SF-2390 DESCRIPTION STAIN-PROOF COATING COMPOSITION, STAIN-PROOF COATING FILM,
AND METHOD FOR PREVENTION OF STAINING OF BASE MATERIAL 5 Technical Field [0001]The
present inv&ntorPfelates to a two-part hydrolysablelantifouling coating composition having a low
environmental load and a reduced impact on human body, and that 10 can impart excellent antifouling
property, etc. to the substrate surfaces of ships, underwater structures, fishing nets, fishing gears and
the like; and relates to an antifouling method for an antifouling coating film and a substrate employing
the two-part hydrolysable antifouling coatingtldepsFasiticriPtinethod of 15 producing an antifouling
substrate). Background Art [0002]The substrate surfaces for ships, underwater structures, fishing nets,
and the like which are exposed to water for long term, are easily attached by various aquatic creatures
20 including animals as oysters, mussels and barnacles, plants as sea weeds, and bacteria.
Proliferation STadhRRIOGHFCCOATINES COMROSITDREDNN; STAMN R OOFZGATING KM aANDghness of
ship, and therefore leading to the speed reduction, fuel cost increase, and damage to the anticorrosive
coating films applie¥@ETH@DIORIREVENITIAN GHrETAINING <iF \BreSE INWIBRIgtEriorated strength
and functionality as well as extremely shortened life time to
undepwaterstructures,Inaddition,attachmentand  proliferation of such aquatic creatures on fishing
nets including 5 aquaculture nets and fixed. nets may cause serious problems such as aen deficiency
mortalitycaagihtfisbdlecatsedf the obstructionthe meshFurthermore, attachment and :croiif:eration of
aguat c creatures on seawater ps umbing pipes for thermal power, nuclear power plants, etc. may
nterfere witbhdbe 110 circulatien ofeoskewater:sepptyi d8 sojwersichsproblems; resech-and
development efforts have been directed at various antifouiirg coatings to be applied on substrate
surfaces s0,as t0 prevbntaquatic ewatures framattaching olR00#s-a sanvertional antifouligg coating,
an antifouling 15 coating composition employing a hydrolysahi.e polyester resins as a reson is Known.

Since polyaserissinsarg Prodieed 9y estedfication afdelydration,condensation hetween acids and
alcohols, the resins are easily subjected to hydrolysis excel in antifouling properties, and can be

readjly absgrbechio,20 ragiabelism Progess ghMIGIgorgApePs fhraugh nydxelys [00B4IFpL example,

Patent document 1 discloses anti: fouling coatin.g €.sino an aliphaticoolyesteras ahydrol:

surfaces of ships, underwater structures, fishing nets, fishing
gears and the like; and relates to an antifouling method for an
antifouling coating film and a substrate employing the two-part
hydrolysable antifouling coating composition (method of
15 producing an antifouling substrate).
Background Art
[0002] The substrate surfaces for ships, underwater
structures, fishing nets, and the like which are exposed to water
for long term, are easily attached by various aquatic creatures
20 including animals as oysters, mussels and barnacles, plants as
sea weeds, and bacteria. Proliferation of such aquatic creatures
on the substrate surfaces increases the surface roughness of ship,
and therefore leading to the speed reduction, fuel cost increase,

and damage to the anticorrosive coating films applied on the



resin, the al.tic polyester is Preparedcopolymerizing one SF-2390 a polyester com risinu succinao
acid and 152-prapylene glycol, Patent document 2 discloses an antifouling coating comorising a
hydrclysahle polyester resin. obtained 1) reacti.ng artaxyabid such as lactic -c_., polyvalent
carboxylicacidcontain' g FO hydroxyl 5 uroup, and a polyhydrio al ohol, patent document 3 discloses a
hydroiysable polyester resin an antifouling coating that is composed mainly of an aliphatic polyester
comprising @pyetaipgait ofia hydroxy| caroXyliy acidy andiPatem docsume: b4 g losestpalyester resin for
an antifnul.ing coating, having excenlent 10 coating suitabiiily with an appropriate hydrolyzing rate,
obtained by:cogolyme izing D240 icarldexy., acids-and:02-40 glyeols withqlycotie aciehdaatis acid,
caproiactone, or the like [0008]Also, Patent document 5 discloses an. antifouling 15
coatingcompositlomteomprising @resiekaving an acid valueiof 26-400, a metal-eentaining anatifouling
agent and a monobasi ¢ acid compound having a carboxyl group, Patent document 6 discloses at
antifouling-eoatingecampasition eemprising: a hydrelysable-pivetPr havingcarboxyl graups: atdoth
ends, Patent document 20 7 discloses an anti fouling coating compaosition comprising a resin obtained
by reactingamacrylic:resinwith a divadent-or more -yalentmetal axide,a,polyesterdgslrhavincg an
ao:d value of 50-200 mgKOHY/g, and an antifouling agent, Patent document 8 discloses an antifoul
anti-algaespolysster-hasedresine Sky2390-eampesition obtained by-adding an-antifouling agent to a
polybutyieneterephtnalatecopolymercomprising poiytetranutliviene glycol and isophtn ac.id as

cophlymesizish4 cempeonents,Patent: dogument E distlosesana.ntifouling coating compyisim a
biocide and a binder polymer which is hydrolysable with an acid functional polymer, and Patent

documentisglose an-antifoulingcoating comp.sing-a hydralysahie ccitT;polishing resin (an acrylic resin

or ter res ), cupric oxide, and copper pyrithione. Patent document 11 d soloses an a-n'foulinH 10

coating cemprising aacndic acid metal salizhased copolymer anda.triphenylboron-amine complex, and

