁhysr%@q
When t he I\/h asured by GPC, it is expressed as a value (using a

pol ystyr ene s andard), 25 obtained by conducting the neasurenent after
preparing a calibralfofolgurere (Msimg pol ¥istyf endlds ta refElentbemat eri aI

0019] It f, bl e, t hat_.Pol A
00191 11 |3, rssteble 1ot Yoy () haves A, dlegnep ol ol spers on. o
mol ecul & wehghindss kegsstiwartd)0, thes v;msammttsytbé ¢dweirzeate ngt conposi ti on

can be desirably reduced. This effecti.vel red he a f sol vent
used when s%ﬁﬁ?kéngcéﬁfi?ﬂﬁ %8@”?%"1@%%3 Oél éf]gngrp#ﬁﬁ“t e?f’al? Thi s

al so  makesyd inPAgekbEert» hi@apbaraty aft ichadl i ngfcaﬁé iMig irBl ess ahahhat 35
provides a coating film having excel]ent physical properties and -11- a

desi rabl e ahtGGGuRilt§oBEs ddte PPSalTiEivy apeRIbAPbicHEtHBY L1 EbAGT ERSes.
particul ar, g rt%eq% hayh %c%ﬁegmt&i }:g:leQQet&ld 15009, santk.a @rgﬂaerm on of

nol ecul ar wei ght of [ess than 2. gre erabl e as™ Pol ynmer
pol yrrerthavq:m;:kaLnanh bf Be0bo @z@:@so@@, ahd tetletjuaglﬁéf@wﬁlgofefﬁ@@ cufl ahe

vl O of 2. QutfiglGolsco e o ol el £oascPol vIet, (Ach002al bt |

preferable tran5|t| n tenperature (Tg) of
20 to 70C, @metinorelpyef ef am%/MBOeXCt@CBO@O When thwe rFgullsiig adeadin@nge of

20,10, 00 i e AP SLpsIaLl, st e oo na el Safiastec
sui tabl e harddness fandisy rehgich hey beratmianig dedefioragel ong pbmtmj of time.

15 exceeds 20,000, the viscosity of Polymer (A) becomes unduly high.
The viscosity of the coating composition containing Polymer {A)
also becomes very high. Therefore, a large amount of organic
solvent (thinner) is necessary when such a coating composition is
used as a coating material; this adversely affects both cost

20 effectiveness and the environment.

(00181

One example of a method for measuring the Mn is gel
permeation chromatography (GPC). When the Mn is measured by GPC,
it is expressed as a value (using a polystyrene standard),

25  obtained by conducting the measurement after preparing a
calibration curve using polystyrene as a reference material.
{0019}

It is preferable that Polymer (A) have a degree of
dispersion of molecular weight of less than 3.0. If the degree of

30 dispersion of molecular weight is less than 3.0, the viscosity of
the coating composition can be desirably reduced. This
effectively reduces the amount of solvent used when such a
coating composition is used as a coating material. This also
makes it possible to obtain an antifouling coating material that

35 provides a coating film having excellent physical properties and



15 1f the Tg is lower than 20C, the resulting coating filmis wunduly soft.
When the water tenperature and atnospheric tenperature rise, the coating
filmbeconmes too soft, allowing cold flow and |ike defects to easily
occur. If the Tg exceeds 60C, the resulting coating film becomes too hard;
this may 20 result in the occurrence of -ttacking or peeling in the coating
film [0022] Polyner (A) can be obtained by polynerizing or copolynerizing
at | east a ardexigahdsi bytirddpsceniasitnifng fohomerrer2gdrepbriedent ed by

Gener al Forﬁﬂkg)(l) below. [0023] O R 11 1 R-CGO-Si-R3 (1) R4 30
[0024] R Heral Formula (I) is not particularly limted as -12- |ong
as it is a hydrocarbdn grnaupuihat < grtlaines bawbkymerﬂzabﬁéBC@ﬁsé@urated

doubl e bon ver, a referable X | el fol lo [ 5

Q- 12=C (CE%S% e le TRk (ﬁgfﬁq%cu%% o T S R
or R-Si -®PrdFl3€l ak Myn[e(ﬁ0251 CR2 56 GH3) -havangCH23CHofi §, 608 a0
preferable. [0027

branched al k3§19 'Ol‘i‘B:Cli 4 ?%&ﬂ%ﬁ%ﬁRﬁrO{ﬁ%§ﬁ§%h§%%uﬁ%é§ 3Fe%(g hH %g?%ﬂp?ran
aral kyl gr ofpre §herel-0928]aranphes of) .Cl-Ce straight-chain or br anched
al kyl (0021]
It is preferable that Polymer (A) have a glass
10 transition temperature (Tg) of 20 to 70°C, and more preferably 30
to 60°C. When the Tg is in the range of 20 to 70°C, the hardness
and strength of the coating film is affected little by water
temperature and atmospheric temperature, allowing a suitable
hardness and strength to be maintained for a long pericd of time.
15 If the Tg is lower than 20°C, the resulting coating film is
unduly soft. When the water temperature and atmospheric
temperature rise, the coating film becomes too soft, allowing
cold flow and like defects to easily occur. If the Tg exceeds
60°C, the resulting coating film becomes too hard; this may
20 result in the occurrence of cracking or peeling in the coating
£ilm.
(00221
Polymer (A) can be cbtained by polymerizing or
copolymerizing at least a triorganosilyl group-containing monomer

25 represented by General Formula (I) below.

[0023]
O R?2
| |
R'-C—0—Si—R? (1)
|
R4
30 10024]

R' in General Formula (I) is not particularly limited as



15 groups include nethyl group, ethyl group, n-propyl group, isopropyl
group, isobutyl group, s-butyl group, t-butyl group, 2- nethyl butyl group,
2-ethyl butyl group, pentyl group, 3- nethyl pentyl group, hexyl group,
heptyl group, octyl group, etc. [0029] 20 Exanples of cycloal kyl groups

i ncl ude cycl opropyl group, cyclobutyl gieup, cyclopentyl group, cycl ohexyl
group, cycloheptyl group, cyclooctyl group, etc. [0030] Exanpl es of
unsat ur at edi@tkyds gtoapsa i FcliedarRoprapamy thapseaiteips 2- Bk sy zgpbup,

3-butenyl ghoup. t%angaswi oAU, R,cRERt e OLOUD: o %@t@nxg &4 oup,

etc. [0031] es of ara groups i ncl ude benzy phenet hyl
group, phenﬂéh%npyl group, etc -13- [0032] The al kyl group cycl oal kyl
group, unsa &&%ﬁed al kyl  group, aralkyl group and the |ike my have a
substi tuent. anpl es of substituents include al koxy group, acyl group,
etc. 5 Bhe nunber of substituents and the site of substitution are not
limted as long as the effects of the invention are not adversely

affected. [0033] rExanpl as19f) R6 t 0 1{Y =Aeybe tQgIsane 19+ ditf,er &1, and 10
represent a C3-C8 dbranched al kyl’ group or phényl group. Exanples 6f C3-C8

branched al kyl groups include isopropyl group, isobutyl group, s-butyl
group, t-butyl group, @-nmethylbutyl group, isopBrtyl gr@up, 2-ethyl butyl
group, 3-nethy|penty| roup, etc. Preferable eﬂanples f R6 to R8 include
i sopropyl group,.s-butyl 15 grou t - butyl p, and phenyl ?roug Anong
these, isopropfi’—dgPoup T& prtG Tarﬁyfpr§§ rabl e Poo84T ¢ hlednstal
Formula (1), R2 to R4 may be the sane or dlfferpnt and it is preferable
that each represents a C3-C8 20 branched al kyl pup or phenyl group.
Exanpl es of C3-C8 branched al kyl groups are the*sanme as the al kyl groups

|isted as ef&ﬁﬂhes
CH,=C(CH3) -, or CH;=CH~ is more preferable.
(00273

10 Examples of R’ include a C;~Cg straight-chain or
pranched alkyl group, a cycloalkyl group, an unsaturated alkyl
group, an aralkyl group, etc.

[0028]
Examples of C;-Cg straight-chain or branched alkyl

15 groups include methyl group, ethyl group, n-propyl group,
isopropyl group, iscbutyl group, s-butyl group, t-butyl group, 2-
methylbutyl group, 2-ethylbutyl group, pentyl group, 3-
methylpentyl group, hexyl group, heptyl group, octyl group, etc.
[0029]

20 Examples of cycloalkyl groups include cyclopropyl group,
cyclobutyl group, cyclopentyl group, cyclohexyl group,
cyclcheptyl group, cyclocctyl group, etc.

{0030}
Examples of unsaturated alkyl groups incliude Z-propenyl

25 group, 2-butenyl group, 3-butenyl group, 2-pentenyl group, 3-
pentenyl group, 4-pentenyl group, etc.

[0031]
Examples of aralkyl groups include benzyl group,

phenethyl group, phenylpropyl group, etc.



of R6 to R8. More specifically, isopropyl group, s-butyl group, t-butyl
group and phenyl group are preferable as R2 to R4, and isopropyl group is
nore preferable. 25 [0035] Exanples of triorganosilyl group-containing
nononmers represented by CGeneral Formula (I) include triisopropylsilyl
group-cont ai ni ng nononers, triisobutyl syl group-containing nononers,
tri-s-butylsilyl group-containing nononers, 30 triisopentylsilyl
group-conta[%I%E nononers, triphenylsilyl group-containing nononers,

diiSOprOpyliSObUtyls%*@iaﬁ%ﬁiueioﬁ&nt :dlb@gk§PQﬂﬂﬁ%?éunsaturated alkyl

di i sopropyl -s-butylsily]. odp- cont ai ni ng - Nono
di i sopr opyl dsogentyksky Y| ggrupupnc obtai Inikegmppnoites ¢, substituent.

di i sopropyl phenyl si | vl - j.0isn rs
isopropyldi%%ﬁﬁﬁ%ﬁflglI?%géﬁﬂ%&%gg%%kg#%gﬁggggﬁgxmﬁﬁgﬁa’s%% %u>ﬁ?%p'-i%9'
s- but yl $i | yIThgroupecoaf asubistg tnenoses] thebaiyd difi sobatytsidod are not

gr oup- cont aj ni, noners, t-but i isopentylsilyl group- containin
nononer s, fiﬁﬁﬂg¥ggﬁhg§9$§ﬁiﬁﬁeg¥t§%?ﬁ%ﬁ§éﬁﬁ?nﬂ“¥ﬁ8%8He$£?Iéﬁt?d¥%€%§Y
triorganosiiytefc@up- cont ai ni ng nononers nmay 5 be used singly or in
conbi nati on. Anong these, triisopropylsilyl group-containing nonomners,
tri-s-butyl%@q§ﬂ group-contai ning nononers and t-butyl di phenyl silyl

group-contai ni ng nonpEBRRS & ef RY eberablss randns rideoproRYFsidedt and
group-cont ai ni ng nononers are nore greferable. From t he vi ewpoi nt of the
pr oductiCon prRcsset 20Cpledecdricdrdcaskyl fraipabr | Phg el IraWP matfefales and

environmentat c.saf §l\nhbhi SORMOBYLSLL VI ngneup: E9PEALNT RGTRNOMRESpher ein
R2 to R4 are all isopropyl groups are preferable as “a triorganosilyl
gr oup- cont agniury mwokotet . 9fRE36-buby Exmepbe s ofetinilicvs pt opsdusi|l yi

group-contai&&%%ﬁgﬁ?8g§ﬁ§b&%%

triisopropylSi aﬁé?9§$s%£‘f?%%gP%%@%%%F&%gggg%§§§§+aﬁg%hy|

1
triisopropyrsifedanial eateplet hyl Rt rtid @rﬁprmxlyﬂdsl LybpnedyBagepun, Hutglyl
111 SSBOP Sy LRt BOOM L) SOBLEBY LY R0 Sl b
triisopropydsilpylismeheateyladyephytdesiyle.triisopropylsilyl mal eate,
cycl ohexyl (00341

In General Formula (I), R? to R? may be the same or
different and it is preferable that each represents a C3-Cg

20 branched alkyl group or phenyl group. Examples of C3-Cs branched
alkyl groups are the same as the alkyl groups listed as examples
of R® to R®. More specifically, isopropyl group, s-butyl group,
t-butyl group and phenyl group are preferable as R® to R*, and
isopropyl group is more preferable.

25 [0C35]

Examples of tricrganosilyl group-containing monomers
represented by General Formula (I) include triisopropylsilyl
group-containing moncmers, triisobutylsilyl group-containing
monomers, tri-s-butylsilyl group-containing monomers,

30  triisopentylsilyl group-containing monomers, triphenylsilyl
group-containing monomers, diisopropyliscbutylsilyl group-
containing monomers, diisopropyl-s-butylsilyl group-containing
monomers, diisopropylisopentylsilyl group-containing monomers,
diisopropylphenylsilyl group~containing monomers,

35 isopropyldiisobutylsilyl group-containing menomers, isopropyldi-



triisopropylsilyl nmaleate, bis(triisopropylsilyl) fumarate, nethyl
triisopropylsilyl fumarate, ethyl triisopropylsilyl 25 fumarate, n-butyl
triisopropylsilyl fumarate, isobutyl triisopropylsilyl fumarate, n-pentyl
triisopropylsilyl fumarate, isopentyl triisopropylsilyl fumarate,
2-ethylhexyl triisopropylsilyl fumaratel4eyclohexyl triisopropylsilyl
fumarate, etc. These nononers nmay be used singly or in conbination. In 30
parti cul ar, stritivdepiBpydeidnyicophat e rpharers s ket et dblwhagvasilyl
triisopropy I no t QpropyIS|IyI
(meth)acryl ﬁ%ﬁ%gg%gg%ﬂu&?g%%kﬁég 5| @% g?;%%%%%%¥g€%?¥}§%%i pylsily

nmet hacr yl atenta35ip0088jomels, A- bmtykﬁnmh@pyRSllgM gErephyerralrdneg copolynEr

(Copol yner (A)) is prefer p r 9&£$
obtained b Q%&) f%.nggfﬁﬁ d@ﬁ% aﬁﬁgléiptgrOQB §%¢%q¥ﬁﬁgnagnpre erggly
30 to 5@ mem@hkﬁkbélhglysnpm@pybmbi@dtmmetH%am@ythéee,Bnmhﬁogenpmhhﬂyllo to

50 ht % and f bl 10 to 40 ht % th | at d
general |y (STGTB0CRGR GV RECUBH o1 craioly 0o b 50 WEFGR 96 01 LAGLR) acr yl | ¢

esters ot hefoddsars(aha anshtybhibseyrfiarabhecas-Copak By (Aome8038] 10
The unit "weight% indicates the percentage of each pnononer when the total

anount of tWﬁ?ﬁﬁﬁ%@%@rsa@Q)qﬁ§1§BEEW®¥ﬁﬁ%12@d IFRPFEPT HR RS TEHOWRT HFESs

[0040] If trht?receﬁfe%eka}gie Nb@@&@rtr(@)m%@ b§n1¥\‘6fh|tﬂetﬁ§od@d’t§i%nofvroée%s§0 to 60
wei ght % the resulting coating ef f ectlvel% exhi bit the desired
ant i f oulli nwmdt@@tlow@%erarféﬁéamhﬂety mfduréwmfseﬁrl &+ of N4 HEEERPRBYF | m
can be suit 0 desi | pRor®effect
for a |l ong %éﬁ%% @%59£$5¥Epy%%§ipiq%01#%%%@%%3 tﬁ%ggggggﬂééﬁgg%%nc% and
strength ofkt hee 20l resylrvbry eoatisngrei Prefd0dde] 2t fa ttha cgeapent 1 of

Mononer (a) H? I%%%tghﬁﬂq Qowel.ght% the resulting coating filmwll have
poor resolV%%lﬁ1ty
[0036]
15 Fxamples of triisopropylsilyl group-containing monomers

include triisopropylsilyl (meth)acrylate, triisopropylsilyl 4-
pentencate, bis{triisopropylsilyl) maleate, methyl
triisopropylsilyl maleate, ethyl triisopropylsilyl maleate, n-
butyl triisopropylsilyl maleate, isobutyl triiscpropylsilyl
20 maleate, t—butyl triisopropylsilyl maleate, n-pentyl
triisopropylsilyl maleate, isopentyl triisoprepylsilyl maleate,
2—ethylhexyl triisopropylsilyl maleate, cyclcohexyl
triisopropylsilyl maleate, bis{triisopropylsilyl) fumarate,
methyl triisopropylsilyl fumarate, ethyl triisopropylsilyl
25 fumarate, n-butyl triisopropylsilyl fumarate, isobutyl
triisopropylsilyl fumarate, n-pentyl triiscpropylsilyl fumarate,
isopentyl triisopropylsilyl fumarate, 2-ethylhexyl
triisopropylsilyl fumarate, cyclohexyl triisopropylsilyl fumarate,
etc. These monomers may be used singly or in combination. In
30 particular, triisopropylsilyl (meth)acrylate is preferable as a
triisopropylsilyl group-containing monomer.
[C037]
Here, triisopropylsilyl (meth)acrylate means
triisopropylsilyl acrylate and triisopropylsilyl methacrylate.
35 [0038]



it difficult to exhibit the antifouling effect for a | ong period 25 of
time. If the content of Mnoner (a) exceeds 60 weight% the resulting
coating filmw Il have unduly high resolvability, wmaking it difficult to
design the coating film Furthernore, this wll nmake it inpossible to
render satisfactory water resistance andi5strength to the coating film 30
[0042] When the content of Monomer (b) is in the range of 10 to 50

wei ght % the resul tihg sigarprgeyi3imwli |(kepe) blvéate Copt it (Sopelaples

har dness angh st rengthebor @ Langopard.odant tiiaycl futhie conbent,gf, Monorer

(b) is less an1l the resul'ting coatin econe too
soft and temmtameelabylgopcﬂl@memtim fa)omeceokdl ¥ 0w and6®i\k@igﬂ1¢ﬁeem@ If the

cont ent of I\/b eds y\el ht % _alt ho t.r t he
resulting <o eirﬁ%l% ?%n (%1% BEL Pt ov%&m%ﬁ%proéjé}i%lly fr%tva%{él%ggle%%eﬁe t 00
hard, | eadi ng tqbenbhléll‘y sk afo Goa@&maoranﬂeﬁtemabay[ (D0413@ «fIICh@Jeb.gmn% "odt her

(nmeth)acrylic . e nmeans a ers acrylic
esters ot hé?ei‘tk}@n T%?/JF}[’1l héﬁ%‘ [k @e%ﬁéi ffl(L é’x%hp‘f”%ls th’eta@ f include
met hyl acr ybat@rapethyl o4 net me@gnw% aife, n@thuéwym@eteei@gé ydatee, thabutayl 10
(nmeth)acrylate, t-butyl (neth)acrylate, 2-ethylhexyl (nmeth)acrylate,
lauryl (metd)hcid)| aFePERtEIG1RE &P KyPLO(WRSEH %gr yl ates; 2-net hoxyet hyl

(met h) acryl pdgy9,2- met hoxypropyl  (meth) acryl ate, 4-met hoxybutyl

(meth)acryl ate, 2 et hoxyet hyl (et h) acrylate and |ike al koxyal kyl

(et h) dér yI ates; et hyhensits "geyelsts nondiee byt (heePhyaeriast ©f probyl ene

gl ycol ﬁgqﬁ & th)acryl, o n@%\ﬂ%'dr% al kyl %sglcxc}% J%g%gmed

(meth)acryla roxyet hy acry at e, hydr oXypro

(meth)acryl &t eﬂeaﬁmel:il «e Mydmexghtkyl (meth)acrylates; di methyl am noet hyl
(meth)acryl q—z di et hyl am noet hyl 20 (neth)acryl ate and i ke

di al kyl am n e%} (nmeth)acrylates; and tri-n-butylsilyl (nmeth)acrylate,
triisobutylsilyl (merh)@cr ylatent d¢f iMCSllet—lt'yk$i Ifyalll(sneiiﬁjmrtyﬂearemge of

(1L prenl Syl (et g ot b aiptend s (et naerul gl and
benzyl exhibit the de31red antifouling effect. Furthermore, the
hydrolysis rate of the coating film can be suitably controlled,
maintaining the desirable antifouling effect for a long period of
time. This also improves the water resistance and strength of the
20 resulting coating film.
[0041]
If the content of Monomer {a) is less than 30 weight%,
the resulting coating film will have poor resolvability, making
it difficult to exhibit the antifouling effect for a long pericd
25 of time. If the content of Monomer (a) exceeds 60 weight%, the
resulting coating film will have unduly high resoclvability,
making it difficult to design the ccating film. Furthermore, this
will make it impossible to render satisfactory water resistance
and strength to the coating film.
30 [0042]
When the content of Monomer (b) is in the range of 10
to 50 weight%, the resulting coating film will be able to
maintain suitable hardness and strength for a long period of time.
If the content of Monomer (b) is less than 10 weilght&, the

35  resulting coating film will become too soft and tend to easily



25 (meth)acryl ate, phenyl (neth)acrylate, etc., may al so be used. The
above- nenti oned exanpl es of Mononer (c) nay be used as a nononer conponent
of Copolymer (A) singly or in conbination. Anong these, ethyl
(meth)acrylate, n-butyl (neth)acrylate, 2- ethyl hexyl (meth)acrylate,

2-met hoxyet hyl (neth)acrylate, 2 30 nmetRdgypropyl (nmeth)acrylate, etc. are
particularly preferable as Mnoner (c). [0044] In synthesizing Copol y

(A), any nonohfsrs fopherothaiiowt hed abidvie deEREFoned f Mok mss eps) Of (MPnoah (c)

osi st ance. g L aDe e ey b e Eha TR TR [ DOAT ! €5 of

usabl e rmnoa:mtsmgntflimrdewyl}nyde cmpp@vm:ds thhavom@r&; ffawt #ohlalbegooeptoo

aromatic c ounds, .acryl G.;ac id r 3¢l l.d. Exanples of vinyl

conpounds ﬁré%#g gafjﬁlﬂ%t?% a?l(;3 ré?%u%f Cr%@lcli(&ng C;/rn)}‘wfee ﬁpgl‘l de, vinylidene

chloride, (oe®tidy)acrylonitrile, vinyl acetate, butyl vinyl ether, lauryl

el ude. Styr ene.  vi 9SG HonGE 1AL mEEYD SGE Jt oné 2 ters. TS0 3%}“’“”"5 |

i nclude styrene, vin n c 0

particul ar ,m@&ola)é@h&ﬁésﬂe%spb@fﬂé@maﬁsﬁl@oe@tw@bth@t tihid sepnopyl silyl

(meth)acryl ate (Mononer %@) met hyl methacryl ate (Mononer (b)), .and at
e

| east one rfﬂ?i‘iﬂ?é?rrY§éIt@et Cf-fb@nqwlpéraéubh%m%ﬁ PP MRy actylate,
(meth) acryl n(n!é%;/écﬂﬁa(tféet RLacsyl a&&thaa@%;waleéexx%&@ﬁ h)acryl ate,

