-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 FORMVED 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 coatilng 10 conposition, a nethod for
produci ng the conposition, an antifouling coating filmformed using the
conposition, a coated object havi ngPEH&KIEGEPNng filmon its surface, and a

met hod of ARtIFLERIE-dAERGTBE @syﬁﬁma&»h@&ﬁ E@?{eP&@B@]&%% fighm 15
BACKGROUND ART [0002] Aquatic fouling organisnms such as barnacl es,

Tubewor s, EHFPOATRUN s AT IIBUGING GeATINGh& [1Ee BOSYRP rRROM GHEeACMROAITIONea
lettuce, a A%‘Eb”ﬁéggéﬁ i%g:ﬂzﬂq% %in:péozﬁ eg;ﬁﬂa'c}i\; tReFAREP A% %&‘fﬁgrﬁ GDI-ZO

fishing tool's'suc i'ng nets an i SATNg net” accessori es,

st ruct ubes BUNITOUHENG | TREACHMRNT eBY SEEHMING PHREeCCAI IS FTamueducts, |leading to
dysfunction, inpaired appearances, and other problens of the ships and so
on. [0003] 25 The attachnent of aquatic fouling organi sns has been

her et of or e Tcementedrbyr.coat i ng surfaces of ships, fishing tools, and
subnerged structures with antifouling coating materials that include
organi c tinUE@%ﬂaining copol yners. For exanple, a coating filmfornmed by

application of an antriptOopbiahiC Oafiendi IRt &I1iadks300t atarianbal iy &dagk yger
with tributyltin groups gradually dissolves the polymer conponent into
seawat éP, HIPCR§TEoMstaamethpdpfae ammstucang cid igsgrPeirieur fadlces, which

enables th I i f. Lhes aht ashpen aguatd | r i to
t he coati%gm'F?ﬁ?g%éﬁg¥ﬂﬁﬁ'sgfﬁ%ion, t gsg%%tlngE?ﬁP%S%%% 'e%rgg. e%<'3\Bplied
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ant i f oul i ng, GaL |, ng, JaLeLlala: Ne AAWRESH ARanded; dyes{Q, problens with
mari ne pollﬁ¥|on.

15 BACKGROUND ART
[0C02}

Aquatic fouling organisms such as barnacles, Tubeworms,
commeon 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
agueducts, leading to dysfunction, impesired appearances, and
other problems cf the ships and sc on. |
[0003]

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

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

35 applied to exhibit continued antifouling performance. However,



[0004] Triorganosilyl ester-containing copolynmers 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 includé a triorganosilyl 10
ester-contai ning copolyner has the foll ow ng drawbacks. Wien a copol yner

obt ai ned by-HopBf§ @i zZHiFs BRI SFGEASSI | §32eSCernatiedeni P nBAonBren

having a trisnBHEN! §hd Wo @rBBPeRE dittemadifdi @t @kkyl chain group'is
used, the resulting coating film has a high hydrolysis rate. This causes
t he di ssol vid¥§4rate of 15 the coating filmto gradually increase, and to

becore excessively fighaafier) s | ongperiofafi thie has ehopsed s

Furthernore, the resulti'ng coating m has poor r stance, an
easi |y Ssuftfeiogghnosi kwel | igmgups, cr atlkichg, ameki ndebs ditfdxicul tand udesshe

coating filmfor a lo tine. [.L0005] In arder. to solve this prob
triorganosFmVPr85W3?§£$i%n%ﬁ?ﬁ#ﬁa 8%531y%ﬁg%?%cn%%ﬁfc?F%ﬁHS'oﬁﬁﬁﬁb36?88§2§have
branched aldeyl duvalppederadonsidlesedhnyPadpytaddec wepdlsmérk o td2)replace
However, while a trior anosllél ester-containin cogolg [ containing only
25 br anched &%y 6%%Uﬁ§mﬁé§l§ PRV REF e f e BTSNt et t4d - resul ting

coating filmhas an ymgky, showohydn®! ¥518 #1adte. inciheesf ar eribiqdricesyti me
before the coating filmstarts to dissolve, resulting in an undesirable

anti f odfi nGEPFeEPNBAIRING FAIRLYBPT sPage thaqdat i ew el FryecEani sifee has
adhere to the30ncpatgd suphacs, dudnghoei g | 8l PEIQAnRE: 1I® dsfer-
redgi ons wher é aquati c fouli ng organi she are active or seawater 1s
rel ativel y capgdnip@oosindmneror deving sol v&it-hebetproBlvéns grawp atarenpikhas
NI e R s T Rt e
(or rosin dersi \attiigss hydPafgats Dozttment®i2 teusdy. th@00¥$solving 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 organo 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 siow hydrolysis rate.
Therefore, 1t takes time before the coating film starts to
dissolve, resulting in an undesirable antifouling effect at the
initial stage. Aguatic fouling organisms thus adhere to the

3G 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 conmpound 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-a&cid remaining in the coating
conposition. In 10 particular, when a |arge anount of rosin is used, there
is a tenddidPrParoal Hilghepbereifidgenondt KOPPO¥FRALT ol it HEMEERR1ON with

derivative) 4, BRI Rodih 1ae; GRaldNY GouPest thmelRe $0si nghor the rosin
derivative) has a high hydrophilic property, and hence |owers the water

resi stance BX0C/he coating film As a result, 15 defects, such as blisters,

cracks, and the I1kesJoRd tongEaHs:hn ok e LAY B0 11y 0908 Hher ef ore,
et a an

a nmet hod wherein an ‘excessive anmount o conmpoun rosin dare

prem xefl hasltheeghpa opossdn( Pat €émt raz@nDoecanentvsith andetf) .compotind s et hod,
however, even_though, an excessive anount_ of net conmpound i s.used,. t he

ot sl ConpoRE= AR FOE GOEhONS  SAPEEEETR Cre Y. S ik o Setar T t o
conpl et el y dremaMaurasturd @f a ¢esiihgdesyaiave)ceortattivig f iee carboxylic
acid. 25 [0009] _Furthernore, in view of environnental

. probl ens, ,
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years, becayse sakMeRiridReigoathAithinRt ehi ahs &¥tting cbAdHS rtaauntInof
organi c solvent into the air. Accordingly, there 30 have been attenpts to
reduceifhe Reghientanf Wrgadi é25%% ARUNTNOL cBatithg smiabedi disrepasent

Docunent s léen%ﬂcgko 14 HighdblfioHdoe be PROVILS anbifou iRg goating
mat eri al s having excel l ent "coating properties and antifouling properties
by using t hizsdvatihedstc xe0e810] i85 Hen cortdeny termfosdgipvel Fhaseesinddek when

bui [ dina a Ca ™ : T N . :
then, afteri f5oRa Lo AT Re M o bady AR Brbdnndy gl ek
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prepar?g. eiié?étévaéucﬁ'gé %@EBtéésf‘%fﬁéE%9 éﬁﬁték% qgﬁé} égg%,%%eoccur in
the coating film.
(00081
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 problems,
solvent-type coating materials have beccme restricted worldwide
in recent years, because solvent-type ccating 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.
[C010]

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,
slinme may adhere to the coating film 104Fhese organi sns and sline cannot
satisfactorily be renoved by washing with water. |f the finishing coats

are appli eFiwPrholie SRR POFNCL B FINPHERSVPRYLE HE SP§afiPEhs tENs| RHRET t he
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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 tinme, while also being highly3nvironnentally friendly by
emtting og%é a small anmount of volatile organic conpounds (VOCs) into the
air. 15 Meat®¥882%Pving the Problem [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
constit uti dESC2QSTRE @F SENINVENEHIN on has been acconpl i shed based on this

findi ng. [é%%%%LmSpgqggiégﬁJE&,b§h@ﬁ£ﬁ%§§ﬁ%%é$vention provi des the

antifoul ing coating conposition or producing the conposition,
t he ant bf oulG0dgicoating filmformed by using the 25 conposition, the coated

bj ect havi th ti fil it f , dth t hod . of
anti foul i ng treat merit: YIPGF nat i GIF SF= ERe CORIAGRT HF ra@ adSEr ited bel ow

ltem 1. An artiifbaul hqgeeahyngofesiiasiohi 0Ra€ MENdss iBgposBh1RokyNEs{ A) |
which is a polynmer _having a nupber average nolecul ar weight of 1,000 to

20, 000 t hatc9adig8t St Hed 5y eEBEyHeTi ZPn§ea R ynstrbas| T HISAGES B

unsat ur at etz cean BAX Vaati&oudntg Zb Atecaler o B he WHi¢H al SsBlgd 8RStke@NEZi NC
salt selected 35 fromthe group consisting of rosin zinc salts and zinc

salts &P - euffdsinntarategt ireesstanne agnif biat mffecaivaly comidstsian (1)

having th icghi 1 £atd t i NC Salt
(5 (0] (B e L EeRhoreh, £ 8] Fr Lt O T Ronyol & T e B

content of highlivessvindraen?8liei Ghiteydlandy (S)ithibst anty ad |gmabéi agontee from
a rosin or J0g, atgféio\é%%inxg SOBALNNGvACL | 66, G2LRexY] , group. Item 2. The
antifouling coating conposition according :
15 Means for Solving the Problem
[0012]

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

20 The present invention has been accomplished based on this finding.
[C013]

Specifically, the present invention provides the
antifouling coating compositicn, 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 method of antifouling treatment by formation of

the coating £ilm 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 obtained by
polymerizing a polymerizable triorganosilyl unsaturated
carboxylate; and
Zinc Salt (B), which is at least one zinc salt selected

35 from the group consisting of rosin zinc salts and zing salts of



10 to Item 1, wherein Polynmer (A) has a nunber average nol ecul ar wei ght 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 conmpesition according to Item 1,
wherein Polynmer (A) is triisopropylsilyl (nmeth)acrylate copolynmer. Item5.
The anti f ouldsig eeatTdg w&Srposition according 20 to Item 3, wherein the

triisopropylsilyl ( )-aGk Ml .ajn o rizing
(a) 30 to 60 meightoo5?a$$?¥§%%§3%3$§%¥§$ ?%%?ﬁ??%?§|§9e?¥?§§81 M?ﬁ 50

wei ght % of westohy| rawkt hat ikatentearid ofc PoDymexr 6@3)webghtd6 aff @raeth)adrylic
ester other,.t Se fi in .and (b). 25 Item 6. The antifouling
coating con%%sR??bz?%%%égﬁﬁggggt%Pfﬁgﬁpl, wherein the rosin zinc salt is at
| east ofe zinc salt (Jelheotiand thoomonkelgt oup meafisrstomgeraf ofunbt Q¥sB zi nc
salts, wood rosin zinc salts and tall oil rosin zinc salts, and the zinc
salt of tH&FodPn” qﬁVﬁt@@ is at least one zinc salt selected from 30

the group consistingNnf shydtegenatigdpeosy nFZddngreal & sradich dbspreppiti onated
rosin zinc salts. ltem 7. The anti OU|IH% coating conposition according to
ltem 1, wheélELNAERES fHTVGLEENE 2 neiSe F2EBATEhtITRProt | ess  than 80 wei ght %

and viscosity is 80 #iQn,l90 KYJBasUESH H7] REaRing ToriddsTBloN | RCIFRIRL at
25C. -7- Item 8. The antifouling coating conposition according to Item 1,

wher ei A0t hé&ccdfieent, ofhatedny Bphyide @ gans ca compeandveragd asderhbar 400 g/ L.

ltem 9. Th iLf oul 4 tkRAg i ti cardiyk to Ltem 1, which
further co%ﬁ%%@gsgﬁdiﬁgxﬁgg %gfggﬂgegﬁg%gﬁggﬁga%gﬁﬁggg%%3é9b8% 100 parts by
wei ght of twtlekcudapurtigift P6l yees than 2ahd Zinc Salt (B). Item 10. The

ot oul1 9 CO% 08 PSS! {480 ALEOF SN Lol EnchoobL P UARE e
wei ght of twat dteanburt Xf wRekyi®rPolymer (&) has a glass transition

15 temperature of 20 to 70°C.

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

Item 5. The antifouling coating composition according

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

25 : Item 6. The antifouling coating composition according
to Item 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 one zinc salt selected from

30 the group consisting of hydrogenated rosin zinc salts and
disproportionated rosin zinc salts.

Item 7. The antifouling ceoating composition according
to Item 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
organi c antifoul ant per 100 parts by weight of total anount of Polyner (A
and Zinc Salt (B). Item 13. The antifouling coating conposition according
20 to Item 1, which ¥ifm Ber désppibisouling 50abhrd SoBpoREtifn asicording

pl asti ci zer 0 by i t . 5 Oof L nd

D ho Sal 1 (1) FTont 11 THe Sl ot T B0t Ny eoibas T on aeemr g™ o
|tem 13, whier dicnst hieapl XX ibél.zer is an epoxidized oil or fat. 25 Item 15.

The antifouling coatin onpasition. according to ltem1,.which conprises 1
Lo 50 parts by wei ght ot “dewatSr FRG- AGeRt er 180 APPEL B hEITRE B ¢ ot al
amount 6f Ral yrem {A)whaith fZirtkeSaddnpiBres | 1®@mdG00Therentdf aulighg ofoat i ng
conposi tion .accordin 30 .to Item 15, wherein the dewateri agent is at
bt one. HERHT (s SODGERERE o ELREE grb s eonhatt ng loP LT Ry 31 | anes
and al kyl qrdhefigengdes. (gttem 17. The antifoul ing coating conposition
according to Item1, which further conprises 1 to 50 parts, by weight of 35
fatty acid ani de- bas€dil8per S8Rt eHeFLOIBENEaFPat HiP WeMEAELITON GCCPEIHIg
amount of RoJ yiven { A)wrang, £L0enaialdoniB) sebtaid 18 100 ghtdd oKl [Bgpty gat nent
nmet hod conducted using the antifouling coating conposition”of any one of
ltems 10 t cuprossnprids mgralll eppidts bor nehgharrlanetfbudnnytc oat P il m on
5 the surf 8 gﬁda@iﬁgﬂﬁ$ff Rg)be coated. Item 19. An antifouling coating
filmfornmed by using thé antifouling coating conposition of any one of
ltems 1 to 17. |tenmt2B 1A.codhedanbifestlihgveogt trige canpo$ duddmgccoadimg

L or | S 2RSS SuRLACe O, Bhia IR DR ot e g, &
diameter of 8 to 20 pm.

15 Item 12. The antifouling coating composition according
to ITtem 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 coating composition according

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

Item 14. The antifouling coating composition according
to Item 13, wherein the plasticizer is an epoxidized oil 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 Sait (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 crthoformates.

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; th&-antifouling coating conposition
(1) having the_ weight ratio of the content of Polyner (A) to the content
of Zinc 20-°%alt apeynk () Feyyebf (2558 £anaoiod:; %z) havi ng t he

nonvol atile matter cantenk, ofa@hthfss1iddatedbnd®l G288 d D ed.

substantially being free froma rosin or Tosin derivative containing a
free car boxydingr 6hp. a5l foavd g 2coathiergmerhipds fororppddacy nepeawfantefioul i ng

. gr 809, 2176 fetx . . n
i xi ng Pol yRor (RITGrTha ootal f Brrhang: Wy T e At e Rt g

aver age5parttheclserf30e difamet ebjedt I d telGopoedo t he m xture of Pol ynmer (A)

and Zinc Salt (B); .and mxi and. di spersing, the resultin 1 Xxture using a
di sperser. Iten123.:$ﬁglﬁ§th FBElg?% ﬁ6g5ﬁn%h{%FbSPFﬂgdq%%1@639ing
conposi ti ontaecenti fg:ltiagl tem Ay cshbebieomprdsasyt bige -&& 13kRPS1 afs 1. Xi ng
Pol ymer (A) wth Zinc Salt (B); di%gﬁri%n% the m xture using a disperser
while mxing: and 5 %ddFHg and fR%¢hPE Chphatia D tge2RBVT Ty 89 aver age

particle diamtey of1dO#8 at2R PMord Q@L4kurAdd foul i ng Coating Conposition
The antifouling Coating conposition of the present 10 invention conprises:

(A a pélymer (Pol yrdreh( A}Y) HaVehfoa feinpgiodhotraqy amsiéenl g werghty of
1,000 to 2Q, 008t hatn | @R 8EAEAHY steps of:
mixing 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

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

the antifouling cecating composition (1) having the
weight ratio of the content of Polymer {(A) to the content of Zinc

20 Sait (B) ((A)/(B)) of 45/55 to 10/90;

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

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

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

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

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

Sait (B); and

mixing and dispersing the resulting mixture using a
disperser.

Item 23. The method for producing an antifouling

35 coating 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; 2652) the nonvolatile matter content
is not less than 75 weight% and (3) the antifouling coating conposition
is substarfte®®l 9ffree froma rosin or rosin derivative containing a free
car boxyl group. 25 [HQL(;&-L%][ElJ pERINIET (1 Ali ez 3t ish oyl [Bg. coating conposition
of the present invention conprises a polynmer that is obtained by

pol ymeri zing a pol ydspezabhe thd oviganositsinaunasdt spetsst ohibexyidng: (i.e.,
a 30 poly I‘n! zabl e triorganosilyl unsaturated carboxylate unit- containing
pol ymer) having a nunber average nol ecul ar weight (Wwn) of 1,000 to 20, 000,
and preferably of 2,a3lntoaid,00ng B0&d6prdtre cixtde usaamotnPatyrere (A)
makes it possi bli tg. form 3 coa iOn filmthat can effectively exhibit
ant i f oul i n&3EFFECE s An T dE%i FaBy "Bt event the adhesi on of aquatic
fouling organigps. [0017] If Polynmer (A) has an Mh of 1,000 to 20,000, the
resulting coating filmw./ll have satisfactory physical properties 5

(har dness afid!d o RESCHMRAIMLENt he occurrence of cracking and/ or
peeling, allow ng theanhtteyhi g ebhechyt@mRsiMBbAtS RAd HoEséht ong
period of tinme. If the M is less than %,00 , al though the dissol ving
amount 16f dOFENREOR i FIIMHAELEASes, the coating fil mbecones too brittle and
easily suffers from r i I X ’]{21%2 t i fouling
effect of the coati(rj'?g %i ?gnK anno(tpfoégﬂﬁam}gi %%gglﬁ%rzzpa or’% gg‘?% of tine.
Speci fi cal plerctilahevaNighéx 0€ets0D, @060, PPe theguliei olgtziowmd by fil m becones

very 5tr°”%@19ﬁér?£§h&‘QNpE§§8é¥f§§ﬂfet¥£159&£%L8ﬁ§1 unsaturated

carboxylate; and

bl
1 CE-_{)

15 - (B) at least one zinc salt selected from the group
consisting of rosin zinc salts and zinc salts of rosin
derivatives (Zinc Salt (B)); wherein

{1) the weight ratio of the content of Polymer (A} to
the 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 coating compositicn is
substantially free from a rosin or rosin derivative containing a
free carboxyl group.

25 [0015]

Polymer (A)

The antifouling cecating composition of the present
invention comprises a polymer that is obtained by polymerizing a
polymerizable triorgancsilyl unsaturated carboxylete (i.e., a

30 polymerizable triorganosilyl 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.

[0016]
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 aloati ng naterial; this adversely
affects both cost 20 effectiveness and the environnent. [0018] One exanpl e
of a net hod¥oderpaglpty myevrat vhe sad@@Blobe@ﬁreaaﬂaéﬁCcﬁ@@rﬁmogmwn(S@C)
Wien the My jsgsreasured by GPC, it is expressed as a value (using a

pol ystyrene standard), 25 obtained by conducting the nmeasurenent after
preparing a cali brati dieloneyel Zu)sihrag pol ¥istgfr dn@08sta 2®Gfl@dentee mat eri al .

[0019] It i r.(A eqgr.e o i spersi.on_of
nmol ecul ar V\IIZI %ES %eag[s%[ tgﬁ % %lrﬂ 1hga %e degrf’gdecdﬂo%y @?)y Cs‘f’lgep”sg L
nmol ecul &ar V\magtbihess dzm$ttdeagt13) 0, This virscestsytied ddoereeate nge conposi tion

can be deS|rabI redu d Thi effectively reduces the a unt of sol vent
Used when SUCRANT COHIA Ty PEGHIBE (3 0R“1-6S i) S LEORbIRT R TRRTeFT & This

al so  makesndithtpossd bf® t:0 16hyaperiy aft t{msl i ngr coat MAgiBBL&Yd dhahhat 35
provides a coating_filmhaving excellent physical properties and -11- a
desirabl e dntPPoufi P &rT dbE fEFsU ivAgapeitoPloropt ey filgosoFreases,

particul ar i@ eehwﬁ{, Hay B@c@zﬁleé\/'”td%f b%ﬂe@Pe teha %58999,5@%@ @k&perSI on of
nol ecul ar weight of Tess than 2.5 is J)re erabl e as” Pol yne

pol yme#0 ha\ﬂr@gkangwh 16t the 0 weeds 00®, Cidhd téeda@pleﬁcml@ﬁgoeffﬁﬂte@ﬁl bhae
wei ght of 2.0.tQ fPlIh %a ﬁ?f:eb@rn%fﬁlrt%pi.hgda%ofcg YL%E; %@Qloc{ Q2dldt 1s
?’o ymer (] 1

pr ef er abl e that have a gl ass t ransi n tenperature (Tg) of
20 to 70C, Saedifbealpyrefidr SheyMBERxdeed80Z), WHan thheré'glltsmgncbhmmpnge of

20 to 70C, ft *l‘r’n har Qnﬁ‘eesssvergfngtéé Oge”%h@ RL- LS, Goalh oy ! t”;},' 2 affFoCrteed
little by wa T re-an atm)sp erlcterrpera ure P
sui tabl e ktalledaessfcam]chrﬁj e¢hgth tay beatabhiaidweerfiorate] ong {es |Mnd of tinme.
15 exceeds 20,000, the viscosity of Polymer (A) becomes unduly high.
The viscosity of the ccocating 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.
[0018]

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 & Ae6igaRosi IV IgRoLPT cMteAthiERy FrokSivePeT 260 redpidgent ed by

Gener al For[rg@b@}(l) below. [0023] O RZ 111 R-COSi -RB (1) I R4 30
[0024] Rl in General Formula (1) is not particularly limted as -12- |ong
as it is a hydrocarbonrgroaputdat acontaines mvdolyaerizald] €, OlAst ur at ed

doubl e Donds YEVEls ASUELPLA S ARRIBLES Wontol e LS 3.00-C
R7- Si - O5C GHt=Cidrable Ris E[O_Cl@ﬁéj.‘ G&-}Z=Cé®~l3:bmeroba€i:@g=@-ﬁ_r Mns ofio 0 eéber abl e.
[0027) 10 BipTRhess ol Lo clude, o e aipal Ay ghatn, of  Pyapehed ol o
etc. more preferable as Polymer (A).
[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
film.
[0022]
Polymer (A) can be obtained by polymerizing or
copolymerizing at least a triorganosilyl group-containing monomer

- 25 represented by General Formula (I) below.