Patent document 12 discloses an antifouling coating comprising a copolymer hay a carboxvJ. group, a

polywalent metahcompounds and anantifuling,agerny, 15, Citatign List Patent Documents [0006
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15 coating composition employing a hydrolysable polyester resins as
a resin is known. Since polyester resins are produced by
esterification of dehydration condensation between acids and
alcohols, the resins are easily subjected to hydrolysis, excel
in antifouling properties, and can be readily absorbed into the

20 metabolism process of microorganisms through hydrolysis.
[0004] For example, Patent document 1 discloses an
antifouling coatingusing analiphaticpolyester as ahydrolysable
resin, the aliphatic polyester is prepared by copolymerizing one

or more of glycerin, ethylene glycol, and 1,4-butanediols with



[Patent document 11] Japanese Unexamined Patent Application 15Publication No. 11-323209 [Patent
documentAR1<Japanese Unexamined Patent Appliéation Publication No.W02007-074656 Summary of
the Invention Problem to be Solved by the Invention 20[000Recently, from the viewpoint of
environmental problems, it has been an important issue in the field of antifouling coatings how to
reduce volatile organic compound (VOC) contents of coatings, in addition to providing prolonged
antifouling?p&fdrrtiicer(|crigeierisambfatiliag propetties) andd SF-2390 reducing rertgating,
operations. [0008]However, Patent documents 1-11 preferable above do non sufficiently research the
issue on rédtcing the T@OThE dischoorriticte byrthe bresent invertorshas foundithat.coaventional,
antifouling coatings employing polyester resins must be Improve.d in the following aspects.
[0009]opekiaicallsy irsuch cohyentionalamifouling ecating s, thesresinsnaving awiscosity stitable for
coating (especially when the molecular weight of resins is high) must be 10 produced by using a large
amounts efsdlventiwithout! except,vien Conseguomily,lfhe eod matetials having a vigdasityfor
practical use have high 700; contents, which is no longer environrnentalfriendly. [001010n the other
handja research, has:beenpongtsted on 5 howdtd lower thecresiicosity-white seducingsthe usage of
solvents. [0011]One of the measures includes, for example, lowering the molecular weight of he
polyester containegsiarcbatings ykasthisrneasdre, itdspossiblesireduce the erganie sotlveatameunts 20
in coat.ings, however, Lhe hydrolysis rate in seawater grows too gh, which disallows controlling
hydrolysiscrateythus, detefioratingdhes]iang-term-aptifolting property.Inderms:0fadong-term:
antifouling property, a polyester resin for antifouling coati having peiyl actic acid, polyglyooiic acid,
SF-2390 efc.aas-menomers alsercannot maintain thedlengdern antidpuling propertyshecasse of too
high hvdis rate. 012]In a monomer coinponer.t of a resin itsible Lower tccsity while reducing the
solvent- usage byinereasing:-the-corponentsate; ofthe menemers (ig;, softmonomer).such,as
ethylacryiate having a iunction that lowers the resin viscosity and Tg for improving the flexibility.
However,sinee ng 1gsefitheesin containing alarge gmount Of soft HWP&%{%?OHPQ‘&E,
component preferable above is low, the coating containing 10 such a resin lowers the drying
characterisie {goatingssirength) Rarticulaly.,a coating cqmprising @ resin.having a-Jawmalegular

weight and a high component percentage of soft monomer as a monomer component forms a coating

film that ig; significantly hard.dry-has a law strength-and. isa,svtiﬂlgs,ticggp]é@g:&%]gﬁégntgpcgppgnt 8
discloses an aspect of an antifouling coating to be added with a polyester resin, cupric oxide, and a
zinc flower; hewever, the coating is hard to say a hydrolvsable coating and is difficult to keep the VOC
value at a lower level. 20[0014]The resin used for the eoa.ting composition of Patent document 10

forms an organig acid residue strusture at the side.chainend, hence, ametallic crossslinked body is
not formed. t. is, the resin comprises relatively low molecular weight_

15 coating composition comprising a resin having an acid value of
20-400, ametal-containing antifouling agent and a monobasic acid
compound having a carboxyl group, Patent document 6 discloses an
antifouling coating composition comprising a hydrolysable
polyester having carboxyl groups at both ends, Patent document

20 7 discloses an antifouling coating composition comprising a resin
obtained by reacting an acrylic resin with a divalent or more
-valent metal oxide, a polyester resin having an acid value of