2- met hoxyet hy (met’h)acrylaté and 2-rmet hoxy nmet h) acryl ate ( Mononer
(c)). 1[0004V111eu?dla>@rmﬁ_ama rayatlye @“@’@Weﬁﬂﬁb@éﬁ@l y thyaheayt er nati ng

copol yner, g_[ﬁqﬁ{ %lyga](_:gpol héﬁétl%%oﬁ%qlétgomé % 220,,1 0048] Pol yrer

(A may be f or meri zi ng noner (a), Mononer (b)
and Mononer ¢ r(le;t)h mm:rtyhete@;r e’smwctho&:fre‘anplol werehi 2atileviel, nE tihattior=yrpopyud] 25

Exanpl es of (rﬁ) rzg%rrly%ap On4 Im%'t‘i’x'oﬁ%g/gﬁtsyl S@ndeth[).'act.rflate, 2-ethoxyethyl
(meth)acrylate and like alkoxyalkyl (meth)acrylates; ethylene
15 glycol monomethyl (meth)acrylate, propylene glycol moncmethyl
(meth)acrylate and like alkylene glyccl monomethyl
(meth)acrylates; 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(methlacrylate and like hydroxyalkyl (meth)acrylates;
dimethylaminoethyl (meth)acrylate, diethylamincethyl
20 (meth)acrylate and like dialkylaminoethyl (meth)acrylates; and
tri-n-butylsilyl (meth)acrylate, triisobutylsilyl (meth)acrylate,
tri-s-butylsilyl (meth)acrylate, triphenylsilyl (meth)acrylate,
t-butyldiphenylsilyl (meth)acrylate and like triorganosilyl
(meth)acrylates other than Monomer {a). In addition, benzyl
25 (meth)acrylate, phenyl (meth)acrylate, etc., may also be used.
The above-mentioned examples of Monomer (c) may be used as a
monomer component of Copolymer (A) singly or in combination.
Among these, ethyl (meth)acrylate, n-butyl (meth}acrylate, 2Z-
ethylhexyl (meth)acrylate, 2-methoxyethyl (meth)acrylate, 2-
30  methoxypropyl (meth)acrylate, etc., are particularly preferable
as Monomer (cC).
[0044]
In synthesizing Copolymer (A), any monomers other than
the above-mentiocned Monomers (a), (b) and (¢c) may be added in an

35 amount that does not adversely affect the water resistance and



pol yneri zation reaction include 2,2'-azobisisobutyronitrile (AlBN)
2,2'-azobis-2-nmethyl butyronitrile, dinethyl-2,2"- azobisisobutyrate and

| i ke azo conpounds; di benzoyl peroxide, di(3-nethylbenzoyl) peroxide,
benzoyl (3-nmethyl benzoyl) peroxide, 30 dilauryl peroxide and |ike diacyl
per oxi de conpounds; di-t-butyl peroxidel7t butyl peroxybenzoate, t-butyl
peroxyi sopropyl carbonate, t-butyl peroxyoctoate and like t-butyl peroxide
conpounds; IGQHﬁMabpéﬂbeOQ1éﬁh?phéwahd§ﬂé1 t-anyl peroxyacetate, t-anyl
per oxyi sono te, t-anyl peroxybenzoate, 35 t-anyl peroxyacetate, t-anyl
peroxyoctoate, di(t-anmyl peroxide), -18- 1,1-di(t-anyl peroxy)cyclohexane
and |ike t-anyl peré@xbdelecafpoaadse ramdrerhexydlyser gxipy 2-ewtprhihéganoat e,

t - hexyl oxybenz ate e erox SopL. myoc yl
peroxyplvaﬁé Y ?Ft%%ﬁikﬁ%ngaf?: atﬁgxy&%%%roxyngé g%%%?g %%gnd
li ke t-exyhetperaxilde sotpoubdsipiHiese pohyrerdmpatinds hdwirtyi at onsctneyabe
used singly or inc i ha referabl.e t he pol yneri zation
initiators #rcifud&<di n§8y?ﬁ3ﬁo§$58rl‘%nﬁﬁﬁﬁﬁ%éeggb S‘SQIJ:EJQ?()dee conmpounds,
t-anyl per oxifie 10PQURESt rad tihAexydfper-ax¢, deuepnpaurdsetAvBng suhgse,

t - anmyl peroxi de 10 conpounds and t-hexyl peroxi de _conpounds_are nore
pref er abl e. VBW1 &gy t Yam1Pe PokFaet ofhlls SRAPHeX 1 here%rHE conpounds

as the po'é@ﬁﬂddﬁ@é‘Qﬂclﬁwé'éﬁﬁ%énea POlYMeEL ) have NG-aeRBL T ONBFre @Dl el ar
wei ght distribution, and a | ower viscosity can be  obt ai ned conpared to the

case oﬂih5|ﬁylgﬁother pol yneri zati on 15 |n|t|ator [ 0050] By SU|tany
sel ecting the anDunt}pré cﬂ95¥”Qf (Ap|q§§&%Fey§ heplfoul ar

wei ght of Polynmer (A) can sui ta juste 0051 Exanples of
polyner|zatmbﬁnne&bpdspyhﬁuude &@tnlaqnylamglyﬁgm@mal|@m byl

e LN
Pol ymer (A)ft@an héhe 2Toppeparedieagi oy «ngladeatareinyylaf8ps2ibutyl

15 (meth)acrylate, 2-ethylhexyl (meth}acrylate, Z-methoxyethyl
(meth)acrylate and 2-methoxypropyl {(meth)acrylate (Monomer (c)).
(0047}

Polymer {A) may be a random copolymer, an alternating
copolymer, a periodic copolymer, or a block copolymer.

20 [0048]

Polymer (A} may be obtained by, for example,
polymerizing Monomer (a), Monomer (b) and Monomer (c) in the
presence of a polymerization initiator.

[0049]

25 Examples of polymerization initiators used in the
polymerization reaction include 2,2'-azobisiscbutyronitrile
(RIBN), 2,2'-azobis-Z2-methylbutyronitrile, dimethyl-2,2'-
azobisiscbutyrate and like azo compounds; dibenzoyl peroxide,
di{3-methylbenzoyl) peroxide, benzoyl (3-methylbenzoyl)} peroxide,

30 dilauryl peroxide and like diacyl peroxide compounds; di-t-butyl
peroxide, t-butyl peroxybenzoate, t-butyl
peroxyisopropylcarbonate, f-butyl peroxyocteoate and like t-butyl
peroxide compounds; t-amyl peroxy-z-ethylhexancate, t-amyl
peroxyacetate, t-amyl peroxylsononancate, t-amyl peroxybenzoate,

35 t-amyl percoxyacetate, t-amyl peroxyoctoate, di{t-amyl peroxide),



In the polynerization reaction, an organic solvent my be added, if
necessary. Exanples of organic solvents include xylene, toluene and |ike
aromat i ¢ hydrocar bon-based sol vents; 30 hexane, heptane and |ike aliphatic
hydr ocar bon- based sol vents; ethyl acetate, butyl acetate, isobutyl
acetate, nethoxypropyl acetate and |ikel@&ster-based solvents; isopropyl

al cohol, butyl alcohol and |ike al cohol -based sol vents; di oxane, diethyl
et her, d|bhtykhdﬁhemyendﬂkﬂkeCE@h@Wﬂﬁegednéolw@hﬂsamMeU%VﬁD@ﬁﬁyI ket one,

35 et hyl Rﬁ'dgk%é?@et aRd ! ke a8l one hosRd.agbrent Bindla ATONg - 19-

t hese, aronﬁf f ocar bon ent’s re pre fera xylene is
nor e preferp&ﬂGXybehesetspl&Hmmkslnp@rdxyﬂusegrepykmqwogarb®matﬁnﬂm—haKYbn.

[0053] 5 The reaction _tenperature in th rlza ion re t| n y. be
suitably se?%ﬁﬁ%ﬁ?lﬁggﬁﬁﬁﬁﬁg%'ﬁygh%ﬁﬁgﬁy ngﬁ 5T %e TZAN ?%hd%nltgghe
etc., but isngengeakhyedd trert406: enbouprel ermbby ﬁ@lmrweeloﬁhe time
necessary for the polynerizati reacti on na be U|tabg%§%elec

dependi ng O%P%qﬂ§tpééc??%Hxﬁéﬁﬁanﬁeﬁ%&Xu9§ 1Bt GO L8 - ﬁr?giﬁbout 4to

8 hours. [&QaﬁédleEhefp@rheyrmlyﬁauQ@tar&aqwlemat@rsprlefcenaeld/m@rl@e@beﬂm n
inert gas atnospheres, such as nitrogen gas and argon gas. [0055] 15 Zinc

Salt (B) Thecramindéul g leBHEr A1 SO rBEEITNEA, of ~ahi PBF@%‘?& CHRPEATS on
contains at 04&6‘%@%9@?;&&&&&'&@&% Sahﬁoﬁ%)t)heseel ectgd Jekom ghe group

consi sting rosin“zinc salts and zinc rosi n-derivati ves.
Becausé.0zi neorgaiursisnent i oriedkvabevex Xie W@Oéﬂﬁﬁs gfﬁfecmat Prrianaplei t By

Pol ymer (Aous1&?%}%%9eé%ﬁguﬁﬁeeébﬁéouﬂ etcﬂ@%¥{P% bk B . ﬁ%ﬂﬁ@easthe

conposition © invention has exce ong te
storageablIth@/pdﬂ@@ﬁﬁ}z&Wﬁnn saditatsal tg pedbeeumaydng, amagresieorm sal t,

N L Ak e U e
over |y hi ghotrydirephicbinsatad tal theughsaatf asihgginahetrhpblymerization

15 initiator.

[0050]

By suitably selecting the amount c¢f the polymerization
initiator used, the molecular weight of Polymer (A) can be
suitably adjusted.

20 [0051]

Examples of polymerization methods include solution
polymerization, bulk polymerization, emulsion polymerization,
suspension polymerization, etc. Among these, solution
polymerization is preferable, because it allows Polymer (A) to be

25 prepared easily and accurately.

[0052]

In the polymerization reaction, an organic solvent may
be added, if necessary. Examples of organic solvents include
xylene, toluene and like aromatic hydrocarbon-based solvents;

30 hexane, heptane and like aliphatic hydrocarbon-based sclvents;
ethyl acetate, butyl acetate, isobutyl acetate, methoxypropyl
acetate and like ester-based solvents; isopropyl alcchol, butyl
alcohol and like alcohol-based solvents; dioxane, diethyl ether,
dibutyl ether and like ether-based solvents; methyl ethyl ketone,

35 methyl isobutyl ketone and like ketone-based sclvents; etc., Among



of rosin (or rosin derivatives) having free carboxylic acid, there is a
risk that the water resistance of the coating filmmy 30 be | owered.

[ 0057] Exanples of rosin zinc salts include gumrosin zinc salt, wood
rosin zinc salt, tall oil rosin zinc salt, etc. These salts may be used
singly or in conbination. 35 [0058] -20-l1&xanples of zinc salts of rosin
derivatives include nmaleinized rosin zinc salts, fornylated rosin zinc
salts, poltrers, zedonasin widmecsabers;bavedr ogerritied aresPreXnFeleal 3

di sproporti o d.rosin. zinc : T. I u ingly
or in conbixryglaeltn%n.l S[%(B%%]prl%gfe? %%i%)I e?é%%eigr?\?‘zﬁtn ?gnlfﬂ%l trgaeiy élggge%g?gal I g§t hat
the rosin izi nex®ahttbenat | east one nenber selected fromthe group

consi sting gg ﬁgm rosin zinc salts, wood rosin zinc salts and 10 tall oil
rosin zinc SAl ; and that the zinc salt of a rosin derivative be at |east
one nenger sel ected TioOMdzle igr otnpegansirst img:ref phydregenatied resitnon nc
salts and di sproportionated . rosin, zinc salts. ‘{%FIO 6%% q 5 .The rosin salts

I v

and the rodiay &&r prative SoiestREyIHENAEMED ol |41 e ones.

Al ternati velyyrlhe zE0sbN Saltiscand etde bAsi Ns defieratiyersald 1408y, bend
produced by a known nethod. For exanple, the rosin_(or the rosin ,
deri vat i ve)PiAfieeadalt 80 cn 138 Cpr dpgr sdmpy@scerigiroding POl YERFFStHon
derivative) iy r 0XY] e QU QUP} K tdr & izhnc oxi de
whi |l e heati%%§¥%%g ﬁg%l%%f%%ﬁg?%g6%%“%%g%o?e$%§E%%{or features of the
conposilti ortefoatrisurgr esteant, bhvens | gindralilaabeut doraP nioW el ati vel y

| ar ge annunf(ngﬁ of Zinc Salt (B) . The weight ratio of the content of

Pol yner (A QO that of Zinc Salt (B) in the conposition ((A)/(B)) is
preferably 45/55 to 1 9%lyvandiseremprekerabh yi 4@e0etab20/@0ducVi@niit he

wei ght ratifhéf% bgsmg EEébﬁéy%siaggghQLs%Eé%égé8<%£!%9d argon gas.
[0055]
15 Zinc Salt (B)

The antifouling ccating compesition of the present
invention contains at least one zinc salt {(Zinc Salt (B))
selected from the group consisting of rosin zinc salts and zinc
salts of rosin derivatives. Because zinc salts mentioned above

20  have a high compatibility with Pclymer (A), they can stably exist
in the coating film. Therefore, the composition of the present
invention has excellent long-term storageability.

(0056]

When sodium sallt, calcium salt, magnesium salt, etc.,

25 other than the zinc salts mentioned above are used as metal salts
of rosin (or rosin derivatives), because sodium salt and the like
have an overly high hydrophilicity, although not as high as that
of rosin (or rosin derivatives) having free carboxylic acid,
there is a risk that the water resistance of the coating film may

30  be lowered.

[C057]

Examples of rosin zinc salts include gum rosin zinc
salt, wood rosin zinc salt, tall oil rosin zinc salt, etc. These
salts may be used singly or in combination.

35 [0058]



the resulting coating filmw ||l have excellent hardness and 30 strength,

all owi ng the dissolving anount of the coating filmto be desirably
controlled and the coating filmto exhibit a long- termantifouling effect.
[ 0062] Furthernore, rosin zinc salts and zinc salts of rosin 35
derivatives have a |l ower viscosity than-Polynmer (A) and copper -21- salts
and like nmetal salts other than rosin zinc salts and zinc salts of rosin
derivatives. Ther ef oEgampiesusifngiac rellasi vél yosiracge iaabives ohicledd n zi nc
salts and zinc salts of rosin derjvatives, i.e., wthin_t ight ratio
range as nefit ?ﬁ%&feé 58%%%,Z?ﬁéS@?E%bg%?§w%?£?§é&%%a Fﬁgcc%%%%gition can be
| owered. Ipolhicsicagerobecalise thets esylrbogneioat imgiconposiddlan, has a | ow

viscosity, the anmount of solvent can be .reduced wh t he onmposi.tion i,s
Used as 2 CORTHEORBLERFEIY TFHIS FRRUITtn SHosi r aBFY GRYAPNTRG Bn ioed

antifoukjngsgﬁ§ﬂ9 RG WAt ekhainganhai ning a 10 | arge vol unme of nonvol atile
matter content” and a small percentage of volatile organic conpounds

(VOCs), i.ei60% ) owVOC antifouling coating material. [0063] The

conposi tion of the prgsent Jnventi onydrsida, SUbStaMaklypi& a@kr oma rosin
and rosin derivatives that contain free carboxyl ‘groups. Specifically, the
content of tdreirr gding apdt bositn ldest vatd wenpart Hel edimsos e oo IroRe

present | Vel LY ag{@%{e{fo@}ﬁeg%c hghe! 1an oyl ot < and. mRge

preferably rosin and rosin vatives that contain
free 2Q.(Ccarbakyloigr aupsnhaire: maghshyardphiati theyziThewdforg, 2 wissant he

Fesi st ance Q1 TR dBaPEnG. IR TT B duar e i ey e bl i sters.
cracki ng angondike idef ect sy@rnddhatedatdsig zihm sa]l0H64ld 25sQupranrs otkiad |t
is preferable that the antifouling coating conposition of the present
i nvention ffﬁ%ﬁbﬁ”@ﬁn?ﬁ? ®a cuprous oxide. The cuprous oxide can function
as an antifow@nt. By containing the cuprous oxide, the resulting coating
film C%@S The rosin salts and the rosin derivative salts may be
commercially available ones. Alternatively, the rosin salts and
the rosin derivative salts may be produced by a known method. Fer
example, the rosin {or the rosin derivative) zinc salts can be
prepared by reacting rosin {or a rosin derivative)} having a free
20 carboxyl group (CO0O™ group) with a zinc oxide while heating in a
solution.
(0061}
One of the major features of the composition of the
present invention is that it contains a relatively large amount
25  of Zinc Salt (B). The weight ratio of the content of Polymer (A)
to that of Zinc Salt (B) in the composition ({A)/(B)) is
preferably 45/55 to 10/90, and more preferably 40/60 to 20/80.
When the weight ratio falls within the range of 45/55 to 10/90,
the resulting coating film will have excellent hardness and
30  strength, allowing the dissolving amount of the coating film to
be desirably controlled and the coating film to exhibit a long-
term antifouling effect.
10062]

Furthermore, rosin zinc salts and zinc salts of rosin

35 derivatives have a lower viscosity than Polymer (A} and copper



30 effectively exhibit the antifouling effect. [0065] There is no
limtation to the formof the cuprous oxide, as long as it does not
adversely affect the effect of the invention. For exanple, the cuprous
oxide may take a formof a 35 particle. -22- [0066] The average particle

di ameter of the particulate cuprous oxirdé-is preferably 3 to 20 pm and
more preferably 8 to. 20 pm When the conposition of the present invention
cont ai ns t heaE ciicods kexinelealhgeihg afieyehagerpatt idhe drhhetadd 8in3 to 20

pm the di ss0lyid0 Late OLiNe 608t i ncLLLM can be . dasisabline;gonyrol | ed

so that a long-termantifouling effect can exhibited. Wen the cuprous
oxi de has ahaayeragenpaeficisn diageterts hatl tahd ssaditshpfi tdir ange of 8 to

20 pm the yiscosi. 10.0f th t] Si.t] f th ,nvention
can'be ' furthor Aovered: tesiTAOry Brodiathg BT o Y ANt P THE coat i ng
mat eri als [ 8067, Ahpr eflecaditey efanpé ecaftinbecboposofidnheasupr dusieoxilde 15

is a cuprous o i de whose surfacg IS covetr.ed wth a coati ng acgnent. V\gen a
particul at e"RupFoUSERT dRS TR T &S FE°1 'S prefBrabie THEPSTTHHE! it Ace®dr
each partictesdesicgyerad mhduhtaocgosdblnehtagent be Byedic@dewhag mid h a coating
agent, oxidation of the cuprous oxide can be desirably prevented. 20
[0068] ExanpPBXD e 18saHi® 3Coat FAytHifeREseFnet udelst esfie tSaéhd, lauric

acid, glycegol;r3U6r @_%%aiﬂlﬁgg thi Bnt efGu1ithesBat COAtIIIG rAgENESH YR dsed
singly or in conmbination. [0069] 25 It is preferable that the conposition
of the I eskntye iiieRe oh TEMARR1190MaI0-4000pEFEs B RePhht! RETECHbBRES
preferably t.q 300 j prous oxJ p : y
wei ght of t%fga laactm)lal%t Oggéljli?%ﬁ %ﬁ%%%@ aﬁfgc%?ﬁcgséal 't)%{(g)%w. @%Jeér%&tlﬁgﬁﬁ?:%érztent
of the cuprowstioyd detiesidd0 to 400 parts by weight per 30 100 parts by

wei ght of t%@é?)]armunt of Polymer (A) and Zinc Salt

The composition of the present invention is
15  substantially free from rosin and rosin derivatives that contain
free carboxyl groups. Specifically, the content of the rosin and
rosin derivative in the compositicn of the present invention is
preferably not higher than 1 weight%, and more preferably 0 to
0.1 weight%. The rosin and rosin derivatives that contain free
20 carboxyl groups have high hydrophilicity. Therefore, when the
coating film contains such rosins and rosin derivatives, the
water resistance of the coating film will be lowered, which may
cause blisters, cracking and iike defects on the coating film.
[0064]
25  Cuprous Oxide
It is preferable that the antifouling coating
composition of the present invention further contain a cuprous
oxide. The cuprous oxide can function as an antifoulant. By
containing the cuprous oxide, the resulting ccating film can
30 effectively exhibit the antifouling effect.
{0065]
There is no limitation to the form of the cuprous oxlde,
as long as it does not adversely affect the effect of the
invention. For example, the cuprcus oxide may take a form of a

35 particle.



(B), the coating filmcan exhibit an excellent antifouling effect. [0070]

It is desirable that cuprous oxide contained in the conposition be covered
with Polymer (A), Zinc Salt (B), an 35 organic solvent to be described

| ater, etc. Wen the cuprous -23- oxide is not satisfactorily covered with
Pol ymer (A), etc., the cuprous oxide caldet be satisfactorily dispersed in
the conposition and may exhi bit aggregation. When the cuprous oxide

aggr egat es, [¥4%&dki ng or peeling easily occurs in the resulting 5 coating

film [0071] The comppsifian of Lhe Aiesentoiavent ion fRy funther contain

any ot her inorganic antiftoul In addition to the <cuprous oxide, in
such an anoumirddsatxddesinagireddversely taf £echm1nd eranpréaddoly éffect .

Exanpl es of,usabl e i norgani c_anti.f.oul ant incl . . Lhi ‘
Cgoner al netib CopBer ribasaaey .t BP0 b einr Lo SEPPEm FOTRR Hhece

i nor ganisc anipfoald artisSeneyvirde susedesigyylpgroicia diomeitrat bom Jc0QU2km, 15
Pi gnent The antjfouling coating conposition_of the present _.invention my
contain var?Qﬁuéﬁﬁ%?&gﬁ ¢ THP f4drig oo ﬁﬁﬁ@ “Hi %ﬁeﬁ???r?9ﬁ¥ strengt h,
the weat hercdéesicstiaaceo e watehg-f@si strangeul ang ddrecdi ssolpeability of
the coating filmcan be 20 inproved. [0073] In particular, it is
pref er abl e ©HEDYSE - c IHFES ILRP oRURAECUS RE1ER sThta AVBREFDIIPHUHCh&r conpri se

a zinc oxidg;By-AddhRg #a114 %tﬁ%ﬁld@ne theqdi §80f utd on of, the rasubting

coating filmin 25 seawater is accelerated, and the ant[foulingﬁfffect can
be ef fléct i ¥l ihexivebingdcorpes it ofi of Zieneresede iWeRbtopafdi AH arly

[ mted. For,XanPhey A RAddouLale ghananids san e usedeol9R74l Wien a

particul ate Zinc oxide I's use O dianeter thereof is not
parti cul arlgodtina edtandabay be selected fromthe range that does not
adversely afé§g4]the effects of the

A preferable example of the form of the cuprous oxide
15 is a cuprous oxide wheose surface is covered with a cecating agent.
When a particulate cuprous oxide 1s used, it is preferable that
the surface of each particle be covered with a coating agent. By
covering with a coating agent, oxidation of the cuprous oxide can
be desirably prevented.
20 [0068]

Examples of the usable coating agents include stearic
acid, lauric acid, glycerol, sucrcse, lecithin, etc. These
coating agents may be used singly or in combination.