[0023]
O R?
| |
R'-—C—0—S8i—R? (1)
\
R4
30 [0024]

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



[ 0028] Exanpl es of Cl1-C8 straight-chain or branched al kyl 15 groups

i ncl ude net hyl group, ethyl group, n-propyl group, isopropyl group,

i sobutyl group, s-butyl group, t-butyl group, 2- nethyl butyl group,

2- et hyl butyl group, pentyl group, 3- nethyl pentyl group, hexyl group,
heptyl group, octyl group, etc. [0029]-28-Exanples of cycloal kyl groups

i nclude cycl opropyl group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, cycllshebeyl 1hrbum NoWEPeRERS HoBaptnal CONtRADSOR X KééaQﬁe

unsat ur at ed, Al Y2 8L QURSIHIRC LEAS. ZHBEJQ{?@PX la ARrOLQUR: Al %&ES”&’% Aroup,
3-butenyl group, 2-pentenyl group, 3- pentenyl group, 4-pentenyl group,
etc. [0031ﬁkﬂﬂawples of aral kyl groups i ncl ude benzyl group, phenethyl
group, phen ﬁpyl group, etc. -13- [0032] The al kyl group, cycl oal kyl
group, unsa ura ed al kyl group, aral kyl group and the |ike may have a
substit@ent. Exanples of substituents include al koxy group, acyl group,
etc. 5 The nunber of substituents and the site of substitution are not.
limted as | ong;H =t {Te (ij—%(;t s—ofct}q =S OVgRt i @}@{ﬁ@p{_@wés@y{z_}

af fected. [0033] anples R6 to nay be' the Sane or different®and 10
represent a C3-C8 branched al kyl group or phenyl group. Exanples of C3-C8
branched al kyl groups@ncl ude isopropyl group, jR§obutyKD group, s-butyl
group, t-butyl group, | met hyl butyl group, isopentyl |gup, 2- ethylbutyl
group, 3- nethylpent |(§rOEP’ etc. Preferable e anples f R6 to R8 include
i sopropyl grouB,” sl ClE =5 ddp; , t obut yR ‘grsup =k { Hgr 6ud — Anong
these, isopropyl group is particularly preferalle. [0034] I n General
Formula (1), R2 to R4 nay be the sane or diffeﬁgpt and it i's preferable
that each represents a C3-C8

- [0026]
CH;=C(CH3)—, or CH;=CH- is more preferable.
[0027]
10 Examples of R® include a C;-Cq straight-chain or

branched 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, isobutyl group, s-butyl group, t-butyl group, 2-
methylbutyl group, Z2-ethylbutyl group, pentyl group, 3-
methylpentyl group, hexyl group, heptyl grcoup, cctyl group, etc.
[0029]

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

[0030]
Examples of unsaturated alkyl groups include 2-propenyl

25 group, Z2-butenyl group, 3-butenyl grcup, Z-pentenyl group, 3=~
pentenyl group, 4-pentenyl group, etc.

[0031}
Examples of aralkyl groups include benzyl group,

phenethyl grcup, phenylpropyl group, etc.



20 branched al kyl group or phenyl group. Exanples of C3-C3 branched al kyl
groups are the sane as the alkyl groups listed as exanples 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 triorgadosilyl group-containing nmononers
represented by General Formula (1) include triisopropylsilyl

gr oup- cont ai%3*d nononers, triisobutylsilyl group-containing mononers,

tri-s-butylsilyl gropps caniai §idg, Mays ﬂsgfkyﬁ%ﬂougi SOReRt Y8 ELYL k1

group-containi ng nononers, “trrphenylsilyl -group- ont'al ni ng MONONErs,
di i sopr opyldzssibut §kslkyl apooppaned ghtcailpkagmap igver ¢, substituent.

di i sopropyls h% | sk I - t aj.ni,Nng r
G| oo oEy B St Ay SNB e PIDLRO IBRPTRE R, syt sroup, .
di i sopr bpy|Thkenynbet ybf grubspitomttas @nag theneiter ©f 3Bbstitution are not

i sopropyl diji.sobutyl si]yl_ group-containin noners, .isopropyl di .-14-
s-butyl si | ﬁldeQ'SE}p?%ojr%%g %isngg?m s, O?-% YIRS LBt A s oy adversely
gr oup- cont aiffficagegononers, t-butyl diisopentylsilyl group- containing
nononers, tb@%t | di phenyl silyl group-containing nononers, etc. These
triorganosﬂl I3éroup-containing nmononers nmay 5 be used singly or in

combi nation. Among thes@lebl bf SEPEOPY flahYbe HOUWRMEODE alI¥ ARG APNONET S,
tri-s-butylsilyl group-containing nononers and t-butyl di phenyl silyl

gr oup- éBnt diERrR§SRBbrRdferss arenchedfariabl roupdo mhiesypr opyinsi | Fxamples

gr oup- cont aji . h i I f the
ot oduct 1 on hr Soeze P SRTERL ANEyR onr Skt LA S A PSP o
envi r onnentgaioups afetyt vy cirosppr ogydtyill gkoge o reshy dbwi g gronper s wher ei n

A R e L e ]
gr oup- cont &ireifrgahba crrenplesnof Rfetoriki saplogy | sidpropgiregiyasr y-aniey]
(111 SOPLODULSLEY! ¢ 43, RETL0G8! S UL L300 P SIL M 2 SRl gt
triisopropysubylsnedeatee] arsphtadertibilesopropyl silyl 20 nmal eate, t-butyl
triisoprop%b%%h¥l mal eat e, n-pentyl

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

20 branched alkyl group or phenyl group. Examples of C3-Cy branched
alkyl groups are the same as the alkyl groups listed as examples
of R® to R®.. More 3pecifically, isopropyl group, s-butyl group,
t-butyl group and phenyl group are preferable as R® to RY, and
isopropyl group is more preferable.

25  [0035]

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

30 triisopentylsilyl group-containing monomers, triphenylsilyl
group-containing monomers, diisopropylisobutylsilyl group-
containing monomers, diisopropyl-s-butylsilyl group-containing
monomers, diisopropylisopentylsilyl group-containing mconomers,
diisopropylphenylsilyl group-containing monomers,

35 isopropyldiisocbutylsilyl group~containing monomers, iscpropyldi-



triisopropylsilyl naleate, isopentyl triisopropylsilyl maleate,
2-et hyl hexyl triisopropylsilyl nmaleate, cyclohexyl triisopropylsilyl

mal eate, bis(triisopropylsilyl) fumarate, nmethyl triisopropylsilyl
fumarate, ethyl triisopropylsilyl 25 fumarate, n-butyl triisopropylsilyl
fumarate, isobutyl triisopropylsilyl fubdrate, n-pentyl triisopropylsilyl
fumarate, isopentyl triisopropylsilyl fumarate, 2-ethyl hexyl
triisopropy—$ilyll st Livarcoap-egelsiang Merenetsor dpPreyiqiisobraraselyl et c.
These nono o » 1S j or._i i [ 3 ticular,
triisoprop&?@?P;Fg?ﬁégqﬁiggPé*éﬁ%f%’stngFg%ég%%§%ggegls%£¥% ggr pyl si |l yl

gr oup- cont &ionicagn i ormonef 8037 b e diphenykopydpyksipydontaenhyacryl at e

means trii r | sil yl I .80 | sil.yl. methacrylate,. 35
10033] - 15 SREPPPY ¢ ooy PEoTs, R alBh et yRa B ol S TR RaI et i)
pref er abl e basuPellysigl(yApr En pauttiredulian, amfngotmenﬁy tebi adpetbydygilyl

wel ght 9% of SCPEPSORR IRy LRl gt SELyPRTEY S (k) GERET SPRy 105D 50

wei ght % anchcpobes sy (L8ut9140meivght Yo of grdmt-byht spihac ishahers and (c)
generally 0 tg 60 weight% and preferab g 0 to 50 weight%of (meth)acrylic
esters ot h®FSERAAPISy) AehETEbIORLIYEL Y AbISECHB~ CIHAYHEE THJOMILG038¢ 10

The unit "wei-ght28edicat es-drhenRer caUAGR 8k €8shrdmpenss asthe total
anount of the nonomers to be copol ynerized is defined as 100 wei ght %

[ 0040] 19f pHeduesht@ntcast, MeHakabilaryf af| sawvinateniehe ranfgensiror®ngelt o 60
wei ght % t ul tin ,Ng: £l 1L vel: i bi esired
antifoulinggg%?gbt§f£%¥%ﬁg%k£%g?ht%gwhhyaﬁg%ggﬁggr%%%Po tﬁgég%gffﬁg§ ilm
can be sui Rabkxe cddt tebbedhy]l maonpai aragretierdest rabloe tantrdandginglef f ect

4
for a long ri.od _of . t.i This. also i nproves the water resistance and
strength OQQ%HB g%é?%%ﬂiﬁgfﬁﬁ%&¥%ﬁting film [0041]

[0036]

15 Examples of triisopropylsilyl group-containing moncmers
include triisopropylsilyl (meth)acrylate, triisopropyisilyl 4-
pentencate, bis(triisopropylsilyl) maleate, methyl
triisopropylsilyl maleate, ethyl triisopropylsilyl malieate, n-—
butyl triisopropylsilyl maleate, isobutyl triisopropylsilyl

20 maleate, t—bufyl triisopropylsilyl maleate, n-pentyl
triisopropylsilyl maleate, isopentyl triisopropylsilyl maleate,
2~ethylhexyl triisopropylsilyl maleate, cyclohexyl
triisopropylsilyl maleate, bis(triisopropylsilyl) fumarate,
methyl triisopropylsilyl fumarate, ethyl triisopropylsilyl

25 fumarate, n-butyl triiscpropylsilyl fumarate, isobutyl
triisopropylsilyl fumarate, n-pentyl triisopropylsilyl fumarate,
isopentyl triisopropylsilyl fumarate, Z2-ethylhexyl
triisopropylsilyl fumarate, cyclchexyl triisopropyisilyl fumarate,
etc. These monomers may be used singly or in combination. In

30 particular, triisopropylsilyl (meth)acrylate is preferable as a
triisopropylsilyl group—containing moncmer.

[0037]
Here, triisopropylsilyl (meth)acrylate means
triisopropylsilyl acrylate and triiscpropylsilyl methacrylate.

35 [0038]



If the content of Monomer (a) is less than 30 weight% the resulting
coating filmw Il have poor resolvability, nmaking it difficult to exhibit
the antifouling effect for a long period 25 of tinme. If the content of
Mononer (a) exceeds 60 weight% the resulting coating filmwll have
unduly high resolvability, making it diri¥tcult to design the coating film
Furthernore, this wll make it inpossible to render satisfactory water
resi stance and streénhdtiiceptoryledatyingnet) rﬁCIB’@)aF@OZ‘FZi]Ol\MQﬁ tfoodameent of

Monomer (b) A' 2b:lg %P@féraeﬁ'ﬁ% ot E%?Lyr&e?: §R?1ér 4 Eé{%%#gﬁ reSH'J: 9“ ng

filmwll mal ntarn sui't ab tr'ent r along
peri od of tqbrlrelnedifby h@p@dmmeniznfg I\(tar)nogeme(d:i)ly §0| &g so haangmﬁ%vmoght % t he

35 resultin oat j [.m rret 0.soft an
Sorter it ontsSRRbRlg 74 0 b ke RERATRE! 07 PRI RS P! (RcBRSLEN axty
exceeds550 (wei ghh%ah]l;t n@ugb B(heﬂeS]Igﬂ'ler%ghth{irdﬂ@EabéyLﬂﬂl itag 4000a1qm:gs blfl m

will be inpro , ting V\A|| becone t ard, ading to the
ri sk of cr éf@@/lkfg IB‘?t Y ﬁ‘ée' SaIE £3] IFRETE M g?h@$ %aé?‘?rl ic ester"

( Mononer (@)rbfema caecroylsocW@ﬁra:r%s o@fr (et MR y1ie @§ﬁ@.f§ oehBer tidranamet hyl
met hacryl ate. Sg ic exan‘gl es ther eof i nclude nethyl acrylate, ethyl
(et h) acr yl2&€e (Ph- b%tRHEfF b§ &7 Hored ymeT piftyl 10 (meth) acryl ate, t-butyl
(et h) acryl[@fog 2-ethyl hexyl (meth)acrylate, lauryl (neth)acrylate and

i ke al kyl (rreg h)acryl ates; 2-methoxyethyl (nmeth)acrylate, 2-methoxypropyl
(met h) &€ryl ate, 4- rrélh@oségab‘gtwel(qlﬁérﬁ) akdjtaies, thequlm@}@talq?l of each

(met h) acryly Eﬁé;{nﬁ?dwlllé ¢l 168&9'%%11& Eh%ﬁé”r&éln%&?ﬁyfé "t%net'&ﬁ?%%?eﬂ{ﬂé%iﬁ'

nononet hyl acryl ate, propylene ycol nonomnet ate and
| i ke al kyl emedgEyued amridfewdydht(.net h) acryl ates; 2-hydroxyet hyl
(meth)acryl §t0§i 2- hydroxypropyl (neth)acrylate and |i ke hydroxyal kyl

(met h) acryl di met hyl am noet hyl (neth)acryl ate, diethylam noethyl 20
(met h)acryl at e and |1k @ hdi abrktyéra:rﬁomombhmhej( ntet) hfaﬂ:leylva]rteﬂn and range of

R CHEE EAR Tk COTE SN TR b ceTE
eXh:LbJ_t the desired 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 cocating film.
[0041]

If the content of Moncmer {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 period

25 of time. If the content of Monomer (a}) exceeds 60 weight%, the
resulting coating film will have unduly high resolvability,
making it difficult to design the coating film. Furthermore, this
will make it impossible to render satisfactory water resistance
and strength to the coating fiim.

30 [0042]

When the content of Monomer (b) is in the range of 10
to 50 weight%, the resulting coating film will bhe able to
maintain suitable hardness and strength for a long period of time.
If the content of Mcnomer (b) is less than 10 weight%, the

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



t-butyl di phenyl silyl (nmeth)acrylate and |ike triorganosilyl

(met h)acryl ates other than Mononer (a) In addition, benzyl 25
(meth)acrylate, phenyl (meth)acrylate, etc., may al so be used. The
above-nenti oned exanpl es of Mononer (c) may be used as a nononer conponent
of Copolynmer (A) singly or in conbinatioht- Anong these, ethyl
(nmeth)acrylate, n-butyl (neth)acrylate, 2- ethyl hexyl (neth)acrylate,

2- nethoxyeﬁWiﬁe€nﬁﬁﬁyaEﬂ¢l5%@W anBd ijret Hek§Proopyl T (6t KPaEeyT atfeMoemer are
particularly,p I Neqo ] | ymer
(A, any % n%gégégﬁég)ﬁﬁg thggahg%éhngﬁpéﬁﬁghakgﬁgagﬁég%bgg and (c)
may be add@@atmngnleﬁvaﬁﬂuhe imuﬂowﬁdesth@tCQﬁbﬂBgséiynaﬁﬂécbechﬁaWQDer

resi stance.an resql v |I|t of t he t|n [ 0045] Exanpl es of
usabl e rmn&% %%cfl % % corrpoun §acﬁlr\% Igge‘fz’unc(i{lonal group,

aromati g cqmﬂ@ﬁmds, acryllc acid and 5 nethacryllc aC|d Exanples of vinyl
conmpounds having a functional 0 cl ud V|n yl i dene
chl ori de, (neth)acﬂ§1oﬁ?FW|l?;é%ﬁ ﬂ%ﬁkgé%ﬁ%ﬁ %% théq | auryl
vinyl et hemealsVhdydl Ry Hsekidose methecr asplasref oam@fraina@ me® ounds

i ncl ude styrene, vinyl toluene, a-nethyl styrene, etc., 10 [0046

partlcuIarHE@@B@Fyh%WE(A§P$%9§ﬁﬂeﬁ§?@B1%se¥h9§68fyh&ﬁlUQ§fmﬁFhY%dﬁF@ﬁ?F%nIyI
(met h) acr yle@h 1( M?@Wcr@z@g):e, nFIkthlyl r(ﬁéﬂ@)%(éﬂ bee( '\@1}9@1 (b)) and at
| east one nnnoner selected fro roup conS|st|ng of éthyl
(et h) a@r yl@esh) achykate, 15— Pﬁ’éfh)(i@t‘ljl?éﬁéyl@'—eet Ry Ehkydiexyet h) acryl at e,
(o). Bod T B R e g P e et g
copol yner, aephbacmﬁkataspoEymEWhOXMEEQYBI@mﬂjﬁ@mmwyaé$ 2etOOABPr dRolly mer
(A, 7y e G Ret e T AL SeRIRLr 1 POLUBIAN NN (e fPromer (D)
(meth)acrylate and like aikoxyalkyl (meth)acrylates; ethylene
15 glycol monomethyl (meth}acrylate, propylene glycol monomethyl
(meth)acrylate and like alkylene glycol monomethyl
(meth)acrylates; 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate and like hydroxyalkyl (meth)acrylates;
dimethylaminoethyl (meth)acrylate, diethylaminoethyl
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)acryliate, 2-
ethylhexyl (meth)acrylate, 2-methoxyethyl (meth)acrylate, 2-
30 methoxypropyl (meth)acrylate, etc., are particularly preferable
as Monomer (c}.
[0044]
In synthesizing Copolymer (A), any monomers other than
the above—-mentioned Monomers (a), (b} and (c) may be added in an

35 amount that does not adversely affect the water resistance and



[0049] 25 Exanpl es of polynerization initiators used in the

pol yneri zation reaction include 2,2'-azobisisobutyronitrile (AlBN)

2,2 -azobi s-2-nethyl butyronitrile, dimethyl-2,2" - azobisisobutyrate and

| i ke azo conpounds; di benzoyl peroxide, di(3-nethylbenzoyl) peroxide,
benzoyl (3-nmethyl benzoyl) peroxide, 30 diT-auryl peroxide and |like diacyl
per oxi de conpounds; di-t-butyl peroxide, t-butyl peroxybenzoate, t-butyl
per oxyi sopreggileapbbhat ©f thBugsatiper 6%yBct oate and |ike t-butyl peroxide
conpounds;[boq | peroxy-2-ethyl hexanoate, t-amyl peroxyacetate, t-anyl
per oxyi sononanoate, t-anyl peroxybenzoate, 35 t-anyl peroxyacetate, t-anyl
per oxyoct oat e, di (tExampdlesepdxisi)le mpgomdrd -dictudanyinpercorpyeydd ohexane
and 11xe a0yl Per 06148 o GTRONALS i BRd: | 2 NEXoLREL OXYc.anglhyL iexagoat e,
t-hexyl péroxybenzoate, {'“he yI “der oxXy-I'sopr opyl monocarbonat €, 1 - hexyl
per oxypbvahateactyhexdciger dkypagileat ef tithex ybmpeurtdy megdag anaatmet boand

i ke t-hexyl peroxigde conpounds. These_ pol rization. .initiators may be
used singlﬁr8$piﬁn%‘ﬁ#?ﬁggygngh%ﬁ aﬁﬁﬁyfgﬁgﬁbFégoﬁ*d?he pol yneri zati on
initiators {mRehyderdiattpeepxieyl ceapatadsyutylbut i peridwirdel gonpounds,

t - anmyl per oxi de_conpounds _and t-hexyl peroxi de conpounds. Anong these,

t - anyl per o8¢ 1 10t ATNEEY AnRY ¥ HELPP Ber 85 deEEFMIGGE aFdiHd e

pref er abl e.coRBpouH8s Nthd 1Ay LPerod de 1 6QIPesNdsOr ot mBexyl RekRXhEe &enpounds
as the polynerization initiator, a polymer having a narrower nol ecul ar

wei ght 1€i sth008@di on, and a | ower viscosity can be obtained conpared to the
case of using anot hey, Polyiesi 28! ieRosdmed N akOpref ARl BY SUIARLY
g the anmount of the polynerization Initiator used, the nolecul ar
wei ght of Pdl yreisé@omanibyl suitttablcyyadiestgion2o [D051reERshpl es of
bol yrer | 28l ESRECBT S GHCOsT e it PR, F et er e dime s blerred et c,
Anong t heserosokhéi grourpabyrestizat icdn ekbypr efesrhableyléesauseutylal | ows
PO'ynEiS(thﬂé%h?gcrylate, Z2—-ethylhexyl (meth)acrylate, Z2-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'-azobisisobutyronitrile
(AIBN), 2,2'-azobis-2-methylbutyronitrile, dimethyl-2,2'-
azobisisobutyrate 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, t-butyl peroxyoctoate and like t-butyl
peroxide compounds; t-amyl peroxy-2-e¢thylhexanoate, t-amyl
peroxyacetate, t-amyl peroxyisoncnanoate, t-amyl peroxybenzoate,

35 t-amyl peroxyacetate, t-amyl peroxyoctoate, di(t-amyl peroxide},



25 prepared easily and accurately. [0052] In the polynerization reaction,
an organi c solvent may be added, if necessary. Exanples of organic
solvents include xylene, toluene and |ike aromatic hydrocarbon-based

sol vents; 30 hexane, heptane and |ike aliphatic hydrocarbon-based sol vents;
et hyl acetate, butyl acetate, isobutyl at&tate, nethoxypropyl acetate and
| i ke ester-based solvents; isopropyl alcohol, butyl alcohol and |ike

al cohol - basled €8I(Feargl Rﬁr@)ﬁam@yCQf@m@p anfekike di-Bovy|pestrédeand |i ke

et her - based el yents: TPty 6t hul el o0 35 SN of Soliulh ket one and

| i ke ket one-base ol vents; Anp -19-"these, aromatic
hydr ocar borpasasetiespdaent $-aesypriedrrgbliepparply lnopbenebimatrnr €-heefler abl e.