50-200 mgKOH/g, and an antifouling agent, Patent document 8

discloses an antifouling anti-algae polyester-based resin



comparing to a rCL31,, havi..ng a metallic cross-linked structure. SF-2390 For that reason, a coating
compositighEcamprising this resin may be ahl e to réduce the usage of solvents, lowers the VOC
value, and maintain the c oating workabilityto a certain degree. However, the composition uses
poayester of low mole Mar weight, the 5 hydro. sis rate in seawater becomes too high to control, still
leaving a room for improvement with regard to long-term antifouling property and coating film strength.
kPatent docemmernt 11 idiscloses aicoating compdfitionsfreerfro,ccoppép carmpgundyehich acnolyaer
having a metallic 10 cross-linked structure is used as a resit,. However, since the
resincomppisésametalliecross-linbedstrepiturea theresinbears-opo 1'wnbigh molectdarsveight-epmparing
to a. resin having no metallic cross-ti nked structure. That 1., the viscosity of the resin is
fundamentallyhitghandthercoating visgasity becomescenen=15 higherdf shedewMQLds intended.
[0016]Patent document :Li discloses a low yap hydrolysable antifouling coating employing an acrylic
resin, howeven dheret43 tilPa ream foo impravententiis the viseosity afthe oatings and-the drying
characteristic of the coating films. 20[00171The ant.i fouling coating films containing copper or copper
compdund:(especially. gupritci exide)exhibitremarkable-disceloration: by, ultkaviglgt-ray, ang-meisture. In
addition to the discoloration.,a crack may occur in the coating films when the coating films are exposed
to ultravilet ray.and moisture for: 56+23909 1 yrlg terms Especially, the Grackases aserious problem,
may lead to flaking, and thus, shorten, the expected service year. (001 To esminate s rich copper or
copper comtpeundiemat preblems; i&[*gaﬁeif@iﬂ%ii%fr@%f{/%@@%%53@1@9[5&9%999@ is
proposed, however such antifouling coating compositions are added with a larae amount of various
organic antifgul-agents iverger to maintain.theantifaulinc-praperty, which cenerated yarious problems
inciudinu extremely high coatind viscosity, low storage stahl 1 - ty, and even deteriorated coating 10 fi

in hardness(stiength) Eherefare, it was: difficult-to realize aqlow: WCEwith one-part f?éﬁ%& f@mposition

employing the conventional hydrolysis resin [0019]Ps mentioned above,the low VOC an

charagteristics swch asdang tesmannfo -ling.property-establish 15.atrade:off relation. a polygster

antifouling coating, free from copper and copper compounds (especially, cupric oxide) , that satisfies

these charagterisfics.atthe same time-has notbeen achieved yet. [00201As a resnd of the research
on the above-mentioned 20 problems of the prior art, the inventors of the present |nvent|onq‘ound that
the adoption gf theifitst.companant and the secard. comegnent haying. aspeeiis,composilin in the
two-part hydrodysable antifouling coating composition will résolve t & above-méntione capper or
copper compound, related problem :239010 maintaiji, the coatinproperties ouch as.a long-term
antifouling propertﬁnd’ rear%g Iow%\?o ‘Which was extreme Ocﬁt)fj%:br?vneBrlt?oI}lé’l?ctojltEgélulnﬁqg
compositigﬁegppm]The object is to provide: a two-part hydrolysable antifouli no coating composition.
having such features as preventino discolora-Li.on due to ultraviolet ray or rno.isture and racking by
exclyding.caopper or copper compound e.g., cupric oxide) simultaneously maintaining: low VOC a a
long-term 10 antifouling proporny at a high level, and forming. an antifoul coating film excellent in.acal
strenoth f%%%ncg-@rm' andtaseduction method of an antifouling coating film and - antifouling

ocy . . i
substrat.e employing t er%sv%-part hydrolysable ant.i..foulang coating composition. 15 Means for

Solving thﬁo%oepjem
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[00221The two-part hydrolysable antifouling coating compaosition comprises two liquids including: a
first compenert tontai no a polyester resin having asolid content acid value of 50-200 mgKOH/g and
a hydroxyl value of 100 mgKOH/g or less, 20 and having a viscosity of 500 mPa-s or less at 25'C; and
a second component in paste form containing a zinc oxide, and based on the total amount of the first
and the second componen the content of vola i. le organic compound is 400g/1, or less, and the
componeritsiate. freé from goopér-ant éepper compound. SI-239011 E00231in thetwo-part
hydrouysable antifouling coating composition of the present vension, the weight. average. mole csm
weight of theguolyested sesinsmeastired byrthee sp024] kxthe itwospartydriadysahle antfouling coating
composition of the present invention, the content of zinc oxide in the second component is preferred to
be 10-500mpartsi by: weight re lativelto ZL00@pa -- by weight of the polyester resin (soli content 10R025iiS
is further preferred to contain rosin and/or a rosin den ative in the twopart hydro lysable antifouling
coating comrpasition ofithe:present énventien {06261t is:fusther preferrad-to-contain an antifouling
agent in the two-part hydrolysable antifouling coating 15 composition of the present invention.
[0027ALitis funtherprefesredite . contaip sezipe pyrithione as an aning agent in the two-part hydrolysable
antifti coating composition of the present invention. [0028]it is preferred to contain at least onea t' izer
20 sel from=group conshstiny of & chlorinated paraffinepetrolesm resins ketoneesing trigresyl
phosphate, poiyvi nyl ethyl ether, dialkyl phthalate, and (meth) acrylic polymers in the two-part
hydrolvsablgrantifouling-caoating compasitionsof the present invention. 33-239012 It is further
preferred to contain an extender pigrnen.t cept for zinc oxide in the two-pa hydrolysable antifouling

coating conpasition of the, presentdnvention. [0Q30]ItisSurther, prefegred to.contaim a pig.dispersant n

the two-part hydrolysabie antifouL ng coating compos4tior or the present invention. [0031]lt is fu he

orefei to contain a-colorpigment;in the twespart hyd.roiysable antifoulingo”po40 of he present
invention, 10[0032]lt is further preferred to contain a dehydrating agent in the two-part hydroiysable