[0069]

25 It is preferable that the composition of the present
invention contain 100 to 400 parts by weight, and more preferably
200 to 300 parts by weight of cuprous oxide per 100 parts by
weight of total amcunt of Polymer (A} and Zinc Salt (B). When the
content of the cuprous oxide is 100 to 400 parts by weight per

30 100 parts by weight of total amount of Polymer (A) and Zinc Salt
(B}, the coating film can exhibit an excellent antifouling effect.
(0070}

It is desirable that cuprous oxide contained in the
composition be covered with Polymer (A), Zinc Salt (B), an

35  organic sclvent to be described later, etc. When the cuprous



invention. [0075] The zinc oxide content in the conposition of the 35
present invention is preferably 10 to 100 parts by weight, and -24- nore
preferably 20 to 50 parts by weight per 100 parts by weight of total
anount of Polynmer (A) and Zinc Salt (B) . Wien the zinc oxide content
falls within the range of 10 to 100 part83by wei ght per 100 parts by

wei ght of total amount of Polyner (A) and Zinc 5 Salt (B), the dissolving
rate of théﬁéﬁﬁtﬂﬁgnﬁFlWﬂ@éﬁa§é0§aifaﬁﬁvﬂeéoﬁt?%lWﬁdeVhéﬁ & Czi nENDXi de
content is 0 b ht of tota
amount of ﬁ£ yner % r%ﬁnQXS %th%§ﬁB§El%§9% 5§§?b¥%m§gg

sati sf act or¢¢r@p<an¢eloer am@ niche extiksolagdreyaofon he Woeat iy duipkmup noxive

seawat er . v%en the zing 10 .0xi de e >eed r per
100 parts b gQ\I/vee ahes’ ?rétaqié)lg amé@%‘f%}@ ﬁ%ﬁ;girgi%%%aﬁﬁ §\6ﬁlt9‘l(;%) t he
sol ubi listy c@ﬁtﬂﬂ@efdmatlng fil mexcessively increases. ThIS makes it
difficult tf cﬂgtrol the dissolving rate of the coating film [0076] 15
O her than tHe Zinc oxi des nenti oned above, known water-soluble pignments
and wat er-insol ubl e phgreriesiayobeused passéhe piverentds.ndPFa7rEn&xanpl es
of water-sol uble pignments include cuprous. 20 oxide, copper oxide, copper
t hi ocyanat e5OT4aE! ERYbBHRte TP AE S A'TTdeV 2at ¢ UM RYArogemdbdbhat e,

cal ci um pho B oxRHET W Bich ﬁte%nodrftoﬁh‘é@r@@é@tr%at b0 SanbomYtet
nmagnesi um hydr oxi de, nagne5|un1carbonate etc. These water-sol uble

pi gnentld rra*yh%eanttﬁédlsi‘l%gﬂ%fe@ﬁ i EcewbEAatt d%ﬁabllﬁ paPF§dulcapntifoylants
pref erabl e Bhikast: ng IpEbElosekeched: | rOMEhe - Ghalp £onsi sting
of cuprous OXI d cuprou I ocyanat es be use as a water- soluble
pi gment . [monmedummm%roppdéenerﬁuconeﬁh%@ amogganpt eargfi fguhainley ma30

sol ubl e p|qgengﬁgp¥%g§%tq%?%gygoﬁélg% ent fromthose listed in the

above description O rous oxi
[0072]
15 Pigment

The antifouling coating composition of the present
invention may contain various pigments. By adding one or more
pigments, the strength, the weather resistance, the water
resistance, and the dissolvability of the coating film can be

20 dimproved.
(0073}

In particular, it is preferable that the composition of
the present invention further comprise a zinc oxide. By adding a
zinc oxide, the disscolution of the resulting coating film in

25 seawater is accelerated, and the antifouling effect can be
effectively exhibited. The form of zinc oxide is not particularly
limited. For example, a particulate zinc oxide can be used.
r0074]

When a particulate zinc oxide is used, the particle

30 diameter therecf is not particularly limited and may be selected
from the range that does not adversely affect the effects of the
invention.

[0075]
The zinc oxide content in the composition of the

35 present invention is preferably 10 to 100 parts by weight, and



Exanpl es of water-insol uble pignents include titanium oxide, iron oxide,
talc, calciumcarbonate, silica, kaolin, 35 perlite, mca, bariumsulfate,
graphite, carbon black, etc. These -25- nmay be used singly or in
conbination. In particular, it is preferable to use at |east one nenber
selected fromthe group consisting of tE#ani um oxi des, iron oxides, talc,
cal cium carbonates, silica, kaolin and barlun1sulfates as a water 5

i nsol ubl e phejrremzeteroo8n]20rHe @ﬁt@@r%%ﬁﬁbW@l@¢©ﬁ%ﬁ%§08xﬁ@%ﬁ%}QMéeé$W%ct of
i ncr easi ng 593% hubk b LYy éf phenePal Qf&ﬂhﬂh&Qaﬁﬁ@W@ﬁervﬁ%h“%heQ%!Q@ is a

conmpound t hat ongs to t er-so e pignent 10 category
wat er - i nsol erblae moglrtrentsf@dm lwiit:hiLheUEf freeyeobt TeducilA§ phetsdlvubeidhtly of

the coat i ng. Ll 110 0,960 SleionTher el e R aHI dalr ael eok] ng.d be,Lypes

and anmount s°0f Wa nment” and wa er-lnso ment
physi cals p$amer(ta es taaddﬁsadalbuhgtyatoé dﬂq&heoacbamgagf ifli fancaam b:@ suiitatbly 15

control |l ed 008 There is 0 limtation to e .cont ent . of e i nt in
t he conposi?$ e?he“ﬁF%% &ht ?HVéﬁFFSﬁ C?% erS | ?STSU“H%; rggwgyﬁﬁét
the contentyofgithecpi goentabie 8ol ecige O thatlthe 2@ bESBblmkg coatimg

filmhas a pignment volune concentration (PVC)  of 20 to 50% and nore
preferably 25¢ c°ad504(B) 008211 SALEBEET HYL F iHOnSRAVF IF TRIAVE 8FCTEESLENRRE 20%

Wil be tog;sofit.rand B@vw r(b%‘dftﬁh§| ?i‘ltm sty eRgt earAreeat i ikhm hrawd ng a
25 PVC of exceeding 50%w || be brittle and easily crack. [0083] The PVC

can be lobt apwiede m@nttﬁétf@*cpeeﬁﬁﬁn@o@a%m%ﬁyowelglp@am] 1p9crugs PyTeeaght
vol ume (m)onS&t!aﬁLr@;ng (g!oﬂ%g N9 3% Rigesls that are oot bm%gl ved
- vol une ) of t

in the sol vent ot a e solid conponents x 100 85]
I n the cal cuf dticoroathey ekpmessicons ! Totalingokases ( nfhigfmakes it

difficult to control the dissolving rate of the coating film.
(0076}

15 Other than the zinc oxides mentioned above, known
water-soluble pigments and water-insoluble pigments may be used
as the pigments.

(00771
Examples of water-soluble pigments include cuprous

20 oxide, copper oxide, copper thiocyanate, zinc carbonate, zinc
sulfide, calcium hydrogenphosphate, calcium phosphate, calcium
silicate, iron carbonate, iron carbonyl, magnesium hydroxide,
magnesium carbonate, etc. These water-soluble pigments may be
used singly or in combination. In particular, it is preferable

2% that at least one member selected from the group consisting of
cuprous oxides and cuprous thiocyanates be used as a water-
soluble pigment.

[0078]
The cuprous oxide mentioned as an example of a water-

30 soluble pigment may be the same or different from those listed in
the above description of cuprous oxide.

[CO79]
Examples of water-insoluble pigments include titanium
oxide, iron oxide, talc, calcium carbonate, silica, kaolin,

35 perlite, mica, barium sulfate, graphite, carbon black, etc. These



the solid conponents” refers to the sumof the volunes of the 35 pignents,
Polymer (A), Zinc Salt (B) and the like. When the -26- conposition of the
present invention contains the cuprous oxides |listed in the above
description of cuprous oxide, and organic antifoulants, plasticizers,
dewat eri ng agents, dispersants and the-Ebke, which are described |ater,
the volunes of those 5 conponents are included in the "Total volune (m) of
the solid Banponheres” sipQbBET SRnfPapined ithe cipPatslexiates it t5i s
desirable t pi Cc LN i RAst i d with
Pol ymer (A)gg%fééﬁéietkgmﬁgigF %Eé%tt e S?g%ggtggs saf%g g%?%?%ﬁ%%g%vered
wi t h Pol ynmeeoifs#)stamg thetitideguncpaténg ioonpeeldery italthecaksiuint i ng
coating fil n effectivel - eV .- [.00 gani i.foul ant 15
The antifou?%%%?qéﬁéﬁ’nélg%%%oé%ggéﬁ %Qé?%%lggeggiﬁaéagnggngi@%&%%y further
cont ai n sanyimsganile abhtinéoul ant. [0088] There is no limtation to the
organi c ant'%&gﬁants as long as they have a killing or repelling effect
agai nst aqu 20 fouling organi sns. Exanples of the organic antifoul ants
i nclude 2-nmer capt opyré dinterNsoxie: goppent § genendl nReEsf Bapperr
pyrithione) and |i ke organic_copper conpounds; 2-_nercaptopyridi ne-N oxide
zi nc (gener BICHRARDIZERR TRIERLOKeST 1A FO2ELRAYI Endbil8dP e AT SHrbadt%e
(general nage{sziineh) coﬁ;%agud%hatswlcsmﬁ%dth@lmrb@amhsie (gepenal name:
ziram, bis(dinethyl dithiocarbanoyl) zinc ethylene bis(dithio carbamate)

(gener &0 ne@essqal-y cRirbairdes) L agrl U ice PoPRRMI T AL E oMb ATdSCTpYk i di ne-
{11 phenyl boraiie.s ff I-50PLORli 1T dy! el Rhahyhget il BOLBRg. ¢ dx. Phenyl
pyri di yl - di pheny orane, triphényl boron-n-octadecyl am ne, 30
tri phenyl ( 3Ti{ewicryl hexytwityabpvopglearinielther erpehdnd keocerigariic vaberon
- chl or onar SR ahb F ! RATer e b frdie Ol PR of the
organi ¢ antpfaopdantes encladeld 154di ohl Oreoco2enrociyim 3ansbt hiazelodrne
(gener%% nagg%tégﬁiég[ne 211), 3,4

[0081]

There is no limitation to the content of the pigment in
the composition of the present invention. However, it is
desirable that the content of the pigment be selected so that the

20 resulting ceating film has a pigment velume concentration (PVC)
of 20 to 50% and more preferably 25 to 45%.
[0082]

A coating film having a PVC of less than 20% will be

too soft and have insufficient strength. A coating f£ilm having a

25  PVC of exceeding 50% will be brittle and easily crack.

[0083]
The PVC can be obtained by the following calculation.
[C084]
PVC (%) = Total volume (ml) of the pigments (including
30 pigments that are not dissolved in the solvent) + Total volume

(ml} of the sclid components x 100
[0085]

In the calculation, the expressicn “Total volume (ml) of
the solid components” refers to the sum of the volumes of the

35  pigments, Polymer (A}, Zinc Salt (B) and the like. When the



35 di chl or ophenyl - N- N-di net hyl urea (general. nane: diuron), 2 -27-

nmet hyl t hi o-4-t-butyl am no- 6-cycl opropyl am no-s-tri azine (general nane:
Irgarol 1051), 2,4,5,6-tetrachl oroi sophthalonitrile (general nane:
chlorothal onil), N-dichlorofluoronmethylthio-N,6N -

di net hyl - N-p-tol yl sul fam de (general nanmg¢-tolylfluanid), N5

di chl oronet hyl t hi o-N , N -di net hyl - N- phenyl sul fam de (general name;

di chl of | uanFdPos2EAgnt ¢f 4761 PIFBenti Mitkarere (Ydmdngl thangiprous oxides

t hi ab_endazoiles)ted?’"ﬁbﬁﬂéoa{t@vtehﬁggégi%ﬁj)dr@o@ %%%@[19' dx - and organic
oxath|a2|ne-4-OX|ée general nane: Dbethoxazine), 2-(p-

chl or ophenydn&iFoaeyanos 4-bresrrochzers f | dooredret hy | agqsyrtsel 6ifperaardls 409 nane:
Econea 026),, 1 G ATHNG | Nese  ZLDEBYHLALONG,. GARREL. Pyrifdu.one,
pyr|d|ne-trlﬁﬁenylborane, =i sopropyl pyridyl - J?pheny met hy or ane,

bet hoxazi nesozicnebfsSeee Nméu2dd amdchd r'gacel d@ihinearel pref erfablselidopper
pyrithione, zinc ri,thione, pyridine-triphenylborane and bet hoxazi ne are
nor e prefeﬁgﬁﬁ’pe% ®These organic antifoul ants may be used singly or in
conbi nati onfp0qddQ089] The content of the organic antifoulants in the

conposition of the present invention is preferably 1 to 50 parts by
wei ght, and nore prefErabity “20 ke SPLPASt S¥BYESweilght S pets iy %o thar t'd ey
wei ght of totalerRRDUBYLt Ofnd20lNMBhe (Amnd t£bAthSaldvelBY - with ztdlgmégnzz@nt of

the organic antifoulants is | ess than one part by weight per 100 parts by
wei ght 18f t3tdhlthendiike - of'hpdl Yierbigertandl BWHRETSEFPT{B) ,ca®&edn¥ifoul i ng
ef fect of tzﬁlﬁz\ﬂﬁe&a%? A ideuhapt canngl sabl-stactoni by bee exhihkted. |f

t he content 5 exceeds 50 parts by wei ght per 100 parts by wei ght of total
amount of Potamieg CAjmagah ZenefSabti(B)y, paevemprdvenent in the antifouling
effect can Pﬁﬁgﬁserved in proportion to the increase in the anmount of the
organic antitoul’ant; this is thus uneconom cal. 30 [0090] Plasticizer

The anti f oubdgegricoaht nfowlemgosi ti on of the present invention may further

cont ainics pl a5l zepy. By, cOnLall 10, 5 PhESLLSLERT ot ln RLasLigt Y of
filmto be nbtaitned. mdhi B/irther contain any organic antifoulant.
(C088]
There is no limitation to the organic antifoulants as

long as they have a killing or repelling effect against aquatic

20  fouling organisms. Examples of the organic antifoulants include
Z-mercaptopyridine-N-oxide copper (general name: copper
pyrithicne) and like organic copper compounds; 2-
mercaptopyridine~N-oxide zinc (general name: zinc pyrithiocne),
zinc ethylenebisdithiocarbamate (general name: zineb), zinc

25 bis{dimethyldithiocarbamate) (general name: ziram), bis{dimethyl
dithiccarbamoyl} zinc ethylene bis{dithic carbamate) (general
name: polycarbamate) and like organic zinc compounds; pyridine-
triphenylborane, 4-isopropyl pyridyl-diphenylmethyl borane, 4-
phenyl pyridiyl-diphenyl bocrane, triphenylboron-n-octadecyl amine,

30 triphenyl[3-(Z-ethylhexyloxy)propyl aminelboron and like organic
boron compounds; and 2,4, 6-trichloromaleinide, N-(2, 6~
diethylphenyl)~2,3~dichloromaleimide and like maleimide compounds.
Other examples of the organic antifoulants include 4, 5-dichleore-
2~n-octyl-3-isothiazeolone {(general name: Sea-Nine 211}, 3,4-

35  dichlorophenyl-N-N-dimethylurea (general name: diuren), 2-



-28- al so inproves the adhesiveness of the coating filmto an object to be
coated. [0091] Exanples of the usable plasticizers include tricresyl 5
phosphate, trioctyl phosphate, triphenyl phosphate and |ike phosphate
esters; dibutyl phthal ate, dioctyl phthalate and Iike phthalate esters;
di butyl adi pate, dioctyl adipate and |iké7-adi pate esters; dibutyl
sebacate, dioctyl sebacate and |ike sebacate esters; epoxidized soybean
oi |, epoxi dr¢deVlititissbdt oyt IGraRa - b1 &eclopsgPal #Fed vl § randt tat Genkt hy|
vinyl ether,palymel, et fyd) vinyl et hereRobymer andilikecal kyl1evi nyl et her
pol ymers; and polyet hyl ene ‘gl ycol ;" pol ypropylene ¢lycol and Iike

pol yal kyl enéggiped! samé&x herlaahplesibf, theiphbstéivergetnel ide-N' N~

t - nonyl pent i.de,, va i . vbu ri - 15
trinellitat %frﬁ%thyﬁc%\fn agcl?nyl Efjlldft%?]%i&%agg%?%ﬁ:ﬁ? }&%f%'r ?Etnoralyelémg%%%%)f’i ﬁf

pol ynerisc piadticiomerbylaried 'ofN' etihydtEnilcat-byeunsatifieatidd (gardrexyl i c

ester pol yner ha\é{.}n asticizers

Tg, of _npt higher, than -20C, et.c hese pl
may be used Egl Cgrlo?g%u% i’ngf ?6ﬁ{hl[a(fé’3§]lgb%zjl%qaﬁ8-[ rz%%rﬁetraﬁn{}%rﬁ?:i on,
iL is prefet@bﬂﬁakhablé?p %p&ﬁﬁkbqbzemhhﬁeaylleag}«ﬂg@dﬁFﬁbﬁiéBflecteddfrom
the group consisting of phosphate esters, epoxidized oils and fats an
et hyl eni cal P¥AUHSAL OF af eer &4t boeYErel ssnsr polymeasifdvi Ag By of not
hi gher t hanch]?&%ghé_?_iﬁmg—@r&%o—qua‘ébﬂ&lﬁ@r@h.fk§oﬁﬂﬁé€@ls 0@k €0l S JARELal

preferable. [009 e content of the plasticizer in the conposition of
t he prédentNaffredConfiadepend$Lion tHErCokbert: P Che@YFeSIHH/NECPEATt and/ or

zinc salt QsjiRder] hMe el OIRQSET T 8D, s Uty Lsigpreferably 1 to
50 parts b;ﬁ%l?égﬁgfgén%yﬁ%é%%psgﬁggg% y 5 t%' SOlsf)artg%ggywle%ht per 100
parts by wedghterofimeohal omaast, oftheoisimer eMNeandaHensakil (@R . If the

by wel ght of FATAT Aot SRSy er AR andlz e st Aty PP ory
i mpr ovenentpRsdimet-hel physyidalrapeoped thedickstieagite andeapghesindness)
CannOt]EF “Ase organic antifoulants may be used singly or in combination.
[0089) |
The content of the organic antifoulants in the
composition of the present invention is preferably 1 to 50 parts
by weight, and more preferably 10 to 30 parts by weight per 100
20 parts by weight of total amount of Polymer (A) and Zinc Salt (B).
If the content of the corganic antifoulants is less than one part
by weight per 100 parts by welght of total amount of Polymer (A)
and Zinc Salt (B), the antifouling effect of the organic
antifoulant cannot satisfactorily be exhibited. If the content
25 exceeds 50 parts by weight per 100 parts by weight of total
amount of Polymer {(A) and Zinc Salt (B), no improvement 1in the
antifouling effect can be observed in proportion to the increase
in the amount of the organic antifoulant; this is thus
uneconomical .
30 [0090]
Plasticizer
The antifouling coating composition of the present
invention may further contain a plasticizer. By containing the
plasticizer, the plasticity of the composition can be enhanced,

3%  allowing an preferably strong coating film to ke obtained. This



obtained. If it exceeds 50 parts by weight per 100 parts by weight of

total amount of Polyner (A) and Zinc Salt (B), the coating filmbecones
too soft, and is practically unusable. [0094] 5 Dewatering agent It is
preferable that the antifouling coating conposition of the present
invention further contain a dewatering -~agent. The dewatering agent is an
agent that renoves water in the conposition. Exanples of usable dewatering
agent s i ncl #be rorderani Hig iashssananerehydr 0E ngPalgert $11Thee FehGRi8fti er s
and the dephydratifag.agents may be used singly, or both the dehum difier
and the dehydrating agent may be used in conbination. [0095] The
dehum di fi ef09%l]la conpound that can renpbve water in 15 the coating

composi U1 on by T eact ppgih et el FxATPLes Ol the.s dRDHIAIL ers, e ude

met hyl orthof or nat e, orthofor e a e alky of or mates;
t et r aet Hoxyshdgnetet et rabot \dx phckanete, tietipaphehaxysiphane, and like

tetrakis(2-gtho ut oxy)sila t.hyl tri met hoxysi.l an
nethy|trietﬁhﬁ&ﬁﬁ%ﬁ&né?géﬁﬁtﬁ#ﬁ?@ﬁ%?ﬁ?iﬁﬁﬁ%@&&f|%h%§£¥%ipﬁ§Pﬁ§?Eﬁtﬁﬁ?y%%?%ne,

dih pﬂelnyl di e%mwd d%iﬂea@gti@ﬂﬁ; |diketgh kﬁ@m(}j@aiﬂ;anesmwn dﬁﬁbﬁitédazﬁcmmd&rei de,

pht hal i ¢ anhydri de an i ke acid an rides. 0096] The de rating agent
is a conpol RAT&t SEARTF erbyty SSﬁ%.%ﬁtq'ndﬂﬂ%E%% C@Fﬁnmﬂgqﬂﬁ@orporating
the water igtinddie odebydr atdngqageats@m-anystal ldgzati@nenal Biscctxapl es of
dehydrating agents incl psum nol ecul ar sieves, . magnesi um

. ude anhydrous g |
sul fat 60 sodimidel PaPEIdEtes PoEo7Id B0SA Behurd difivér sFaeprsrerably used
as the dewal@f)ing;,g9eplpeA preferahl 1;1?{%“%%1 | Iny1S efbet Eﬁgcfﬂyn@%; menber

selected fromthe group consisting o oxysil anes and al
ort hof or mat &sd ramdeahpaers cullveoly pebfrarcablendetlyidi findr 1ike

Letraet hoxysi oG 3l 0098): 5 0erTeLeah1 00 J4 Witabion Lo ke Gamien o
t-nonylpentasulfide, vaseline, polybutene, tris(Z-ethyl hexyl)

15 trimellitate, silicone oil, liquid paraffin, chlorinated paraffin,
polymeric plasticizers formed of ethylenically unsaturated
carboxylic ester polymer having Tg of not higher than -20°C, etc.
These plasticizers may be used singly or in combination.

[0052]

20 In the present invention, it is preferable that the
plasticizer is at least one member selected from the group
consisting of phosphate esters, epoxidized oils and fats and
ethylenically unsaturated carboxylic ester polymers having Tg of
not higher than ~20°C. Among these, epoxidized oils and fats are

25 more preferable.