These sol vent ed singly. o in,c i nati on 0053 The
oacti on SO E s T ol s B Y iy B SR e e
sel ect ed depehdiikg orhd:hd typexidde tdvapopatiynerrhzatiorl rrirtizatosn et c., but

is generally .70 _to_140C, .and referably 80 to 120C. The ti cessary for
t he poIyneﬁf?ﬁﬁ?%ﬂrsr@ﬁ%ﬁﬁeoﬁsﬁaysiﬁg%ﬁJP abl'yC<H éandeﬁgﬁg$%é¥ t he

reaction 1Q{pesabiirthe ¢otymebitiatiiongenet sddorsahaul ude tdl a8 yPEFSidd 0054]
The pol ynerization reaction Is preferably conducted in jnert gas
at nospher eSOORER% s HiRWOGRAT§RTIA P RPHORS gals MY DBSS 1dEs CPPRRUTSH t  ( B)

The anti fOLHﬂd‘&—ﬁeﬁﬂﬁ@ccﬁﬁ@Boé&ﬁ%&ﬁd%f. LAy €868, NVRALLER: LNt ai ns at
| east one zinc salt” (Zinc Salt (B)) selected fromthe group consisting of
rosi n 2zPnc aaresngadend rfchegalperefideosompdends arevagre RusdgsabencByal t s

Stabl y oxi ot (RS B e T TS BF o & P HeCOrae TR B (e

present i mrenppoymdaiszaiionl Lehtidtong- tepol wior dgeabe| a tnarrfo@es6] Wien

200 ™ 22 heABE SRS, TREPERIT el FLfove: SR, LI e i e
obtained compared to the case of using another polymerization

15 initiator.

[00503

By suitably selecting the amcunt of 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 sclvent may
be added, if necessary. Examples of corganic sclvents include
xylene, toluene and like aromatic hydrocarbon-based solvents;

30 hexane, heptane and like aliphatic hydrocarbon-based solvents;
ethyl acetate, butyl acetate, iscbutyl acetate, methoxypropyl
acetate and like ester-based solvents; iscpropyl alcchol, butyl
alcohol and iike alcohol-based solvents; dioxane, diethyl ether,
dibutyl ether and like ether-~based solvents; methyl ethyl ketone,

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



of rosin (or rosin derivatives), because sodiumsalt 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
wat er resistance of the coating filmmy 30 be |owered. [0057] Exanpl es of
rosin zinc salts include gumrosin zincl%alt, wood rosin zinc salt, tall
oil rosin zinc salt, etc. These salts may be used singly or in
conblnatloﬁhe§§r[@KﬁﬂﬂthZbydE9QﬁﬁﬂQ@sbéﬁe§|3R§W§@F§sa%ﬁ predenabbei viad ves

| ncl ude. malghBhzed LSl wgr%@iﬁ TR QLINLLLEL & Gl 2 pggaéfrﬁgly or

pol yneri zed“rosin zinc sh ogenat rosin zinc sa
di sproport ionatedinagsion.zi nc salts etc. These salts may be used 5 singly
or in conblggéé? [0059] In the present invention, it is preferable that
the rosin salt be at |east one nenber selected fromthe group
consi stsng of . gun1rQMEnréa@@uﬁahtﬁpememmkawxﬁ nhei pel welrtisaandn Ikatal bn oi |
rosin zinc salts; B' L nc sal.t of a osLn de iﬁative be at | east
one nenberm§¥IE%t%HP?qb th R efﬁ' 56988ﬂ§?%t9q1 W%ﬁ‘&%é Sted rosin zinc
salts and gisphepDiddinat adtisesdt, ne&b”? 5@t tis. gbﬁ@ﬁéﬂly’ﬂ@ the14®si,nagal ts
and the rosin derivative salts éhe commerci al |l y_avail abl e ones.

t

Al t er nat i veEgIerdely &) ﬁosé?@ézan Hdre HEFRSERTY VAL Fae SR EeFagahion

produced by..g-kngynRtR0dy: £951y %@@Ek@d ddpRntiefl Nok Ahd ReaESHM
derivative) zinc salts can be prepared reacting rosin (or a rosin

der|val@veﬁemaerﬁﬁpﬁﬁffﬁéé 2dm@aw50@yneg@ 4000 group) hAiER-a zi nc oxi de
whil e heatig hr a solution. [0061] One of the nmajor features of the
conp05|t|o& ? he present invention is that it contains a relatively

| arge anmount 25 of ThenpoBateri(@B)tioThecawiight isaprofafabilyecontitest oh

Polymer (A} Lo thal QhoghRE s8] tadB) oM i LoMBeS! LA ) G4B)) TS
[0055]
15 Zinc Salt (B)
The antifouling coating composition 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 Polymer (A), they can stably exist
in the coating film. Therefore, the compcsition of the present
invention has excellent long-term storageability.
[0056]
When sodium salt, calcium salt, magnesium salt, etc.,
25 other than the zinc salts menticned 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 cof the coating film may
30 be lowered.
[0057]
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 [00%8]



preferably 45/55 to 10/90, and nore preferably 40/60 to 20/80. Wen the
weight ratio falls within the range of 45/55 to 10/90, the resulting
coating filmw Il have excellent hardness and 30 strength, allow ng the

di ssol ving anount of the coating filmto be desirably controlled and the
coating filmto exhibit a long- termantiéouling effect. [0062]
Furthernore, rosin zinc salts and zinc salts of rosin 35 derivatives have
a | ower viscosity thxarRdegnef {IXC sadteoppearosiz] desarasivesd ihckalaret al

sal ts other Jl@%ﬁirzgéir%%{nncziﬁgl Lsrand f%'ﬁng%%ﬁ 21%5% LOSL ekl vatives.

Therefore, Dy Using a atively dr ge fosin'zinc Salts and zinc
salts of rgsilymedéred ataaies zincesalum,t hiydrddenateidghtsiat zina aajes as

menti oned 5,.above, the viscosity of the_coating c oSi ti can be | ower ed.
e R arE I SRR P SR ERg Eorpoo e Shils Tl wSee
vi scosi by, dikglgndunin dorgohvensncan be reduced when the conposition is

used as a coating material. This results in desirably obtaining an
antifouli ndot%r?a?t]i ng material containing a 10 | arge volunme of nonvolatile

matter content and a; sl ppes&ANti@GRnt 96y volatiisl 8rOFRd G ¢ARPOURAS
(VQCs), i.e., a lowVCC anFl fouling coating material. 006%l The

conposi ti oFFHNt AENPrEsents AVehtavn AN TEURIHFAFCI AR Yr It d&f BBMHN osi n
and 10Sin_dREYaELNESod hEh CBBLAI fund LeecCAnROXyl-BiAupS, SRaeLligpl Iy, the
content of the rosin and rosin derivative in the conposition of the
presenflCi nwedtli onli sosipr efiecabbytsotaridi ghet theamribowesghtdd samdsior e
preferably t.o_ .0, i_.ght % _The raosi ng oS %r'v@!'v V\%hat contain
free 20 car eéf)%yﬁtjg‘rf%u%% a\}ééaﬁltg%n%ﬁ?#ngsgi ?fcel yerai %g}rne oéf g,ef%u en the
coating fi lconesdst anmsoiSughirogsnasedndstiastinderdivat buesdidrepowat @rated
resi stance of ,the,coati filmwll be |lowered, which may cause blisters,
cracki ng af@ k&M@ r¥tt S on the coating film [0064] 25 Cuprous Oxide It
is preferalfogephat the antifouling coating conposition of the present
invention further contain a cuprous , , ,
15 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. For
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 (CCC 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 dissclving amount of the coating film to
be desirably controlled and the coating film to exhibit a long~-
term antifouling effect.
[0062] _
Furthermore, rosin zinc salts and zinc salts of rosin

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



oxi de. The cuprous oxide can function as an antifoulant. By containing the
cuprous oxide, the resulting coating filmcan 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

i nvention. For exanple, the cuprous oxidelray take a formof a 35 particle.
-22- [0066] The average particle dianeter of the particulate cuprous oxide
i s preferaaltd eod20i mmetd lnpa et pradterabhyn gasgn 20npnyallseantheinc

conposi tion of. t I ion i t r.o ' avi ng an
aver age par aﬁéﬁseg ig(?r%ﬁgg of @é?{‘%é%.o %ﬁ]&@%%'dpgsg?%g %%% %%%\dﬁ he
coating fillmmenabeudesir albbyn ziont rsellltedasd iivaet salbengt trersinmant i f oul | ng
ef fect can be, eéhibited. v%entthe gy rous gxi e has_an average ﬁiticle
di ameter t K&t AR thiSh 7t KEEPHhde 8ot B ethe i $EG FP@G 0 of the
coat i ngscomyesiet, i 6he Ofidde@ipyesenthd meant hgnecadvshe iofi utdihee Lowered,
desirably producing a | owVOC antifouling coating material.. [OOGE%QQH -
xi de

pref er abi e BxdM3FeCaTe 1t MERERM e (458U GpRE UL Fe COMBCT 197 fip?

whose surf agedesieQyerid aotiit ao £ ol lihRE tag8ntne ~MBRRea PR it at e cuprous
oxide is used, it is preferable that the surface of each particle be

covered wi taPMROSAE PG RgERE. aByd QAFERENGAWTIRla cBatS Agsageatin oxi dation
of the cuprus r%'lgeo&?dinlﬁg Qﬁsér{t?i_tﬁo\ﬁl%gV@c%t%% 29e LPPBBI-xampl &5 of the
usabl e coating agents i1 nclude stearic acfd, lauric acid, glycerol,
sucrosé0 | eeingsi molene ofTheseolgbbtd mgtagententemmt Badusednslilngkeycortags

o o RS i LSS Sobr I carmsabion et
200 to 300 guattimgbyawetigiit. of cuprous oxi de per 100 pérts by weight of
t ot al annunhxﬁ%]Polyner (A) and Zinc Salt (B) . Wen the
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 composition 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 like defects on the ccating film.
[0064]
25  Cuprous Oxide
It is preferable that the antifouling coating
composition of the present invention further contain a cuprous
oxide. The cuprcus oxide can function as an antifoulant. By
containing the cuprous oxide, the resulting coating film can
30 effectively exhibit the antifouling effect.
[0065]
There is no limitation to the form of the cuprous oxide,
as long as it does not adversely affect the effect of the
invention. For example, the cuprous oxide may take a form of a

35 particle.



content of the cuprous oxide is 100 to 400 parts by weight per 30 100 parts
by wei ght of total amount of Polymer (A) and Zinc Salt (B), the coating
filmcan exhibit an excellent antifouling effect. [0070] It is desirable

t hat cuprous oxide contained in the conposition be covered with Pol yner
(A), Zinc Salt (B), an 35 organic sol vent-to be described later, etc. Wen
the cuprous -23- oxide is not satisfactorily covered with Polyner (A),
etc., the [A¥®0dus oxi de cannot be satisfactorily dispersed in the

conposi tion and may ﬁ%@“a%%%%&a‘ﬂi@l@”dié@ﬁ@éﬁ he EH&” ik dee

aggregates, cracking or pee easily occurs'in the resulting 5 coating
film [007XupThescorpdsiitsi pnebéraihe pr ésehf 1im\eert mone nene faurbhers toont ai n

any ot her iporgani¢c antifoul ants, .in addition to the _cuprous oxi.de,.in
Sloh an: amionee nat B0kt oy s o P arie BTt s PR AR bl
Exanpl e5 ofcugsahkeox e gani agamt | Hwedagnt part ndlcude anepperod I3 aeyahaing

(general nane: co r. rhodani de), cuproni ckel , copper powder, etc. These
or gani ¢ 6 FOOP Rt iy CeHet L CRRONG il foBoR) HRVGELY 0077 15
Pi gment Thecaktrbl 0edii 619 teR@t kNYorkdRaesl bhonfafl iheepresetian bavention may
contain vari ous_gl cgm&*nts. By adding one or nore pignents, the strength,
t he weat he®X¥é6il§BAnc SR HE GBI OUF eQF EINAES, 2BNR IROSdP3Ebl Gk ity of

the coating;bhLAkeame £a29si FPHONEEnel Q943 di ePREL DG ULRT thbl viScosity
preferable that the conposition of the present invention further conprise
a zincloxi @d. thy eeding sgomppaction ¢d, thherdiswdl dniemtoin ke besul ting
o of foct FVAT Y oahy bt c. CTRE" FormEaP ot e ki de TRl Pt ar by
limted. Fawoaéxagphaiemiaparti cul ate zinc oxide can be used. [0074] Wen a
parti cul at e[06i69(f oxide is used, the particle
A preferable example of the form of the cuprous oxide
15 1is a cuprous oxide whose surface is covered with a coating agent.
When a particulate cuprous oxide is used, it is preferable that
the surface of each particle be covered with a coating agent. By
covering with a ccoating agent, oxidaticn of the cuprous oxide can
be desirably prevented.
20 [0C68]
Examples of the usable coating agents include stearic
acid, lauric acid, glycerol, sucrose, lecithin, etc. These
ceoating agents may be used singly or in combination.
f0069]
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
welight of total amocunt 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 amocunt of Polymer (A) and Zinc Salt
(B), the ccating 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 solvent to be described later, etc. When the cuprous



30 dianeter thereof is not particularly limted and may be selected from
the range that does not adversely affect the effects of the 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 by3wei ght of total anount of

Pol ymer (A) and Zinc Salt (B) . Wen the zinc oxide content falls within

the range o&ife e 190 sedissaplonkiywoveped Mod Faryseby(Aei §he- oftheot al

amount of R ) Lhc : [ i rate of the
coating fif%#%gﬁgbéé%ﬁ??%€ﬁ$e %%ﬁ%?%%Fég%Oﬁagﬁcﬁﬁgég%%%n%§¥%% content is
| ess t han I@mpastisidy angeinghit epeibit0Gggaesatinn . .welilgdt thle topadusmmsdade of

Pol ymer (A). _and inc Salt .(B), it i,S.i sjble tao satisfactaoril.
oo ot oaghRag Ll SdhBl or ifed 3 RO P (kDB LALASEAM e (e

zi nc 1l050oxicbetaagt eénimexceeds 100 parts by wei ght per 100 parts by wei ght
of total ar@]%g; of Polymer (A) and Zinc Salt (B), the solubility of the
coating fil ¢essi vel y increases. This makes it difficult to control the

dissolving rate of the ceapbss: fdd Wt th80FEsche ohbeft tdiamal/heurineg oxi des
menti oned above, known water-soluble pignments and water-insol ubl e pignments
may be use@CTASLIEhANDIYHSHt SLOTTURA 2BkaRprESH wat 3AdsHiuble pirgnment s

i ncl ude cupiPWSs20xd den SOPREIn QXHae €RPPeINheEYaRAl el BEfect
carbonate, zinc sulfide, calcium hydrogenphosphate, calcium phosphat e,

cal ci ubb sithecaneifeplomac gfbontt e ExXprpies @fbgagble niprasinam aydionldets
magnesi um gar t re- I]%“%'.g Y ed singly
or in conbfiﬁlg??(%%. 8@%%?#@%?%}% f(gieggl[:)%fé)f er abl ggg}%é% %%63%?1?%):{3,[ one
menber sel ecpednicis t wpgeoupowdnsi sticng Wiesec Uproym1iox rdesfandntepnays

ment i oned 55 ARChar Y oF arvesr ool bl e pi grent hmy be the Sams or
di fferent foomethose listed in
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 improved.
[0073]
In particular, it is preferable that the composition of
the present invention further comprise a zinc oxide. By adding a
zinc oxide, the dissclution of the resulting ccating 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 oxlide can be used.
[0074]
When a particulate zinc oxide is used, the particle
30 diameter thereof is not particuilarly 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



t he above description of cuprous oxide. [0079] Exanples of water-insoluble
pi gnments include titanium oxide, iron oxide, talc, calciumcarbonate,
silica, kaolin, 35 perlite, mca, bariumsulfate, graphite, carbon bl ack,
etc. These -25- nmay be used singly or in conbination. In particular, it is
preferable to use at | east one nenber setéected fromthe group consisting
of titanium oxides, iron oxides, talc, calcium carbonates, silica, kaolin
and bar i ummsukf preferably VAt e 0 inrsdisuby evpidrener 1§0080tsThe weight

wat er - sol ub] ' ibi H}g ff e .1 RCKeashng ubiLjty of
the coati n%fﬁcﬁlrtng:fﬁé]%s@uan%?gr b&% nc e(op‘>2i gédioislnad c%%rlrgoﬁf?\id]' tﬁgtgngﬁeo%}slbto t he
wat er - sol uhixddpi goetdntl Fadasegdtrlyin The wabes -ainddl abl 0pimarest by esdiigbitt t he

effect of reduging the . solubilijt f the_coatin ilmin awat ey..

Theref ore, By SPLRBTY $51 SEEPRY Tha ALgpee ARt AmobRovr . 80 Lifiubl o

pi gnent sandanat epy | nsed whilseopiron®niatet be phy sdealingpreoperddrebeandi tably
solubility of the_coati gg filmcan be,gui t abl 15 cont rgl I eg %0081 There
is no |imRPEERIESIt hENERNthZ15C PREIDiGRERTEi A5 1% EOABoSY tH35RSoPY t he
present i nyRALHheNpe HOVERY @arthtbl Sweid@sl habterdihahotine §0NtARkeef (A)hend

pi gment be selected so that the 20 resulting coating filmhas a pignment

vol une condémer 8elon(BRvA)L 1sf imprasgP3evsanth HorfechPet kY aisloplenatd W5y, |

[0082] A cogtisng,fibmdiaviag g %fil!fm_e|§§ M@%e%w’ae{oc@%g ! WH%nO’L]E}%) 239kt and

have insufficient strength. A coating film having PV exceedi ng
50% wi LD bexidet cortemd exasetly thagartp0bB3feitid PYC E6h Heatsbbdiwedly t he

‘E?'n'cf‘l’fd[‘g SHE8EAL | Slund D88L Inde (). 50d O3 Ao NANWITRR{ TdnOLob S gTENt S
g 30 pignents that are not dissolved in the solvent) = Totdl
volume (mof ahet beatsiolg didonpeoesdisred yl00creases. This makes it

difficult to control the dissolving rate of the coating film.

[0076]

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

[0077]
Examples of water-soluble pigments include cuprous A

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

25 that at least one member selected from the group consisting of
cuprous oxides and cuprous thiocyanates be used as a watef—
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.