antifgyling gaating composifion.of the present, invention. [00331The two-part hydro lysahi.e gptifouiino

coati composition of ftc present invention comprises two li quids as: 15 a first component including a

reaction mixiyye (A)-hay g,a, olyesteyegin (a3) obtaned by polycondensatien of an acid component
(al) and a polyvalent alcohol component (a2); and a second component including a zinc oxide (B), ihe

o s VSO0 st st e mdin b 2030 20T O
the two ydrglysabl antifoh -lig -outing composition, and the
[Patent document 11] Japanese Unexamined Patent Application
15  Publication No. 11-323209
[Patent document 12] Japanese Unexamined Patent Application
Publication No.W02007-074656
Summary of the Invention
Problem to be Solved by the Invention
20 (00071 Recently, from the viewpoint of environmental
problems, 1t has been an important issue in the field of
antifouling coatings how to reduce volatile organic compound (VOC)

contents of coatings, 1in addition to providing prolonged

antifouling performance (long-term antifouling properties) and



SF-2390It3 IL of the two-part hydrolysable antifou.ling coating composition [00.341The anti fouling
coating filrilof #ie present invent ion ad by hai.ng amy of t.he above two-part iydrolysable anti fouling
coating compositions. [0035]The antifouling method for substrate of the brese invention comprises
coating or 4:mpreonatin.g any ofabove two-part hydrol ysabla antifouling coating compositions ont.o a
substrate,followed by hardening the substrate to form an 10 antifouling coating film. irAlso, the
two-partable dnrifouling €oating composktien: obthe .present invention may be simply referred to as
"two-part anti c ling coating composition" or "antifoul bog coating compos ion", in some cases. In
addition, tHe €erfn of 15 "twio-earthydroBsableantifoulingaaeating-campesitienflantifaulingcaating
composition” or "two-part anti Qui nq coating compositioribe used for indicating state of storage or
transportation withoat mixing the twoseemponents contairedas wellasia state of mixing the.first and
20 the second comp-onni s in the two-part hydrolysable antifouling coating composition. Particularly,
the latter mix<flgastate iscalsorefersedto as“mixture coating' dihetwo-part ydrolysable - + feuling
coating compos.ition of the p esent invent ionobtained by mixing the above-mentionedfirstand
econdcompenests:(mixture 5239014 ceating) is-appjied ananobjest (substrate) to frmarnk
antifouling coating film. [0037JThe two-polysableg co timg compositionthe presenttiontWO - antifouling
coating c.empesition tadie-mixed and wsed withtheaboyepmentioned first and second components,
which forms a hydrolysable metallic cross -linked body bthe reaction between a polyester resin

component@ngsa oxide fokawing te the mixi n: of the firstcomponentthe second compone 10,
Consequently, discoloration by ultraviolet ray arid moisture is pre-vented and the VOC value cam. be

greatly reduced:withqut degrading the starages stability;and cogting workabili.ty toarhieve a stable

hydrolysis me cha sm. resulting in a hydrolysabie antifouling coating composition having a long-term

coating film.18grindabilitv. 100381, In addition, the palysster tesin.contained n;the first component. is a

hign oxidation polyester resin, and by including the resin in the ftrst component, the crosslinkina

reaciign bgtweer.a zinc.ronand,a.carboxylic.ion,of apolyester resip i%?@ﬁ&ﬁf{CiSQtéyeWB}ﬁe_d when
g

the first and second components are mixed, which improves such properties as coating film drying

characterstc, s g fim strength, coafing, fim physicaes agd [ydrolysis (seltpglishing

o 2 : : S, . O
characteristic and SF-2390 composition of the present invention maintains the antifou’i proprerty for a

long-term -als.can cantrol drying hri‘%'}’{ aq;%@.stig Oa}]gge%dsroly%;% iczliéfgra%tgris.%il% as§oo§g zeig:ed with

the metallic crosslinking hy controlling the acid value. Advantageous Effécts of Invention
[0039]According gg%té%ggelseﬂgvieé}gigwg possible to provide a low VOC high-solid type hydrolysable
an

[0010] On the other hand, a research has been conducted on
15 how to lower the resin viscosity while reducing the usage of
solvents.
(0011} One of the measures includes, for example, lowering
the molecular weight of the polyester contained in coatings. In
this measure, it is possible to reduce the organic solvent amounts
20 in coatings, however, the hydrolysis rate in seawater grows too
high, which disallows controlling the hydrolysis rate, thus,
deteriorating the long-term antifouling property. In terms of
a long-term antifouling property, a polyester resin for