(00933

The content of the plasticizer in the composition of
the present invention depends on the content of the rosin zinc
salt and/or zinc salt of rosin derivative in the composition, but

30 is preferably 1 to 50 parts by weight, and more preferably 5 to
30 parts by weight per 100 parts by weight of total amount of
Polymer (A) and Zinc Salt {B). If the content of the plasticizer
is less than one part by weight per 100 parts by weight of total
amount of Polymer (A) and Zinc Salt (B), satisfactory improvement

35 in the physical properties (strength and adhesiveness) cannot be



agent in the conposition of the present invention, but it is preferably 1
to 50 parts by weight, and nore preferably 2 to 30 parts by weight per 100
parts by weight of total amount of 5 Polymer (A) and Zinc Salt (B). If the
content of the dewatering agent is |less than one part by weight per 100
parts by weight of total anmount of Pol y@er (A) and Zinc Salt (B), the
conposition of the present invention may not be able to attain
satlsfactor@bt%ﬂﬂ§ﬁag£f3%%ﬂﬁHQQ?¢s PP nai&scoit BRIt Aee LBBVIRAES RY agent

exceeds 10 0 r%‘?c”o% Pbﬂt%(‘@ %}gunﬁ%flﬁ&l ”?APYaP{@'ZﬂJPﬁc @ElEO{J@ appunt of

Pol ymer (A) and Zinc Sa the coating filmmy becone too brittle. In
parti cul ar, cetium diiliebecaesi ltpoved it landel nbaathealalyrundireriet ore, when
a dehunidifgﬁq s used as the dewatering agent, in order to reduce the
adverse aff Jn the environnment, 15 it is preferable that the amount of

t he dehdm didu=ererbagnegenhi gher than 30 parts by meight per 100 parts by

Efgggﬁsgattoénghe cﬁﬂ%ﬁgkﬁr§ﬁ¥8?{? é? 58@ qﬁﬁg’ éﬁg%?%¥%$ngy further

contains a ¢hrgpeisanh (ANantireseht | imgragent furtByr c@ﬁﬁéﬁhm I’ct@waterlng
di spersant, sedinentation of the conponents (e.g ment , grous xi de,

zi nc oxi de, 24§ani tis sl Es eriRg ?9%ﬂ? 18x?ﬂeaQQQ£ 5haEtE O WﬁE-Edﬁb& ©t i on

of the presgipddIvenhi Omixaplas &F'dsa@iet@&it@ﬁl&@ Qae@x{s arandecake (a
hard precipitate), can be prevented durlng storage of the conposition of
P

the pr ddentdehunigations T Sekvesa et teagpEPy §61|ev@1§hwlg‘r1@5ﬁeﬁ%fthe
dri ppi ng em%a%@gg%af;é%%* g%g,hsecggéd %Q.n@@%feréﬁlﬁot‘ﬁp%ﬂead@r%ﬂdnglief| mis

formed on the 'surfa ect to be coa by using the 30 conposition
of the pres@nﬁ1ﬁwwéﬁby@natMFDE©©PtEwaﬂﬁkegséﬁ dDSE@Kgaﬁtsoﬂnclude oxi di zed
polyethylenﬁﬁggased di spersants, fatty acid am de-based di spersants, fatty
acid ester d di spersants, hydrogenated castor oil-based 35

di spersants, veget abllee ptahynedizeédr gid sbasedodic pérsants, re@l< potyetirer

ester-t pe urfactants, sulf. terstyne anionic . surfactants
pol ycarboxytit Géird N R EHl loBaé%dr%F EPsEhs Wate Samdles of the

dehumldlflers include methyl orthoformate, ethyl ortheformate and
like alkyl orthoformates; tetraethoxysilane, tetrabutoxysilane,
tetraphenoxysilane, tetrakis{2-ethoxybutoxy)silane,
methyltrimethoxysilane, methyltriethoxysilane,

20 dimethyldiethoxysilane, trimethylethozysilane,
diphenyldiethoxysilane and like alkoxysilanes; and maleic
anhydride, phthalic anhydride and like acid anhydrides.

[00%6]
The dehydrating agent 1s a compound that can remove

25 water in the composition by incorporating the water into the
dehydrating agent as crystallization water. Examples of
dehydrating agents include anhydrous gypsum, molecular sieves,
magnesium sulfate, sodium sulfate, etc.

[0097)

30 A dehumidifier is preferably used as the dewatering
agent. A preferable dehumidifier is at least one member selected
from the group consisting of alkoxysilanes and alkyl
orthoformates, and a particularly preferable dehumidifier is
tetraethoxysilane.

35 [0098]



pol ycar boxyl i c aci d-based di spersants, high-nol ecul ar-wei ght

pol yet her - based di spersants, acrylic pol yner-based di spersants, 5 speci al
silicon-based dispersants, tal c-based di spersants, bentonite-based

di spersants, kaolinite-based dispersants, silica gel-based di spersants,
etc. These di spersants may be used singkyC-or in conbination. The
conposition of the present invention preferably contains a fatty acid

am de- based dlspersaﬁbe§§3§5f@ éﬂ@h@?@%ﬁttOTh%ed%ﬁﬁﬁgﬂtpénuﬁﬁCkﬁ@t%¥é§ént

| nventi on Cagebe 1 ProdUESHYieikor oEXAPIheBREPALIIE ol XEd SOyt on
cont ai ni ng ol ymer (A) and other conponents, and then mxing a

di spersing pr¢@ﬁﬁﬁb&ﬂjlsbbu$@(pﬁrﬁwhém w¢ﬂghh,x@ddsmWIﬂ|Qn¢f@®ﬁbkwrﬁ;tphé0fatty
acid am de- t h 5 solution
can be enhaﬁcedgkg}ﬁggﬂge éﬁ%&gﬁtﬁéﬁ£%gﬁi§%§§bL %%fgﬂ:n §ﬁ$1%§qgin be

obt ai ned nopel wasi | aaddr@incalslayt [BLOTE KEhet benprreserft thavéndteming

commerci al l y_avai,l ahl e ersants of the tt aC|d
i de- based S dive &.Sgaﬁ SPTIET Bol L ool b Bl e D% e

6900- 10X (est20¥movandobi sgpamenr 6810z10X%ifer s20X) (Kial lther @@thgﬁdﬁt@f:m of
Kusunot o Chenlcals Lt d. %% Tal en 7500- 20 %%3 Flomnon SP-1000. (both
products of G SKATOhBRE I OTCHaY Tl e E. t?oﬁkﬁﬂln 58 di%Yer sant s
may be useds%ﬁaaje Relng: dispersedhd odRendl §ANIHe %@W@@h@t&@;@n@semée%@e
There is no |imtation to the content of the dispersant in the conposition
of the r esentPantivént FerThhaweveP? piecout BALIRS P érErabIPURT 6T50 parts
by wel ght, p&NghJIDT@) PLERCLAD! Yot st g\sﬁo PR 182 PYn l%t megrbé%eo%gs 30 by
wei ght of totadl anDunt of Poly and Zi'nc Salt the content of
t he di spersanttiils.| ess Raré;ncgh@rpadethtmydmén@m q?@rllym@l@iaﬂlgebynmitg‘m of
total armunénof TPALFBL (Al AN é%aﬂxgmﬁ?ili{ier( Eé %&? &f ftggt ae&attetﬂ%g

di spersant (T1.%e., preventing the formation o ar d. may not “be

exhi bi t ed. é@@ﬁLfm@abkverﬂhere@ﬁcstbm@gﬂhsﬂablhff@cmﬁxthhecempbsnmfoh,of
the present.invention cone i nadeq ent .of the

di sperg%nt exceeé) gﬁrgﬁ ?t%aﬁc tt)ng g unpnteroeflggep%? W%I 3?1 S tot al
anount of Polharerth@A) 3@.mﬁhﬁlm(bySaéTLglﬁtB)perVIIQCOjS&uttys dufy wheglsonposicteon

amount of Polymer (A) and Zinc Salt (B).

[0099]
Dispersant

20 The composition ¢f the present invention preferably
further contains a dispersant {(an anti-setfling agent). By

containing a dispersant, sedimentation of the components {(e.qg.,
pigment, cuprous oxide, zinc oxide, titanium oxide, red iron
oxide, talc, etc.) of the composition of the present invention,
25 as well as the formation of a hard cake (a2 hard precipitate), can
be prevented during storage of the composition of the present
invention. This also effectively solves the problem of dripping
of the composition (the coating material) when a coating film is
formed on the surface of an object to be coated by using the
30 composition of the present invention.
(0100G]
Examples of dispersants include oxidized polyethylene-
based dispersants, fatty acid amide-based dispersants, fatty acid
ester-based dispersants, hydrogenated castor oil-based

35 dispersants, vegetable polymerized oil-based dispersants,



beconmes too high, which may make the conduction of coating 5 difficult.
Furthernore, no inprovenent in the prevention of hard cake formation wll
be obtained by the increase of the content of the dispersant, and is

t herefore uneconom cal. [0103] Oher additives and the like 10 The
conposition of the present invention may3further contain dyes,
antisettling agents, antifoam ng agents, etc. g0104] The conposi tion of

t he presentPPhRET0RSFEI TSR IS fars3vlSre §UOF 2 HF spErdedYPR AW BrGani c

sol vent. Thigs,fmkes khepd éé%ﬁdx?giefﬁéﬁd ahadesksaply: gabl §oc xamBl es of

the usable organic solvents include xylene, toluene, mneral spirit, MBK
butyl acetebycataezyArsngciddgeedx ¢l grma sandsM Bikolare Legnt f e sirdhy

pr ef er abl e. ﬂﬁﬁﬁt r gan] y. e i (g .]&Qgghggtion.
20 [0105] I%Jpartf%ﬁ%gg%amﬁg%%%%%ﬁggﬁﬁ%gﬁ?#%nggi t éxﬁgggeﬁ%s invention is
used, tHe amproitalofsifitheoorigegdd ddepvemnussedatanbdeed dédpeethntEhis i s

attributable (o Lhe oW X 3Con! Ly oL the,) composl tlon,of Lhe, bl °38 M oa
I nventi on. ]%\ coar%l ng I’TB.?GI’I al® usl ng 257sucha conmpositron s SAneti mes

referred togeb-ensehi ghspotsaiss, ceati ngheatedl gprdamtbheaarde s@d06]Indlly; be

nore specific, the conpositiop of the present nvention can be. used as a
| o VOO ant P Gul IRGCABREETY 307 CoTBBOSEORD The: ToRtFAg  nat Bt OBbt ai ned

by using thgreomQsi thata s ttheapt psaitd iapMeat bofed eliepsesad Ikl er
anount of volatile organic conpounds into the air, reducing adverse
ef f ect stU ond%$R?4§§ﬂtro%WEhFPmPGEBWTxl§@ FPeiRrpisteraBrRt tHaCa R vOC

content of thequcddr vG0MPesi dJLP1ef bheAriesent i Rvenddionibe &6%%%ihﬂﬁ$ 400
g/L and nore preferably within t he range of 300 to 350 g/L. [0108] The
nonvol at i | ePPrEiMasr (@ontedtobfen Kempongdsit iegd Bhen nixing and dispersing

the mixed solution. When the mixed solution contains the fatty
acid amide-based dispersant, the storage stability of the mixed

15 solution can be enhanced, and the composition of the present
invention can be obtained more easily and reliably.

(01017
In the present invention, ccommercially available
dispersants may be used. Examples of the fatty acid amide-based

20 dispersants include Dispalon A603-1CX (cor 20X), Dispalon 6%200-10X
(or 20X), and [ispalon 6810-10X (cr 20¥) (all products of
Kusumoto Chemicals, Ltd.); Talen 7500-20 and Fiownon SP-1000
(both products of Kyoeisha Chemical Co., Ltd.}; etc.

[0102]

25 The dispersants may be used after being dispersed in an
organic solvent, such as xylene. There is nc limitation to the
content of the dispersant in the composition of the present
invention; however, the content is preferably 1 to 50 parts by
weight, and more preferably 2 to 30 parts by weilght per 100 parts

30 by weight of total amount of Polymer (A} and Zinc Salt (B). If
the content of the dispersant is less than one part by weight per
100 parts by weight of total amount of Polymer (A) and Zinc Salt
(B), the effects of the dispersant (i.e., preventing the
formation of a hard cake) may not be exhibited. Specifically, the

35 storage stability of the composition of the present invention may



5 the present invention is generally not |less than 75 weight% preferably
not |less than 80 weight% and nore preferably not I ess than 85 wei ght%

[ 0109] The conposition of the present invention has a 10 viscosity of
preferably 70 to 100 KU nmeasured at 25C using a Storner visconeter, and
more preferably 80 to 100 KU. When the ~éénposition has a viscosity within
the range of 70 to 100 KU neasured at 25C using a Storner visconeter,

) . a
suf fi ci ent | PIHITK D3GRy f I milarroB&creatt | Y%t 8PREE UisiigePHe Toat i ng
15 conposi thon: Nyt heipheset 1iooveatt S wthgBr semldoramountuef ofsol vent.
Furt hernore, when the conposition has a viscosity wthin that range,
sedi ment at | gl EIeR HE) coRponieit Satfof Blex aisicesipy giferfite €0PPDUS-16%i de, zinc
oxide, titanl ide, . F [ ' : : e-Sampesi tion of
t he pr esen?ﬁ%ﬁme%itgﬁ g%&}ghr‘f{hgghe%%gﬁkvete[%b%p?g%/&ehn%te%%a%g ?ong- I%Zr m st or age
beconmes 5 pogsfibilail . 0100t iEkaove scusiltpreasndel neasbeepréverdadoor dancerdni t h

JI'S- 5400 ( T -01)- C iakly aj St.or |.SC ter
may be used%k{gf%%% %%lr%pgsei ? %{%%Qatbﬁetggels%%{%a%ﬁvé%t%éh %)?]ﬁfg%?t(gge
excel | ent stlor afjesrstrabnt} tand Jvist hhatefoste maegehdimingglor  sol i di fyi ng even
after Iong;rgg];ﬁ}stor age. 30 [0112] Production nethod of the antifouling

coating co ion The method for producing the antifouling coating

conposi ti onotiert eidpresentaridvent i oRe conpri ses the steps of: mxing (A a
pol ymer. ( Pol ymer (A)%P havi ng a nunber 35 average nol ecul ar wei ght of 1,000
to 20,060 that is obtaf nedHF1E392 YolATePrEPRg & PETHer iFabIrther

triorganosidyrdinsatdeat eg i Larboxyl ate v, t Bnt Bioatideastnone aldic salt
(Zinc Salt &5% selected fromthe group consisting of rosin zinc salts and
zinc salts %losin derivatives. 5 The antifouling coating conposition

obtai ned by this The composition of the present invention is usually

dissolved or dispersed in an organic solvent., This makes the

15 coating material desirably usable. Examples of the usable crganic
sclvents include xylene, toluene, mineral spirit, MIBK, butyl
acetate, etc. Among these, zxylene and MIBK are particularly
preferakle. These organic solvents may be used singly or in
combination.

20 [0105]

In particular, when the composition of the present
invention is used, the amount of the organic solvent used can be
reduced. This is attributable tc the low viscosity of the
composition of the present invention. A coating material using

25 such a composition is sometimes referred tc as a “high-solids
coating material” in the art.
[0106]

To be more specific, the composition of the present

invention can be used as a low-VCC antifouling ccating

30  composition. The coating material obtained by using the
composition of the present invention releases a smaller amount of
volatile organic compounds inte the ailr, reducing adverse effects
on the environment.
(0107]

35 It is preferable that the VOC ccntent of the



production nethod has the follow ng characteristics. (1) The weight ratio
of the content of Polynmer (A) to the content of Zinc Salt (B) ((A/(B)) is
45/55 to 10/90. (2) The nonvolatile matter content is not less than 75 10
wei ght% (3) The antifouling coating conposition is substantially free
froma rosin or rosin derivative containBag a free carboxyl group. [0113]
15 The above-described production nmethod of the present invention allows
the antif ouFPHRPEEAOINGE COMPIFIEEEBR BIVATIé onpPaskrits itheent P o 2be

effectiveIyméggeg%§ygrag9§%€%tﬁggetggly S aNdpgine s 1,9yl i sted under the

subtitles 20 of Pol yner and Zinc Salt (B) above y be used as Pol ymer
(A) and zZihel®HlIt (B) . If necessary, pignments, cuprous oxides, organic

antifoul ants, dewat er,j . di a I gﬂggpL Ested
above may be added. ?%%%g?g%g%%%ﬁgI%ﬁ%%%iggg¥g€€f§ig§e(i , ﬁﬁégéa%% (B,
and ot hér donporerns mayebe cuibabhbyesdllgched desd hatnt he weisitii ng
antifouling coating conpositi coptai ns_.Polynmer (A), Zinc | t B), etc.
in acceptab?%?é%ﬁ?Fgﬁtnggn§§§;ggaaegérW?ﬁﬂ?téboegd Aﬁ%ﬁlfgf?ﬁﬁégmyingg Les
preferabl e that dshesegeesponents be m xed in such a manner that Polyner

(A) and like various materials are dissolved or dispersed in a solvent.
For exanplegoﬁ%ﬂyner (A) and Zinc Salt (B) may be di ssol ved or dispersed

in a solvent first, rRAd-dQRRiMEXeL MR othsenialRihak sn (isch as organic
35 antifoul ants). Exanples of the usable sol vents include xylene, -35-

t ol uend? mi veyedsidyi pift PraferbIbuT §1 taddiCakd, meeeurssheig2b HessS1ngx gl ene i s
particul arl LLARLEnedNeY RV BEe U358l Y ®Ted NooCRIDI Ngflonyd 0117]
5 When the %%%%%%uling %%é%ﬁng coﬁpd%iplqﬁ 8f %he present Invention is
produced us¢engpasuprionshaxiaeisicpsisy prigftamabhe range of 70 to 100 KU

measured at 25°C using a Stormer viscometer, a sufficiently thick
coating film can be readily obtained using the coating

15 composition of the present invention with a small amount of
solvent. Furthermecre, when the composition has a viscosity
within that range, sedimentation cf the components (for example
pigment, cuprous oxide, zinc oxide, titanium oxide, red iron
oxide, talc, etc.) of the composition of the present invention

20 can be effectively prevented and long-term storage becomes
possible.
[0110]

The wviscosity can be measured in accordance with JIS-
5400 {or ASTM D562~01l). A commercially available Stormer

25  viscometer may be used.
[0111]

The composition of the present invention exhibits
excellent storage stability, with almost no gelling or
solidifying even after long~term storage.

30 [0112]

Production method of the antifouling coating composition

The method for producing the antifouling coating
composition of the present invention comprises the steps of:
mixing (A) a polymer (Polymer (A)) having a number
35  average molecular weight of 1,000 to 20,000 that is obtained by



sui tably select Production Method 1 or Production Method 2, depending on
the average particle dianmeter of the cuprous oxide wused. 10 [0118]
Specifically, when a cuprous oxide having an average particle dianmeter of
3to 10 pm preferably 3 to 8 pmis used, Production Method 1 is
preferably selected. [0119] 15 ProductiréA-Method 1 The antifouling coating
conposition can be produced by adding a cuprous.  oxi de having an average

> . g ;
particle diREfErighng P10 FivaRte priererappst 87 ¢P8apHFe ™A ni xture of

Pol ymer (A).andyAne sath () aranda 8t Xidg ,and €ispersibgsihe fmsul ting
m xture 20 using a disperser. [0120] The cuprous oxide having an average
particl e disge@dred 6FoB te rgpm cengssticof 6F nkerbbridacy saggr egat Forc

Therefore, _ywhen gnl cLipr. .0xLde-containing material is added, the 25
obt ai ned co%p05|f%bﬁ¥ﬁg§ %géggﬁﬁnégf This may cause cracking or the |ike

in the reesulting coalhagdtiifimuling Rraduoy opst Hodnl chhaimiked subst ance
t hat contains. cupr.ous_oxi de .havi 2 verag icle.diameter of 3 to 10
pmis m xed”&n i'S Berrngé%o% oy ae ﬁ&&weingr SE%P%Ftaetr%S%lgg'

sing a  dispers the
secondar y- aggr egat ed { tupriousicaxhdergain b 80e hrakemtdodnPoTines nakeso i t

possi ble to_obtain an antifoul | oaf | pSi f. i t e cuprous
oxi de desirEﬁﬁyuﬁwﬁﬁgrggleT%é¥ﬁgnﬂ§{OQQQ%(éfggh%f%%ﬁgwg%hg%}#lalIoms t he
antifouling coating (35 mapRsivbL e 10 e tpF ogdueththy shxt Nesandhan 75

di spersi ng, using a -36- disperser, a mxed substance that contains Polyner
(A), Zi‘ttc S#19htEB), and the cuprous oxi de having an average particle

dianeter of 3 to 10 pmeOI22L rol1 e dHaXeHy suhsianeeonmysfurther contain
if necessary, pignents, organic antitoul ants, dewatering agents,

di sper sant sSukidntiiké lvafieust raidit Foekd mentPenedieabdipgéive containing a
free carboxyl group.

[0113]

15 The above-described production method of the present
invention allows the antifouling coating composition of the
present invention to be effectively obtained.

[0114]
The polymers and zinc salts listed under the subtitles

20 of Polymer (A) and Zinc Salt (B) above may be used as Polymer (A)
and Zinc Salt (B). If necessary, pigments, cuprcus oxides,
organic antifoulants, dewatering agents, dispersants and other
additives listed above may be added.