[0079]
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



[0085] In the calculation, the expression "Total volunme (m) of the solid
conponents" refers to the sumof the volunes of the 35 pignents, Polyner
(A), Zinc Salt (B) and the |ike. Wien the -26- conposition of the present
i nvention contains the cuprous oxides listed in the above description of
cuprous oxide, and organic antifoul ants?5pl asticizers, dewatering agents,
di spersants and the |ike, which are described |ater, the volunes of those
5 conponent®vake baed uiewliynor hin "crobahaobmyme IpnParigicuwhes, sbt i
conponents”. | im]lar_to r i L L.r that the
pi gnent s C(g)r]fte:}t‘ci‘QJ %ggl? E&C%nﬁJéS%cgrrcrp%és%% %ﬁlgbggﬁ%%r%g%ﬁtlte % %%fng?r%re ?%Lﬁ) 10 and
the |ike. \esishéenpi ghemnttansusatsisfesmct oroh yoxciales, etdale t lcaRoliymer (A) and
the Iike, cracking or peeling, in the resultin ting. filmcan be

ef fecti vel Y PPEUENTRY, S L0687] G ghmre RAFTPONIARE TS Thé SMCFFoul i ng

coat i ngsconpesiiubda igdne .present invention may further contain any

organi c antifgél ant. [0088] There is no limtation to the organic
anti f oul ant[9V48] |l ong as they have a killing or repelling effect against

aquatic 20 fouling M{JaBtsABsclEXARPbESmOitd RenebgaN e &Fckoubant s i ncl ude
2- mer capt opyri di ne- N- oxi de copfer (general name: copper pyrithione) and

| i ke or ganii@cE6ppERS cBIfpERAERILILY Ay APt SpYHiTd AdIE i FEVALRE - ( eRer al
name: zinc Hyekt Esogeeom oFhAcRihlaneltsdl thocarbansd fu{1gepefRtane:

zi neb), zinc 25 brs(di mgt hyl di t hi ocar bamate) (general nane: ziran),

bi s(di Bt hydatediprii ofaebaaosd)insodebée hydeeatsi sgdibii dheaebieslt ©F (general
name: pol ycarban Lke.or .G _Zi ds; i.di_ne-

tri phenyl bo%%gglg%ﬁgg%p%%&lﬁbﬁﬁ% %Itﬁfl&i Sﬁé%ﬁ%& 'SLBog%E{nv}ea?He - phenyl

pyri di yl - diThleerybré&prianesuitebphesyilldudron- theciaeec phd ammnet s30T water-

1 phenyi [ SLhuLbgs o) pLopyl. amOel o000, A0 LAKS.Quaaaic boron
di et hyl phemytope2t3edi £d eoonnl eity def and tokeimplfeiln den danpodndsly
15 controlled.
[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 coating film has a pigment volume concentration (PVC)
of 20 to 50% and more preferably 25 tc 45%..
[0082]

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

too soft and have insufficient strength. A coating film 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 solid components x 100
(00851

In the calculation, the expression “Total wvolume (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



O her exanpl es of the organic antifoul ants include 4,5-dichloro-
2-n-octyl -3-isothiazol one (general nane: Sea-N ne 211), 3,4 35

di chl orophenyl - N-N-di net hyl urea (general nane: diuron), 2 -27-

met hyl t hi 0-4-t-butyl am no- 6-cycl opropyl am no-s-triazi ne (general nane:
Irgarol 1051), 2,4,5,6-tetrachloroi sophthatonitrile (general name:

chl orothal onil), N-d| chl orof l uoronethylthio-N , N -

di net hyl - Nogmp@rsytsqn fofirithe pPIRSRSFalinNanEion clopitpinaniky cugrgus oxides

i el or ooyl g N dVardg=iind cDhabsnyk sul2gi de. (oenesal oRaRe:

di chl of  uan iazo azol e (genera
t hi abendaz@Irle)LfoGl@bmwch[lb]stm:m@,yId)ewatﬁrmmya@eot&, 4lizpersants and

oxat hi azi ne- 4- oxj de eneral nane: b azi

chIorophen&Pf—g yaﬁ%%'hbﬁoﬁnd%ﬁ? uorgﬁ%ihye H?%rd?e (gg%gfgl 10 nane:
Econea 928bpm§bﬁenﬂmnﬂgath$edeanﬁtperT@m@hemdumppeml @ ithhi erie,d

pyridi ne-triphenyl borane, 4-isopropyl pyridyl- di phenyl methyl borane,

bet hoxazi n&P %% SS8ea-Nine 211 and Irgarol 1051 are preferable. Copper
pyrithi one, o@gg@ pyrithione, pyridine-triphenylborane and bethoxazine are

nore prefer abI e. 15 These organic antifoul ants nmay be used singly or in
conbi nati on. [ 0089]S1THé2E oke difte GHPERABS P galfiSe aht 19 slasdgpblenthafethe

conposi ti on,;ghehpg cEUxﬁ%e_LﬂEd' hyentd %nbésmfér@rb%bwvéré& WPEHPBEE SmedY(a)
wei ght, and nore preferably 10 to 30 parts by weight per 100 20 parts by

wei ghtl@f wotarhanbit. ofhdlihrepiopgnand ZarésEattoqiBy. covéredherigbnt ent of

t he organi I t p rts by
wei ght of % ?g{n&n%n%tnéf Itﬁol fﬁée %C%ﬁé (%'Itﬁ)ee Péémj(lg hepﬁésé%?lrﬁgul i ng
ef fect of tcbetmngafulan aai beudzﬁff&ctaaneﬂtgt peatdrgfactorily be exhibited. If

t he content gﬁéexceeds 50 parts by weight per 100 parts by weight of total
anount of F£8|0 (A) and Zinc Salt (B), no inprovenent in the antifouling

ef f ect canobgaﬁbseam/teu‘fdunaﬁtoporti on to the increase in the amount of the
or gani t hus conom cal Pl ast.i ci zer

{Eantlfoulant this, i uneconor gg&g%ﬁe P
The ant?foul i ng coatqhﬁga%h%%"yllﬂgoﬁ BF PR BRESEREOR REFES Y ur t her
contain a phashtth?efay Byrenst addiitd@nt B8y organic antifoulant.
[0088]
There is no limitation to the organic antifoulants as
long as they have a killing cor repelling effect against aquatic
20 fouling organisms. FExamples of the organic antifoulants include
2-mercaptopyridine~N-oxide copper (general name: copper
pyrithione) and like organic copper compounds; 2-
mercaptopyridine~N-oxide zinc (general name: zinc pyrithione),
zinc ethylenebisdithiocarbamate (general name: zineb), zinc
25 Dbis(dimethyldithiccarbamate) (general name: ziram), bis(dimethyl
dithiocarbamoyl) zinc ethylene bis(dithio carbamate) (general
name: polycarbamate) and like organic zinc compounds; pyridine-
triphenylborane, 4-isopropyl pyridyl-diphenylmethyl borane, 4-
phenyl pyridiyl-diphenyl borane, triphenylboron-n-octadecyl amine,
30 triphenyli{3-(2-ethylhexyloxy)propyl amine]boron and like organic
boron compounds; and 2,4, 6-trichlorcmaleimide, N-(2,6-
diethylphenyl) -2, 3-dichloromaleimide and like maleimide compounds.
Other examples of the organic antifoulants include 4,5-dichloro-
Z2-n-octyl-3-isothiazolone (general name: Sea-Nine 211), 3,4-

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



plasticizer, the plasticity of the conposition can be enhanced, 35
allowing an preferably strong coating filmto be obtained. This -28- also
i nproves 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-ahd |ike phosphate esters; dibutyl
phthal ate, dioctyl phthalate and |ike phthalate esters; dibutyl adipate,
di octyl adifgade laRdot 4 ke buddil pat eoet@icd CPEPINASIL N cEaEhtaZ ingi d6eRgral
sebacate a i.k estey se i.d] ; il xi di zed

| i nseed oi{H%ﬂ§'a§5g%? ecéggggfd?2%&?Eﬁ%ﬁg{g%%ﬁﬁékiggﬁggﬁﬂif%%ﬁﬁﬁaagether

pol yner, eftdeylerul ngdmet hérlopotyakrnidnd Nr#ecialdolf lvpngheBtshahipal yRers;
and pol yet hyl en | ycol., -palypropyl en Lycol _and Like ol v.al kyl.ene

gl ycol s. o retg%gn%fl%stoojfﬁtségf%r%és (Gepsral in em%"%%@%@%&ém}é’sul fi de,
vasel i ng, ptlcphhotrenethirtitsE2Net y+diestply) - I5oHariviehillifhat ¢ Qlehieeahe oi |,

liquid paraffin, chlorinated paraffin,. I ric plasticizers fornmed of
ot hl onr earieandSebion BRSgar poai 1t aeB Ry PomseRoRZo! oot MR gher
than -20C tgtieébendfesEe)pl ast(behzeis] tM¥nbe-yisLed H-aghydps-1,m,conbi nation.

[0092] 20 In the present invention, it is preferable that the plasticizer
is at | easto*ohBiABHPRTS SHIEE: BRI GH TRESY I RIFIO%EEAEREt | ig'RST phosphat e

esters, epHdiegHeRil s ahat §-190gho-eL byl eNiGallet nyRsay HAlkedeadhaxyl i c
ester polyners having Tg o not hi gher than -20C. Anong these, "epoxi di zed

oi | s ahll f aesedr Beconsa e peefer PRy TIOTF3] ZThe RYRMEHONSF EPrper
last | oi . ' CtLan o . d ‘h
ptastici ZerpgﬂthtﬂSnQP 'dtlh@ntP%%r%ﬁr@rquchﬁg,n '1%‘6@%{82%2&{1 S on the

content of “the rosin zZinc salt zinc salt o vative in the
conposi ti omlipbeny3@etisyphefrenabl yethaxaz50e pazirsthy Seer§hneg 2aiddandr e

brof 1 01 1 choy o8 B YeLal. PELEAED RALR Y LAl oL el amount
| ess t han @eipant-tyinirghibopene 1M pethsxdyirweiaght mofe ttefleranb®unt of
POlynE£5(/»TH%gg gk&§nf§“£ﬁtﬁ§%hl§§¥§E%E%CEgrgsééngfgé @EQE in combination.
F0089) |
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 organic antifoulants is less than one part
by weight per 100 parts by weight 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 in the
antifouling effect can be cbserved in proportion to the increase
in the amount of the organic antifoulant; this is thus
uneconomical.
30  [0090]
Plasticizer
The antifouling cecating composition of the present
invention may further contain a plasticizer. By containing the
plasticizer, the plasticity of the composition can be enhanced,

35 allowing an preferably strong coating film to be obtained. This



35 in the physical properties (strength and adhesi veness) cannot be -29-
obtained. If it exceeds 50 parts by weight per 100 parts by weight of
total amount of Polynmer (A) and Zinc Salt (B), the <coating film becones
too soft, and is practically unusable. [0094] 5 Dewatering agent It is
preferable that the antifouling coating-2&%onposition of the present
invention further contain a dewatering agent. The dewatering agent is an
agent that alegoiaBro@erthenadhesivanegsespii oie Peddpbesiel tgsabl ebRSHat eri ng
agents inckﬁggelgogggynidifiers and dehydrating agents. The dehum difiers
ydrating a

and the de gents nmay be used singly, or both the dehum difier

and the dehyd®afdi ng agent may be used in conbination. [0095] The
dehum difier is ac ound tggt t.er. in_ 15 t%? gatin

can _r Y i
conposition by reactT F&FFh vwﬁqg‘Psﬁ§g%p§¥%§ﬁﬁ915ﬁgs:Hé VG IRARI

1
rérs-include
met hyl ort hofoephate, wtindtyor phesmiarat et anphersik@habkydteordrkiof okerat es;

t et raet hoxysil ape, tetrabutaoxysil.ane, et raphenoxysi | ane, .

t et raki s(zP@PﬁBE§B%t%§aﬁ)r§i:| _§h Ftylné??ﬁgﬁﬁﬁmpt%% _a%@zaelate and like

net hyl tri ethexyshtanesc2@ ;dumBtiyl dicabhexysdd qiisl tat‘:l!iﬁfrﬂ wret hoxysi | ane,

di phenyl di ét hoxysi | ane and | i ke al koxysi | anes; and nal eic anhydri de,

pht hal i ¢ amy@CEecaFRIY/i KéLaeyH simpatrdediocbogePaqre d&Rydis®i ng agent

i's a conpound,that &@&fs%nepsxiéﬁzém%&bwnt@ﬂp%@%&iiw 1% skagQyipor ating
the water into the dehydrating agent as crystallization water. Exanpl es of

dehydr &a0i ngragénke ¢prtigdacdnbytly cusl gppsumetinilevinat sit@resolymsagnesi um
| fate, i f at t 7 i.di fi ' | d
sulfate, sqdrym g%%f eeche%AﬁBIrL%'?&_g o 390 dabumdibh el RLelALADI Y use

as the dewaterin gent . era ier‘is at one menber
sel ected fanonmpbheegrolegmecghgcst ngplybrapkbxysidlanes amal lalkey|

?;EPg;?;gﬁ%@ﬁpgiggb%ggﬁgégg E?rk¥h826£§§£§¥é% %%hgﬂéc%fgs Ec&%ers include
t-nonylpentasulfide, vaseline, polybutene, tris(2-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.

[0092]

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.

[0023]

The content of the plasticizer in the composition of
the present invention depends on the content of the rosin zinc
salt and/cr 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



-30- There is no limtation to the content of the dewatering 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
wei ght of total anmpunt of 5 Polymer (A) and Zinc Salt (B). If the content
of the dewatering agent is Iess than o part by weight per 100 parts by
wei ght of total anount of Poly (A) and Zinc Salt (B£ the conposition
of the pr@@éﬁtlniiﬁve?ﬁ|1¢ne#ﬁ§e%t5%@aé€l§lsebl’dﬂf@t9ﬁﬁél Resat Osﬂ?@@ftcérlyy st or age

stability. w'féghﬁeof a% tot gﬁék”%aga ?t z?é&e@é’& ](% A Ogparts by

wei ght per parts anoun and Zinc
Salt (B), tdeatcogtiign fbelcmnﬁaytdnecmfé t end mlgrtalcelcehhlpanmS@bllar

dehum di fi 3 %92?9 ly volatilize into the air. Therefore, when a

dehum di fi used as the dewatering agent, in order to reduce the
adver sesaf fl:@@ztatéﬂmtc_heamtﬂ ronnent, 15 it is preferable that the amunt of
the dehum difier be not %ger than 30 ﬁ&éts b ht per 100 parts by

o g o ot ar oot PR AR RRRC aPeE A Tl Rt pBo)

Di spersant ccaBodhei &omposhtl gheintt h@vBhESEM firtVERt t@rﬁkﬁrﬁfaeﬁébébéxfl%@t her
contains a dispersant (an anti-settling agent). By containing a

di sper sant 29§88 méRCafPBAt ¥ L tch@9EBipbR etit #9eBtgthat FegRERe, "t 0stli de,

zinc oxi de,qg FB@QH:&SH OxipdensT&d def QQab%'dEmatEﬂﬁ £&e§1t)s Qhcilig conposi tion
of the present 1nvention, 2pS as well as the f OI‘IT&%IIOI’I of a hard cake (a

hard piteci piehamajlifigns abd é@]@mﬂtedlgdagﬁh*gs st 3hfagéemmltdhél@t>mﬁ§§| then of
h I f
the pr esen%ﬂ,reh#ﬁ%@{:’}%%ge}; Sx?e el CEH{%{{ % }égﬁhtﬁ?e Qteﬂelngalﬁ

dri ppi ng e co he coati n whéen a coating filmis
formed on the stlefcaetwobq‘atango@g@m may be usmdeldl bypmosnaigidrhe 30 conposition
of the pr eﬁg%ggnventi on. [0100] Exanples of di sher sants include oxidized
pol yet hyl e sed di spersants, fatty acid am de-based di spersants, fatty
acid ester-based dim@eﬁéamhsdumaif ageaata@chbaast ehavdidarbasedvd5vater in
di sper$ant 1,V eget A S RDLTBILZ G, YehcPaisd S Ret 8 M BranpTts of the
dehumidifiers include methyl orthoformate, ethyl orthoformate and
like alkyl crthoformates; tetraethoxysilane, tetrabutoxysilane,
tetraphenoxysilane, tetrakis{Z2-ethoxybutoxy)silane,
methyltrimethoxysilane, methyltriethoxysilane,
20 dimethyldiethoxysilane, trimethylethoxysilane,
diphenyldiethoxysilane and like alkoxysilanes; and maleic
anhydride, phthalic anhydride and like acid anhydrides.
[0096]
The dehydrating agent is a compound that can remove
25 water in the composition by incorporating the water into the
dehydrating agent as crystaliization water. Examples of
dehydrating agents include anhydrous gypsum, molecular sieves,
magnesium sulfate, sodium sulifate, 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 (00981



pol yet her ester-type surfactants, sulfate ester-type anionic surfactants,
pol ycarboxylic acid am ne salt-based di spersants, polycarboxylic
aci d- based di spersants, high-nol ecul ar-wei ght pol yether-based di spersants,
acrylic pol yner-based di spersants, 5 special silicon-based dispersants,
tal c- based di spersants, bentonite-based3@t+spersants, kaolinite-based

di spersants, silica gel-based dispersants, etc. These di spersants nay be
used singly or in cBisienasi ba. lTHEaE6APOSP tihen contene ¢f ddentevaiasnnbon

pref er abl y a%%'?lttag'.?s}:lﬁee fcgo%@gﬁﬁ‘ghgn aly Ct%iebﬁ&gergdé%%%ﬁg%n ,""S%u; %? gy sper sant .

The conposition o Invention can produced or exanpl e,
prepari ng pmafeedbdpl LtticomOcpatts fhngieiBbl yneerd M&)reapde teterlyc8npordnt s,

and then m xin nd di spersin the .m xed sol uti n_the.m xed sol ution
contat ne ¢ e By vEPR° BRraLog e S Tpur Stk | e tef crlEecbEnr 1 oy o
the m xed Iplsekut (AN aahzheceshbncedd,. dfdthdecarpasotitie aewvhberitesent
i nvention can be, ob ain%g@nnre easily and reIiabI§08[010 r esent

, 1] .In the
i nventi on, 395Perti aF TS BFRi PABIRAI WighaFLdnt P ep%’é%ﬂ.bYE%’Sﬁ%théDfof t he

fatty acid w¥adeahadsed of2@cdiysper gantaed Nehelde 1D SRl ofh QX {1 o20X) , -
Di spal on 6900- 10X (or 20X), and D spal on 6810-10X (or 20X) (all products
of Kusunot Fheherpeahis, invegtion Tade Mors08- 2olari® ALSahBnsBP-SEE°rY bot h

products ofs+ygelshaaherical Iﬁ%c?e_ Lbdtdnt I th[aoét&i?eltex%%gTQs%ﬁé heesant s

may be used after being dispersed in an organic solvent, "'such as Xxyl ene.
There 18 né0 partathprvaighthper cbiit erartef by heeidindpefshotal mmokat cohposi tion

of the pre i.n tion; . , rdhhe n ] f t 0 parts
by meight?%g%gehoxgpﬁ?é g%ggrsgggtgﬁ30tggr%égﬁ%?gag?gﬁf%%ggk%8éebg%fs 30 by
wei ght of totigltlanoumt pert Robdarer deAhmadd iZinsc eSally (B)lathiflizé himtcoshent of
t he di spersant |.s |less than one rt .by weight per, 100 parts.by.weight of
Lotal amountlor TBersree( Aretng Srighe B g BRfeag Tab Al G S
di spersant sgene, , ipressnt tpgretecd ariembdeared = featdosakie) oMy ronterhe
exhi bited. Specifically, the 35 storage stahility of the conposjtion of
the praSend® ocHrEb Ay Loat Ted o Franbadist GhpRieHoreio FERtt of t ho
di sper sant rgxgeedshd® 30 parts by weight per 100 parts by weight of total

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

[0099]
Dispersant

20 The composition of the present invention preferably
further contains a dispersant (an anti-settling agent). By

containing a dispersant, sedimentation of the components (e.g;,
pigment, cuprcus oxide, zinc oxide, titanium oxide, red iron
oxide, talc, etc.) of the compositicn of the present inventiocn,
25 as well as the formation of a hard cake (a hard precipitate), can
be prevented during storage of the composition of the present
invention. This also effectively scolves 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.
[0100]
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,



parts by weight per 100 parts by weight of total anmount of Polymer (A) and
Zinc Salt (B), viscosity of the conposition becones too high, which may
make the conduction of coating 5 difficult. Furthernore, no inprovenent in
the prevention of hard cake formation will be obtained by the increase of
the content of the dispersant, and is therefore uneconom cal. [0103]

QO her additives and the Iike 10 The conposition of the present invention
may furthemolygthar reefipss tyant feetadtiongsagent Bteanpl eoahing aagenis, etc.

[0104] The cormashtion Cp‘?5‘°1 Q?b@)%yel?iﬁptaciiﬂvgﬂfﬂeﬁ%aij%-ﬂﬂgé@élc}/is di.ssolved or
di spersed in an organi c solvent. I's makes the coat1 ng teria
desirably psdblkerb&xanpl esidfbased usapeesariganitc.ghsoblentlsin-meligide xyl ene,
toluene, mperal,spirit .BK, _butyl _acetate, -etc. Anong f.hese | ene and
M BK are paPreaharTiross Saranra el it inithesr0onre drapete g
singly br ispectabbsiaidaerbaz8d|dismrsbntpartd cHbasedwiespddsanespposi ti on of

the presen inventioon is used, the anmount of the arganic solvent, used can
be. | educe®er L LR AT FBRPRETE ity FHELH B Y8068 (YR TRES: COMSe  § on

of the pregNtphBYEMIPorsAnEAtENG NMBRSEd li sPSkBENED rBlCReausQIRABEI{ON S
sonetines referred to as a "high-solids ,coatlng material” in the art.
[0106] To K& ABrecEped ice: tHEe CORBBSTEIBh Odf CRALTITRENENVERVERL | on can

be used as al-apaNOC apdfiaul L ngs0QaLIAG 3 KATRASH! §P5he G +CaLd NG
mat eri al obtained by using the conposition of the present invention
rel easé8 addspereannoihe eofmpasditapn| ef orfamiresenhpoudsippnt ean e air,

(oductng SYELAREEAA, QA0R SMLLANERL, JSUTL 00 dRcBLELE DL
| ess than 4@Qygék &hd ambrehpr ef@maplentsi t dma thee marngey Gnd300sper35Q g/ L.
the mixed sclution. 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 ¢f the present

invention can be obtained more easily and reliably.
[0101]

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

20 dispersants include Dispalon A603-10X (or 20X), Dispalon 6900-10X
{(or 20X), and Dispalon 6810-10X (or 20X) (all products of
Kusumoto Chemicals, Ltd.); Talen 7500-20 and Flownon SP-1000
(both products of Kyoeisha Chemical Ce., Ltd.); etc.

[0102]

25 The dispersants may be used after being dispersed in an
organic solvent, such as xylene. There is no limitation to the
content of the dispersant in the composition of the present
invention; however, the content is preferably 1 tc 50 parts by
welght, and more preferably 2 to 30 parts by weight 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 compositicn of the present invention may



[0108] The nonvol atile matter content of the conposition of 5 the present
invention is generally not less than 75 weight% preferably not |ess than
80 weight% and nore preferably not |ess than 85 weight% [0109] The
conposition of the present invention has a 10 viscosity of preferably 70 to
100 KU neasured at 25C using a Storner-¥i-sconeter, and nore preferably 80
to 100 KU. Wien the conposition has a viscosity within the range of 70 to
100 KU nme&sgrag padsmaisi ngfa tieofaierent séoiret eflsnersanti exesftdsy °Phi ck

coating fil n i o] i]%ﬁu' at | ition of
the pr esenlpgli[%\%e]rol?ievg)(gr\ﬁj\?ﬁ hgg gér(gl aﬁo%k%#&}&sgﬁvgg?fgl Ijzag(}oﬁﬂg?ﬁ%r e, when

t he conposiPoilgneha$hla arids@osit §altni (Bhi nviseesitangd, tkediommesation of the
conmponent s, (for ex I pi , LOuUs i de,. zinc oxide, . titanium

oxi de, red lﬁgfgrﬁegog%eh?igthél gﬂﬂe}% érf{yu%]agghteﬁ%ocgr%ggﬁpé% 80% %g%ﬁguﬁéesent

i nventi®dn 2Qfcanube. effl:echemeine, pneventesreaedt| dngeltepmestot Age diebengs
possi ble. [0110] The viscosity c he sured .in _accordance with JI S 5400
Cor *ASTN DS8EE0LS TR G ot oF? R PP L. SiforeT SS8e i o dder BH Sy She
used. [O0likk dhepeosmasi khanioftHNerpresemicdriivenuion exhi bits excell ent

storage stability, with alnost no gelling or solidifying even after
| ong-term s[toépéée. 30 [0112] Production nethod of the antifouling coating

conposi ti ogrnibhesaeihed. S angpfeducivag the antifouling coating conposition
of the present invention conprises the steps of: mxing (A a polyner

(Pol ymk® (A)) havi ndte sofbeslZ®raeér bge wisseal anvertigh rey funden o

20, 000 t hat, i t i, ned 2 3= 4 r'%;x;mle I.or ganosi | yl
unsat ur at eg’Ohggr?go%ﬁt gpl\%mltsﬁé?]é%at\églgégéi n%ln%f%?}ﬁ% a+ (fi'n%{:%alt (B))
sel ected fri@d0the group consisting of rosin zinc salts and zinc

The composition of the present invention is usually

dissolved or dispersed in an organic solwvent. This makes the

15 coating material desirably usable. Examples of the usable organic
solvents include xylene, tocluene, mineral spirit, MIBK, butyl
acetate, etc. 2Zmong these, xylene and MiBK are particularly
preferable. These organic solvents may be used singly or in-
combination.