antifouling coating having polylactic acid, polyglycolic acid,



- coating composition well-balanced in various performance aspects and capable of forming an
antifoulingxoatag dilm, which prevent 10 discoloration by ultraviolet ray, moisture, or the like and
cracking; reducing the environmnntal load and the impact on human body; and excels in coating
operation, drying characteristic, long terra antifouling property (consumption property and stationat ant
g property), and mechanical strength 15 regardless low VOC. [0040]According to the invention, it is
also possibledo provide amantifoulisgpcoating fi..tma havingran excellent tanrg-term antifoulingproperty
and mechanical strength. [0041]Furthermore, according to the presentviction, it 20 is possible to
provide arcantifeuling imetiradsfor stibstraten(productionanethod of antifouling subst ), which can
prevent fouling of substrate surfaces or underwater structures, -hip outer olatings, fishing nets, fishing
gear, and Thélike fora. long-termonBrief-Deseriptiem of e -Drawings SF-23201:6 [0042]Fig.d is a
illustration diagram showing the evaluation criteria in a coating film. drying characteristic test (wood
block pressing test}ig the &xampless Degcriptionof theRreferred- Embediments 5r0043]Preferred
embod ments of the present. invention will now be preferable in detail. [60441 [Two-part hydrolysable
anti calling.:coating combes ienkA dwerpart hydrelysablera ptifealing Goat g, -4 sitien,atihe present
invention is a two-part antifouling coating 10 compos inducting thefirst component and the second
componeni preferable hie] ow: in,which the content of valatile-erganic:conpeund is;400,g/L of less, and
is 400 g or less per 1 11, of the two-part hvdrolysable antifouling coating oon.rosition, and excluding

copper or ¢oppess compound: 4 5{0045lAfirst,compenent a-liquid including a pelyester resjn having a
solid content acid value of 50-200 mgKCE/g and a value of 700 mgKOH/q or less, and preferably

having a asity of 5Q0rmRa-s.ardess at 25%G rA sgcond-companent; a ligrid centaining a.zing oxide

(e.g., 20 paste) If therst component is a liquid incladin a reaction mixture (A) having a polyester resin

(a3) prepayed byolycepdensation-of-an aid.camponent (ah),and apolyyalent algohal component

(a2), the two-part hydrol ysable antifouling coating composition of the SP-239017 present invention is

a tweppartantifoulling.coating,compasition consjisting,of ane, first and the second campons

s
preferable below, in which the content of a volatile organic compound is 400 gib or less rgpa{tfve to the

total amount,of the, fics! apd second epmponeiishatls 4000, eb lessneld L gtihe ospart . .

hydrolysableathfoulingcoatingcomposi,” and substantially excluddCopp or or copper compound.

{OLLA)jfi.rst saqdiquid includi ti age co Inaggg 2 ol %s;[r%r resin (a3)
(R cemponant: & igddEAng. 3I8REI0N 5 0o o <o cINRYING APOL %

obtained by 10 polycondensation of an acid componen a polyvalent alco i compcr)jr?enrlﬁ a2).

second cqQmp wa liguid containing. a zi B Jhelaci%valu andnt hydroxy \C/)al %pf the solid
content irﬁ%g%%%%ﬂ%m%?(é% are% %rkgo%gm%K%H%gh aﬁd 100 n%jl%gh(fga o?%éé aljéérejcspe%ld] [0047]For

fo”“"KJaﬁQé“Q9§HQa§HQQ§§§h and is still sticky.

15 [0013] Patent document 8 discloses an aspect of an
antifouling coating to be added with a polyester resin, cupric
oxide, and a zinc flower, however, the coating is hard to say a
hydrolysable coating and is difficult to keep the VOC value at
a lower level.

20 [0014] The resin used for the coating composition of Patent
document 10 forms an organic acid residue structure at the
side—cbainend,hence,anetalliccross—linkedbodyjfsnotformed.
That 1is, the resin comprises relatively low molecular weight

comparing to a resin having a metallic cross-linked structure.



two-part hydrolysabld antifouling coating composition of the present invention is used by mixing the
first and theEsecond components. In mixing the firstsand the second components, a 20 reaction
represented biTt:ne following formula may progress by the polyester resin (the polyester resin (a3)
contained in the reaction mixture if the first component inul udes a reaction mixture A)) contai.n.ed in
the first component and the zinc oxide (B) contained in the second omponent. 31-239618 LC'Before
the mixingy the poblyesteraresin (thecpolyester cesincentained imctheréadtion mixture<A) if the first
component includes a reaction mixture (a ned in the first comp onedes a carboxyl group as a side
chai"(see tA) bélow) tin thedprepatation:ebmixture cadtingsty, mixing the fitst andthe secend
componenbs, an El of a carboxyl group in a particular polyester resin (the polyester resin (a3)
containeddm theaéactiommixtures (X)iifh the first componentincludes ai reactipnamixtureremoves to
generate a carboxylic ion (000) (see (S) 10 leel ow)In addition, the carboxyl iL on and ano oxide (3)
derived framdhe-seconsdi camponent sindergpsascross-tinking keaction aielew fe:foym-g hydtelysable
metallic cross-1 inked body. [00491 (Chemicad formula 1] (B) CA,Polyester chain(c) Before mixing
Polyester ghaino After. mixing{generationof carbexybRolyester chaim After mixing{formation of hydro
yeable metallic cross-linked body) Chemical reaction formula ( [0050]As used herein,e from copper
and coppercomponngd” represents-"substantiatiy free fromncoppes and cgopercompoynds ~SF 2.390
and more particularly, it represents an asoccit in which a two-part coating composition completely

excludinit gpeper-eNGoRee-cePRes: ¥ Wikl)-and agother aspectdnwwhich a.ure coating prepared ny
nixing ch.e firer and the second components contains very smallamountof (e.g., 100 ppmor less,

speci.fical 10189 ppm) copperandiercopper compeund;sasthat discolar. at.on by ultraviglet.ray or
moisture and generation of cracks on the coating films by longPM exposure to ultraviolet ray and

moisture rid-the like-pevergecur.daregarcto;the jatter.aspect 10, the gontent.of.copper of capper

compound depends on the condition that affects discoloration and generation of fi ,e particles (e.g.,

tempgrature and pH.),tbe contentineed bespropesly.adjusted in accordance with the conditions. From

the vie o (=pi et e 1 y preventing she above-mentioned copper or copper compound related

discoloration.and the generation,af.cracks, it s jreferred (o exclude copper or.copper compound
(content: 0 Wt%).

extremely high molecular weight comparing to a resin having no
metallic cross-linked structure. That is, the viscosity of the
resin is fundamentally high and the coating viscosity becomes even

15 higher if the low VOC is intended.