[0115]

25 The amounts of Polymer {A), Zinc Salt (B), and other
components may be suitably selected so that the resulting
antifouling coating composition contains Polymer (A), Zinc Salt
(B), etc., in acceptable content ranges as described above.
[0116]

30 It is preferable that these components be mixed in such
a manner that Polymer (A) and like various materials are
dissolved or dispersed in a solvent. For example, Polymer (A) and
Zinc Salt (B) may be dissolved or dispersed in a solvent first,
and then mixed with other materials (such as crganic

35 antifoulants). Examples of the usable solvents include xylene,



[0123] The contents of Polynmer (A), Zinc Salt (B), the cuprous 10 oxide,
etc. in the m xed substance nmay be suitably selected so that the resulting
antifouling coating conposition contains Polymer (A), Zinc Salt (B), the
cuprous oxide, etc. in acceptable contents ranges as descri bed above.
[0124] 15 It is preferable that the mxéé substance be prepared by

di ssol vi ng or. di sper si ng 1Eol like varl ous nmaterials
sol vent . EOJe%i‘?pl gLefre Q\;’ertlﬁodM %If ar PRG-2 e %Cxe&n?ﬁﬁsf%?ﬁ% is
that Pol ymegy (e and pdirfecdad 11 ( BreBELan1d, S$ﬁbyadaprbedlu§@@r§ﬁ§buynoa in

sol vent, and then m xed with other 20 materials (such as the

above- nentl%?fékﬂlftﬁtgléﬁl c antifoulants, etc.). Exanples of the usable

sol vents arept sanme as those nentioned above. [0125] The di sperser may
be desirably sel'ected fromthose that 2S can be used as m cro-pul veri zers.
Speci fi © exanpl es t hBheofthd reltddevhind soandndi sgatareitson[ @126k Exaspiles of

usabl e 1 | | gL 06l uge shablodilds SRl s, oxbead 1 Lo pearlo i Lls, Dyne

mlls, Cow es tFi fors  an s generally
used for m s pland seilsper Biowictdoat HaharatiepirabPsodyrliz] Matidissol ver is a

di sperser ving,.a rotary vane-type__gri.nder. The m solution ca
m xed and d$ e 8)17 %éer N \RE gp?ﬁglcg]rel ﬁdéapl.eje%e?ggt%& st oF H%sed as
t he di spersesqed-37- it is preferable that the grinder of the di ssol ver be

rotated at {gjlr&t;] speed. By naking the grinder rotate at a high speed, the
second %/ aé ated cuprous oxide can be desirably broken down. [0128] 5

The di ssol ver may al spebercadiligl angh spes; g@bus $ 120y & cuRreys oxi de
having an average particle "dianeter of 10 to 20 pm. preferably 13 to 20 pm
Production Method 1 is preferably selected.
(0119]
15  Production Method 1
The antifcouling coating compoesition can be produced by
adding a cuprous oxide having an average particle diameter of 3
te 10 um and preferably 3 to 8 um to a mixture of Polymer {A) and
Zinc Salt (B), and mixing and dispersing the resulting mixture
20 using a disperser.
[0120]
The cuprous oxide having an average particle diameter
of 3 to 10 um tends to form secondary aggregation. Therefore,
when only a cuprous oxide-containing material is added, the
25 obtained composition may have lumps. This may cause cracking or
the like in the resulting coating film. In Production Method 1, a
mixed substance that contains cuprous oxide having an average
particle diameter of 3 to 10 ym is mixed and dispersed using a
disperser so that the secondary-aggregated cuprous oxide can be
30  broken down. This makes it possible to obtain an antifouling
coating composition with the cuprous cxide desirably dispersed
therein.
(0121]
Production Method 1 allows the antifouling coating

35 composition to be produced by mixing and dispersing, using a



cuprous oxide, it is preferable to select Production Method 2, 10

descri bed below. [0130] Production Method 2 The antifouling coating
conposition can be produced by using a disperser to mx and disperse a
m xture that has been 15 obtained by mi Xi ng Pol ymer (A) with Zinc Salt
(B), and then adding thereto and mi xi ng—@®cuprous oxi de having an average
particle diameter of 10 to 20 pm and preferablg 13 tég 20 pm. [0Q131] The

cuprous oxi UeSHRAASRg AnT ¥Rt ShartF diME tdiCaREE S ESBYBRT 1670 28CpriHar el y

forms secongsyy ag0regatiomusTRer et ors;: dhan P8R PaeRiefe t&l@n@tgﬁe@ﬁ
i nvention can be produced by m xing and dispersing a m xed substance that

contai ns Po]‘yfn%rlo(ﬁl}“ and Zinc Salt (B) using a disperser, adding the
cCuprous oxi [51@12? the resulting m xed dispersion, and then m xing the
m xture using 25 m xing equi pnment in such a manner that the cuprous oxide
particl és wi I | be gr madma@dl Ptbbeangs peysifbrehen wophiesn metho@ces sy,

cuprous oxi s b%rgérg Dk %Xuléx’iﬁ ’detwﬁ%ﬂr?# eag%lnlt,?b @&pie%% surface

area of th pr ous oX he resulti ng conpostti-on féd to a
relatively mmlJll}qeangmoﬁmrao&ﬁtexasrph@tJtdmedsabcbme area of the cuprous

oxi de can bFOrEOE{ hi gher than 1.3 x 10-3m®2, and is preferably in the range
of 3.0 x 10 41 o 1.3 x 103mm®R2. [0132] As described above, it is desirable
that the cuprous 35 oxédsorgentai aedediynihe (Bppposid isant bessatingf achosud y
covered with -38- Polyner (A) ,and the like. [0133] V\heg t he J%;Frous oxi de
has a sl Io%kijref'a@écar e, tfi%é‘lxﬁﬁoﬁ‘ﬁ}?%taépe%‘ Y et S(‘%ﬁbta 7V e lsed B

organi ¢ sol went @rd kbeitind laml%@ﬂlrtg) CRNEht bansddifaes @bniAigscupr ous
oxi de can be reduced. As a result, a |l ow VOC antifouling coating materi al

can desir aBPisE dBt ai bR FP0E34B) AStHOCURROERAL PHGR T RECcoRt iATGPERRHE when

the surfaceontents ranges as described above.
[0124]

15 It is preferable that the mixed substance be prepared
by dissolving or dispersing Polymer (A) and like various
naterials in a solvent. One example of the method for preparing
the mixed substance is that Polymer (A) and Zinc Salt (B) are
dissolved or dispersed in a solvent, and then mixed with other

20 materials (such as the above-mentioned organic antifoulants,
etc.). Examples of the usable solvents are the same as those
mentioned above.

[0125]
The disperser may be desirably selected from those that

25 can be used as micro-pulverizers. Specific examples thereof
include mills and dissolvers.

[0126]
Examples of usable mills include ball mills, sand mills,
bead mills, pearl mills, Dyno mills, Cowles mills, basket mills,

30 attritors and like mills generally used for mixing and dispersing
coating materials.

[0127]
A dissolver 1s a disperser having a rotary vane-type
grinder. The mixed solution can be nixed and dispersed by

35 rotating the grinder. When a dissclver is used as the disperser,



10 area of the cuprous oxide is small, even if the tenperature of the
seawater is high, specifically not |ower than 30C, the dissolving rate of
the coating filmcan be effectively controlled. Production Method 2 can
shorten the tine for the process conducted using the disperser, reducing

t he production cost of 15 the conpositi ofA’of the present invention. [0135]

The m xed substance is the sanme as that used in r oducti on Method 1,
Excent hatit L agRe hoEo o B PRI CUIAGT b3 6 S50 TF6198] S ndint of
the cuproush oy decaddeds el kg sthd aplivdeseleeded a80at hadh thectesthd i ng
antifouling coating conposition contains the cuprous oxide in acceptable
content ran¥R&CNGEFYIPPIr OB itk CHPEpeT seridfayabelt SRR HsPThED (S8 i n
Production Mpthwd 1. [0138] There is no limtation to the mxing equipnent,
and any known m xi ng equi pnent may be used. For exanple, the above 30
menti onéd di ssol ver #Way dewsedr Wherdisre bdi sgblakr déspeeskerit s

pref erabl e E gt he rotation speed of the grinder be set to mediumor [|ow.
By setting e rotation speed of the grinder to nediumor |ow, crushing of
t he cuprous oxi de carhbe ®ffectivedyidprevényean BHrpQe38irtidde Antifouling

Tr eat ment t hod, Antifouli Coating. Fil d ted. Ooject Th
antifoulingg¥?%%eﬂbﬁg E@fﬁ%gg%ﬁthgr% % %§ﬂ¥ ﬁgnV%gﬁfé%lﬂg %ﬁ%ré@igpﬁzed in
t ha}3 an antéfiptdisngx=cdatl i ng ifd breifsradl d aromedl ent thedsurtf aceveafhddshe, obj ect
to be coated using the above explained antifouling coating conposition. The
antifodﬁ%ng§g§9%%ﬁ%95HFlﬁ§thod of the present invention can prevent adhesion
of aquaticifoid) ng organi sns by the gradual dissolution of the surface of
the antifouling coating film so as to continually 10 renew the surface of
t he coati ngF¥eFHAt1ANt BFTR$E <di ssol ution of

The antifouling ccating compositicn can be produced by
using a disperser to mix and disperse a mixture that has been
15 obtained by mixing Polymer (A) with Zinc Salt (B), and then
adding thereto and mixing a cuprous oxide having an average
particle diameter of 10 to 20 um and preferably 13 to 20 um.
{0131}
The cuprous oxide having an average particle diameter
20  of 10 to 20 ym barely forms secondary aggregation. Therefore, the
composition of the present invention can be produced by mixing
and dispersing a mixed substance that contains Polymer (A) and
Zinc Salt (B} using a disperser, adding the cuprous oxide to the
resulting mixed dispersion, and then mixing the mixture using
25 mixing eguipment in such a manner that the cuprous oxide
particles will be ground as little as possible. In this method,
the cuprous oxide will be ground very little, therefore allowing
the surface area of the cuprous oxide in the resulting
composition to be limited to a relatively small range. For
30 example, the surface area of the cuprous oxide can be not higher
than 1.3 x 107 mw®, and is preferably in the range of 3.0 x 107
to 1.3 x 107 mm’.
[0132]
As described above, it is desirable fThat the cuprous

35 oxide contained in the composition be satisfactorily covered with



the coating film the antifouling effect can be continuously exhibited by
recoating the conposition. [0140] Exanples of objects on which a coating
filmcan be 15 formed include ships (in particular, ship bottons), fishing
tools, structures subnerged in seawater, etc. Exanples of the fishing
tools include fishing nets for use in aqd8culture or in fixed netting, and
fishing net_accessories such as floats attached to fishing nets, ropes,
etc. Exanpl &elwesstifictid 6% dBiBrged in 20 seawater include power plant

aqueducts, pgigtges, port facilities, etc. [0141] The antifouling coating
filmof the present invention can be formed by applying t he antifouling
coating conposition Ten dBe gepsons ded deehed rel9ade parteac |apraef thh obj ect

on whi ch a argfgﬂtésngﬁf bémf&e% t@,beyforned. [(Qiﬁ%r%zﬁq@ggfv@ftt the egating
met hod i nclude brush coating, "Spray coating, dipping, ow coating, spin
coating>S ettikeThese t@0cwoat ithg sethous afayhbecwnployedise ngiry ber in

combi nat i Onr%ddc%%ﬁ?’]}&s-r ne r%gﬁ%lc ng, CoNPOsLT ér?{‘ifo%ﬁ%'ﬁeg%a%&?nfg m%EBHa%tc'a%”-

The drying tenperatiure nmay be’ room't efper ature. e drying tine may be
sui tably selecitrethlgependiing neal.t he t hi ckness of the coating 35 film etc.
The thickneﬁ§ %f the antifouling coating filmmay be -40- suitably sel ected
depending o 43 type of object on which the <coating filmis to be forned,

the sailing speed ofatheshinpant heouiseawaberitenpanat Wren @l sukkescexanpl e,
when the object on which the coating filmis to be forned is a sh

bot t om*Ct he*¥4A Qnébs SRIOUThE*AREi FoulAg  CBYET g (P FEPYEHIAI Py 50 to
500 pm_andendrefeebly: d00dh0 400cpmedialAdbe Tha,ankhbaubing geating fil m
eT0

of the present invention has owi ng advantages. 10 1) The coating
film di ssol¥esdyigganatercd e seabled heiheanf B @ff%ﬁﬁ}ﬁﬁéﬁiéﬁn%ﬁoﬁﬁeﬁe,
thereby constanilyoheRbagtld® can shorten the time for the process
conducted using the disperser, reducing the production cost of
15 the compositicn of the present invention.
[0135]

The mixed substance is the same as that used in
Production Method 1, except that it does not contain the cuprous
oxide,

20 [0136]

The amcount of the cuprous oxide added may be suitably
selected so that the resulting antifculing coating composition
contains the cuprous oxide in acceptable content ranges.

[0137]

25 The disperser may be the same as that used in
Production Method 1.

[0138]

There is no limitation to the mixing equipment, and any
known mixing equipment may be used. For example, the above-

30 mentioned dissolver may be used. When the dissclver is used, it
is preferable that the rotation speed of the grinder be set to
medium or low., By setting the rotation speed of the grinder to
medium or low, crushing of the cuprous oxide can be effectively

prevented.

35 [0139]



the coating filmsurface, which enables an excellent antifouling effect to
be achi eved and prevents the attachnment of aquatic fouling organisns to
the surface of the coating film 15 2) The coating film has excellent water
resi stance, preventing the occurrence of blisters, swelling, cracking or
other defects on the surface of the coatiffg filmeven after being in
seawater for a long period of tine. 3) The coat|no f|In1has a desirable

har dness, whEcHoU3ang eEraatacas) HeEnofy ARdL6 SN 24) L SN

filmis hlgﬁﬁyﬁﬁﬂbggbgg to the object on whi ch t he coatlng filmis to be
formed, whithn makes the application thereon easier. [0145] 25 The coated
obj ect of the presenth¢ mdAfPoALMas 19éEmeaht T dHY A BRRITIRFENCI mon its

surface. . Theaoaied obi gel-.of Lheea Present. LvENLLON TRy baxs dherin 1s

antifouling coating | mon entire surface t ereof; or a .
[ 0146] 530:mhamdoanedhebyadbcefothEh@nesent t@d@mﬁx@medSU@nveﬁéﬁ!ab@ﬁ%rthe
antifoulin t| vi.ng r stjcs o] 4
described a &%% n?%e #%ﬁ%ﬁilng 8§%§HE?§6§§%§%#‘&{ap%$%e %%n

particul ar, tﬁﬁunmehotmemmad offi shengréSHﬂts;nvehtumtumeSpsehemugﬁﬁmﬁmon of
Seawater, etc. 0147] -41- For e, when t foul i coating
FTimi o 1o BETORmEa o 170 Seti PR DT R Dbt Se B hEThrit o6+ ng
coating fidupicadual tye dirgSebuesnd remding sunface, asotd hedndheacoating
filmsurface is always renewed. This prevents the adhesion of . 5 aquatlc

f oul i ng Cor gaI%EDe[ é&l&%ﬁ]@emrft KRB nBRa - Ch& LRy dr SIEYET stheatds S§p LhiPn OF

anti foul i nghLRakicRdqf F11R | Rreeamel &y lisgdests@blaarcont £ght Adioukher ef ore,
shi ps benefit fron1t%e antlfoullng effect for a long period of 10 ti ne;

addltlonalI%ﬁhkﬁkeﬁdmhénrQQQ@D§ﬁ9p§h%r%9mﬂﬂ§lhe9$ng, for exanple, during
anchor age, %gy jng, etc., the adhesion and incrustation of aquatic fouling

organi sns i s barely observed and
Examples of obiects on which a coating fiim can ke

15 formed include ships (in particular, ship bottoms), fishing tools,
structures submerged in seawater, etc. Examples of the fishing
tocls include fishing nets for use in aquaculture or in fixed
netting, and fishing net accessories such as floats attached to
fishing nets, ropes, etc. Examples of structures submerged in

20  seawater include power plant agueducts, bridges, port facilities,
etc.

(0141}
The antifouling coating film of the present invention
can be formed by applying the antifouling coating composition to

25 the surface (entirely or partially} of an object on which a
coating film is to be formed.

[0142]

Examples of the coating method include brush ccating,
spray coating, dipping, flow coating, spin coating, etc. These

30 coating methods may be employed singly or in combination.

[0143]

The coating composition is dried after application. The
drying temperature may be room temperature. The drying time may
be suitably selected depending on the thickness of the coating

35 film, etc. The thickness of the antifouling coating f£ilm may be



the antifouling effect is exhibited for a long tinme. [0149] 15 The surface
of the antifouling coating filmis basically free fromcracking or peeling
even after a long period of time. Therefore, it is unnecessary to re-form
a new coating filmafter conpletely renoving the existing coating film
Therefore, by directly recoating the antifouling coating film 20
conposition thereon, the antifouling coatlngwfiln1can be effectively

formed. Thi SUHeRDY PEIPEERT BlePenglednth MiSusiye MaitRaCh Pheiatt £88I i ng
effect easily.@nd atii}owcaste rERREETS HF sLNVENTI N5 0E01R0]sniRe the

antifouling coating conposition of the present invention can redlce the
content of votatdre tengamcisonpoanddor( ekgamie soktehts BUUECE Ph iheh

resulting cogling matetial s This,er eduees ithe enlssin A organi e gogpounds

into the air that ca occur ormng an antifou g coating
havi ng & su@fHdmemmtuﬁocknassxmamdgaﬁtbmdmngbyer@ﬂhpé@ theb@dver,sendf f ect s

on the enV|ro [ conposition of the present invention has
excel | ent ?Eﬁ%ﬂyegég %fﬂgéﬁglllty Specifically, the conposition of

the -42- prg@rﬁﬁ invention thickens, gelates or solidifies very little
even after |ong-term storage. FurthernDre antifoulin coatin

t
conposi tion of the pFBS - ITAVERET orPd S hr@ © rBﬁﬁ@%ﬁéPWVe§ﬁg%n and

is substanthg@Iabé=ﬁgglgﬁgmgrgavaﬁ@aée@olIutlon even if dissolved in
seawater. [0152] The antitfouling coating filmthat is forned using the

antifodil ng coating cbnyssirsANGT Lt HE BrEseres i HySferahe Ras! théTaPbt | owi ng

advant ages. ;4:4,cb) fEQeaCEER#'ﬂér1bh”b§'§ﬁﬂ!V%%ek@b?@ﬁ%@&%ﬁt&ﬁ PeSiabLE
manner for a |ong period tinme, t ereby constantly replacing the coating

film surfacehe ma@hn@nébh@sswfaéﬁeewwh caabledurn rigceafpaetanto salaehi eved
and prev?”téﬁ{tﬁ% & LAChEaL 0f AU EGenf oW NG LA SR ¢t Qo hhe; Surface of

the coating
fouling organisms to the surface of the coating film.

15 2) The coating film has excellent water resistance,
preventing the occurrence of blisters, swelling, cracking or
other defects on the surface of the coating film even after being
in seawater for a long period of tinme.

3) The coating film has a desirable hardness, which

20 resists cold flow and other defects.

4} The coating film is highly adhesive to the object on
which the ccating film is to be formed, which makes the
application thereon easier.

[0145]

25 The coated object of the present inventicn has the
antifouling coating film on its surface. The coated object of the
present invention may have the antifouling coating film on the
entire surface thereof, or a part thereof.

{0146]

30 The coated object of the present invention is covered
with the antifouling coating film having the characteristics of
Ttems 1 to 4 described above. Therefore, it can be desirably
applied to ships (in particular, ship bottoms), fishing tools,
structures submerged in seawater, etc.

35 [0147]



15 2) The coating filmhas excellent water resistance, preventing the
occurrence of blisters, swelling, cracking or other defects on the surface
of the coating filmeven after being in seawater for a | ong period of

time. 3) The coating filmhas a desirable hardness, which 20 resists cold
fl ow and ot her defects. 4) The coating félmis highly adhesive to the
object on which the coating filmis to be forned, which nmakes the
appl i cation thereon Easiefarcihe et ddieoPeEfowkitheopE B8Nt L1 AveRe isn i s

covered wi t i, Lhe; ant 'th@“ 19, L0k DG § | rﬂotﬂ%}nngtrté;% g%%‘f‘{@&t&{aﬁ%@cs of

I[temrs 1 to 4 describe ove. Therefore, it can sirab applied to
ships (in pé#hn@uﬁdnaléhuﬁEbﬂﬂﬂ@ﬁsfromfmghﬁngfwaal§O §hﬁUctMﬁe@E§@b@erged

i n seawat er o€ e C fil to be
formed on t%e sur ace §$ Sp@%§$¥%€1 ?ﬁié nt| ggffﬁggcoaeﬁﬁﬁg}+$
gr adual I5y SQmﬁnssoEme$lﬁq(nmgbm&smarface, so that the coating filmsurface
is always Eﬁﬂﬁﬂfd' This prevents the adhesion of aquatic fouling

e

or gani sns. rnmore, the antifouling coating filmhas a suitable

solubility. Theref or BurtthemoirBe shé psyd@ica yBot rans nE, thdSadrfexangl e,
during anchor age, gglng, etc., the adhesion and - ﬁﬁ i ncrustation of
aquat i ¢ f ouFPHg Tk 5& Nshs 9" 54RE| v5 HRBAARYY SPrf T AnedantiesEEPREy ef f ect

i's exhi bi tegtmt Rnkeng kidie thzhbﬁtimcl% ckhect rﬂ&t :0N8hg I'Esiisjiapee of
t he shi ps, accordi ngly reduces fuel cost ile sailing. 5 [0153]

Fur t herlfor etlf’ﬁehe agigif heea byt I@é*ean%’h@%mh%@hé@at@m nOft| IraviRIbasitcal |y free
from coati n&x%]rhe;lﬂ@ dafecl$ o R ALkt e£1<fg éJgongtee“t% QhnkL{®, Jtherefore,

after using t coated object for term ned period, a new
anti f oul i ngiroatdtagifn @fomvaltecmoelbmq albprionsreid byprdiyededsrvedeoand ng

tgecgm:Lg%ﬁ%‘%n%‘i%h@%%féﬂhf@c%o ]S’é%r}ii ’%ehpﬁé?oé‘ 10132;‘ §iffpkes it possible
y marn e an oul'rng ef féct sinple and
i nexpensi ve{Odiner. Exanples 15 [0154]
15 The surface of the antifculing coating film is
basically free from cracking or peeling even after a long period
of time. Therefore, it is unnecessary to re-form a new ccating
film after completely removing the existing coating film.
Therefore, by directly recoating the antifcouling coating film
20 composition thereon, the antifouling ccating film can be

effectively formed. This makes it possible to continuously

maintain the antifouling effect easily and at low cost.

EFFECTS OF INVENTION
25 (0150]

The antifouling coating composition of the present
invention can reduce the content ¢f volatile organic compounds
(organic solvent, etc.) in the resulting coating material. This
reduces the emission of organic compounds into the air that can

30  occur when forming an antifouling coating film having a
sufficient thickness, and accordingly reduces the adverse effects
on the environment.

[0151]
The composition of the present invention has excellent

35  long-term storageability. Specifically, the composition of the



Features of the invention will be further clarified by referring to the
Exanpl es etc. shown below. The invention, however, is not limted by the
Exanpl es etc. [0155] 20 In each of the Production Exanples, Conparative
Producti on Exanpl es, Exanples, and Conparative Exanples, denotes "% by
weight". [0156] The viscosity of Copol ymdZ~(A) Solution was deternined 25
at 25C u5| ng a Brookfield visconeter. [0157] The nonvol atil e resi due was

det er ni ned ByEHEH ilngyeat ionZBEKkeps1 FdtsSnoacedt diceswery JiStKS601- 1- 2
(or 1SO 325&Qenng%@qaﬁgn%Bkap%égla%@e np@@%ﬂéf%b%@ag€héﬂﬁﬁ%i%béﬂle'ght (Mh)

was determ ned by gel rmeati on chromat ography (GPC) (using a pol ystyrene
standard). ¢@459]g C@Blpfﬁhet@quohdetﬂbmfs&erﬂeva@ti@ Il@vv@ighlm Equi pnent :

HLC- 8220GPC, ot I T p Fl ow rate:
0.35 m/mn" %le]ts%rt aE%a%é%dl g ?%ur?osgt a??% %e%teﬂr%g%ﬂ&%@ﬁ uate: THE
The degree pcblmtsmur,se@anoif rmlseomifad weisghtvanas. determ ned by dividing by
Mh t he wei ggﬁg]dﬁ/erage nol ecul ar weight (Ma) determ ned by GPC under the

foregoing c itions. 10 [0160] The glass transition tenperature (Tg) of

the copol ymer was deherstigdul ingcerdanc €iWntthall $sKegirdd ﬁsamqatiﬁzb usi ng
a Seiko Inst rurrent s SSC/ 5200 differential scannl ng calorineter. 0161] 15

The vi scosi ¥yt bfo4 e d9c6att iy CORBEEtdh Wash ﬁe?%?%%&nv?%t%b@raaaﬁ%% With
JI'S K 5400 &tendantd adskRgagesSt or mer

10 1) The coating film dissolves in seawater in a stable
manner for a long period of time, thereby constantly replacing
the coating film surface, which enables an excellent antifouling
effect to be achieved and prevents the attachment of aquatic
fouling organisms to the surface of the coating film.

15 2) The coating film has excellent water resistance,
preventing the occurrence of blisters, swelling, cracking or
other defects on the surface of the coating film even after being
in seawater for a long period of time.

3) The coating film has a desirable hardness, which

20  resists cold flow and other defects.

4) The coating film is highly adhesive to the object on
which the coating film is to be formed, which makes the
application thereon easier. The coated object of the present
invention is covered with the antifouling ccating f£ilm having the

25 characteristics of Items 1 to 4 described above. Therefore, it
can be desirably applied to ships {(in particular, ship bottoms),
fishing tools, structures submerged in seawater, etc. For example,
when the antifouling coating film is to be formed on the surface
of a ship bottom, the antifouling coating film gradually

30 dissolves from the surface, so that the coating film surface is
always renewed. This prevents the adhesion of aquatic fouling
organisms.