20 {0105]

In particular, when the composition of the present
invention is used, the amcunt of the organic sclvent used can be
reduced. This is attributsble to the low wviscosity of the
composition of the present invention. 24 coating material using

25 such a composition is sometimes referred to 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-VOC antifouling coating

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

35 It is preferable that the VOC content of the



salts of rosin derivatives. 5 The antifouling coating conposition obtained
by this production nethod has the follow ng characteristics. (1) The

wei ght ratio of the content of Polyner (A) to the content of Zinc Salt (B)
((A)/(B)) is 45/55 to 10/90. (2) The nonvolatile matter content is not |ess
than 75 10 weight% (3) The antifouling3goating conposition is
substantially free froma rosin or rosin derivative containing a free

car boxyl gK@ﬂ@OSEO1@3FﬁfI@eTﬁée%ﬁﬁVéfG€§§F©®éﬁ3ﬁﬁ@éuéb@@nﬂﬁbgﬁédHQﬁ t he
present i t g gl tion of the

pr esent |n3§%%| %Qfgéi gg%?C%(gnggglﬁggﬁk%q%ﬁgﬁﬂpﬁe pol yners and zinc
salts |istddi@fder the subtltles 20 of Polynmer (A) and Zinc Salt (B) above
may be used as Poly nd Zinc,Salt | f enecessar | grent

cuprous oxi des, gﬁh %Oéﬁ? Jf%ﬁ?t§e5eC£$@%ntng ag s, Pé§%g%%§ants and
ot her addituqievgsebelsﬁ eﬁumwennm/ dencadded. ngtO ksl tBé'nn'I'h'e watghiny s of

Pol ymer (A), Zinc Salt , ot onponent s may be sui abI el ect ed
So That { hEeEERRPI RGO oLt oSS B R c GHBbIRLE o S e o et

(A), Zinc Sah 86Brei@ite., 1IN acceptable content ranges as descrlbed above.
[0116] 30 It is preferable that these conponents be m xed in such a manner
that Pol ymdP1CA) and |ike various materials are dissolved or dispersed in

a solvent. For exanphg, chawaElc(rA)ofa@He };fégven%allhvé@lamageadl ssol ved or
di spersed in a solvent first, —and then nmxed with other materials (such as

or gani ¢035 vascoboty apit grefexalnb}’ eXd d¢fo ke lﬁ%alltﬂa@uﬁﬂv@ht%ﬁ Chesibe xyl ene,
;<§I5enteO: gepar trﬁ%ul ar y&%F;;rzr a%{]li %Lﬁg‘i}é USGBSJ[S?OH%%{})SQ V&Hé%S%he
conbi nat i omompb%i7ion has a viscosity w1th1n the 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. Furthermore, when the composition has a viscosity
within that range, sedimentation of 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 viscosity can be measured in accordance with JIS-
5400 {or ASTM D562-Cl). 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 2C,000 that is cbtained by



5 When the antifouling coating conposition of the present invention is
produced using cuprous oxide, it is preferable to suitably select
Production Method 1 or Production Method 2, depending on the average
particle diameter of the cuprous oxide wused. 10 [0118] Specifically, when
a cuprous oxide having an average part+gie dianeter of 3 to 10 pm
preferably 3 to 8 pmis used, Production Method 1 is preferably sel ected.
[0119] 15pRdydecitomg Merldamer Tipklantirt oudannpidoat Pngaomissi ti on can be

roduced b i r i avi age.: pard.j.cl | amet er of
B ro 10 parshEtbTE S iR, U, 8 gt shao A, TALTRELITIIE f5) Sna 2i ne
Salt (B), amdentzdnfrandhei gpevsicupdibtingsef tiosgnnextarsl2G asdnginge

di sperser. [%120 The c§grous oxi de havi ng an average particle dianeter

of 3 to 1055 TeRts 1%t SFmLdtohtary aggregation. Therefore, when only a
cupr oussoxi de- cont aiThengnAbEedl Alg ic®aadde dontdee 12 o biiai aieddcoppadsist i on may
have | unps. This may cause crackin r the like in the resulting coating
film In PPSGEEET B MstThGd T?Saéh?é£éiﬁogﬁ%§ﬁgﬁE@CFﬁﬁ%SEHﬁ%ains cuprous

oxi de having an aver@ageTnBaféigite dirapebercf Bntend bPmdismBtxed aad
di spersed using a disperser so that the secondaryé?ggregated cuprous oxi de

can be 30 Fhekeartemin. ofTRigcndkks {B) gddsi Bl te 4 nt@ant %40 f oul i ng

coating conposition wmit hEo,GHpr 0x1 i ys di § in
[0121] Production N@@ﬂogh% g?loméﬁ#%g éﬁgﬁ?gﬁﬁ?ﬁggﬁoﬁgfﬁgglgggc3%%§2?tion

to be pPodweedhb§. ni xi ng and dispersing, using a -36- disperser, a mxed
pubstance At cont o5 R YFELEl ungehge S8 LonfBhic AR he cunrous, ot e
subst ance mapstantihwellcdmeai Aromfa necéssaryyosin derivative 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, cuprous 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
dissclved 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 organic

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



pi gments, organic antifoul ants, dewatering agents, dispersants and |ike
various additives nentioned above. [0123] The contents of Polyner (A), Zinc
Salt (B), the cuprous 10 oxide, etc. in the m xed substance may be
suitably selected so that the resulting antifouling coating conposition
contains Polynmer (A), Zinc Salt (B), th&-<cuprous oxide, etc. in acceptable
contents ranges as descri bed above. [0124] 15 It is preferable that the

m xed substt@dcenpe pieparledribyt diMiSH v PREY bragtitsser sthg- PBWVWEﬂheA?:and

L:EgaY?Lbogﬁheg%:gédﬁiabkﬂgﬁgzgls era ofyneg F%foéﬁé i nc g§?¥ &éb are

di ssol ved aomthispeiged in a solvent, and then m xed with other 20 material s
(such as tG@ ve-nmentioned organic antifoulants, etc.). Exanples of the

usabl e sol vértdiare the sane as those nentioned above. [0125] The

di sperser nmay be degﬂﬁﬁbhhes&mﬁﬁmﬁﬂ;hgon®$hngﬁcbmpbsiﬂﬁxcaﬂ bee usedecas

m cro- pul veri zers. u§§CIfIC e |l es thereof include, nllls and_di ssol vers.

[ 0126] Exarpi'E8 L6 k2B e NP s i WA GHRTBAF | OHi49 s Lo shRPTRIFEPLE dead

mlls, pearduifhbl§, s&ydta mzbhﬁct@w»@%haul 1 sor hagkettibh MsthodO2attritors
and I|ke mlls generally used for m xing and dlsper5|ng coating nmaterials.
[0127] A diCSPENUERTi QP 16 SFBFIER MRdfilRdcaltBiehay Pankle yp@royei fricte The
m xed sol utjea can be m xed and dispersed by 35 rotating the grinder. Wen
a dissolver is used as the disperser, -37- it is preferable that the
grindetOof [CA&8di ssol ver be rotated at high speed. By maki ng the grinder

oot oty Brokdh Soerhe SEATE YRR SO CRL LA O et
di sperser. pafr®i2®¢ diameter of 3 to 10 pm, preferably 3 to 8 pm,ls used,
Production Method 1 is preferably selected.
[0119]
15 Production Method 1

The antifouling coating composition can be produced by
adding a cuprous oxide having an average particle diameter of 3
to 10 pm and preferably 3 to 8 ym to a mixture of Pelymer (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 tc 10 pm 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 pm is mixed and dispersed using a
disperser so that the secondary-aggregated cuprous oxide can be

30 broken down. This makes 1t possible to obtain an antifouling

| coating composition with the cuprous oxide desirably dispersed
therein.
[0121]
Production Method 1 allows the antifouling ccating

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



When a cuprous oxi de having an average particle dianeter of 10 to 20 pm
preferably 13 to 20 pmis used as the cuprous oxide, it is preferable to
sel ect Production Method 2, 10 described below [0130] Production Method
2 The antifouling coating conposition can be produced by using a disperser
to mix and di sperse a mixture that has b&en 15 obtained by m xi ng Pol yner
(A) with Zinc Salt (B), and then adding thereto and m xi ng _a cuprous _oxi de
havi ng an &dépageer par fiigkd dikgtnee §halocesalosphe BREHri@) er aB1y Sedtt o 20

pm L0131l pThe, unnous. Bxbde adna-a0.gvat age BartLole deatlflce 2007 10
to 20 pmbarély forns secondary aggregatfon. Theréfore, the conposition of
the present3 tnvédtiwon can be produced by m xing and dispersing a m xed
subst ance t[@:ﬁ gont ains Polymer (A) and Zinc Salt (B) using a disperser,
addi ng t he r2 us oxide to the resulting m xed di spersion, and then

m xi ng $he m xture @WiengiRbéd Mutstgnequngyrenirthersoatta nyanfienetdmtaryhe
cuprous oxide articles wll bfe%‘gro nd as |little as possiple. In this

met hod, t REIBERFouULTIRIdE ATt 2B undCYRNSF Pt BRI Ch ELEPET &Y owi ng

the surfacenar eak®fvdioueUpaQUS: W6 dentNohdte desul ting conposition to be
limted to a relatively small range. For 30 exanple, the surface area of
the cuproud08%Pde can be not higher than 1.3 x 10-3m®2, and is preferably

in the range of 3.0 phlBnfeedi® be BoXyhle 3AMR22:h0132): As)desss ihedoabove,

it is desirable that the cuprous 35 oXide contained in the conposition be
sat i sf 8¢t ockiigec ovler edwithh mB8=d pobpliance Mavakg thetalhke seflleTB8] sMhen t he

St (5 G Esnr e SR T AR i RS e R T ace of the
cuprous oxiPdéyman e ,r édoceflaltAs(B ,r ébal tyupmousowxVAE, aaitd.f oul aageedilieng
mat eri al C%gntggéérfgﬁd%sbgsoggggfl %d above,
[0124]
15 it is preferable that the mixed substance be prepared
by dissolving or dispersing Polymer (A) and like various
materials 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-menticned organic antifoulants,
etc.). Examples of the usable solvents are the same as those
mentiocned 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 milis 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 is a disperser having a rotary vane-type

grinder. The mixed solution can be mixed and dispersed by

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



[0134] As for an antifouling coating film when the surface 10 area of the
cuprous oxide is small, even if the tenperature of the seawater is high,
specifically not lower than 30C, the dissolving rate of the coating film
can be effectively controlldd. Production Method 2 can shorten the tine
for the process conducted using the dispérser, reducing the production
cost of 15 the conposition of the present invention. [0135] The m xed
subst ance ii§ fRePsafrrais.et Kapt ulskal GraNdpPE ogfdticofliRmBehtrr Pe érEeprd Bat it

does not C%ﬂ?@;ggéé‘& P%gg@%ﬁiné))&%@e rgﬁdéﬁ%‘éht%h& ae!“?)"i@h Qfeldne 1gUprous

oxi de added e suit Select 8d so that the Fesul ti ng ant'i foul i ng
coati ng comgosnthoy-agprEgaing tler @ypredse oxdrdés deatraEptiabirekenmiwm.
ranges. [OJI(I\%]? 25 The di sperser nmay be the sane as that used in

Producti on ﬁéd 1. [0138] There is no limtation to the m xi ng equi pnent,
and anys known m Xxi mtheeqicpoendr may bésoses.caldedexadfdesrselhe above 30
ment i oned d[i aggl]ver may be used. Wien the dissolver is used, it 1is

pr ef er abl e {0 the rotation speed of the grinder be set to nediumor |ow

By setting the rotatien speegréfs ihader hagelg e atedidgun@irthene crushi ng of
t he cuprous oxide can be effectively prevented. 35 [0139] -39- Antifouling

Treat nent FEERSEST /0% i ¥oGPi AE EhatiisdeErPhY Bhd© €BatBdl Bjsset 2Thde

anti foul i ng 88k ﬂ&@idé*,?tﬂmsQﬁeréf&a@ﬁ@semseliéa\ee@%auncﬂmp@@rtaea erized in
that an anti oullgg coating filmis 5 fornmed on the surface of the object

to be &toat éé¢sgsihgdtbmlaabove expl ai ned antifoul i ng coating conposition. The
antifouli ng g %bﬁ*at ment met hod of the present invention can prevent adhesion
of aquatic flou i ng organi sns by the gradual dissolution of the

' Production Method 2

The antifouling coating composition can be produced by
using a disperser to mix and disperse a mixture that has been
15 obtained by mixing Polymer (A) with Zinc Selt (B), and then
adding thereto and mixing a cuprous oxide having an average
particle diameter of 10 to 20 ym and preferably 13 to 20 um.
[0131]
The cuprous oxide having an average particle diameter
20 of 10 to 20 um 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 equipment in such a manner that the cuprous oxide
particles will be ground as little as possible. In this methed,
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 cuprcus oxide can be not higher
than 1.3 x 107 mn®, and is preferably in the range of 3.0 x 107
to 1.3 x 107° mn’.
[0132]
As described above, it is desirable that the cuprous

35 oxide contained in the composition be satisfactorily covered with



surface of the antifouling coating film so as to continually 10 renew the
surface of the coating film After the dissolution of 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, shtjbottons), fishing tools,
structures subnerged in seawater, etc. Exanples of the fishing tools

i ncl ude fi $Rilkgenetd fand Gbe {kkexquaculture or in fixed netting, and
fishing neti odeegessories such as floats attached to fishing nets, ropes,
etc. Exanpl'es of structures submerged in 20 seawater include power plant
aqueducts, bridges, Whent tflaCﬂ:lhpItClU@SOXl@(EChaS[ @14m]alll'milaﬁatqef eueangheoat i ng

filmof the ent _invention bef I in antlfoullng
coating cor%‘%gl ?o%f ﬁ‘o\ﬁ%rt r(%)’su cga%nﬁé’j)r ‘el ffg%q %ar y)Sl of an obj ect
on whi ch aligeatsag tfd lovvies tie bﬁ;ﬁf@t@edf im%rﬁman@km ebinthe coating
nmet hod i nclude brush coatin spra t|n , Ll ow coat.i spi n
coati ng, et‘f@gu‘?ﬁ@seASSé E%%‘%i%g mJ;'P% 58UL£‘B‘?6% 1§9n15?1§ﬁ]31£| Ran
conbi nat i 0@eSlkggﬂ33]beTt&thaéang conposi t| on is dried after application.
The dryi ngo rérgerature may be roomtenperature. The drying tine may be
Cé

suitably s d depending on the thickness of the coating 35 film etc.

The thickness of th@xsa%a;fQﬂlamf%@qahagcéaﬂlmgn%xme arfidr 8l b@Rfakesel ect ed
depending on the type of object on whiCh coating filmis to be forned,

the salli ngrspeed Wie tCh@rghEpOXIlee lSs@E_Whlertheélrrﬁér bbererpergturarofexanpl e,
phen the oBhecheon. Wi ot niff, coald lggﬁmgla& bR ferredes apship

bottom the thrc ness coating frimis générally 50 to
500 pun, andsspiefmyatite B@0the 4GOcipyn fi[Lmldaljl lﬂ'dmaia‘i@tcrtﬁmely ngpncaat 1L «d).

filmof t h%rg é@lon Il\pe\é%nt ! Bncan g otrtr];%nf Qhe Qc\%mrt]ag fggv%] { apg:ocess
conducted using the disperser, reducing the production cost of
.15  the composition of the present invention.
[0135]

The mixed substance i1s the same as that used in
Production Method 1, except that it does not contain the cuproué
oxide.

20 [0136]

The amount of the cuprous oxide added may be suitably
selected so that the resulting antifouling coating ccmposition
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 dissolver 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]



10 1) The coating filmdissolves in seawater in a stable manner for a |ong
period of time, thereby constantly replacing the coating filmsurface,

whi ch enabl es an excellent antifouling effect to be achieved and prevents

the attachnment of aquatic fouling organisns to the surface of the coating

film 15 2) The coating filmhas excel |-€ifi- water resi stance, preventing

the occurrence of blisters, swelling, cracking or other defects on the
surface of Anhéfewhinhdpthcet dfetdodesr ARl frpling SeatHieMiflay and ong peri od
of tine. Bho%ggdc6ggéé§;fillﬂ has a desirabl e hardness, which 20 resists
cold fl ow ects. 4) The coating filmis highly adhesive to the
obj ect on which t h€heoanthfpdling tsesondye frethred, ofwtiheh prrakest t he

application_thereon easier AB], .25 0 j ec f.th r.esent
i nvention Has t %Pnéﬁif%bﬁ??%%&%%%%%ﬁgtggf&%b%kggggg%ﬁFgégét%ﬂg %%%&gg
obj ect Bf tfthemegresearie isavéatd af rmhy hayect e &et cbatdd ngicgathagkcovem on

the entire surface thereo or a.part thereqf. [0146 0.The coated

by ect of | EHELpHESE A B oI G BB WER -« H S ARFL BT Y cot i ng
film havi ngrbhensiantahet stiese @reskhennverdtdoh descidirttaboNgsion of
Therefore, it can be desirably applied to ships (in particular, ship
bottoms), PESAFHG tVHISES CETRMETHF ERBrEraRE )i Alge iép, o8t ehe 35 [0147]
-41- For exawphé. dhemd BarantifQu kRGr £oatding, fkbmid std @heihesmed on the
surface of a ship bottom the antifouling coatin filmgradual |y "di ssol ves
fromthe suehadethssuniacet ad @zfamﬁ@mgilfﬂrﬂmsur?xgw itéleagm%quéﬁév@ﬂ. This
prevents t a i fi, B i SN ani Furt her nor e,
Phe hydr ol yor et Pae E e P e o ok PP i Shauararty o
desirably eshibbtéddy Feepretone,theskbpgobiniafi.t fromthe antifouling effect
for a Iong[8§ﬁde of 10 tinme; additionally, even when the ships are not

novi ng, for

Examples of objects on which a coating film can be
15 formed include ships (in particular, ship bottoms), fishing tools,
structures submerged in seawater, etc. Examples of the fishing
tools 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 aqueducts, 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 coating,
spray coating, dipping, flow coating, spin ceoating, 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 antifculing coating film may be



exanpl e, during anchorage, rigging, etc., the adhesion and incrustation of
aquatic fouling organisns is barely observed, and the antifouling effect
is exhibited for a long time. [0149] 15 The surface of the antifouling
coating filmis basically free fromcracking or peeling even after a |ong
period of time. Therefore, it is unnece$@ary to re-forma new coating
filmafter conpletely renoving the existing coating film Therefore, by
directly recdabbhy shkeched fonéndig e ¢at thg FyRencfooboaposint Wdachhidreon, the
antifoulin Lng: fil. n,.pe ctiveLy: {: i kes: it sible
to conti nug:t?él%?/hbrrg}%{l éﬁ@n%t%hké}ga%?l %OEI ft}r}é ge%%lelctfggg?ggégr%atgﬁf’%’w%%:t.
EFFECTS OF delVEREL ONer2e1a@1560] Fhe. afivr feunpig, ceben ndec obpest tdromhoefht he

present invention.can..reduce the content.of vol.atile. organi c.conpounds
(organic so\ﬁ\?eﬁf)?&e?%.f)llimn*htéo :Lée'suijrfnﬁé coati &pn%?gF? ?Ch?hftfs%lc Fediices

t he eni ssi @f eheosganfaildoRpodating rMidmt he @rertalaty Banto IV0oamuramhen
formng an anti fouy ng. coat i Bg filmhaving a sufficient thickness, and
accor di ngl PE&gteRsY 1Y &4ve&PYe™ffects on the environment. [0151] The
conposi tionpalzsthe present invention has excellent 35 |ong-term
storageability. Specifically, the conposition of the -42- present invention
t hi ckens, gel ates orThsopngi P‘é]slﬂ??ercg?gEiLPgl@lﬂé\?@nta?tié?esle@ﬁgiﬂé??ﬁlﬁnorage.

Furt her nor <t hgcapti f QUligngqy&0aldang conposition of the present invention
is highly environnentally safe, and is substantially free fromnmarine 5

pol I utiLdn, even if di)sSbevedatinsdaviat dissolGEs2n Fhewamy floubi sigpldeat i ng
Elmthat i . ; Pty j : L _
Imthat LanhetnEd, U8igot Be ARtdd %ﬁ@gng%ﬁ%aw%ﬁg@@%y A abidde

present invention has t owi ng advant ages. oat ng
di ssol ves itheseanaimy fiinmassrabte wikoheendlores dnorgepklérod aot ifowking

Lher eby constantly LePLACiNAq LAT 508ILNG LhbmetdagR. bl ghfnap! es an
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.

[0145]

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

[014&}

30 The coated cbject of the present invention is covered
with the antifouling coating film having the 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.