[0016] Patent document 12 discloses a low VOC hydrolysable
antifouling coating employing an acrylic resin, however, there
is still a room for improvement in the viscosity of the coatings
and the drying characteristic of the coating films.

20 [0017] The antifouling coating films containing copper or
copper compound (especially cupric oxide) exhibit remarkable
discoloration by ultraviolet ray and moisture. In addition to
the discoloration, a crack may occur in the coating films when

the coating films are exposed to ultraviolet ray and moisture for



From the viewpoint of favorable coati= workabi Uty, the antifouling coating composition of the present
invention is preféiyéd to have a 20 Poise (20 d or less for the viscosity 90(viscosity of the mixture
coating) (to be measured immediately after the preparation at 23C) of the coating prepared by mixing
the first and the second components and is preferred to have 5-20 Poise(5-20 d2a-s) from the
viewpoint of the room temperature coating workability, sufficient coating time (usable time), the
3F-239090Cpreventicern of flowing: theaddating-ete. Thetvisgasitypreferable hereinds acmjuenmasureu
by Us= ..on visoosiinete.r (RION CO., LTD VISCOTESTER VT-OAF for highS viscosity, 1st rotor) after
adliuTting thesrhixtoref ¢eatinosto 23!C. B3052] Hiessolid content® ebparticulas polyesteryesin .
("polyester resin (solid content)") used herein represents a residue. obtained by weighing Ig of the
polyester résinian a flat bottom plate nspreadingthecresin-evenlydising acwire of kaown weighp, and
drying the resin for one hour at i25 C. If the first 10 comphnent contains a reaction the subj ecu fbr thE
solid content aisidevalyesand hydioxyl valuecean-be the cselisscantent "ofthe re-actionneixture{A)
("reactionmixture (1) (solid content) The "solid content" of the reaction mixture represents a residue
obtaired bysxeigh gdghe seactions1p mixtuee:(A) orba flatbottermrp ate; spreadingsthednixiurg evenly
using a wire of known weight, and drying the mixture for one hour at 125 'C. [0053]The "acid value of
the solid centent sand thes"hydroxyhvalueof the solid:coptentydnthe pelyessii(thes20,reaction mixture
(A) when the first component contains rea ion mixture iT) may be sinply referred: to as "solid content

acid valuez and *'selid; content hydroxybvalue"+ 100541Below %&%%%@%?9@%&9@@57 t

component] SF-239021 firse component of a. two-part hydrolysable antifouliro coating

comeosit.ign p&tzhgem@%&téBV@QH%&9@'@i@@lae%lyﬁ%%fﬁ%Mé%%%é?%@?&&e%%@qMg'ue of
50-200 mgKCE/a and a hydroxyl value of 100 m.gkOH/a or less, and having an iscosit of 5500 mPa.s

or less at 25'C- {0056]Specifically, the dirst companent is adig i including 2 reaction mi teas an

essential component that contains a polyester resinprepared by polycondensation an acid component

(al) apd a polyvalent alcohol compapent; 10 fQQR71.rst campangntmay-include. any compgnent

preferable later in accordance with a purpose desired. However, it is preferable that the trrst

componeny substantjally does;not.contain.a ZnQ, in grder not to farm &W%%%) gé/?ih ggerﬁglg{%erhe

cross-linked body in the first component before being mixed with 15 the second ¢

statementé‘gHg%tggqg}yaqoqﬁ/ggtocl%{]%ig g.Zn@preferable herein represents that a minimum amount
of aria can be allowed to contain in the first component unless the workability remarkably deteriorates
when mixing the, first and gecond Qomponents fg %oating e.en if the nescasity of the first
componen& risesthe hyrolysable meta ‘'c c?oss—lin&eg %bdy f?rir%ed 3? ‘%noﬁg{%{s mgr%éprefé%%%le that
the first compone ot 'Pin An the first component in.order to oompletel.y prevent forming a
hydrolysable metallic cross inked. oélyS ble%lr% geei#éf rarifl]:(ltel v?/if(éjfﬁeq co %%%p%ﬁﬁe%?ﬁ -239099
[0058]: <Pao|¥%%t8£E r_eos' aPéjlre@lcgon rgixt%rf (éblg>e-|1;h§ 01.! OSIE riI;ieSin coq.‘tained in the first
component can epered by polycondénsat ion' of the acid component and olvhydri¢ afcohot. €mponent
(a2). [005%5I’he reagtio&; mixture (A) allowed to be contained in the first component includes a prepion
e

obtained pelycondensation bf the ac%ngé)rﬁgér?en? (ahthe Polyhi/drit dicdoHol 8&mpatent T4t
(a2)whichc|ud§g gi%osly%%er resin ga3),

sat ese chardcteristics at the same time has not been

achieved yet.