Furthermore, the antifouling coating film has a
suitable solubility. Therefore, when the ships are not moving,

35 for example, during anchorage, rigging, etc., the adhesion and



visconmeter at 25C. The neasurenent conditions were as follows: Storner

vi sconeter: Stormer visconeter NO 453, manufactured by Coating Tester Co.,
Ltd. 20 Measurenent tenperature: 25 0.5C Sanple anount: 500 m (a 500 m
sanple can is filled wth the sanple up to the marked line) Weight: 75 to
1,000 g Measurenent nethod: The tinme reqdifred for the rotor to 25 produce
100 revol utions was neasured. Measurenents were conducted while changing

t he wei ght. l%%h?gtattﬁénv%\f WEBStARGE AGL FHDM IFnL §MB3ls $8EBHY LG ed? D
produce 100 kevolytionsng tdheraval ug £h0sastat 8or 30 B8EORGR: Wag, jSeheghess and
the KU val ue was determ ned fromthe mass of the wei'ght used and the tine
in seconds FeyuiriedirsaBorgricdasee 190 Hev6hipp onsnd wscrgEakt sSefbges
conversion to. KJ ynits, [0162],;Thg,amounts of each ingredient shown in
Table 1 are represented in grans. ?0163] 35 Production Exanple 1
(Productd on[@®¥5Topol yner (A) Solution) -45- 330 grans of xylene was charged
toa 1,000 mM flask fjtte it h her teg, refl ux e C,a
stirrer, and a drop%’il%l%hefdrﬁﬂ\rgﬁtgr;gg%bssuera%gﬁt %,t% %%%égogowic%%%é?gﬁo g of
triisopropytsin yils desytatle; f15@ graf ameithyly feihatyidcate, ebéh gfokrbSan- butyl

acrylate, 150 of ,2-methoxyet hyl net hacrylate, and 5 of t-butyl

e Sctoat e WA ARG AR b e | Hiv e er| Sbr vt Spdratt OB Ygurer
while stirrdngaletbibibod OGN a M regefoudinpsphenay AfliercdnhBedr opwi se
addition, the polynerization reactjon was perforned for 2 hours at 115 to
120C. 2Ugr afes et Y1608 Y 1LY EE-68EbaY & Caddi b ot )2 e Ostie (iréhtny added
to the resgin NGneaction $RIMELON 14Q of MEkOETi CoRELEMYE: the coBel yiRid1Zat | on
reaction for 2 hours at 115 to 120C, thus produci ng Copol yner (A) Solution
S-1. Tabl e Ia¥Hews Che ¥Edesilipg ehbiffolidt Rl 81RRET GiE, 1 hERYREIS 1&@¢er age

mol ecul ar welight,. (M), degree 15 of dispersion of nolecular weight (Mv M),
and glass transition tenperature (Tg) of Copolyner Solution S-1. [0169]

Examples
15 [0154]
Features of the invention will be further clarified by
referring to the Examples etc. shown below. The invention,

however, 1s not limited by the Examples etc.
[0155]

20 In each of the Preduction Examples, Comparative
Production Examples, Examples, and Comparative Examples, M%7
denotes “% by weight”.

[0156]

The viscosity of Copolymer (A) Solution was determined

25 at 25°C using a Brookfield viscometer.

[0157]

The nonvelatile residue was determined by heating at
125°C for 1 hour in accordance with JIS K5601-1-2 (oxr ISC 2251)
Standard.

30 [0158]

The number average molecular weight (Mn} was determined
by gel permeation chromateography (GPC) (using a polystyrene
standard}.

[0159]

35 The GPC conditions were as follows:



Production Exanples 2 to 6 (Production of Copolymer (A) Solutions) 20

Pol ynmeri zati on reactions were perforned according to the sane procedure as
in Production Exanple 1, using the solvent, nononers, and polymerization
initiators shown in Table 1, thus produci ng Copol yner (A) Solutions S-2 to
S-6. Table 1 shows the viscosity, nonvoldtil e resi due, nunber average

nol ecul ar wei ght 25 degree of dllfer5|on of nol ecul ar wei ght (Mv M),

and glass transitiof q%ﬁﬂ%%ﬁatﬂ?% THPCrEF Eastn SOPREAFEJUI ti ng copol ymer

solutions. [0165] Ceppafat inke-FEodygld.onzfxamle 1 (Production of
Copol ynmer 30 Solution H1) Ap ogénerlzatlon reaction was performed

according to the saleoprivéedub e3asui/miPr oducti on Exanple 1, using the
organi ¢ sol vent, B%ﬁ%ﬁ§i .palymeri zation initiator, and reaction
tenperature shomn in t hus produci ng Cbpolyner Solution 35 H1I.
Tabl e 15hows the V|Sobsmtwbemmoyoiahmm@emesudue4Oﬁunber -46- average

nol ecul ar wei ght (Nh r%ﬁ of di spersion of nolecular weight (Mv M),
and gl ass transition %enpera ure (Tg) of the resulting copolyner solution.
[0166] 5 Conpar ati veh®r athtgteeonoExaapse=rZicRr odficthaleafl aCopekyger was

Sol ution H 330 ra f I h dit 1,000 m. fl i d
wih & ther CERUR: I Tl b il S R R S

subsequent | d@@é@ﬂlﬁ@&l Wy epcofinddP heofrolfgbding seprOpYbss | vl
nethacrylat 150 g of nethyl nmethacrylate, 50 g of n-butyl acrylate, 100

g of nButylCHeilhacrylate, 50 g of 2- methoxyethyl nethacrylate, and 1 g of

t-butyl peroct oate Wage gpg%d {ArRW S e BEI@péﬁhecurleas(}?g?ng anhperbest oo r2
hours, while stirring 90 to 100C in a nitrogen _atnosphere. After the 15

dropmnse ad@ﬁ%|@@ﬁeﬁmﬂ@eéoHVnéKK@éﬁﬁ@@@r@é%@|6ﬁ3mﬁs7b%lf6¥@ﬁﬁﬁﬁin usAnFodr s
at 90 to 100G 2 191 8B Ol 4 Sl%%t/iﬂbo@ecﬁ%e‘}%%l f?(%lnh'ﬁga!:éw‘@l%e%‘é?sequem Iy

added to the resulting reaction solution to nti nue
pol yneri zat [®FeIleacti on for 2

15 The viscosity of the coating composition was determined
in accordance with JIS K 5400 Standard, wusing a Stormer
viscometer at 25°C. The measurement conditions were as follows:

Stormer viscometer: Stormer viscometer NO.453,
manufactured by Coating Tester Co., Ltd.

20 Measurement temperature: 25 + 0.5°C

Sample amcunt: 500 ml {a 500 ml sample can 1s filled
with the sample up to the marked line)

Weight: 75 to 1,000 g

Measurement method: The time reguired for the rotor to

25 produce 100 revoluticns was measured. Measurements were conducted
while changing the weight. Amcong the values ranging from 27 to 33
seconds required to produce 100 revolutions, the value closest to
30 seconds was selected, and the KU value was determined from the
mass of the weight wused and the time in seconds reguired to

30  produce 100 revolutions, using charts for conversion to KU units.
[0162]

The amounts of each ingredient shown in Table 1 are
represented in grams.
[0163]
35 Production Example 1 (Production of Copolymer (A) Solution)




hours at 90 to 100C, thus produci ng Copol yner Solution H2. 20 Table 1
shows the viscosity, nonvol atile residue, nunber average nolecul ar wei ght
(M), degree of dispersion of nolecular weight (Mwv M), and gl ass
transition tenperature (Tg) of Copolyner Solution H 2. [0167] 25 Table
1-1 -47 O OONNNT NIn tp0O ONLO UES0 N p @] O OO0 Ou7 NNOON
CCO NON OOO0OONNNU7T COOWCYiI XW ¢ MNONV/ Nti')
COD ONMU) a O Cp30cormmet aEN=yisn (As Nhé)f%eftDt@ 20 %8% "o Uyr2rRko o
O NM co s;imdy N 4 NnerldoRefer (BD N trtcbhcndeE ™ stirrer, and a
dropping funnel; subsequently, a mixed soluticn of 150 g of
triisopropylsilyl acrylate, 150 g of methyl methacrylate, 50 g of
5 n-butyl acrylate, 150 g of Z-methoxyethyl methacryiate, and 5 g
of t-butyl peroctoate was added dropwise into the flask over a
period of 3 hours, while stirring at 115 to 120°C in a nitrogen
atmosphere. After the dropwise addition, the polymerization
reaction was performed for 2 hours at 115 to 120°C. 2 grams of t-
10 butyl peroctoate ({(additional) was subsequently added to the
resulting reaction solution to further continue the
polymerization reaction for 2 hours at 115 to 120°C, thus
producing Copolymer (A) Sclution S-1. Table 1 shows the viscosity,
nonvolatile residue, number average molecular weight {(Mn), degree
15 of dispersion of molecular weight (Mw/Mn), and glass transition
temperature (Tg) of Copolymer Solution S-1.
[0164)]

Production Examples 2 to 6 (Production of Copolymer (A)

Selutions)

20 Polymerization reacticns were performed according to
the same procedure as in Production Example 1, using the solvent,
monomers, and polymerization initiators shown in Table 1, thus
producing Copolymer (A} Solutions S$-2 to S-6. Table 1 shows the
viscosity, nonvolatile residue, number average molecular weight

25 (Mn), degree of dispersion of molecular weight (Mw/Mn}, and glass
transition temperature (Tg) of each of the resulting copolymer
solutions.

[0165]
Comparative Production Example 1 (Production of Copolymer

30 Solution H-1)

A polymerization reaction was performed according to
the same procedure as in Production Example 1, using the organic
solvent, monomers, polymerization initiator, and reaction
temperature shown in Table 1, thus producing Copolymer Solution

35 H-1. Table 1 shows the wviscosity, nonvelatile residue, number



O++U" * UN(OU NNNNVNOdd moOoOoyoU;EoaE +2 0T
S Ommv, enof N.N~~moool Ov z 00vQOodder [Ldda
Z .~ QEE oti Nt COm2S- woEoL 300 Xf-~ WCcNCVY +~ Y

++ Y ++ X>ZZ00 +Na) NNv Om WwOVcC(n3avQoaO0 4)
aaw~odop .42 Ec 00 a o }o saq adoad~Réoisl4d oaoOv Q UT:E 2 N
Ao; egq uo4ezuamA10d U-48- [0168] Table 1-2 [0169] Conparative Productlon
d assi fi cat #6nF° @?&ﬁﬁ}lé%f YreHEdi @y - N&ﬁ’é@%g@%oﬁ“e?ﬂ%%‘:% Of N4 Sy -

Charged Xyl goen330 (13304n)S0l ¥€Mt glass transition temperature (Tg) of the
rasulting copolymer scluticn.
[C166]
5 Comparative Production Example 2 (Production of Copolymer

Solution H~2)

330 grams of zylene was charged to a 1,000 ml flask
fitted with a thermometer, a reflux condenser, a stirrer, and a
dropping funnel; subsequently, a mixed solution of 150 g of
10 triisopropylsilyl methacrylate, 150 g of methyl methacrylate, 50
g of n-butyl acrylate, 100 g of n-butyl methacrylate, 50 g cf 2-
methoxyethyl methacrylate, and 1 g of t-butyl peroctoate was
added dropwise into the flask over a period of 2 hours, while
stirring at 90 to 100°C in a nitrogen atmosphere. After the
15 dropwise addition, the polymerization reaction was performed for
2 hours at 90 to 100°C. 2 grams of t-butyl peroctoate
(additional) was subseguently added to the resulting reaction
solution to further continue the polymerization reaction for 2
hours at 90 to 100°C, thus producing Copolymer Solution H-2.
20 Table 1 shows the viscosity, nconvolatile residue, number average
molecular weight (Mn), degree of dispersion of molecular weight
(Mw/Mn}), and glass transition temperature (Tg) of Copolymer
Solution H-2.
[0167]
25 Table 1-1



Triisopropylsilyl Acrylate 100 Mnomer (a) Triisopropylsilyl Methacryl ate
150 Mononer (b) Methyl Methacrylate 200 150 Ethyl Acrylate n-Butyl

Acryl ate 50 50 Mononer (c) n-Butyl Methacrylate 50 100 2-Met hoxyet hyl
Acryl ate 2- Met hoxyet hyl Methacrylate 50 50 t-Butyl Peroxyoctoate 3 1
Initially Added t-Anyl Peroxyoctoate 0‘17-'Hexyl Per oxyoctoate t Butyl

Per oxyoctoate 2 2 E o Additional t-Anyl Peroxyoctoate t-Hexyl

Per oxyoct oat e Additional Solvent Xylene 170 Reaction Tenperature (C
115-120 90-100; Wi scosijty (jmPa S/ 25€) |1150 2280 |0 Nonvol at | & Residug (%
125C, 1 hr) 60,7|49.8 |. |Jdf,Nunber| Ayerage (Mil ecul ar Veight | 2Pe80Q P21 300
a E (M) o > d a|Deg¥eq gk |d¥ spersi onjof nol/&dul jar| O wei (ghts 8/1/\% i BophB. 7
s G ass Transition| Tenperjatiurie /7,46 |a|(Tg,| G [Copo|yner-Nape{H 1 H 2|-49-
Exanpl es 1 and| 2|-apd Cc‘rrparat!v Xarpl-es-1t {(Prpductipn—of-Coali-hg
Composi tions) Each;of Copgollyner| (A) | Sol utijons [S-1 to S-G%so I ds| coptent:
about 60% obtaihgd &n |Prigdust i pp Examplies 1 tlo §,| b or |@h§§§ Gepph y4rer
Solutions H1 and H2 (sdFi|ds| coht ent {—about] 60% obt ai nléd ¥ i Cenpar at i Ve
Production Exaprples 1 and |2 for use as|a|capgl yimer Wwas Bl ended with|a
xyl ene sol utiop
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of a gumrosin zinc salt (solids content:
of a hydrogenated rosin zinc salt (solids 10 content:

a rosin zinc salt, and a
about 60% or a
about 60% for use as rosin;

di anet er
t he organi
2inthep

of 3 or

6 mfor

c Hnti%bul ant s,
roporei ons

xylene sol ution of hydr

about 60% or a

about

60% for

xyl ene sol ution

use as

xyl ene solution of gumrosin (solids content:

9

Cuprous oxi

fe

pi gnents, additives,

and sol vent
(mﬂ@@ shown in Table 2. The above ingredients were

enated rosin (solids content:
e having an average
use as cuprous oxi de;

particle

and 15 additionally, any of

listed in Table

m xed and dispersed wwth a small desktop | aboratory sandm || (using glass
beads with acdéaheter of 1.5 to 2.5 mm) to produce a 20 coating
conposition. The nonvol atille matter content, VOC cqnhga@WmRVQmm@ad coat i ng
material v scg agﬁugack of the resulting coatlng conpg§4kgons are shown
in Table 2| i%:jé die lles 3 t dngBedidPt Hduet i on of—Coatimyg bUIIpUbI tipns) 25
Each of Cbpoly /NN SoILtions S-3to S-6 obtaingd im Production Exanpl es
3 to 6 forluse as _a_copolyner was_ _hlended with alxylene solution of a gum
rosin zinc sahmmw«§gthS dontent: about 60% or a|xylene soliution of|a
hydr ogenat d 1 osj fezi NC saW@bC%ollds content: about 639 for 30%Use as a
rosin zinclsalt; and additli.onally, any.of. the _anfifoulantsi pignents,
addi ti ves,| and sol vent Iisnﬁdmbapwﬁabhﬁwaﬁin t he propaogions (W% shown in
Table 2. The aMoweneriagr edi-ent-s—were—i-xee-and-di-$ Hrh—a—strad
deskt op |@boratory sandni|lTFisprrepyviglyigiedbantidads with a di angter®f 1|5 35
to 2.5 MM and the T sultin% N Xture Was Tenoved. Cupr oxXi With an
average partichegicamet er |dFEMEMsiha9yleth was  subsequer?y added'to t he
m xture and slowy stirrec[ﬂﬁﬁ am stirring blade; thus producing a ¢oating
conposition. The nonvol at{i] content, VQC content RBVC_ and toating
40 material viscosity of eac@mgmmyhggresultlng coatlngm)conrosimbons are
shown in Table 2. [0171] Hable-2
Monomer (c) n-Butyl Methacrylate 50 100
2-Methoxyethyl Acrylate
2-Methoxyethyl Methacrylate 50 50
t~Butyl Peroxyoctoate 3 1
_1% Initially Added | {—Amy! Peroxyoctoate
’2 t-Hexyl Peroxyoctoate
g t—Butyl Peroxyoctoate 2 2
£
a_? Additional | t—Amy! Peroxyoctoate
t—Hexyi Peroxyoctoate
Additional Solvent Xylene 170
Reaction Temperature (°C) 115-120 90-100
Viscosity {mPa'S/25°C) 1150 2280
E Nonvolatile Residue (%, 125°C, 1 hr) 60.7 496
1] .
E 5 Number Average Molecular Weight 12,300 22,300
s 5 (M)
a % Degree of dispersion of molecular 19 37
83 weight (Mw/Mn)
2 Glass Transition Temperature
>
77 46
i (Te, °C)
Copolymer Name H-1 H-2




59S55 vS65 H9H2 G@GmRosin Zinc Salt Solution (Xylene Sol ution,
Solids Content About 60% 17.5 1Z5 17.5 20 Hydrogenated Rosin Zinc Salt
Rosin Sol ution (Xylene Sol ution. Solids Content: About 60% Hydrogenated
Rosin Sol ut f : - : ‘}gt@' gt g%'mpﬁ%%‘“l ) 5Td§§;§%¥1'ctipn
E-2000 | | <14
Average Particle D ar
Chenet Cor %Fa??@ﬁ Oﬁv&%@ﬁﬁ%%@@@%t’érl 13ngnyi-45 1451% Content
LOLO- Tll\rl'97al(>%%r5@ah chémanedoipofarirgnatAyer e?g@dpézﬁ:tlpéll @XW@A@'@e& apd pm
Tolyl fluanidf 1a tgwar obsi05kikcp Hlneb{dclRéd ktponedki:deld®d 36653, &r2a5
2.5 3 33 Hdalen? 22 idr2 2f 2 :E Zydwodxide=d Ho5ih ZZind 5ald' (Eiotlamisum
(Dehydrati ngyAgeatdoYution of gum rosin (solids content: about 60%) or a
xylene solution of hydrogenated rosin {solids content: about
particle diameter of 3 or 6 pm for use as cuprcus oxide; and
15 additionally, any c¢f the organic antifoulants, pigments,
(wt%} shown in Table 2. The above ingredients were mixed and
dispersed with a small desktop laboratory sandmill (using
20 coating composition. The nonvelatile matter content, VOC
content, PVC, and coating material viscosity of each of the
[G17¢C]
Examples 3 fLo 8 (Prcduction of Coating Compositions)
in Production Examples 3 to 6 for use as a copolymer was
blended with a xylene solution c¢f a gum rosin zinc salt
hydrogenated rosin zinc salt (solids content: about 60%) for
300 use as a rosin zinc salt; and additionally, any of the
Table 2 in the proportions {wt%) shown in Table 2. The above
ingredients were mixed and dispersed with a small desktop
35 to 2.5 mm), and the resulting mixture was removed. Cuprous
oxide with an average particle diameter of 13 or 19 um was
stirring blade, thus producing a coating composition. The
nonvolatile matter content, VOC content, PVC, and coating
compositions are shown in Takle 2.
[(0171]

Ol pxedi ent Nane Exanples 2 3456 78 S17.55 S$27.55 S$37.5 S4
Sol ution (Xylene Solution. Solids Content ,About 60% 20 20 20 20 & Gum
Phosphate 1
. ?ﬁf%’{iﬁsoﬁlﬁl Shln Cgalreq Ltd
Cor por at i on““Av@thage? QPFl A% ' Dichiét
45 45 45 E2CbppersPyrdst hi obep@l @ner 3wds 3b3egded Qvbibhlofdvl&mied siolution
xide Id ledntedtl labday i 6Red ¥ob ludelds 13l roAnhydeoys QeEsymand a
60%) for wuse as rosin; cuprcus oxide having an average
additives, and sclvent listed in Table 2 in the proportions
glass beads with a diameter of 1.5 to 2.5 mm) to produce a
resulting ccoating compositions are shown in Table 2.