35 [0147]



effect to be achieved and prevents the attachnent of aquatic fouling
organisns to the surface of the coating film 15 2) The coating film has
excel l ent water resistance, preventing the occurrence of blisters,

swel ling, cracking or other defects on the surface of the coating film
even after being in seawater for a longdleriod of time. 3) The coating
filmhas a desirable hardness, which 20 resists cold flow and ot her
defects. 4) The coatforgekirpi¢s Whieghlthe aaiasiopd ing ¢Prtislsj éédmoks tghPeh t he

coatingfiIErg}! t f ! e | i i .t .he si er.
The coated © %gtg%%%%ﬁgr%gg%\g& Calhns\gg t?%%ﬁ}lﬁ%’ g@%e%ﬁ%%@ﬁkphégﬁnﬁﬁoul i ng
coating fi lfmllhagradude 25sebbvestiommsthesswffadeenmso lthar 4hedesoaibmwd above.
Therefore, . can.be desirably applied tgo.ships (i.n rti r ip

bot t ons) , frlﬁ?hf‘ﬂﬁf?coeollss, st t‘?Jebees"‘iegjubr%%‘rlgseaEg ?‘ﬁé%tesa\%glte e?,&%e e %gr

exanpl es wheatiberautinpoukgagieeating filmis to be forned on the surface
of a ship b%ttgﬁn the antifouling coating filmgradually 30 dissolves from
the surfacé, 1481t hat the coati ng filmsurface is always renewed. This

prevents the adhesi ahr@hepabad| aHeouhHRELyHIDIRIEENEE iy Lher G Eind he
antifouling coati ngjgfl | mhas a suitable solubility, Therefore, when the

ships are FeBLABYi hblm iB5searakxain desdtahhy concror bR, TREER RIS etc., the

adhesi on ang .-43g 4 DEr [ G f jR0 £OF0aN ksibarel y
abservad, -anP R e e T o o Poho i Thi s

reduced0 tHémeyisddbrainadeyi severceish the $higss argndoadedidiongfyr r educes
the fuel c ile il 53], Furth re h f.ac f the
SSbgih] a3 SR LR BTt e b et e

antifoulin mis rom coati ng ef ects, even
after a | dngrpetaiotbrofoft aneatihefefldng, onfdreismssiingoa el w obsedved ect f or

a predetermned period, a new antifoul.in oating.filmcan be 10 desirably
formed by %}hfaeéflf')#? oSt ie%ge?ﬁelsarﬁ}%%fl%ﬁ??%gﬁocroaat ilﬁ]fg1g i%Jinilem conposition
t hereon. THiog4p®kes it possible to continuously naintain the antifouling

ff Ln i mpl nd in nsi n oo . . .
© eCt15 astnpte %%% sug§£§a%> %hengngf¥oullng 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 coating
film after completely removing the existing coating film.
Therefore, by directly recoating the antifouling coating film
20 composition thereon, the antifouling coating film can be
effectively formed. This makes it possible to continuously

maintain the antifouling effect easily and at low cost.

EFFECTS CF INVENTION
25 [0150]

The antifouling coating composition of the present
invention can reduce the content of 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 envircnment.

[0151]
The composition of the present invention has excellent

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



Exanpl es 15 [0154] Features of the invention will be further clarified by
referring to the Exanples etc. shown bel ow. The invention, however, is not
limted by the Exanples etc. [0155] 20 In each of the Production Exanples,
Conmparative Production Exanples, Exanples, and Conparative Exanples, "%
denotes by weight". [0156] The viscosity2@dt Copolymer (A) Solution was
determ ned 25 at 25C using a Brookfield visconeter. [0157] The nonvol atile
resi due WaPTrESEBRE nimentipnhehi ¢rrpsat 9elabes faur splaghfies veavoldeinee with

JI S K5601- L:2,( tgfﬁﬁchg% Lanaad. 3Q:kAlefd. e auahel samanage

nol ecul ar wei gh etermn by gel perneation chromat ography
(GPC) (usi mgaaipol mmssneonsoémjm @resgod s50jver@ioThes GBQhdondi ti ons were

as follows: -44- HLC-8 QoGP oh r por at TSK- gel
Super HEW LA TSl 6P 0! e i S TRL Ser Oy TRrS D) B Pher most at
t enper as ur @514Q€i oft) uates: ﬁl—l&ﬂ'ﬁtﬂm&lgti&%&%aﬂaper sion of nol ecul ar wei ght

was deterrP % by dividing by Mh the weight average nol ecul ar weight (M)
det erm ned Qgi C under the foregoing conditions. 10 [0160] The gl ass

transition tenperatung GhE)roOh1iRE coapohy EINm Wastdes efdideaedusih@eeer dance
with JIS K 7121 Standard, using a Seiko Instrunments SSC/ 5200 differential
scanni ng cahsiipet BvY cqagggg]comPOSLtlon of the present invention has the

following advantages.

10 1) The coating film dissoclves 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 biisters, swelling, cracking or
other defects on the surface of the coating film even after being
in seawater for a long pericd of time.

3) The coating film has a desirable hardness, which

20 resists cold fiow 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 coating film 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



15 The viscosity of the coating conposition was determ ned in accordance
with JIS K 5400 Standard, using a Stornmer visconeter at 25C. The
measurenent conditions were as follows: Storner visconeter: Stormer

vi sconmeter NO 453, nmanufactured by Coating Tester Co., Ltd. 20 Measurenent
tenperature: 25 0.5C Sanple anount: 500i3¢ (a 500 ml sanple can is filled
with the sanple up to the nmarked |line) Wight: 75 to 1,000 g Measurenent
met hod: ThérEruetaiel cddafiortihdaidiss PBIaPENGr d8ulkRr<l0D oPE9bYEf:i 6R was
measur ed. S gﬁg% : - i ngj : i ght g the
val ues rangﬁggg%?on1:gjﬁﬁégggggg%%%%gl$£gﬁ#?%%h?oggg J&%%'Y%%ggéﬁ% g%?ons,
t he val ue ¢hesésictiona3d0rsetomatzaad shteshiar, and abeondingdlueedvass
deterninedt%roghé e(xﬂpsg.gg éggrﬁpight used and the time in seconds
required to 30 prodﬁce 1007 eVl ut i%ns, using charts for conversion to KU
units. 5[0162F3The anmpbunts of each ingredient shown in Table 1 are

represented in gra 163 35 _Production nple 1 (Production of

Copol yner (A)Sol ut SRR Tead T BHELUHS 1 SR TS i GRdSPe R, 000 i
flask fittediw 18 wadikenmonetes  fan ebhtxng onidenserects Stdvehehftand a

dr oppi ng funnel; subse%yently, a m xed solution of 150

. ( g of :
triisopropyP8fl PErirt \ratéme156hgrefort RftChetflRg gt 802587 PRIECE Hobut vl
acrylate, 158r@8q0fe2nifRINBXY LAY o MRlNasE ¥ Ah8ngABa il fQfint =W
peroctoate was added dropwi se into the flask ovér a period of 3 hours,
whi | e $8i r deagralplv i®rmed12pGlitect yi reoerinindaithesphicyulAhgefoatHé@ddr opwi se
addi tion, the p i.zat.i ct et far haur; 5to
120C. 2 grgﬁgmo?&%g%%iégbyﬁﬂ%géggtogﬁggﬁgﬁl?t?%ﬁ% %ﬁ% Eébseqd@ﬁ???iédded
to the resalittag rdgactinonfselind effeotfimtherinpdat amdieirtchkpenpoyy/neri zati on
reaction fg{n% Qours at 115 to 120C, thus producing Copol ynmer (A) Sol ution
S-1. Tabl e™t"8Rows the viscosity, nonvolatile residue, nunber average
nol ecul ar wekghie{ Mh), degree 15 of di spersion of nolecul ar weight (Mwv M),

and glﬁgs %Bﬁgzﬁtion

Features of the invention will be further clarified by
referring to the Examples etc. shown below. The invention,
however, is not limited by the Examples etc.

[0155]

20 In eéch of the Production Examples, Comparative
Production Examples, Examples, and Comparative Examples, %7
denotes “& by weight”.

[0156]

The viscosity of Copolymer (A) Solution was determined

25 at 25° using a Brookfield viscometer.

[0157]

The nonvolatile residue was determined by heating at
125°C for 1 hour in accordance with JIS K5601-1-2 (cr ISC 3251)
Standard.

30 [0158]

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

[0152]

35 The GPC conditions were as follows:



tenperature (Tg) of Copolyner Solution S-1. [0164] Production Exanples 2
to 6 (Production of Copolyner (A) Solutions) 20 Pol ynerization reactions
were perforned according to the sane procedure as in Production Exanple 1,
usi ng the solvent, nononmers, and polynerization initiators shown in Table
1, thus producing Copolymer (A) Solutioi-S-2 to S-6. Table 1 shows the
viscosity, nonvolatile residue, nunber average nol ecul ar wei ght 25 (),
degree of di spersi ot pRenee l48%80GRE: (TAFObhFOTRRkRtgIoAss transition

tenmperature (Tg) of egch ofqp Ebeglerlegﬂggknigmg_@powger solutions. [0165]
Conpar ati ve Production Exarrp ducti on ‘of Copol ymer 30 Sol ution H1)

A pol ynerization red@Wwonavas (be}‘if oiveinaccording to the same procedure as
i n Production Exanpltge et 48l the organic solvent, nononers,
pol ynerization initia or anhd T eacti on tenperature shown in Table 1, thus

produci fg Copol yner C@Qhﬂq&hl e dpdtat. tdapdeathrehowsed he viscosity,
nonvol ati |l e resi due,__nunber_-46- average nol ecul ar wei ght (M), degree of.
di spersi on of nol ecUidpte V\/erl{‘%t (MM M), and glass transition tenperature

(Tg) of the resultimeg cqggj;yéreroisol eRsid®166 rlEoupar atuaighbr ogaeti on
Exanmpl e 2 (Production of yner ution H2) 330 grans of xylene was
char ged t odgterobmedP lffldéé’l%dlflgt P@dMW the aW%%tnﬁﬁ@Fége goleqyl@x” Wehdiehser

a stirrer, @nd éetegfrﬁmé'dng f yphelndesubBe g M ngacBhaad 3@l ution of 150 g
of 10 triisopropylsil %(hacryl ate, 150 g of néthyl nethacrylate, 50 g

of n-bufyl [ Qéﬁ()ﬁ)ate 100 g of n-butyl methacrylate, 50 g of 2- nethoxyet hyl
Task over a period 'O Z'Ralr & 0RT & SUFPrI a5 06t 0 100€ (P AT agen
at nospher e waaf tdertetltnena@ tn opwicEiadd tiidh, JlRe Kpoﬂy&ierﬁtpaltﬂiaod, reattd oh was
performed fS%rlko Ins ufu%ne%ttngSé%ZJOQ)O%J_f%eg alo cgﬁrt?:wié/lcaq%q:%égge
[0161]
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 amount: 500 ml {a 500 ml sample can is filled
with the sample up to the marked line)
Weight: 75 to 1,000 g
Measurement method: The time required for the rotor to
25  produce 100 revolutions was measured. Measurements were conducted
while changing the weight. Among 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 used and the time in seconds reqguired 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 Copeclymer (A) Solution)




(additional) was subsequently added to the resulting reaction solution to
further continue the polynerization reaction for 2 hours at 90 to 100C,

t hus produci ng Copol yner Solution H2. 20 Table 1 shows the viscosity,
nonvol ati |l e resi due, nunber average nolecular weight (M), degree of

di spersion of nolecular weight (Mv Mi)s4%nd glass transition tenperature
(Tg) of Copolyner Solution H2. [0167] 25 Table 1-1 -47 0 OMN1t!) fO
f1) IONp o ON r (30 MmNnms -ofN Ky¥ere Was0 fhgngedOt@ G EpPPR L cflask 1 U)

00D m 10 HIRER N Ta NN 0"l O 0 Npp* KPR 1 & 190" RER U 0 m v
N O O CDdrbppite muhbPeCh bubNeNhaptl, aamixepp @lutionU)of3 ES§ |d 0O
triisopropylsilyl acrylate, 150 g of methyl methacrylate, 50 g of
5 n-butyl acrylate, 150 g of 2Z2-methoxyethyl methacrylate, and 5 g
of t-butyl peroctoate was added dropwise into the flask over a
period of 3 hours, while stirring at 115 fo 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 soluticn to further continue the
polymerization reaction for 2 hours at 115 to 120°C, thus
producing Copolymer (A) Solution 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 (Producticn of Copolymer (A)

Solutions)

20 Polymerization reactions 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 $-2 to 5-6. Table 1 shows the
viscosity, nonveolatile 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
ftemperature shown in Table 1, thus producing Cecpolymer Solution

35 H-1. Table 1 shows the viscosity, nonvolatile residue, number



m-0 oEL'NNNNMOO;;$0000O.LDO0O, N;; a0o0O -0Ocvyvo
o,mo, UQ2 . 0OEupQoQO0O0OvyOo aa0mnmnopmy ma~0E m4
m~ 00 QoP+ mMCLONNYZz ovQ~-Toodaaado. mna>Q5+S
>a>aEur o0O0OF OOONNEoOTr oo>0o00WwWp X~-WCCNNm++Y
1-+ YL Xc>z2z0(70 O O NNO 44my 0 0 aaunyodoO c¢c mE E E }o
sagaadoad leois~(yd O UO OO Tv a JO}eryud4 uoryezuauriod U -48- [0168]

Table 1-2 ZV6T69} Tohpatai vieiphsdule] orceqiess Siff (dAPPER-GT Exdipreylar
I ngredi ent gl agr edipgNmName, iy 251 440 tiably; (Ghar 9ed 0808330330 Splhyent

resulting copolymer solution.
[0166]

5 Comparative Production Example 2 (Production of Copolymer

Solution H-2)

330 grams of xylene was charged to a 1,000 mi flask
fitted with a thermometer, a reflux condenser, a stirrer, and a
dropping funnel; subsequently, a mixed sclution of 150 g of
10 triisocpropylsilyl methacrylate, 150 g of methyl methacrylate, 50
g of n-butyl acrylate, 100 g of n-butyl methacrylate, 50 g of 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 tco 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 subsequently added to the resulting reaction
solution to further continue the pclymerizaticon reaction for 2
hours at 90 to 100°C, thus producing Copolymer Solution H-2.
20 Table 1 shows the viscosity, nonvolatile residue, number average
molecular weight (Mn), degree of dispersion of molecular weight
(Mw/Mn), and glass transition ftemperature (Tg) of Copclymer
Soluticn 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-Amyl Peroxyoctoate ¢%’~Hexyl Peroxyoctoate t-Butyl

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

Per oxyoct oat e Additi onal Solvent Xylene 170 Reaction Tenperature (C)

115-120 90-10Q0 Vi scositm nPawsS/25C) | 1150 2280 [0 [Nanvoljat|i Ile |Relsi due (%
125C, 1 hr) 60.7 49.6 |Nugher Averagel Mpl ecul ar (Vi ght Jg 300, @,300 Q, E
(M) a. a Degriee<df Bi $pesgr & | g8l ar |@(3.|2 (7 Uma @mp:(l%v/%(},s
G ass Transitijon Tenperafune |74 46 | a (Tg;i © [Capal yjrer |[Kgng H 1) H 2 -49
Exanples 1 and 2 d _Cpnpanat/ive |[Exanples:1!t@. 5 (IPrlodugtilo of | Coat iing
Conposi tions) ([Eachl of Copollyrer| (|A)| Sol utfiomns |S{1l|tg S-6|salijds] contient:
about 60% obtlaiined &n| Pradudtiloy Bxamp|es 1 06,1 |5 orfllt@:hq(g QP paser
Sol utions H 1 [and”H2 (soFids d8ht ent [~ Abput 6006\1 oht ai ned S | |@npar|at jwe
Production Exanmples 1 and (2ifaqr |usle @as| a|lcopol yngr (was (bllended wit h a
xyl ene sol utidn
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of a gumrosin zinc salt (solids content: about 60% or a xylene solution
of a hydrogenated rosin zinc salt (solids 10 content: about 60% for use as
a rosin zinc salt, and a xylene solution of gumrosin (solids content:
about 60% or a xylene solution of hydrogenated rosin (solids content:
about 60%. for use as rosin; cuprous o“x‘ifg"e havi ng an average particle
dianeter of 3 or 6 pmfor use as cuprous oxide; and 15 additionally, any of
t he organi c {8AabBfloul ants, pignents, additives, and solvent listed in Table
2 in the plTepdetiiods (wt% shown in Table 2. The above ingredients were

m xed and dispersed wwth a small desktop | aboratory sandm || (using glass
beads wi th [@1dicgneter of 1.5 to 2.5 mMm) to produce a 20 coating

conposi ti gn.The nonvol at]Te matter content, VOC | CQiHLMtive Piiduct®nd jcoating
material vis ga%i B ath mg:ach of the resulting coatiing conpositions arie shown
in Table 2. f% 7077"°ERampl es 3 tmgldigRribsiect | on Of—Ceatifg-Eorpesi-tions) 25
Each of Copol yREEYENS Solutions S-3 to S-6 obtained in Productpon Exanpl es
3 to 6 fol_use as a copolyner was blended with a xylene solution off a gum
rosin zin¢ sglty CRQLAS pontent: about 60% or & xyl ene so]ution off a
hydrogenated rogin zinc spXtleresol i ds content: about 68% for 333Use |as a
rosin zing¢ salty and additionally, any of the antifoulants| pignent|s,
addi tives,| and solvent |istadldyisitBEGiafe i N the propgptions (W% shown in
Tabl e 2. The afv¥mer NQgr egi-ents—were mxed-and -dispersed-wi-th a snall
desktop Ifaboratory sandm Tisdprmiiaiyl etasrvlaeads Wi th a di anptenseof 1.5 35
to 2.5 —and—the—resul illﬁ mxture—was Trenoved—Cuprous Toxidewit h an
aver age parti Mosomierdhet er | MethgMaghacndetpm was  subsequéi®t |y addd@0to |t he

m xture and STowWy st rredlﬁtwth a . stirring bl'ade, thus progducing a |coating
conposi ti gn. The nonvol atT1¥ AMB4%&r content. VOQ content., PVC. and [coating
40 material viscosity of eagyph.iR resulting coatingyg conposigjons are
shown in Table 2. [0171] | Table 2-1 -50

Monomer (c) n—Butyl Methacrylate 50 100

2-Methoxyethyl Acrylate

2-Methoxyethyl Methacrylate 50 50
t—-Butyl Peroxyoctoate 3 1
5;5 Initially Added | t—Amyl Peroxyoctoate
:é t—Hexyl Peroxyoctoate
-g t-Butyl Peroxyoctoate 2 2
G—E_‘ Additional t—Amyl Peroxyoctoate
t—-Hexyl Peroxyoctoate
Additional Solvent Xylene 170
Reaction Temperature (°C) 115-120 90-100
Viscosity (mPa-5/25°C) 1150 2280
LE Nonvolatile Residue (%, 125°C, 1 hr) 60.7 496
'-;g“; 5 Number Average Molecular Weight 12,300 22,300
e £ {Mn)
n:_ _g. De.gree of dispersion of molecular 39 ' 37
ERe weight (Mw/Mn)
7 —
5 ?I!Z'sig)ransﬁaon Temperature 77 48

Copolymer Name H-1 H-2




| ngredi ent Name Exanples 1 2345678 S-17.55 S27.55 5-37.5
S45000S5S55 0S65 H1H2 G@GmRosin Zinc Salt Solution (Xyl ene

Sol ution, Solids Content About 60% 17.5 17.5 17.5 20 Hydrogenated Rosin
Zinc Salt Solution (Xylene Solution, Solids Content About 60% 20 20 20 20
& Gum Rosin Solution (Xylene Sol ution, Sbiids Content About 60%

Hydr ogenat ed Rosi n qutéoy XIne Solutio Sol'ds 0 tegt Abouyt 600

G ﬂr a AT

Trl Cresyl J““'HL" at+—e A"A'-‘n il’l s .57. t AU
Sansoci zer SE-26E¢ 119 Qompopifions)ori nat ed Paraf fai NC- 301 N| sshi n. Chento,

Ltd. Average Particl®Th atet @Ppglgﬁ?rﬂﬁAb REDUEDPNG7N PREM W?Aﬁ%‘?ﬂf&fn
Chenet Cor pordEingr, avattagelPar ehepenef abt @KOd@CIS#PM@WHi@E dop 6,

(Anmeri can ChremstclCop pofappdmmeny&raygeiPast iHelle abicanter (SEB1ge) casteyst 45 p
LOLO 71NT92cAreralGan diteamete Carty of aitpars t iAver BigedRar 1o | exdn@ahet eF .arkd pm).
45 45 45 CQopper Ry« i &b aneododyRed Fad dbld:ndadchbiofH uankdléne Todbyhiiarani d
| Ugarol H351a lgédinnetddin Rethéranl oxi@@13.ds kdntderdt 2. Bb3ub 303)3orTadc 2
22222 % n%I Ngo Ot 86n 5 oF 5a5h§d§oée¥aa4&edﬂﬁmrunh%bd%dul @sé-lﬂdsl 11
Fuj i ﬁ Jcelhtl Ladodt Aiydreys Qdusugy (Rehydsahi ng Ageps)tM and a

Tebaet Oxyibh%%% %%%mwTdNIfEe@Lm.IQSQn go§195 cBn2eft? Op3uf- éO“ or a

xylene solution of hydrogenated rosin (solids content: about
60%) for wuse as rosin; cuprous oxide having an average

particle diameter of 3 or 6 um for use as cuprous oxide; and

15 additionally, any of the organic antifoulants, pigments,
additives, and solvent listed in Table 2 in the proportions
(wt%) shown in Table 2. The above ingredients were mixed and
dispersed with a small desktop laboratory sandmill {using
glass beads with a diameter of 1.5 to 2.5 mm} to produce a

20 coating composition. The nonvolatile matter content, VOC
content, PVC, and coating material wviscosity of each of the
resulting coating compositions are shown in Table 2.