[0020] As a result of the research on the above-mentioned
20 problems of the prior art, the inventors of the present invention

found that the adoption of the first component and the second

component having a specific composition in the two-part

hydrolysable antifouling coating composition will resolve the

above-mentioned copper or copper compound related problems,



and in many casesincludes a unreact cinow r ((al) and (a2)), 10 oligomer, solvent, catalyst, or the like.
The reactioa-nigtun (A) is usually used as a first comoponent directly. [0060]The acid component) is not
particularly limited to any as long as the component is a polybasic acid (divalent or more-valent
carboxylic acid), alkyl ester thereof, or acid 15 anhydride thereof, the polybas c acid includes two or
more carboxyl groups in one molecule, the carboxyl group performs polycondensation reaction the OH
group of the: po thyi it alcbhol component {d2)preferabtefate:[00GL]The acid compenentyalincludes:
an aromatic 20 dicarhoxyiic acid such as a teraphthalec acid, isophthalic acid, whthai.ic acid, and
naphthaieae dicashaxyrgagidpar alipha earboxylic acid suchasarcadinicacie sehagic asigs azelaic
acid, succinic acid, haimicc acid, 1, 6-cy lohexane dicarboxylic acid; a carboxylic acid of trivalent or
more -talent (palyhasic acid)i SF-239023 such as-e:tracid:and p-yronelitic-acida low alkykester
thereof (e,g., CI-Ct alkyl ester); or an acid anhydride of these, r00621 The. dibasic ac as an aromatic
gicarboxyle agid andiasaturated aliph.atic dicarboxylic acid may be used in one type alone or two
types or MO eover, a trivalent or more -valent poly' sic acid may be used in one tyoe alone or two
typessor mare2[0063]A pot:yh:ydri;adeohok cemps r & {a2)Jepresents-an r+ algehol (Rivalgntor more
-valent) having: two or more hydroxyl 10 groups (Ce, groups) in one molecule. [0064]A polvhydric
alcohol companent (a2)¢Ludes: an.eshyleneglycalpropylenegdlyed) 1,2-propaned @l res  as
probanedicl.,edtol, 1,4-butanediol, neope Ye glycol, 1,5-bentanediol, 1,6-hexanediol, 3-metny

pentanedigl; b.diethyleneglycol 4. 4-cyclahgxanedimethanol; 3;methyl-1,57oentanediol, 4
2-methyl-1,3-propaned,ol, 2,2-diethyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-proba:nediol, hydrogenated

bisphenol A, £thylgpe Bg&id@@ﬂ@qmefo%'ﬁb%p@PYFBEBéiﬂeé@Q\iﬁBBﬂB@dkJ&t. forb pognolA,. bivalent

or more 20 -vaientpolyhvdricalcoholsuchrrr.metn.yloletha trimethylolprooan, glyceri.ns, and

pentaerythritols. Thess palyhydric alcohol.companents (a2) may beysed inone type alane or two
types or core. Ahydroxyl acid such as dimethylolpropionic acid can be sibjected to a polycongensation
reacfipn with the . 5F+239024,300ve -mentigned acid.companent(a)) and bolyhydric alcohol
component (a2).o[00éﬁ%rzﬁor?oce\freﬁloxy]lc aci%hsuch as henzoi ¢ acid a??d lbenzg{fc acid can
be subjected. 10.a polycopdensation reaction yith the acid compopent(a) and polyhydic alcohol
component (aziL. [g066]From 7-e vigwpoint of einn anlexcelle%t ?ena%it{l/ity% with a g%%gox%(?g I(f'at’noable
me.ailic Gags:1 hody,ean be,formeily)in spite of difficulty in visgosity. 10 rise when mixin the first and
second components, tﬁe content of a constitutional unit derived from the above-mentioned acid
component (al)d.n tj{;uerp lyester resin. (the polyester resin (a3) ,  first component ji.cludes a,
reaction rﬁ?;(ture (R 1(1800 ﬁé%%ﬁtt @a%o%\tai?ﬁ% }i/ﬁ the' ﬁrst%é?npotn%%t ?saﬁr%ferrfgé] {gn%%%a% 6\Blveight %,
further prefrcl-;\{rfgl &8 anlo-gg weiqht 5 aH(IdostyUyrthr preferred to be 20-80 weight 5. [0067]The
content of a constitutioral unﬁ”dlérﬁ/eg?ﬁm The aBove-mentioned poiyhydric alcohol component (a2) in
tile Rﬁlyeﬂgg r Solyieséerf{g Lp.(gli%) jcfﬁge Qr%{bc m onent 20 includes the reaction mixture (A)) (100
weight 5) con ained’in the firs c%mponen]i iS preferred to be 5-95 weight %, further preferred to be

10-9C Wet%f‘?? stil furtpgépreggrég%g%fcle 2}(1)5/8 r\évfggst]égle antifouling coating

composition comprises two liquids including: a first component
containing a polyester resin having a solid content acid wvalue
of 50-200 mgKOH/g and a hydroxyl value of 100 mgKOH/g or less,
20 and having a viscosity of 500 mPa-s or less at 25°C; and a second
component in paste form containing a zinc oxide, and based on the
total amount of the first and the second components, the content
of volatile organic compound is 400g/L or less, and the components

are free from copper and copper compound.