25 Each of Copolymer (A) Solutions S-3 te S$-6 obtained
(solids content: about ©60%) or a =xylene solution cf a
antifoulants, pigments, additives, and solvent 1listed in
laboratory sandmill (using glass beads with a diameter of 1.5
subsequently added tc the mixture and slowly stirred with a

40 material viscosity of each of the resulting coating
Table 2-1



Tetr aet hoxysil ane (Dehum difier) 0.5 0.5 0.5 0.5 0.5 0.5 050,5
Di sparl on A603-20x (D spersant Kusunmoto Chemcals, Ltd.) 2 2 2 2 2 2 Talon
7500- 20 (Dispersant. Kyoei sha Yushi Chem cal Industry Co., Ltd) 2 2 Benton
838 1 1 Xylene 8 888 8 7.5 7.5 7.5 Total 100 100 100 100 100 100 100 100
Nonvol atile Matter Content (wt'% 80 80788780 80 80 80 80 Volatile Matter
Content (g/U 376 376 376 376 376 367 367 367 PVC (Pignent Vol une
Concentration % 41 41 39 42 42 40 42 42 _Coating Conposition Viscosity (KU

Val ue/ 25C) 95 93 89 85 86,,!,;5@(@4 85 -51- [0172] Table 2-2 Cémparative
Exanpl e ngredient Name 2 3 45 S 1175 ---| S{2*17'5 *S3 125 "ES4
TS5 U .“M_#m_#z_mnm ! $4f 1 Sdlutionl (Xl epe
Sol ution, Beki-ds—Content—AbSUt-60%-7-5-575 7.5 5 Hydroganal-ed-Rosi-h
Zi nc Saliti petut+oen—{Xytene S"_.': tt-er—SetH-ds—Contentm—AbSut 6p%—6—urmRosgi n
Sol uti on { Kytene—Sotuti o, Sg_%i ts—Content—About—649%—2-5—Hydrogehated
. (=) . . .
Rosi n Salution(Xytene Sotutign, ~Sotids—Content | Ayout; 60% L5 Triernesyl
Phosphatje ARUFON UP-1080" Lutgral A25737373 3 2 |a $ansocizer| E- 2000
Chlorindtefd Paraffin I NC 381 (Nisshin Chento. [LTd.. /Average Particle
D anet er|: Boupindn zd5anddbuodibyierd HiudSootiss 4ondREDGEP 97N PREM| UM ((Aner i can| Chenet
Cor por atfi P [HyeroAw@IREY Bre Ragottbn¢dies sBiia et @net Agut ) 0 |2 | » 20
& | Gum Resin Solution (Xylene Selution, Solids Content: About 60%)
Hydrogenated Rosin Solution (Xylene Solution, Solids Content: About §0%)
Tricrasyl Phosphate 1 1
| ARUFON UP-1080 EREREEEREEEEE
% Lutonal AZS
£ Sansocizer E-2000 1 i 1 1 1 1 1 1
Chlorinated Paraffin
8 | NC-301 {Nisshin Chemeo, Ltd., Averege Particie Diameter: 3 um) 45
C}: RED COP $7N PREMIUM {American Chemet Corperation, Avarage Particle Dizmeter: G pm) 43
§ PURPLE COPP {Amerivan Chemet Corporation, Average Particle Diameter 18 um} 45 45 45
§ LOLO-TINTOT (American Chemet Corporation, Average Particle Diameter: 19 pm) 45 45 45
g Copper Pyrithione 3 3 2 3 3 3 3 3
é Dichiofluanid i
-;::‘ TolyMluanid 1
'% Irgarol 1061 1
E | Zined j
Red Iran Oxide 35 35 35 25 2.5 3 3 3
w2 | Talo 2 2 b4 2 2 2 2 2
E | zZinc Oxide 5 | 5 5| s 5 | s 3 5
B | Titanium Oxide 1 i 1 f 1 1 1 1
Fuji Red 1 i § 1 1 1 1 1
2 Anhydrous Gypsum {Dehydrating Agent)
;E. Tetraethoxysilene (Dehumidifier) 0.5 Q.5 G5 0.5 0.5 6.5 0.5 0.5
? Disparion AB03-20x {Dispersant. Kusumoto Chemicals, Ltd.) 2 2 2 2 2 2
g Talen 7500-20 (Dispersant. Kyoeisha Yushi Chemical Industry Co., Lid} 2 2
g Bentone 238 - 1 1
_g Kyleno 8 8 8 8 B 15 5 15
&
Tota! 100 100 100 100 100 160 100 160
Nonvolatile Mattar Content (wt%) 80 80 80 80 80 30 80 80
Volatile Matter Content (g/L) 376 176 376 | 876 376 167 367 367
PVC {Pigmant Voluma Concentration %) 41 41 38 42 42 40 £2 42
Coating Composition Viscosity (KU Value/25°C}) 95 93 B9 85 86 86 84 85




PURPLE COPP (American Chonot Corporation, Average Particle D aneter 13 pin)
LOLO TINT97 (Anerican Chenet Corporation. Average Particle D aneter: 19 pm
Copper Pyrithione 3 3 3 2 2 Dichlofluanid Tolylfluanid O Irgarol 1051 O
Zineb 1l Red lron Oxide 2 2 2 2 2 Talc 2222 Zinc xide 55555 Q@
TitaniumOxide I 1 I | I Fuji Red I | [ ] Anhydr ous Gypsum (Dehydrati ng
Agent) 0.5 0.5 0.5 4 TetraoUwxysil ane (Dehum difier) 0.5 0.5 Disparlon
A603- 20x (Di Epefshnt, Kusunpto Chemicals, Ltd.) 2 2 2 2 2 Talon 7500-20

( Di sper sant?aleé@eiﬁs?\a Yushl Chemical Industry Co.. Ltd) Bentone #38 Xyl ene
10.5 10.5 10.5 9 10.5 O N Total 100 100 100 100 100 Nonvolatile Matter

Content (vt~ ) 78778778 78 77 "VolatiTée Matter Content (@l ddm:413 409
413 423 P\C (Pi gment Vol une®Csté®ntrati on 3) 42 47 4239 41 ; 125, Coatiing
Conposi ti gn Vi stosi ry (Ku Vat ugy; 25 L,‘) 16 T10 112115 -52-1 [0173]  Test
Exanpl e 1 |( Spt ay Coatabitity) Egu,u of —the—coatingjcongositions obtgimed in
Exanpl es 1 t o—8—and—Conpatrati e Exarptes—t—to-5-was—spgray- g coate¢—toa
bl ast - f i ni|shed—ti-A—plate(75-x- 150 r—se—that—the—dry—eeatngrH-+m
t hi ckness |vibuld—be about—100 m " Coating-conpositilons it hat| were-capabld of
bei ng sprdys coated were rated®ds "A' __and. coating.conpositions that were
not capabl e _of being spray-coéfed were rated as "B
H-1 20
H-2 118
Gum Rosin Zinc Salt Solution {Xylone Soiution, Solids Contenl: About 60%) 15 5 15 75
5 Hydrogenated Rosin Zinc Sait Solution {Xylene Sclution, Solids Content: About 60%) 6
& Gum Rosin Solution {(Xylene Solution, Solids Content: About §0%) 25
Hydrogenated Rosin Solution (Xylene Solution, Solids Centent: About 60%) 14
Tricresyl Phosphate
5 | ARUFON UP-1080
:.g Lutonal AZ5 3 3 3 3 2
i Sansocizer E-2000
Chlorinated Paraffin 1
8 NC-30% (Nisshin Chemco, Lid. Average Particle Diameter: 3 pm} 45 45 45 45 45
é RED COP 97N PREMIUM (American Chemet Corporation, Average Particle Diameter: 6 pm)
é; PURPLE COPP {American Chomut Cerporation, Average Particle Diameter: 13 pim)
3 LOLO-TINTSY (American Chemet Corporation, Average Particle Diameter: 19 pm)
g | Copper Pyrithione 3 3 3 2 2
§ Dichlofluanid
< | Telylfluanid
g Irgarol 1051
O | Zineb i
Red Iron Oxide 2 2 2 2 2
" Tale 2 2 2 2 2
£ | Zinc Oxide 5 5 5 5 5
a Titanium Oxide i 1 1 1 !
Fuji Red i 1 i 1 i
w Anhydrous Gypsum {Dehydrating Agent} 05 ¢.5 0.5
:Z: Tetraothoxysilane (Dehunyidifier} 0.5 0.5
§ Disparlor AG03~20x {Dispersant, Kusumote Chemicals, Ltd.) 2 2 2 2 2
§ Talen 7500-20 (Dispersant, Kyosisha Yushi Chemical Industry Co.. Ltd)
Bentone #38
g Xylena 10.5 10.5 105 g 10.5
I
Total 100 100 100 100 100
Nonvolatile Matter Content {wi%) 8 78 8 18 17
Volatile Matter Content (g/L) 413 413 408 413 423
PVC (Pigrent Volume Concentration %) 42 42 42 39 41
Coating Gomposition Viscosity (KU Vaiue/254C) s 110 112 5 125




10 [0174] Test Exanple 2 (Stability Test for Coating Conpositions) Each of
the coating conpositions obtained in Exanples 1 to 8 and Conparative
Exanples 1 to 5 was sealed in a 100 ml wide-nmouth tin can and stored in a
t hernmostat at 15 40C for 1 nonth, after ich the viscosity of the coating
conposi tion was neasured using a Brookfield viscometer. [0175] The
viscosity of the coating conposition was evaluated as follows: 20 A a
change in vik¢bdPty of less than 500 nPas/25C (substantially no change in
t he coati ngTedhpbsenpdn) 1 B{Sarehapertani Vitkcbsity of 500 to 5,000 nPas/25C
(a slight increase iBaghscaedity)heC: acghamge cpnnpgistosohy obbﬁ,a@@edtoin
100, 000 25EnPap3£25C (o S8 gantli Canpairachieaseé Hampliescdsity) SDwaa clparge So
signifi (Bantcébﬁlaédt Iﬁ@ \d SIEDs§YE wasshaneasupabke ((t7ke >contd ngmeorposinkizon
turned intogg cos0l il Tiad) [t%z%hes%o Theigesubts, are. shown i,
Table 3. [p13 zlng coaeagfelgl om-fabl gy that, Lhe %%ﬁ%oea' il e o ot it
rosin (or arosmdC mgc Cbm ns X atlvet
Exanpl es 2 i £ g térrﬁ1 St ﬁp?’lt %% é sk% tExaﬁp?en:?
(Coatin ?ﬁ?‘F—B AngSsy hSBT Y ReC Tt 501 T ot coatdhg E}:orrp05| tions
obtain m@%%ﬁ%l es 1to 8 and Corrparatlve Exarrpl es 1 to 5 40 was applied
to a transpageh AR &€ pk at et ] obe st 1 ¢ Caat 31h 1CamRe i A Qs ing film
t hi ckness woul d be absan 1(§PGE mthﬁandC@l@T—e@gat cApEoPoF 1enday ObThanedat itng
fil mhardneBzsanplethé teslandgCanya cobt vagEfamm evasl neasured ate25C usi ng
a pendul unz hadness tédeemouThetriesuldrs §countomenben) ar ¢éhésmehown ian
Table 3.5 A gount rpunbernDfe20 4080 Liaiphekerablescdor:praet ikgal Qurpeses.

composition was measured using a Brookfield viscometer.

[0175]

The viscosity of the ceating composition was
evaluated as follows:
20 A: a change in viscosity of less than 500 mPa-s/25°C
{(substantially no change in the coating composition)
B: a change in viscosity of 500 to 5,000 mPa-s/25°C
(a slight increase in viscosity)
C: a change in wviscosity of 5,000 to 100,000
25 wPa-s/25°C (a significant increase in viscosity)
D: a change so significant that the viscosity was
unmeasurable {the coating composition turned into a gel, or

solidified)
[0176)]

30 The results are shown in Tabkle 3.
[0177]

It is seen Zfrom Table 3 that the compositicns
containing rosin {(or a rosin derivative) having Ifree carboxy
groups (Comparative Examples <2 and 3) lack long-term

35  stability. ‘
(0178]
Test Example 3 (Coating Film Hardness)

Fach of the antifouling coeoating compositions
obtained in Examples 1 to 8 and Comparative Examples 1 to 5

40 was applied to a transparent glass plate (75 x 150 x 1 mm) so
that the dry coating film thickness would be about 100 um,
and dried at 40°C for 1 day. The coating film hardness of
the resulting dry coating film was measured at 25°C using a
pendulum hardness tester. The results {count number) are
45 shown in Table 3. A count number of 20 to 50 1is preferable

for practical purposes.
[C179]

It is seen from Table 3 that the coating films



[0179] It is seen from Table 3 that the coating filnms -53- formed using the
coating conpositions of the invention (Exanples 1 to 8) have a suitable
har dness. [0180] Test Exanple 4 (Adhesion Test for Coating Filnms) 5 The
adhesi on of each coating filmwas tested_in accordance with JI'S K-5600-5-6
Standard. Specifically, tests were conddcfed accor di ng to the foll ow ng
nmet hod. Each of the coating conpositions obtained in Exanples 1 to 8 and
Conpar at i vel EXBAPB| e451n¢0 SNhasCtd 5T apptiRP o@Dl a5t FOF i dingikegion

fi ber-reinfofcadcptasti o ph htlea(FRP pliad)1g 7B 5dE5E. x 2 nm) and a tin
plate (75 x[2580k 2 m) so that the dry coating filmthickness would be
about 100 nTeJheEappbiedd (Chditengpwakedthefv:drded iatg 40Cfsgr 1 day to
preparesa dry coatingef iddnasitdn aothisknessocat ;abouti kOO0 wEs Thestastheshon
15 test wasacondushed onckherdry-soatings fstmd2rX, 2 gpacitheainyyrbeeset
squares in fhe-cresshaten aé%gﬁdmiﬁlﬁé]tEEeﬁ%¥¥€%ﬂ% ‘%%%EW@JuaE§9ha%f

o1 oo A £D° UG, OF e, S0ust oo s I 10! e 2Q,J'S; 1 Lom 70
to 100. B é&ﬁ npbes %xg!%%lgguaf% f995 qfefZ ios g%‘i% to
25 o e it rier ] g%dbeeg_uajr%g i ?aﬁad'ieo & ﬁ%ﬁi i m e 15
[0182] The fe “f% s?mgvh |ﬁ’l?§SI d i X %ﬁ 3f §0HF‘% i ¥° sE%ﬁtfit th Fal e 3

t hat the co@@@ﬁgn§|ﬁﬁém fiovipearessi mipuk b@a@b@@tcdwﬁbsmmqonghgfap@éled
invention <{&xaiphesat tihed) stremghy adhere&d:o botihyt hey RRRpdet eaandy the
tin plate. fO18Mlg film with a thickness of about 100 pm. The adhesion
15 test was conducted on the dry coating film (2 x 2 mm, the
number of sguares in the crosshatch = 100).
[0181]
The adhesion was evaluated as fellows:
A: the number of the squares that did not peel off
20 is from 70 to 100.
B: the number of the squares that did not peel off
is from 490 to 69.
C: the number of the squares that did not peel ciff
is from 20 to 39.

25 D: the number of the squares that did not peel off
is from 0 to 19.
[0182]
The results are shown in Table 3.
10183]
30 It 1s seen from Table 3 that the coating films

formed wusing the coating compositions of the invention
(Examples 1 to 8) strongly adhere to both the FRP plate and
the tin plate.
[0184]
35 Test Example 5 (Flexibility Test for Coating Films)

Each of the coating compositions co¢btained in
Examples 1 to 8 and Comparative Examplaes 1 to 5 was applied
to a blast-finished tin plate (75 x 150 mm) sc¢ that the dry

coating film thickness would be about 100 pm. The applied

40 coating was then dried at 40°C for 1 day to prepare a dry

coating film with a thickness of about 100 pm. The tin plate
coated with the dry coating film was bent 90°, and the
condition of the bent coating film was visually inspected.
[0185]
45 The flexibility was evaluated as follows:

A: substantially free of cracks

B: contained minute cracks

C: contained large cracks

D: a portion of the ceating film easily peeled



35 Test Exanple 5 (Flexibility Test for Coating Filnms) Each of the coating
conpositions obtained in Exanples 1 to 8 and Conparative Exanples 1 to 5
was applied to a blast-finished tin plate (75 x 150 mm) so that the dry
coating filmthickness woul d be about 108 The applied 40 coating was
then dried at 40C for 1 day to prepare a @l'r”“y coating filmw th a thickness
of about 100 m The tin plate coated with the dry coating filmwas bent
90, and thelOt®nliti on of the bent coating filmwas visually inspected.
[0185] 45 The fl exi bthiétyewastevareatediasit dldloMs:3. A1 substantially free
of cracks B{0Otontained mnute cracks C: contained |arge cracks D: a
portion of the coatibng fid mseasi | yrqaeeltTeath1<543 [0L86] thhe ¢estulis dlémshown
in Tabl & 3.fofd87]udings seen déomrpbl@rdddiati dhe eqat i@ fiilwention
formed usi ngeiigocoati ngo cOMOSd td onsnPladdhednuantiono Exanphasninto 8)
are strong apflggesistant to enbrittlenent. [0188] Test Exanple 6 (Water

Resi st ance pat i ng,gfﬂé_e"gd GLCHJSE 9:1 LI 9 il o was

f db APPTryrRng g al—(a vi-b d
A;)Smt g g%}:gug)g.rg%atsa% %%éﬁ%g ‘%8) )é;:'P SO eéﬁa&} ha?% t) P Qdégggfter
drvyi | 5 f AQ .

COMpOSi 110 & gRout S0 i TR By S?E%dx%& arath VBT ExSApBat1 thg s

was 15 subselguentdys apdlticed doyihe awtildcdre osiopeltcoat i g fifedso'ed hy t he
dry coatingdfylmyt hi cikivess woul dtee alyeutint00 aampcoEhid iappsl | edtedakiinginas
dried at 40Cd&mopldsday, tduss prrepardongsa gpec mExamdilesa dry teoathi ngaki |l m
thi ckness ofubebouintiDP applhedspeci ke was i-moersedven qwitimal seawaker 20
at 35C for @hé@“&ﬂé’ Bt efowhich Fhegcendikhonsof,ihe woatihge f by yas

visually InfﬁgCtéiplied ccating was dried at 40°C for 1 day, thus

preparing a specimen with a dry cecating film thickness of
about 100 pm. The specimen was immersed in natural seawater

20 at 35°C for 3 months, after which the condition of the
cecating film was visually inspected.
[0189]
The water reslistance was evaluated as follows:
A: the coating film underwent no change
25 B: the coating film slightly changed color

C: the coating film was slightly blistered

D: defects such as cracks, swelling, and peeling
were observed in the coating film
[019C]

30 The results are shown in Table 3.
[C191)

It is seen from Table 3 that the cocating films
formed using the ccating film conmpositions of the invention
(Examples 1 to 8) have excellent resistance to water.

35 [0162]
Table 3



[0189] The water resistance was evaluated as follows: A the coating film
underwent no change 25 B: the coating filmslightly changed color C. the
coating filmwas slightly blistered D. defects such as cracks, swelling,
and peeling were observed in the coatin%Pf|In1[0190] 30 The results are
shown in Table 3. [0191] It is seen fromTable 3 that the coating filns
formed using the coating film conpositions of the invention (Exanples 1 to
8) have excellent resistance to water 5 [0192] Tahle 3 -55- Coating

Wat er Conpagsiti on Adhesi on Resj stCaatieg E‘g | es/ |Test Spray Watatlijty
Flexibility Test Conparative Qgg%ﬁggddn "FRP Tin Tes R§§Qg%£gter 3
Exanpl es MjnEfermileg/e | Pl at e Monft h%t A ATgsA A % AAA A AT e, SIAAAA
AAaN 4 ACAmdatihen EPMY X 5 RN RPN & ML ING ARG
8 AAAAA A LBA Somtghilty N 440°C FRE | Tin Test 35°C
After 1 Plate | Plate After 3
Month Months
1 A A A A A A
2 A A | A A A A
3 A A A A A A
3 |4 A A Al A A A
Q.
g
|5 A A Al A A A
6 A A A A A A
7 A A A A A A
8 A A A A A A
1 B A C A B C
142
RS
o
£ |2 B D AL A A D
g
¢ |3 B c AL A A D
®
&
g 4 B A C A C C
<
O
5 B A B A A C
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-56- [0193] Test Exanple 7 (Solubility Test (Rotary Test) for Coating
Films) 5 A tank was centrally provided with a rotating drum with a

di aneter of 515 nm and a hei ght of 440 ngrto cause the rotation of the
drumvia a notor. The tank was al so proV'éed with a cooling apparatus for
keepi ng the seawater tenperature constant, and a pH automatic controller
for keeping the pH of 10 the seawater constant. [0194] Two test plates
wer e preparediaetording to the followi ng nethod. [0195] 15 An

anti - corrosTest cbatimpgef i T mwas ubolned BiestappRytagyai eait)i - €orr skveng
coating mateilimd) (a vinyl-based A/C) to a hard vinyl chloride plate (75 x
150 x 15m) so that At hankhiveknesstafdlary dsydniglandul Tt iheaakott t50g Mirum

fol | owed byyi@syi nghatkacdr of £ thes ant 1 frould ng: icoat I9T0 40@MResitd $s30the
obtai ned i n-Exambescd £9- 8xand Lomparaddve, E&%%DE%%klw%% %lé@a%r%QQBEQd to

the anti-cofyQsiye.copt ci? b 1805 that Qi‘? (?" e@gt\é@!é d
be abOUt 30 ﬁgta@@ arPrP § Ca?r?é& l"@s 1% ka% pRUS £
prepar est coatr ness of about
300 2 aE of ?%e us prepared test pIates mas secured to the
rotating dr the rotary apparatus of the above-
Two teést lates were prepared according to the
following method.
[(0195]
15 An anti-corrosive <coating film was formed by

applying an anti-corresive coating materxial (a vinyl-based
A/C) to a hard vinyl chleride plate (75 x 15C % 1 mm) so that
the thickness after drying would be about 50 um, followed by
drying. Fach of the antifouling coating compesiticons
20 obtained in Examples 1 to 8 and Comparative Examples 1 to 5
was applied to the anti-corrosive coating film sc that the

thickness after drying would be about 30C pm. The applied

coating was dried at 40°C for 3 days, thus preparing a test

plate having a dry coating film with a thickness of about 300
25  um.

[019¢]

One of the thus-prepared test plates was secured to
the rotating drum of the rotary apparatus of the above-
mentioned eguipment so that the test plate contacted seawater,

30 and the rotating drum was rotated at a speed of 20 knots.
During the test, the seawater temperature was maintained at

25°C, and the pH at 8.0 to 8.2; the seawater was vreplaced
once every week,
[0197]

35 The initial coating film thickness and the
remaining coating £ilm thicknesses after 1 month, 3 months,
and 6 months were measured for each test plate, using a laser
focus digplacement gauge; and the thickness of the dissolved
coating film was calculated from the difference between the

40 dinitial coating film thickness and the remaining coating £ilm
thickness, thereby determining the amount of the coating film
dissolved in the initial 6 months.

[C128]
The dissoclving amount of the coating film dis

45 represented 1in terms of the total dissolving amount {um) of
the coating film during the period. The results are shown in
Table 4.

[0199]
It is seen from Table 4 that the coating films



menti oned equi pnent so that the test plate contacted seawater, 30 and the
rotating drumwas rotated at a speed of 20 knots. During the test, the
seawat er tenperature was naintained at 25C, and the pH at 8.0 to 8.2; the
seawat er was replaced once every week. 9197] 35 The initial coating film
t hi ckness and the remaining coating film'thicknesses after 1 nonth, 3

nont hs, and 6 nonths were neasured for each test plate, using a Iaser
focus di spl beERRRt Gaide: BRE tHRAEHICK IR ST RN <Sol VR  dOAEPRGOR | m
was cal cul at BEaTpbas t het @i §f er Bcel ped higxth thes WO i fivitEly derdngrPrpimne

t hi ckness ahdotheheenwmilfiing qeatiiary fidwaatihickiess, thheeebpadéner Aiihinag

t he anbunt pfotheée coatdngnitial ahissodnvieichd refifesctisnitial 6 nonths. [0198]
The di sgol vimgo@mount of the coating filmis 45 represented in ternms of
the total dissolvingrampuntsel@® fat tihe cosdtngy f £k Mduforgetihespegi ede The
resul ts are-.showyi Bompablieidns[ 8X9Uonkt ras iseeEfdpmekabl ec4 thatet het
coating filgpss 'dEQ%B@@eHSh%Qsk@%é%@?'dﬁkaHWEﬁéthHB§19@ LReibavenhipon
(Exanples 1,19 b%%o ved égdh%lé Sentd | gecapount s~ from the
nitial, periods, ¢ geve& 2, (ege sostiog f'éjorﬁﬂeaorggm?e 9900 it
antlfoullng e % 957 ? % h nﬁ

pAINCHR A LN S e L L N RS R
easi |y di ssbfvedr %C%eaﬁ%¥%+“%u???ﬁf% FH 19 alPPeriivy, Qﬁﬁfg & GESExhi bi t
effective ah?#%blling effects. It is 10 understood that the coating fil s
formed usi ng2bhe ¢oating conposi tions of Conparative Exanples 2 and 3 have
| ow water resistance, causing cracking and/or peeling during the test.

[0201] Tablre CA tC:Ua(l_.JI 119 %ullpL sit-on
oating Lomposrion Dissolving Amount (um) of Coating Film
Name
After 1 Month | After 2 Months | After 3 Months | After 6 Months

1 8 15 20 36
2 7 13 18 31
3 6 11 186 28

W

2 4 7 12 17 30

g

2 5 5 10 14 26
6 6 12 17 29
7 5 il i 31
8 6 10 15 30

8 1 2 4 5 11

Q.