[G170]
Examples 3 to 8 (Production of Coating Compositions)

25 Each of Copolymer (A) Solutions 5-3 to S-6 obtained
in Production Examples 3 to 6 for use as a copolymer was
blended with a =xylene solution of a gum rosin zinc salt
(sclids content: about 60%) or a =xylene solution of a
hydrogenated rosin zinc salt (solids content: about 60%) for

30 use as a rosin =zinc salt; and additicnally, any of the
antifoulants, pigments, additives, and solvent listed in
Table 2 in the proportions (wt%) shown in Table 2. The above
ingredients were mixed and dispersed with a small desktop
laboratory sandmill (using glass beads with a diameter of 1.5

35 to 2.5 mm), and the resulting mixture was removed. Cuprous

oxide with an average particle diameter of 13 or 18 pm was

subsequently added to the mixture and slowly stirred with a

stirring bklade, thus producing a coating composition. The

nonvolatile matter content, VOC content, PVC, and coating
40 material viscosity of each of the resulting coating

compositions are shown in Table 2.

[(0171]

Table 2-1




a Disparlon A603-20x (D spersant Kusunoto Chem cal s,
Tal on 7500-20 (Di spersant. Kyoei sha Yushi Chem

Bentone #38 1 1 Xylene 8 8 8 8 8 7.5 7.5 7.5 Total
100 100 Nonvolatile Matter Content (w9

cal

Ltd.) 2222 2 2

I ndustry Co" Ltd) 2 2

Matter Content (glL) 376 376 376 376 376 %67 367 367
Concentration 9% 41 41 39 42 42 40 42 42 Coating Conposition Viscosity (KU

Val ue/ 25C) 95 93 89.65 86 06 84 85 -51-

100 100 100 100 100 100
80 80 80 80 80 80 80 80 Volatile

PVC (Pi gment Vol unme

[0172] Table 2-2 Conparative

Exanpl e Ingredient Nang 1.2.3 45 S| 17.5 5-2 17. -Bedey. 5 E S4 55
S6 HL20H2 ITS GumRosin Zinc Salt Solutiion (Xylene Sal tit)i bn. 7Soldi ds
Content| About 60% 7 55 7% 7 5 Hydrogenated RosinlZinc $alt] Sglétion
( Xyl ene| Salution,  Solids.Codflent -About 60% 6 Gum R&sin Sol utidn (IXyledel
Sol uti ofhj Seh-ds—Cont-ent—Abott—60%—2 5 Hydrogenaf-ed-Ros-p-SoHutHen
( Xyl ene %cl gt-onR—Sott+ds @.st_:ert Abott—60%—1-5—Trt+ectesyt—fhpsphate—ARY-ON
UP- 1080| sSN—tut-onat—A253—3 ;332 4 Sansocizer E 2000 thtjornatied
Paraffi p I— o NC301T (Nrsshym Chento. ttd, Average Particlie Draneter:
um 45 45 454545 D RED CQRE 97N PREM UM (Anerii can Chenet ¢or por gti o,
Aver age | PAGhlrGl B ok AR G@Le. 5016, Pi) cofdld ARk by COPP ((Aned | sahvelengt lor gofal 1 on,
Aver age| Pgrslibe@di@robl zad ¥@iis@ition (xya8 SojaiaR) Solids Content: About 60%) PRIERED 20
& Gum Resin Solution {Xylene Solution, Solids Content: About 60%)
Hydrogenated Rosin Solution {Xylene Solution, Sofids Content: About 60%}
Tricrasyl Phosphate H 1
& | arurom uP-1080 3 | a s | a 3 | a | 2 z
2 [ Lutonal A28
ﬂ% Sansocizer E-2080 1 1 H 1 1 1 1 H
Chlorinated Paraffin
& | NG~301 {Nisshin Chemeo, Ltd., Average Particie Diameter: 3 ym} 49
C}: RED GOP $7N PREMESM (American Chemet Corporation, Average Particle Diameter: B um) 45
§ PURPLE COPP {American Chemet Corporation. Average Particle Diameter: 13 um) 45 45 45
§ EOLO-TINTST {American Chemet Corporation, Average Particle Diameter: 18 pm) 45 45 45
% | Gopper Pyrithione 3 3 2 3 3 3 3 3
& | Dishlofanid 1
5 Tolylfluanid i
2 | Irgarol 1051 1
5 | Zineb 1
Red fran Oxide 35 35 35 25 25 3 3 3
& | Teic 2 2 b4 2 2 2 2 2
£ [2zinc Oxide s | 5 [ 5] s |5 s5] 5] s
& | Trtanium Oxide 1 1 i 1 1 1 1 1
Fuji Red 1 ] 1 1 1 )] 1 1
» Apnhydrous Gypsum (Dehydrating Agent)
£ | Tetrasthoxysilane (Dehumidifier} 0.5 05 05 05 035 0.5 1%5) 0.5
§ Disparion A803-20x {Dispersant. Kusumoto Chemicals, Ltd) 2 2z 2 3 2z 2
§ Talen 7500-20 (Dispersant, Kyoeisha Yushi Chemical Industry Co., L1d) 2 2
Bentone #38 1 1
§ Xylens 3 8 8 ] g8 | 15| 758 | 5
& .
Total 100 100 100 100 100 100 100 | 100
Nenvolatile Matter Content (wi%} 80 g0 80 20 80 80 80 80
Volatile Matter Content {g/L} 376 | 376 376 376 376 367 367 367
PVC {Pigment Volume Concentration %) 45 47 38 42 42 40 42 42
Coating Composition Viscesity (KU Value/25°C) 85 93 88 85 i5i] 1] 34 85




LOLO TINT97 (American Chenet Corporation, Average Particle D aneter. 19 pm
V Copper Pyrithione 3 3 3 2 2 Dichlofluanid Tolylfluanid Irgarol 1051 O
Zineb 1 Red Iron Oxide 2 2 2 2 2 Talc 22222 Zncoxide 55555
TitaniumOxide 1 1 1 I 1 Fuji Red 1 11 1 1 Anhydrous Gypsum (Dehydrating
Agent) 0.5 0.5 0.5 Tetraethoxysilane (Dehbmidifier) 0.5 0.5 e Dispadon
A603- 20x (Di spersant, Kusunpbto Chemcals. Ltd) 2 2 2 2 2 Talen 7500-20

(Di spersant [0Ky33i sha Yushi Chem cal Industry Co.. Ltd) Bentone , #38 Xyl ene
10.5 10.5 T@18e921@. 5 Total 100 100 100 100 100 Nonvolatile Matter
Content (W% 78 78 78 78 77 Volatile Matter Content (glL) 413 413 409 413

423 PVC ( Prgment —VotumeConcentration % 42 42 427 39 4LCOMMIEL3;;L
Conposi tion Viscosity (KU Mafeugf@5' C) 116 110 11271i57t é:: =§2-T 10473} est
Exanpl e 1i{Spray—€Coatabt+t+ity) Ea\,h of the—coating \.ﬁ.%IIJUDILIUIID obtiarned i n
Exanpl es | to—8 and Conparative Exanples—i-to-b-was spray5—ecoated—tel a
bl ast-fin{shedtin plate (75 ¥“1S0 m) so that -the dry Eoating fitm
t hi ckness|would be about 100 mM® Coat.i.ng.conposit onslthatl &rle capabl e of
bei ng sprag{coated were rated™s "A', and coating copposiltions that were
not capabge of being spray-cdfted were rated as |'B". |10 [[0174] Test
Exanple 2{($tability Test for s@oating Conpositions) Each of the coating
conpositi png obtained in Examples 1 to 8 and Conparative [Exanplzesl 1 tp 5
was seal ed i[n H-2 175
Gum Hosin Zinc Salt Solution (Xylene Solution, Solids Content: About 60%} 1.5 5 15 75
£ Hydrogenated Rosin Zine Salt Solution (Xylene Sclution, Solids Content: About 60%) &
£ | Gum Rosin Solution {Xylene Solution, Sefids Content: About 0%) 25
Hydrogenated Rosin Solution (Xylene Solution, Solids Centent: About 60%) 1.5
Triceesyl Phosphate
5 | ARUFON UP-1080
%: {utonal A25 3 3 3 3 2
f Sansocizer E-2000
Chlorinated Paraffin t
£ | NC-301 {Nisshin Chemco, Ltd.. Average Particle Diameter: 3 um) 45 45 45 45 A5
g RED COP 97N PREMIUM (American Chemet Corparation, Average Particle Diameter: 6 pim}
g PURPLE COPP (American Chemet Corporation, Avarage Particls Dismeter 13 um)
3 LOLO-TINTSY (American Chemet Corporation, Average Particle Diameter: 19 pm)
€ | Copper Pytithione 3 3 3 2 2
E Dichlofluanid
3 Tolylfluanid
E irgarol 1051
© | Zineb 1
Red Iron Oxide 2 2 2 2 2
o | Tale 2 2 2 2 2
g Zinc Oxide g 3 ] 5 ]
& Titanium Oxide 1 1 t 1 1
Fuji Red 1 t ] 1 1
Anhydrous Gypsum (Dehydrating Agent} 05 05 05
:g Tetraethoxysilane {Dehumidifier} 05 05
E Disparlon AG03-20x {Dispersant, Kusumolo Chemigals, Ltd.) 2 2 2 2 2
ga Talen 750020 (Dispersant, Kyoeisha Yushi Ghemical Industry Co.. Ltd}
Bentone #38
&
2 | Xylene 105 105 | 105 g 105
%3
Total 100 100 160 100 100
. Nenvofatile Matter Gontent {wi%) 78 78 78 78 17
Vaolatile Matter Content (g/L} 413 413 400 13 423
PVE {Pigment Volume Concentration %) 42 42 42 39 41
Coating Composition Viscasity (KU Value/25°C) 116 1o 112 115 125




a 100 M wide-nmouth tin can and stored in a thernostat at 15 40C for 1
nont h, after which the viscosity of the coating conposition was neasured
using a Brookfield visconmeter. [0175] The viscosity of the coating
conposition was evaluated as follows: 20 A: a change in viscosity of |ess
t han 500 nPas/25C (substantially no ché%‘e in the coating conposition) B:
a change in viscosity of 500 to 5,000 nPas/25C (a slight increase in

vi scosity) C€9ld3dhange in viscosity of 5,000 to 100,000 25 nPas/25C (a

si gni fi cantfgsicrEeee lien vi (Seosivt YoabDabd 1gfiange so significant that the
viscosity was unned&iurabl ef (t heecoatdang neonposiid it idirnedobtd inead geln or
sol i di fi edE{blG]s BOtdhe resultenpaatshonnEkangads el3to [DIvdd sprap-seen
from Tapl e 3 fthat EdSTeaCQ:'IB@%I—tfllﬂFi%heQO&tlt'z’d HINGd 087TH £ONsd @S Nso that

derivative avid rbo gr e a 2 d | ack
| ong-term )t st abi I | %gtg?‘ rh}lm Q#Pgﬁggp%gé bFe)r(\ rgl% %% Harag
Each of thé it Eﬁbo‘%‘?ﬁo a2} ﬁe%? Ei%ﬁ%#’e‘éoi? g
and Conpar dt5ve EXH | 55”rl IF%IBP%l S ansparette gl aR_t
plate (75 xaP5®le P 1@6? tslPétaYt‘l‘Fé)a&fafjl &’Sétel Ag Al @St hPckness woul d be
about 100 mM9174dd dried at 40C for 1 day. The coating filmhardness of the
resul ting dieytcdataingd e i4 mSvay indayuledtafoz5Coasiing Gompeadulfonshar dness
tester. The results Fmguntofiunbee) awetdBgshowmpasifabins 3. oktgowd number
of 20 to S5@xasireef dr all 8 aher QuipetracdlvepBxpopées [[0EE9F Whsi sesked friom
Table 3 that 1te soatiink-hiduth -OB8n tenmeddisstgrédeinoat i tige SIS taoNs
of theyknvepkronoy 1 month, after which the viscosity of the coating

composition was measured using a Brookfield viscometer.

[0175]

The viscosity of the cocating composition was
evaluated as follows:
20 A: a change in viscosity of less than 500 mPa-s/25°C
(substantlally 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 wviscesity of 5,000 to 100,000
25 mPa-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 Table 3.
[0177]

It is seen from Table 3 that the compositions
containing rosin (or a rosin derivative) having free carboxy
groups (Comparative Examples 2 and 3) lack 1long-term

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

Each of the antifouling coating 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 pm,
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 is preferable

for practical purposes.
[0179]

It is seen from Table 3 that the coating films



(Exanples 1 to 8) have a suitable hardness. [0180] Test Exanple 4
(Adhesion Test for Coating Filnms) 5 The adhesi on of each coating fil mwas
tested in accordance with JIS K-5600-5-6 Standard. Specifically, tests
wer e conducted according to the follow ng nethod. Each of the coating
conpositions obtained in Exanples 1 to ind Conparative Exanples 1 to 5
was first applied to a blast 10 finished fiber-reinforced plastic plate
(FRP pl at e)form®dx 180nox Zhen) caadiact i popbasétf?bsx ¢50 xhe mihvewt idrat
the dry coatdamglfeis m tthi SknésyewaulsdibebaboutriB@sm The applied coating
was then drlicagodt 40C for 1 day to prepare a dry coating filmwth a

thi ckness afesabotandl@ m (Fhecadbesiretlforesbavasgcenduejed on the dry
coatingsfiM (2 X 2178 ERResDUADEIr ObagHUM &S 1My { @ 16 OsshatteRtsq10Q) -
Eg;}fl}jl ghﬁ%%%gga%ew@agtﬁv%%gﬁ@% : @9 -I5alg! ndférdt hesp ga?ﬂcgi%%ecea&@;gs
that did nc&th p ior? ‘iCt X ?%@iﬁg}li §§ fﬁll gr%gﬁ'l ff to%e &gugr egéag hat
did not pe (f’ H? 9. Bﬁ e ar Tha

di d nof _pe onger o | FRO B SR rShadint o
[0183] %0 |ﬂnﬂ§h?éeﬁlPP6hF?&Hﬁ8r§thﬁﬁaﬁ éCcBé?F FBPnE aF%}néH5u%|¥EPthe
coating cofpdsi®Rbndngf a HelTt ikaEs ok’ 5 (Exdmp) 2 8 8y ostitarigl eadier e to
both the FRRagliaige fankdn thicknaspl abeld] 0>:E84¢b0136 Test pExanplte Sapplied

(EIt exi b:jl I Q:)ba'EEi%Tg fv@e{s Ceﬁghngirﬁleldrrsat Eagéc ofothe qp@_«,t i Bgt @Q&B@%bt Iaor@r
(0] ai ne In (0] G\é\lagdﬁepg c_J>
to a bi§5ttes@|%%igggbnd @%eééghﬁioaging szégkg x 2 mm, the

number of squares in the crosshatch = 100)
[0181]

The adhesion was evaluated as follows:
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 40 te 69.
C: the number of the squares that did not peel off
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.
[0183]
30 It 1s seen from Takle 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 obtained in
Examples 1 to 8 and Comparative Exampies 1 to 5 was applied
to a blast-finished tin plate (75 x 150 mm) so that the dry

coating f£ilm thickness would be about 100 pm. The applied
40 coating was then dried at 40°C for 1 day to prepare a dry

coating fiilm 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 coating film easily peeled




coating filmthickness woul d be about 100 m The applied 40 coating was
then dried at 40C for 1 day to prepare a dry coating filmwth a thickness
of about 100 m The tin plate coated with the dry coating filmwas bent
90, and the condition of the bent coating filmwas visually inspected.
[0185] 45 The flexibility was eval uat ed 25 follows: A substantiall y free
of cracks B: contained mnute cracks C. contained |large cracks D. a
portion of [PA8odoating fil measily peeled -54- [0186] The results are shown
in Table 3. [0187] The iressdern bremsTabhei8 Thatlet Be coating films 5
formed usingighe coating conpositions of the invention (Exanples 1 to 8)
are strong and resi stiant st csIr itkblnemestle [0188ht Tegte Exaapliagd {Maier
Resi st ance rhegldf 0l s€pat | RAcFi LEELiAG aRbip68it0shY¥e spatitng fijframason

formed by %Qa%@le)é' ﬂgt%“8§1nfak:eC9VcE9ﬁgV§n809ééﬂgtéﬁ%eEbaémké@ﬂ’%f%ﬂerpcased
ANC to a qg%@q | ass plate (75 m so that the thickness after
e

dryi ng wou e CP7 )I ng

COprOSI ti of i = ; & SFE e
vas 15 subsequent |y “Rppl TEF t%’ﬁ?esjé’rﬁl-%%? aron Lo 5| g B R the
dry co®fi n§PPi¥iehi &858 LA6RFHOB VR G S0 Wte#ﬁ% ap(ﬁi .%ﬂn%mﬁ%&
dried at 46€CH ortCl MagrophtsILlprepRLrHE a(7s5pé%|m P LhT8 dse OBt AdiFi | m
t hi ckness ahicabest 100ter Theisgeciromehiwhs | apentsedli numat ﬁpalloweammser 20
at 35C for g3yimat.hs, Bater whi chhéhecoabthyi onomwbot heiogoat dlga fiddn vias
visual ly i mgpegtied. [0189] Theawat econpsiatanee PR&mpYasual edc@s 5 oluans:

A thewoafsbﬁgehbbmtu_lgyd%vﬁrﬂedmt@h%rﬁ]@e 25t Bicd o £0ad | Beatihy Finghtdy
changed Cot%rt the dry coating film thickness would be about 100 pm.

The applied coating was dried at 40°C for 1 day, thus
preparing a specimen with a dry coating 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

coating film was visually inspected.
[0188]

The water resistance 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 fiim
[0190]

30 The results are shown in Table 3.
[0191]

It is seen from Table 3 that the coating films
formed using the coating f£ilm compositions of the invention
(Examples 1 to 8) have excellent resistance to water.

35 f0192] :
Table 3



(04
swel |'i ng,

and peeling were observed in the coating film/[0190]
results are shown in Table 3.

[ 0191]

It

the coating filmwas slightly blistered D: defects such as cracks,
30 The
is seen from Table 3 that the

Tabl e 3

Spr ay

P AAAA
AAAA

coating films formed using the coating filmconpositions of the invention
(Exanmples 1 to 8) have excellent resistante to water. 35 [0192]
-55- Coating Water Adhesi on Exanpl es/ Conposition Test Resistance
Stability Flexibility Test Conparative Coatability 40C Test 35C Exanpl es
After 1 FRP Tin After 3 Plate Fﬂ)(ﬁitﬁjgl\/bntp?th\/b'nt hs 1 A A A ApAtd
AA 3AAAAAA 4AAAA ; ESAN5 A A AAA
7 AAAA pNERamBled/ A A A A A ?"@p 9?:"& B Test0 0 CL. .FE 2 Eé\f)'r@fﬁﬁ\@A D x
o ative pray Stability exibility est
OMParatve! Goatability 40°C , Test 35°C
Examples FRP | Tin
After 1 Piate | Plate After 3
Month ate 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 A | A A A
3
ke 5 A A A 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
9
o,
£ 2 B D A A A D
<
1l
g 3 B C A A A D
e
o
g 4 B A c | A C c
Q
&
5 B A B A A C




w 3BCAAADc 0 E4BACACCO U 5BABAAC-56- [0193] Test
Exanple 7 (Solubility Test (Rotary Test) for Coating Filns) 5 A tank was
centrally provided with a rotating drum with a dianeter of 515 mmand a
hei ght of 440 nmto cause the rotation of the drumvia a notor. The tank
was al so provided wth a cooling apparéﬁ?@ for keeping the seawater
tenperature constant, and a pH automatic controller for keeping the pH of
10 the seawater constant. [0194] Two test plates were prepared according to
the follovi0dg3tet hod. [0195] 15 An anti-corrosive coating filmwas forned
by applyi mgsan BxdmpTer riosiyelcionting mMeteri dlotlarwi Ogktbased @4)id®o a
hard vi nyl rehim@eni de plate (75 x 150 x 1 mm) so that the thickness after
drying swuld be abouyt ©thpmabokkawedi1by pdoyingd Raeh of theaanid fould ng
coating COWH%%'%'%H%m%QeQb%%'@Q@ kb 5&@”& g8:4nt008 and GRMParaLiyve the

Exampl €5 1,168 ¥ ARpld ofl 0 <L he Ay rr@%vsaﬁg%gggaigg 50, 1hat

th ggngtss4 ttgar r '&qnvgo %t%@%r?’ﬁ% M, b _a eggsger L .

(1myg o |8EE‘ ésé‘ g 2 a EUS5Ha a5 Sap faiég ERE BFOPHETL HUR B izr o
te

t est NiaSSa¥RTFEd CESERE -rotati ng drum of the rotary apparatus of

t he above- [Féftiloned equi pnent so that the test plate contacted seawater,
Two test plates were prepared according to the

following method.
[0195]

15 An anti-corrosive «coating film was formed by
applying an anti-corrosive coating material (a wvinyl-based
A/C}Y to a hard vinyl chloride plate (75 x 150 x 1 mm) so that
the thickness after drying would be about 50 pm, followed by
drying. Each of the antifouling c¢oating compositions

20 obtained in Examples 1 to 8 and Comparative Examples 1 to 5
was applied to the anti-corrosive coating film so that the
thickness after drying would be about 300 pm. The applied

coating was dried at 40°C for 3 days, thus preparing a test
plate having a dry coating film with & thickness of about 300
25 pm.
[0196] :
One of the thus-prepared test plates was secured to
the rotating drum of the rotary apparatus of the above-
mentioned equipment 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 replaced
once every week.
[0197]

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

40 initial coating film thickness and the remaining coating film
thickness, thereby determining the amcunt of the coating film
dissolved in the initial 6 months.

[0198]
The dissoiving amount of the ceoating film is

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

[0199]
It 1is seen from Table 4 that the coating £films



30 and the rotating drumwas rotated at a speed of 20 knots. During the
test, the seawater tenperature was naintained at 25C, and the pHat 8.0 to
8.2; the seawater was replaced once every week. [0197] 35 The initial
coating filmthickness and the remaini %Fcoati ng filmthicknesses after 1
nonth, 3 nonths, and 6 nonths were neasufed for each test plate, using a

| aser focus displacenent uge; and the thickness of the dissolved

coating fi lfpomest calsdulcat éfglef r ewatthacdi EPeperds tbasween t hBe40innentbon
coating fil(A=amipdieresls tand )t kerer eviwispilvgdcdat isng fficientifi ¢kngssameliet eby
det er m ni ng rdne EmOUNhibdial hpecdat ngefiebhindi s3altvechdge theating i &l 1ifs

mont hs. [ 0}398}vithe (@diws dlnditig: lammnt cfl ihhe eggatizeg filmis 45 represented
in ternms ofjguejtotal dissolving amount (m) of the coating filmduring the
period. The resul tS ﬁfel§h§¥\@n' Bhatakhe 4odiQHP]rilitnd scsafd fromlabie 4
that the C%ta' 9, 55&3) rpgn@ﬁ Y5 &5@&&0@;{?&@189”@0% tlaonasr@fms@e

i nventi on é; &s SoB) S AT ol 8ROl VAR i oS Uil S RTOUN
fromthe ini t| al_ perlo eveg!_cl ng ntl%o a % tlecr{s prOVf J?rgod
|n|t|a{ antlfn(?umg) }%erjc%s ‘é;@lta 3%% fjhst the E%téln tfl]
f or med*Yisi MG EHE S t?}hﬁ cEHﬁoﬁoﬁ Pﬁf”? eu%%gﬁpl P H%r e
not easi | FOHPSSHVERS Pk aar e bhifd ng* ¥Rl £ hi £i dP%et ifGte kel ¥t
exhi bit ef Festliskargfi fCoNSing erpekesy F‘PW@HQEGM@ES@B%HQh‘éhet‘h%s"eoat| ng
films formd@2@dilng the coating conpositions of Conparative Exanples 2 and
3 have | owTadtler 4 resi stance, causing cracking and/or peeling during the
test. [0201] Table 4 Coating Conposition Dissolving Amount (pn) of Coating
Film Name

Coating Composition Dissolving Amount {um} of Coating Film
Name
After 1 Month | After 2 Months | After 3 Months | After 6 Months

i 8 15 20 36
2 7 13 18 31
3 6 11 16 28

® :

£ 4 7 12 17 30

g

2 5 5 10 14 26
6 6 12 _ 17 29
7 5 11 16 31
8 6 10 15 30

3 i 2 4 5 11

[}

5 2 3 5 8 15

1

g 3 2 4 7 13

]

e

8 4 1 2 3 7

E

(@]

o h 0 1 2 5




After 1 Month After 2 Months After 3 Months After 6 Months 1 8 15 20 36 2
36 11 16 28 N4 7 12 17 30 o. E w55 10 14 26 6 6 12 17
29 7511 16 31 86 101530 124511 CLE235815 XW>3247

7 13 18 31

13 CL 41
At t achnent

237 EO 050125 -58 [0202] Test Exanple 8 (Sline

Test) Each of the coating conmpositions obtained in Exanples 1

to 8 and Conparative Exanples 1 to 5 was applied to both surfaces 5 of
har d V|nylf@ﬁp83|de plate (100 x 200 x 2 mm) so that the dry coating film

t hi ckness w@gkdgggmgggq; (£09ma Adthe rarpti edsigoating was dried at room

t enper at ur

ays, us preparing a test plate having a dr

coating filmwith a Ftalﬂhcl@rfeéiéeoﬁo%w corgos priAnsTIcSatesd 1 dampadss
i mrer sed ate1g5,mybel.ayw #terfgﬁivgeﬁﬁémﬁﬂéslq KusBi oot 0y (At %g ¥€k§8%ﬂn%urfaces

Pr ef ecture,

Japan 1 nont hs, and nont h | nmer si on

a

t he

att achnent off ashang vinthehlpesde plate A§0vk sz 13 2 nepest ethat @RO3{iriThe
results are shown

10

15

20

25

30

35

coating f{hﬁy%ghgﬂgéss would be about 100 pum. 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 about
100 pm. This test plate was immersed at 1.5 m below sea level in
Kushimoto 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.

[0204]

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 cbserved.

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

Z2: Slime attached thickly on the entire surface of the
test plate, but could easily be removed with a brush.

3: S8lime attached thickly on the entire surface of the
test plate, and could not be easily removed with a brush.

[0205]

It is seen from Table 5 that the coating films formed
using the ccating compositions of the invention (Examples 1 to 8)
are substantially free of slime attachment, compared to the
coating films formed using the coating compositions of
Comparative Examples 1 to 5. This is because the coating films
formed wusing the ccating compositicns of the invention are
sufficiently dissolved from the initial period.

{0206]
Test Example 9 (Reccating Test)

Each of the test plates subjected to the slime



15 [0204] The figures in Table 5 represent the degrees of the attachnent
of slinme. The degree of the attachnment of slinme was evaluated as follows:
0: Substantially no sline was observed. 20 1: A snall amount of sline
attached to the test plate. 2: Slinme attached thickly on the entire
surface of the test plate, but could easity be renoved with a brush. 3:
Slime attached thickl¥ on the entire surface of the test plate, and could

not be easPlyaF@RBVed™@PEh 4 brifh. B33RIS208] WRe ivEsdigeh iy oRPYEHI% °% hat
the Coat'n%xéh£§§eﬁaﬁﬂﬁdt UL, %ﬁgiege&ang%eeeﬁoeégé A5k [Bed) nyenty on

(Exanpl es are su stantl ree slinme ment, co ared to
the coati dgvfi IEeshf efnele L@atgneheozemmtﬁ@néo%wrﬁdoee Bﬁim@@oﬁrpé@a‘-’u ve

CXoTP o L 58, PO SEppnts oot g LB e dguntan e

coati ng conposi £ the [ vent| on are romt he
initial 5pe|sumﬂace{a 0@O6t}he Testt Blabpl eogtIQﬂectdwt idry teet;n@ﬁﬂamrtmmneh@ t est

| at bj e d t | 59- attach t t f Test
hhed by BBHHENGS GoubxIAngB walG CRELGEH, CAELEY | Bas aft} Bonft Fooh

t enper at ur eeﬁ@é@td&r losoday.rdzach @fyd heu@@@tpf@pmmosattem i ngd in
Exanples 1 to 8 and Conparative Exanples 1 to 5 was subsequent y applied
to one 5 siPfgRedofeVheCE I piidfe @Hlflﬁat’i Fhécla%%ﬁ%&fua@@uﬁ LRPt W ch@fess

woul d be abedh 20QndMovihetAPpbiedoa@ahyng Mas Aried dbr’ aererti@IRgr eidir e
(25C) for 3 days, thus preparing a test plate on which a new coating film

havi ngl@ t RrBRAEYY 6f dB6utCRIGIEM Had  BrenCIBUEE oV Hhie 8FEC cBAtihg

film A tegt-bpgigetes nm ng-d4dve-t0sadhesi onpaf the m&térn@bff idYEs in
conducted on the test plate according to JIS K-5600-5-6 (2 x nm the

nunber of $heatessshatabhe &PYsshatch = 100). [0207] The adhesion was
eval uat ed %%26% |l ows: 15 A: the nunber of squares that did not peel off is
from

The adhesion was evaluated as follows:

15 A: the number of squares that did not peel off is from
70 to 100.
B: the number of squares that did not peel off is from
40 to 69.
C: the number of squares that did not peel off is from
20 20 to 39.
D: the number of squares that did not peel off is from
0 to 18.
[0208]
The results are shown in Table 5.
25 [0209]
It is seen from Table 5 that the coating films formed
using the coating compositions of the invention (Examples 1 to 8)
exhibit sufficient adhesion of the new coating films to the older
films, compared to 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 £ilm
solubility, causing slime to attach te these coating films in a
short period of time. In contrast, the coating films formed using

35 the coating compositions of the invention exhibit sufficiently



70 to 100. B: the nunmber 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
t he nunber of squares that did not peel off is from 0 to 19. [0208] The
results are shown in Table S. 25 [0209] It is seen from Table 5 that the
coating films formed using the coating €énpositions of the invention
(Exanples 1 to 8) . exhibit sufficient adhesion of _the new coating filnms to
the ol der Widnenitempareaties t kel o2ty 1LY ms 2L PP udihg-tatdlgoai tAg 30
conposi ti ong,/3h£MRaS ald VeAXAM! 8%sh1ktong iAhithd SatQCAHSRLt e 160aiing
films formed using the coating conpositionS of Conparative Exanples 1 to 5
have poor ifiiffeal coating film solubility, causing slime to attach to

t hese coati hlms in a short period of tine. In contrast, the coating
films formed using 35 the coating conpositions of the invention exhibit

suf ficiént|Bable0s high initial coating filmsolubility, allow ng the

coating film surfaces to be Tenewed, resulting in the attachment of titile
slime. [02]0] CSﬂTa(gc;me S&ieg'l i mp At t achmetite Aéaspmengdestng Conposi g on@ -
Recoati ng Test “°AfR &MM9BNnt h %fﬁte 2 Nbnths_ After 8 hs 1 O°T¥EA™ST2| 0
0 0A 3000A 4000A pAEe W ofg uiongsg ﬁ%/%%m%s
1 0 0 0 A
2 0 0 0 A
3 0 0 0 A
w3
.é 4 0 0 0 A
= 5 0 0 0 A
6 0 0 0 A
7 0 0 0 A
8 0 0 0 A
0 1 0 1 2 D
9
[=}
5 2 0 1 2 D
1S
% 3 0 1 2 D
5
% 4 i 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 chloride plate (100 x 200 x 2 mm) so that the dry
coating film thickness would be about 200 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 of about

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.



7000A 8000A 1012D aE2012D Xw >3012D CL412
3D E65233D [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 nm) so that the dryélcoating filmthickness woul d be
about 200 gm__The applied coating was dried at roomtenperature (25C) for
3 days, th 2}%Zéparing a test plate having a dry coating filmwth a
t hi ckness of about H5,L2QQsM +dhiSs estinpl@t@pyasgsi mersed at 1.5 m bel ow
sea level in Ownase City, Me Prefecture, Japan, and fouling of the test
plate was [EXdfined for 24 nonths. -61- [0212] The results are shown in
Table 6. [0213] Therd gygesclni Jalla 6" eRELSEN: the areas (99 howmbigh 5
fouling organisms were at Pacﬁedl. [0212] It L:Ss seen ?‘rom Tﬁ%l (e/% that the
coat i ng5fi lfeslfing netbanisinsgwehe adachrg. conpositions of the invention
(Exanpl es JIOT29L4 ) are substantially free of the adhesion of aquatic
fouling 10 "‘organi snms, conpared to the coating filnms formed using the
coating film conpodit iiensseein GoopalabileecExaapl eke levor g Thilmsi Sobesduse
the coating fil formed using the coating. conpositions gof the inventjon
xhi bt SoMEHAEL ER Rt iy GPOPYS P 85° CBFI DAY Lorn st s ot K1
di ssol ved alrea sgpstaididlaie Fose anvext@@deddhesion of aquatic fouling
10 organisms, compared to the coating films formed using the coating
film compositions of Comparative Examples 1 tc 5. This is because
the coating films formed using the coating compositions of the
invention exhibit somewhat reduced hydrolysis rates, allowing
them to be stably dissclved at a constant rate for an extended

15 pericd of time.



15 period of tine. -62- [ 0215] Table 6 Test Duration Coating Conposition

Fouling Organisns After After After After

Months 1 0 O O O None
Anmount of Sline)
(Smal |
0 None

Amount of Sline)
(Smal |

(Large Amount of Sline)

(Smal |

3 00 0 0O None

E None

(Smal |

6 Months 12 Months 18 Mont hs 24
Anmount of Slinme)

None 2 0 0 0 O (Small

50 0 069 (Small Amount of Sline)

Amount of Slinme) 7 0 0 O O None
0 00 0 Non¥218kal| Anount of Sline)
Slime) Nong,,2:050 O O E (Large Anmount of Sline)

(Smal |

1000 O None

E w

m4 0 0O 20 50 Tube wor s

Amount of Slime) 4 0 0 O 5 None n

6 000

Amount of Sline) 8

(Lar ge Anount
None

of

30000

Test Duration
Coating Composition Fouling Organisms
After After After After
6 Months 12 Months | 18 Months | 24 Months
Mone
1 0 0 0 0 (Small Amount of Slime)
MNone
2 0 0 0 0 (Small Amount of Slime)
None
3 0 0 0 0 (Small Amount of Slime)
None
iﬁ_ 4 0 0 0 0 (Small Amount of Slime)
E
o
ks None
S 0 0 0 0 (Small Amount of Sfime)
None
8 0 0 0 ¢ {Small Amount of Skme)
None
7 0 0 0 0 (Small Amount of Slime)
None
8 0 0 0 0 (Small Amount of Slime}
None
1 0 0 0 0 (Large Amount of Slime)
3 None
£ 2 0 0 0 0 (Large Amount of Slime)
>
Wi
None
1]
% 3 0 0 0 0 {(Large Amount of Slime)
o
o
g 4 0 0 20 50 Tubesworms
Q Bamacles
Tub
5 0 10 50 100 Lbeworms
Bamacles




O Barnacles 5 0 10 50 100 Tube worns Barnacles -63- CLAIMS 1. An
antifouling coating conposition conprising: Polynmer (A, whichis a

pol ymer havi ng a nunber average nolecul ar weight of 1,000 to 20, 000 that
is obtained by 5 polynerizing a polynerizable triorganosilyl unsaturated
carboxyl ate; and Zinc Salt (B), which istat |east one zinc salt selected
fromthe group consisting of rosin zinc salts and zinc salts of rosin
derivative&lAi¥St he antifoul ing coating conposition (1) having the weight

ratio of ‘the content; of B0l yeso(Alnd Gdhahgoladinn S8ht okt (B)) of

45/55 to 10/90; (2) having the nonvol atile matter content of not "I ess than
75 weight % and 15 (B®)lysebstaht ivglioh bei agedn@erf havizg rioSVADSE ¥ BYRae

75 vei g 15 (5t \ rROSHTOBE 5
Comosi 11 oRCABERH AL e B BFF R0, 0L PP A R b B nber awer age

nmol ecul ar RO ywekrghingfa DolOfetDzelbl 000 Loapehes idegr ersafumitsger si on of
nol ecul ar wei%ht ?f | ess than 2.5. 3. The antifouling coating conposition
accor di ng (GPEFEIATY D, wherein Polyner (A) has a glass transition 25
tenperature of 20 t @iMdCsadt The amtiichoukiag lepati age coimosialioselaaterdi ng
to claiml, wherein Polymer (A) is triisopropylsilyl (nmeth)acrylate
copol yner . f3OM5Eheh@roim icoagh e &4t irﬁﬁlﬁoﬁld‘g%/isﬁlﬁg %Ié% DG W aim 3,
wher ei n thedshihi gopreheishyl (nmeth)acrylate copolyner is obtained by
copolynerizing (a) 30 to 60 weight% of triisopropylsilyl (nmeth)acrylate,
(b) 101P0 50 wei ght %h6f eRELAGRLBEY EORKARE yFAROSIERED (€£)) G:4¥8NE0 R ght % of
(”Eth)acr>”dé3gﬁ§t§£tiéﬂ5f the content of Polymer ({(A) to that of Zinc Salt

(B) ({A)/(B)) of 45/55 to 10/90;

(2) having the nonveolatile matter content of not less
than 75 weight%; and
ib (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 weight 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
c¢laim 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 Pclymer (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 ccpolymerizing (a) 30 to 60 weight% of
triisopropylsilyl (meth)acrylate, (b) 10 to 50 weight?% of methyl

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



other than those defined in (a) and (b) 6. The antifouling coating
conposition according to claiml, wherein the rosin zinc salt is at |east
one zinc salt 5 selected fromthe group consisting 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 zineésalt selected from the group
consi sting of hydrogenated rqsin zinc salts and disproportionated rosin

zi nc sal t s.Otheg ThagHA08% PR6eRFhgtdaY i AGS cARposition according to claim
1, wherein the nonvolatile matter content is not |less than 80 wei ght% and
viscosity is 80 to 100 KU neasured using a Storner  visconeter at 25C. 15
8. The antifouling coatThy FBHFESILENSrCERIEHSdFAGReD tiMarRrardififefei n t he

content of hhe,vel afid & or gaai fogﬂ{f&qlcri\_edsgft 1€s8 &eé&jﬁ% Q/i%mc 2. The
antifouling coating conposition according to claim1l, which further
conpri sés BeleotedOfpar tthebyramp ghmnsgBting nef gritdgopen 400 padts, bipogei ght
of total anpunt o 0 r (A Zi 5. (B).. nt i f i ng
coating coﬁﬁg§Pt?%WE§%§g%dF%8 ?%EP3F§1%§EE§W%f%ES &%?h§%ﬁ%£%%rggégs%%% to
400 parts kyf waeghdbsof decdproise odd de peastiOtheparine bylwedejhttofl fmtal
amount of Polynmer (A) and,Zi nc_Sal B).. 30 11., The antifouling coating
conposi t i ofr'Sc86P ncg‘grfsc}S%&PQi ﬂ#%@f&r\ﬁgg%ﬁ% 455 1LuprBEsSBYi*dé Ras an

aver age pardiisphk-gpoght adreiteri ebs8ntHim0spms12. The antifoul ing coating
conposition according to 35 claim1, which further conprises 1 to 100
parts %9 wei ght of -65- organic antifoul ant per 100 parts by wei ght of

total amount of  Polynerr{AargReodl g S&aki08) corebsithenantddRihyngs coating
conposition according'to 5 claiml, which further conprises 1 tdo 50 parts

by wei ght &f.aipl Astwhsradn pbe Hﬁmﬂq%ﬂtﬂéebWaWﬁﬁ%ﬂﬂ9n§?nFOQ%HHQ§n69ﬁ$ tgrn
Pol yrer (%b %@ggﬁ%%méﬁﬁﬂﬁiséggity is 80 to 100 KU measured using a Stormer
viscometer at 25°C.
15
8. The antifouling cecating composition according to
claim 1, wherein the content of the volatile organic compound is

less than 400 g/L.

20 9. The antifouling ceoating 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 amcunt 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 pm.

12. The antifouling coating composition according to

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



14. The antifouling coating conmposition according to 10 claim 13, wherein
the plasticizer is an epoxidized oil or fat. 15. The antifouling coating
conposition according to claim 1, which conprises 1 to 50 parts by wei ght
of dewatering agent per 100 parts by weight of total amount of Polyner (A)
and 15 Zinc Salt (B). 16. The antifoul T8 coating conposition according to

claim 15, wherein the, dewatering agent is at | east one (jlﬁgun‘i difiei;
sel ect ed frEwarRE Rt Hemsi BE njdﬂ%fpaéltE&Ws“i’ef s °LoBo APRPE ©
or t hof or mates.ymt#. (Ahezantdiheuking gnating conposition according to claim

1, which further conprises 1 to 50 parts by weight of fatty acid
am de- based di spersant per 100 parts by weight of total 25 anmount of

Pol ymer (A) and Zinc $al _tq‘;y(@)antl%ouﬂh@@daftq%i RS d 8L RRNL comtNeg o
conducted using the antifouling coatinhg conposition of any one of clains 1

to 17 CGonprliasimg, avsidp fofrther ntenprasesnti foudl mgrésaby mpifdhitnrdén t he 30
surface of |6 t 0 An. anf i f isNn i I or med
by using tﬁgl%sgﬁhg?%ﬁl enlg%((:)@a?%%gsc nf)ﬂgégy?ogr)lfo&Hg%yggﬁgﬁ%fd}glpépw% to 17.
35 20. A co@)edndbfeet wdwi @)t he antifouling coating -66- filmof claim 19
on its surface. 21. A nethod for producing an antifouling coating
conposition conprising the steps of: 5 mxing Polymer (A), which is a
pol ymer having a number mverageronl Byl @atwebgbimsssiti080ate@RAng00ot hat
i s obtained by ROl ymerizing a pfa[ﬂ%rr,er,i zabl e trior g{gnosi |yl unsagfur at ed
car boxyPat €3l 1Z; nehesgin %—B)E Do T LiZ8Tat S| FaGPSHEL 2Ph P FalPr 2% ect ed
fromthe group consisting of rosin zinc salts and zinc 10 salts of rosin
derivatives; the antifouling coati ng. conposition (1) having the  weight
ratio of the contentl®df PBrymetifapling tdeatisg ZPFROSALEN FBJOULEAP/ EB)) of
45/55 to 1 W (2) ' il t s 15
than 75 V\B%l%g_% §Lz’an‘gi}%(ae?‘l,% Il%&%?’?%ﬁ%%ﬂoitsge?ﬁg% rkg% w%rqg%?g&fr gjseidr%ggfhs%si n
agent per 100 parts by weight of total amount of Polymer (A) and

15 Zinc Salt (B).

16. The antifouling coating composition according to
claim 15, wherein the dewatering agent is at least one
dehumidifier selected from the group censisting 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}.

18. BAn 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 coating 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



derivative containing a free carboxyl group. 22. The nmethod for producing
an antifouling coating 20 conposition according to claim 21, which
conprises the steps of: mixing Polyner (A) with Zinc Salt (B); adding a
cuprous oxi de having an average particle dianeter of 3 to 10 pmto the

m xture of Polymer (A) and Zinc Salt (B}~ and 25 mixing and dispersing the

resulting m xture usin di sperser. 23. The nethod for producing an
anti foul i n&lﬁ'@a?fn@fa%gr}%ogptjr SEEEF8ing to claim21, which conprises the

steps of: 30 mixing Polyner (A) with Zinc Salt (B); dispersing the m xture
using a disperser while mxing; and adding and m xi ng_a cuprous oxi de
havi ng an average part i IeHCgnEPErPEIEGNPoap R gmTotling coating

composition comprising the steps of:

5 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
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 composition (1) having the
welght ratio of the content of Pclymer (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 for producing an antifouling coating
20 composition according to claim 21, which comprises the steps of:
mixing Polymer (A) with Zinc Salt (B);
adding a cuprous oxilde having an average particle
diameter of 3 to 10 um to the mixture of Poiymer (A) and Zinc
Salt {B); and
25 mixing and dispersing the resulting mixture using a

disperser.

23. The method for producing an antifouling coating
compesition 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 of 10 to 20 um.