5 2 3 5 8 15

L2

_g 3 2 4 7 13

&

& 4 1 2 3 7

e

C

o 5 0 i 2 5




Di ssol ving Anount (pm of Coating Film Nane After 1 Month After 2 Months
After 3 Months After 6 Months 1 8 15 20 36 2 7 13 18 31 3 6 11 16 28 N
47 12 17 30 CLE w5510 14 26 6 6 12 17 29 7 5 11 16 31 8 6 10 15
30 124511 aM235815 Xw >324713 mad41237 EO v5
01 25 -58- [0202] Test Exanple 8 (Sli e 8At t achment Test) Each of the
coati ng corrg {H]i ons obtained in Exanples 1 to 8 and Conparative Exanpl es
1 to 5 was @% ed to both surfaces 5 of a hard vinyl chloride plate (100
X 200 x 2 nMmdsiSQdshal et Be (g1 oat bgnddd mekhi ckness woul d be about 100 pm
The applied coating _was dried at roomtenperature (25C) for 3 days, thus
preparing a test pl&E8Yhavi My £98Fye ostThHRG PR WP IR eth it Bk REE 'GP about

100 pm Thi g t@sinPlh@avasi tdmergsedeat 1 k:d Myhel g?lpw@dlt%wothns&pfaces
Kushimoto Gity, Wakayanma Prefecture, Japan. After nonth, 2 nonths, and 3
mont hs of i ahet dicoW ihelathhehnsentloftes(ite x ¢0Phg 2 mm) so that the dry

coating film thickness would be about 100 pm. The applied coating

was dried at room temperature (25°C) for 3 days, thus preparing a
test plate having a dry coating film with a thickness cof about
100 um. This test plate was immersed at 1.5 m below sea level in
10  Rushimoto City, Wakayama Prefecture, Japan. After 1 month, 2
months, and 3 months of immersion, the attachment of slime to the
test plate was visually inspected.
[0203]
The results are shown in Table 5.
15 [02C4]

The figures in Table 5 represent the degrees of the
attachment of slime. The degree of the attachment of slime was
evaluated as follows:

0: Substantially no slime was obsexved.

20 1: A small amount of slime attached to the test plate.

2: Slime attached thickly on the entire surface of the
test plate, but could easily be removed with a brush.

3: Slime attached thickly on the entire surface cf the
test plate, and could not be easily removed with a brush.

25 [0205]

It is seen from Tabkle 5 that the coating films formed
using the coating compositions of the invention (Examples 1 to §)
are substantially free of slime attachment, compared to the
coating films formed wusing the coating compositions of

30 Comparative Examples 1 to 5. This is because the coating films
formed wusing the coating compositions of the invention are
sufficiently dissolved from the initial period.

[0206]
Test Example 9 (Reccating Test)

35 Each of the test plates subjected to the slime



test plate was visually inspected. [0203] The results are shown in Table 5.
15 [0204] The figures in Table 5 represent the degrees of the attachnent
of slime. The degree of the attachnent of sline was evaluated as foll ows:
0: Substantially no sline was observed. 20 1: A snmall amount of sline
attached to the test plate 2: Slime atfdched thickly on the entire
surface of the .test p at e, ﬂgut coul d eaialy be renoved a brush.

O t (o

Sine at t ached THIERE y° SRFr €elPtace of* nes hed: PYl ateTiiRd ehul d
not be eas'éycﬁﬁ{&v%gt%tﬂlé’elynusgnd2(@3[&?@@] rddn t%n@%%@tuf@m% | &g that

the coating filns forned usmgt he coating conpositions of e invention
(Exanpl es 1936 8fachrel sdscantiad I5pppaat bPns|Gte Laee athferfPi8dnpdied to

the coatingd 'édﬁf}péz%&%@ pghngiddhe coatd r\Qa&%ﬂ%%%qUeﬁ%y%péﬁé@@Wb%@ ve
Exanples 1 to 5 his is because the coating films ~fornmed using the

coat i ng “conpasiadeons dhet fhesk npbfnttﬁ Gy ahat soef fié:i/ematylrw 4oy bl Fre@st he
et eo sbioy 48t 98 °Bhe T b BEEP' Sof SRR | OG0 el BN Gl

pl at es subj et e sline Test anple
washed by pottigatg tivan (%echﬁngerv\at efayshert@on, mrgadihedaattasaomlate on

tenmperature (25C) for da ach of the coatin sitions tained in
Bl 061 V6 it ot e oo (e aTpl s & b B Res Banabudontly Hipgited
to one 5 sukbéace?o(rfnetihevéﬁstthqoIoat:lecsa)ta‘.trh;atflﬁhe dr yeeoaf dnNgieftel-mi b i kiress
woul d he aboyt 100 m _The applied coating was dried tenperat ure
(250) ok UGS s prepabrhy e Lotk PRt SOBHUCHR cAla théw GOkt NG A | m
having a thicknessgofcalyaut kK186omr hagl (cbeerp fral, mtheovembbheco! dygoald ng
film A test for determni ngothe 10 adhe5|on of the coating fil mwas

conduct ed of'¥ KEFESELBlat elVMccording to JI'S K-5600-5-6 (2 x 2 mm the
nunber of sguargs in the crosshatch = 100).

The adhesion was evaluated as follows:
15 A: the number of sguares that did not peel off is from
70 teo 100.
B: the number of sguares that did not peel off is from
40 to 69.
C: the number of sguares that did not peel off is from
20 20 to 39.
D: the number of sguares that did not peel off is from
0 to 19.
[0208]
The results are shown in Table 5.
25 [0209]
It is seen from Table 5 that the coating films formed
using the coating compositicns of the inventicn {Examples 1 to 8)
exhibit sufficient adhesion of the new coating films to the older
fiims, compared tc the coating films formed using the coating
30  compositions of Comparative Examples 1 to 5. This is because the
coating films formed using the coating compositions of
Comparative Examples 1 to 5 have poor initial coating film
solubility, causing slime to attach to these ccating films in a
short period of time. In contrast, the coating films formed using

35 the coating compositions of the invention exhibit sufficiently



'[0207] The adhesi on was eval uated as follows: 15 A: the nunber of squares
that did not peel off is from 70 to 100. B: the nunber of squares that did
not peel off is from 40 to 69. C the nunber of squares that did not peel
off is from 20 20 to 39. D: the nunber of squares that did not peel off is
from 0 to 19. [0208] The results are sh®Rm in Table 5. 25 [0209] It is

seen from Table 5 that the coating fil formed sing the coatjn ,
Composi tiond gt {HECIHveTRAOR( BAaRpFes a: i 8) 2 XHBRL Saf FPeFERt Tn
adhesi on of sthesnew €9abbngchicl8s, t oethe: 0ldern thénertsomparedt o1 ihee
coating filnms fornmed using the coating 30 conpositions of Conparative
Exanpl es 1 8b™- This is because the coating films formed using the
coating conpgsidions of Conparative Exanples 1 to 5 have poor initial

coating film solubility, causing sline to attach to these coating filns in
a short® peFelole 6f tine. In contrast, the coating filns fornmed using 35 the

coating corfpositions of the 1nvention eﬁhl bt suf T11 ciently -6D- high
initial cogting filmsolubility, allow gerhigcesgt ity film sur%ﬁe&cgs 19, e
renewed, rgsul tPRYEFRTEER O%tta(égﬁcﬁiiﬂor% IA%:% I 340 S er%%ﬂﬁ?os] FEH €5
Slinme Attadhment Test Coating PP dn Vb e85 hg FE5 ter 1 Month
After 2 Morlths After [3 Months L0 QO Al 209 0A 3000 Aa4000A
E
2 0 0 0 A
3 0 0 0 A
o
.é 4 0 0 0 A
2 5 0 0 0 A
6 0 0 0 A
7 0 0 0 A
8 0 0 0 A
@ 1 0 i 2 D
Q
o
& 2 0 1 2 D
0
% 3 0 1 2 D
g
[
g 4 1 2 3 D
© 5 2 3 3 D
[0211]

Test Example 10 (Antifouling Test)

Each of the coating compositions cobtained in Examples 1

10 to 8 and Comparative Examples 1 to 5 was applied to both surfaces
of a hard vinyl chlecride plate (100 = 200 x 2 mm) so that the dry
coating £ilm thickness would be about 200 um. The applied coating

was dried at room temperature (25°C) for 3 days, thus preparing a
test plate having a dry coating film with a thickness of abeout

15 200 pm. This test plate was immersed at 1.5 m below sea level in
Owase City, Mie Prefecture, Japan, and fouling of the test plate

was examined for 24 months.



w5 000A 6000A 7000A 8000A 1012D 002012D xw
>302D M4 123D EO U523 3D [0211] Test Exanple 10
(Antifouling Test) Each of the coating conpositions obtained in Exanples 1
10 to 8 and Conparative Exanples 1 to 5 was applied to both surfaces of a
hard vinyl chloride plate (100 x 200 x 2%%¥) so that the dry coating film
t hi ckness \/\/?& be about 200 pm The applied coating was dried at room
t enperature Qj for 3 days, thus preparing a test plate having a dry
coating fil m W th a theckenss sokrabsndunl3n208npmes This test plate was
i mrer sed at 5 m bel ow sea level in Owmnase City, Me Prefecture, Japan,
and fouling Q)QF the test plate was exam ned for 24 nonths. -61- [02.12] The
resul ts are shown inpabkesfhes (0223h1dNe fduesci thdablast (LePESSANcH he
areas (% to which 5 fouling organisns weré attached. [0214] IS seen
from Tabl e &°¢haty (Heago&ns ngee Phda¢lidred using the coating conpositions
of the inve? (Exarrpl es 1 to 8 are substantially free of the adhesion
of aquatic fouli'ng 10 organisns, conpared to the coating filns fornmed using
the coating film coipositiseas bforCobpiarcatid viehdExare espating 5ilmhi Sorimed
because using the coating compesitions of the invention (Examples 1 to 8}
are substantially free of the acdhesion of aquatic fouling
10 organisms, compared to the coating films formed using the coating
film compositions cf Ccomparative Examples 1 to 5. This is because
the coating films formed using the coeating compositions of the
invention exhibit somewhat reduced hydrolysis rates, allowing
them to be stably dissolved at a constant rate for an extended

15 pericd of time.



the coating filns fornmed using the coating conpositions of the invention
exhi bit sonmewhat reduced hydrolysis rates, allowwing themto be stably

di ssolved at a constant rate for an extended 15 period of tinme. -62-

[ 021-51 Table 6 Test Duration Coating Conposition Fouling Organisnms After
After After After 6 Months 12 Months 18 Mbnths 24 Months 1 0 0 O O None
(Smal | Amuné%é% Slime) 2 000 0 None (Snall Anpbunt of Sline) 3 0000
None (Small[ unt of Slime) 4 00 05 None g (Small Anount of Slinme E
None 5 O OTé&h: (sSmall Anmpunt of Slinme) 6 0 0 O O None (Small Anmount of
Sline) None 7 00 0 O (Small Anmpunt of Sline) 8 0 0 0O O None (Snall
Amount of Sline) None 0 0 0 O one (Large Amount of Sline) None E2 00O

O (Large Amount of Slinge) x
Test Duration
Coating Composition Fouling Organisms
After After After After
6 Months 12 Months | 18 Months | 24 Months
None
1 0 g 0 0 {Small Amount of Slime)
None
2 0 0 0 0 (Small Amount of Slime)
None
0
8 ¢ 0 0 {Small Amount of Slime)
None
_32‘ § 0 0 0 3 {Small Amount of Slime)
I
£ None
18]
° 0 0 0 ¢ {Small Amount of Slime)
None
6 0 0 0 0 {Small Amount of Slime)
None
7 0 0 0 0 (Small Amount of Siime)
None
8 0 o 0 0 {Small Amount of Slime}
None
t 0 0 0 0 {Large Amount of Slime)
8 None
3 2 0 0 0 0 (Large Amount of Siime)
b4
]
MNaone
[rh]
*E ] 0 0 0 0 {Large Amount of Slime)
[14
o
g 4 o 0 20 50 Tubeworms
o Bamacles
5 0 10 50 100 Tubeworms
Barnacles




w3 0O0O0O0 None (Large Anount of Sline) 2 E 4 0 O 20 50 Tube wornms U
Barnacles 5 10 50 100 Tube worns O Barnacles -63- CLAIMS 1. An
antifouling coating conmposition conprising: Polynmer (A, which is a

pol ynmer having a nunmber average nolecul ar. weight of 1,000 to 20, 000 that
is obtained by 5 polynerizing a polynerrféble triorganosilyl unsaturated
car boxyl at e; Zinc Salt (B), which is at |east one zinc salt selected
fromthe grg nsisting of rosin zinc salts and zinc salts of rosin
derivatives; 10 the anti haukhhgf@oahigngosoImPsickben: lin havbrgsime wei ght
ratio of the content of Polymer (A) to that of Zinc Salt (B)((A)/éB)% of
45/55 to 10/90; (2) RaVVAY t e nBRYER &t 1S PRaYTeT REORTEnt BP9t 2V8ESEE t han

75 wei ght % ant i3 { 3bigHbstant,icabl Yo bed i wegef1omaaigshn,@r rosin
derivative containing a free canboxg% group. 2. The antifouling coating
conposi td onPatEHHizigot 8 rel@ahlzabwherEiarraryier]l (Msakdasabetunber aver age
nol ecul ar I of .24000 to 15,000, and a degree of dispersion of

nmol ecul ar m§?8%%hggkﬁésg ?han 2.5. 3. The antifouling coating conposition
according to claimZior ltwhélei nhPdl yrept( Apadhare gliasssaktamsiieroed 25

{ermer at b cBlp 20l 920 oo ThS AL PALADO,B8RLL NG SpIBaTLLL o acgerci o
copol ymer. 80sin derivatives;
10 the antifouling coating composition (1) having the
welght ratic of the content of Polymer (A) to that of Zinc Salt
(B) ((A)/{B}) of 45/55 to 10/90;
{2) having the nonvolatile matter content of not less
than 75 weight%; and
15 {3) substantially being free from a rosin or rosin

derivative containing a free carboxyl group.

2. The antifouling coating composition according to
claim 1, wherein Polymer {A) has a number average molecular
20 waeight of 2,000 to 15,000, and a degree of dispersion of

molecular weight of less than 2.5.

3. The antifouling coating composition according to
claim 1 or 2, wherein Polymer (A) has a glass transition

25  temperature of 20 to 70°C.

4, The antifouling coating composition according to
claim 1, wherein Polymer (A} is triisopropylsilyl {meth)acrylate
copolymer.

30

5. The antifouling coating composition according to
claim 3, wherein the triisopropylsilyl (meth)acrylate copolymer
is obtained by copolymerizing {a) 30 to 60 weight® of
triisopropylsilyl (meth)acrylate, (b} 10 to 5C weight% cf methyl

35 methacrylate, and (c) 0 to 60 weight% of (meth)acrylic ester



5. The antifouling coating conposition according to claim3, wherein the
triisopropylsilyl (nmeth)acrylate copolynmer is obtained by copolynerizing
(a) 30 to 60 weight% of triisopropylsilyl (meth)acrylate, (b) 10 to 50
wei ght % of net hyl 35 nmet hacryl ate, and (%) 0 to 60 weight% of (meth)acrylic
ester -64- other than those defined in ( ﬁ‘and (b) 6. The antifouling
coating conpositi accordin cl aim rein the rosin zinc salt is
at |east on tg?%cq§§1%%§sge?%%¥§@'%Poﬁ?%ﬁ%“br P consi sting of gumrosin
zinc salts, wood rosin zinc salts and tall oil rosin zinc salts, and the

zinc salt of the rosin derivative is at |east one zinc salt selected from
the group consi sti ng®of FfdeBehat-eddr 687 hIDY MmOt ah R GiokprBHIrt i onat ed
rosin zinc sghtig.1, Wefeidherantdshqubing Gaat i BY- coNPQS Eh@nzﬁﬁf&%@tng to
claim1, wherein the nonvolatile matter content is not | ess than

wei ght %%ands e} eeios thyomst B FPUP0GOREL HESUIEdI WS ¥Rl Stofnerltyi B’@@@mt er
at 25C. 15 8.5ilhe anti i i COIOs| N r g l.a

wherein the %%hteﬁt o B?Eé %%%g%? egg%ganlglg%h%ou QQ ghﬁegégtjﬁ 5%%@9 /L.
20 9. The aﬂf|ﬁﬁﬂHHQﬁ;nCdath&FMﬁ@np@Sﬁt|kHBS$COOEdEI@Fta&ltcbalﬂmﬂgd\ﬂthh
further co S 0 t0_100. part Zi nc, oxi er 100 parts by
wel ght of LBl SrBuse BT POl s e oo e B o Ry B et T
antlfoullngdngpmopq;tdonaosdtﬂayinaeﬁncchamxd() claim1l1, which further
conprises 100 to 400 parts by weight of cuprous oxide per 100 parts by

wei ght of total amount of Polymer (A) and Zinc Salt (B). 30 11. The
antifouling coating gonpaskt ket RECARE Bgatihg Coabdt1iorierekfitdhecuprous
oxi de has an_average particle dianeter . of 8 to 20 pm 12. The antifouling

coating CONﬁB%VT@angéég%@l?ﬁfIﬂ?nvgﬁa%}%ﬁI%afteﬁh?%@FqQEW?ﬁe?O%dﬁﬁﬁl§E§nl to
100 parts byowedigiMr20bng6etscosity is 80 to 100 KU measured using a Stormer

viscometer at 25°C.

15
8. The antifouling coating composition according to
claim 1, wherein the content of the vclatile organic compound is
less than 400 g/L.

20 9. The antifouling coating composition according to
claim 1, which further comprises 10 to 100 parts by weight of
zinc oxide per 100 parts by weight of total amount of Polymer (A)
and Zinc Salt (B).

25 10. The antifouling coating composition according to
claim 1, which further comprises 100 to 400 parts by weight of
cuprous oxide per 100 parts by weight of total amount of Polymer
(A} and Zinc Salt (B).

30 11. The antifouling coating composition according to

claim 10, wherein the cuprous oxide has an average particle

diameter of 8 to 20 um.

12. The antifouling coating composition according to

35 claim 1, which further comprises 1 to 100 parts by weight of



organi c antifoul ant per 100 parts by weight of total anount of Polynmer (A
and Zinc Salt (B). 13. The antifouling coating conposition according to 5
claim1l1, which further conprises 1 to 50 parts by weight of plasticizer
per 100 parts by weight of total amount of Polyner (A) and Zinc Salt (B).
14. The antifouling coating conposition‘é%fbrding to 10 claim 13, wherein

the plasticizer is an.epoxidized il or fat. 15. The_ antifouling cqoating
Conpos, 1 onPEETHH TG IESULPr HeF, Wi CFE o MERIT o 1856 parteity St gnt
of dewat eri pglyagenta)pendl@Onpartis by) wei ght of total anount of Pol ynmer (A)

and 15 Zinc Salt (B). 16. The antifouling coating conmposition according to
claim15, wherein the dewatering agent is at |east one dehumdifier

sel ected fromthe graup cansi sht NhAfingl KOxysid aReBos20idNdcdbkiing to
orthoformates. 17. The antifouling coating conmposition according to claim

1, which® f ufther conpricsesuithyy 5OMpaE$SS by bRerghpabls foat tgialeidf

am de- based i spgl; r r.t | t gnyﬂg

Pol yer (A)pg%d Zf%%ﬂggﬁﬁ %%?g”%%? %ﬁqﬁﬁ%lt%%%iggtégéﬁ#ﬁéﬁténet 3@82
conduct ed ushhguheirantetbulling coating conposition of any one of clains 1
to 17 conprising a step of formng an antifouling coating filmon the 30
surface of an object to be coated. 1.9. An antifouling coating filmforned
by using the antifoakingTaeathngfdipgsttitamoicoapysbneofacebatiivey o 17.

35 20. coat ed ject having the antifouli,ng coating,-66- film claim19
on i0s Qi akein B SR O e s Dty 0 B PP b 4R SohtThgc]
conposition conprising the steps of: 5 mxing Polynmer (A), which is a

pol ymer having a nunber average nol ecul ar weight of 1,000 to 20, 000 that

i s obtained by polyrerizi'h§ A pdi3tertzabteltd iGrgafost Iy RCGREAM dt%ed

car boxyl at ecyhih i A iSal boffisdshicho i $0 alarkeapl, wapal B¢ saldtersebected
fromthe group consisting of rosin zinc salts _and zinc 10 _salts of rosin
derivati vesagent per 100 parts by weight of total amount of Polymer (A) and

15 Zinc Salt (B).

16. The antifouling coating compesition according to
claim 15, wherein the dewatering agent is at least one
dehumidifier selected from the group consisting of alkoxysilanes

20  and alkyl orthoformates.

17. The antifouling coating composition according to
claim 1, which further comprises 1 to 50 parts by weight of fatty
acid amide-based dispersant per 100 parts by weight of total

25 amount of Polymer (A) and Zinc Salt (B).

1&. An antifouling treatment method conducted using the
antifouling coating composition of any one of claims 1 to 17
comprising a step of forming an antifouling coating film on the

30  surface of an object to be coated.

19. An antifouling cecating film formed by using the

antifouling coating composition of any one of claims 1 to 17.

35 20. A coated object having the antifouling coating



the antifouling coating conposition (1) having the weight ratio of the
content of Polyner (A) to that of Zinc Salt (B) ((A/(B)) of 45/55 to
10/90; (2) having the nonvolatile matter content of not less 15 than 75
wei ght % and (3) substantially being free froma rosin or rosin derivative
containing a free carboxyl group. 22. Th&%wethod for producing an
antifouling_coatin 20 osition according to claim21, which conprises
the steps of '™ rﬁfx%‘}ﬁlﬁofg R) SWrt#Zinc Salt (B); adding a cuprous

oxi de having an average particle diameter of 3 to 10 pmto the m xture of
Pol ymer (A) and Zinc__Salt (B); and 25 m xing and di spersing the resulting
mxture using a di spersér MePRod T ReCHBEL D2 prE8LEP Y ¥ CaAEFPDUl i ng

coating coppQsidi-QRnacesdi NGt onel @Eé@glyi:V\hi ch conprises the steps of:
30 mxing Polynmer (A) with Zinc Salt (B); dispersing the m xture using a
di sperseér whil e nixi figzin@ilagdi nflandvicki Ay & rupreushaxide shavilpgr an
average parficle diameter, 0feilf:t9-20 AW to 20,000 that is obtained by
polymerizing a polymerizable triocrganosilyl unsaturated
carboxylate with Zinc Salt (B), which is at least one zinc salt
selected from the group consisting of rosin zinc salts and zinc
10 salts of rosin derivatives;
the antifouling coating compoesition (1) having the
welight ratio of the content of Polymer (A} to that of Zinc Salt
(B) ({(A)/(B)) of 45/55 to 10/90;
(2) having the nonvolatile matter content of not less
15 than 75 weight%; and
{3) substantially being free from a rosin or rosin

derivative containing a free carboxyl group.

22. The method fer producing an antifouling coating
20 composition according to claim 21, which comprises the steps of:
mixing Polymer {A) with Zinc Sait (B);
adding a cuprous oxide having an average particle
diameter of 3 to 10 um to the mixture of Polymer (A) and Zinc
Salt (B):; and
25 mixing and dispersing the resulting mixture using a

disperser.

23. The method for producing an antifcouling coating
composition according to claim 21, which comprises the steps of:
30 mixing Polymer (A) with Zinc Salt (B):
dispersing the mixture using a disperser while mixing;
and
adding and mixing a cuprous oxide having an average

particle diameter cf 10 to 20 um.