[0068in G paration of polyas the preparation SF -239025  performed by proceeding a
polycondepsatigereaction (ester i ficationionortranggsterific ion),the above-=.tioned acid component
(al) and a polyhydric alcohol component (a2) are mixed, and wel.l.-k.nown production method s as a
fusion method, and a solvent method using toluene, xyl or etne(reflux method) is suitably
adopted.Under the condition of reducedand in 200-300C, polycondensation reaction is performed with
unrataivatiohorinder the presenee ef-catplyst suchas-antimeny: trigrdes 49 germanium; exidg, and
-butyl titanate [0069]The viscosity of the reaction mixture(P) (in, lately after orepara ion) at 25C is
preferred tode-b@AraPars ©f less, furthemprereedtobe |0Q-500mpPa s,-ane-still further preferred to
he 200-400mPa.5. If the viscosity exceeds 15 500m2a.s, it is difficult to exhibit a favorable coating
workability.evemmaintaining the cantent,of thes velatile-organiccompaund (VOC)at-a kavs level, for
example, 4009 or less per. 11_, of a two-part hydrolysableantifouli., coating composition. The viscosity

(nPa-s) of the ahave~-mentioped polyesterrer {A) at 20 25€ is@value measured with 3 type
viscometer (Toki Sangyo Co., Ltd, Model No. TV-22 v comever) at 25C. [0070]It is preferable that the

polyester resirpagntained in-the fiest eqrpgpent includes palyester resin; having aweight.average
molecular we.of 5,000 or less. If the first OF-29C component inche reaction mixture (A) , it IS

preferablethat the reactionymixtute (Alincludes apolyester resin (a3) having, - weight average

molecular weight d1w) of 5,000 O rle ss. The weight average mJf cclar wepreferred to be 4,000 or.

_Less, and is fuitherpieferred o he-000:ar ess. itthe weight.averaue gpolecular weight exceeds

5,000, the viscosity of the polyester resin becomes high, and becomes excess eiy high when mixing

the first and.the.second components. That is, far.an excell. g coating wark.ability, the viscosst be
lowered witvents,oi 10 which tggds toS i@ease the VOC amoeu?ﬁ#?eerg%o?e, iﬁppréL era%ﬁg trji'itjtt the
weight. avgg%geemqucular weight is 5,000 or less. Ifit. is less than 500, the coati.ng7;-becomes still

sticky after drying because of the low molecular weight, so that the weight average molecular wekght

is preferre 500 or mare. 15 [007, e wej 1t aver emoIeI(]: Iaj{weli hti(%}‘the Igstaer resin is
i meseirch by the G0l permention hranaiogianny (Sb, ) (2§ & Sandar o o1e

a value measured by the gel permeation chromatography yrene calibration

curve based on the following condition. ( GPC conditio 0 Pump: manufactured, by Hitachi L-6200
Column: Hitachi g%erﬁicga%é!\é%&gctﬁ?@igﬁ%,%?L%S% gﬁ%) %?Lyi?% I%eanatslo%\?)e%% é’trgﬂﬁ&r%:?ﬁan
[00721!Th§osolid8%op{erg acjig gglue orf e’gkslee ggly&s}gg@r Ilr%ﬁigris 50-200mgKOH/g, and is preferred Lobe
80-150 mgKOH/q, and still’ SF-2398 :

[0026] It is further preferred to contain an antifouling

agent in the two-part Thydrolysable antifouling coating
15 composition of the present invention.

[0027] It is further preferred to contain a zinc pyrithione

as an antifouling agent in the two-part hydrolysable antifouling

coating composition of the present invention.

[0028] Tt is preferred to contain at least one plasticizer
20 selected from a group consisting of a chlorinated paraffin,

petroleum resins, ketone resins, tricresyl phosphate, polyvinyl

ethyl ether, dialkyl phthalate, and (meth) acrylic polymers in

the two-part hydrolysable antifouling coating composition of the

present invention.



further preferred. to be 90-110 mgKOHY/g. If the first component includes tne reaction mt ture (A), the
above-meatierrerbsolid content hydroxyl value the saliu content hydroxyl value of mhe reaction mixture
(A.). That is, the solid content acid value of the reaction mixture (A) is 50-200 KdH/g, and is preferred
to be 80-150 aKOHAg, and is still further preferred to be 90-1110 mgKO If the above-mentioned solid
content acid value is less than 50 mgKOHig, the drying,characteristic of the coatina film deteriorates
because of the 8lbw reaction betweenithe polyester 20 (a3)cand thender(a hydrolysablegnetallic
cross-linked body is difficult to form) when mixing the first and the second components. the
above-mentieneg solid content acid walue exceeds:2000ngK QhHgr such ardefect as £oatingfijm crack
occurs. The above-mentioned solid content acid value can be measured by 15 a titration with
potassiunthydroxide {K@)s [a07Fhe-solicheonienthyeroxyl valueiofthe polyester resin is 100
mgKOH/g or less, and is preferred to be 50 mgKOH/g or less, and still further preferred to be
20ingKOIK/g) and is most preferred to:he 1OmgKH/g:orlf the firsr cempanent 20ingludgs. the reaction
mixture (A), the above-mentioned czoild content hydroxyl value is the solid content hydroxyl value of
the reaction Bydures(f). Thatids: theisolid-content hydroxylwalue ofithe reactignymixtine (Ais 100
migKOH/g or less, and is preferred to be 50 mgKOHY/g or less, and still further preferred to be 20

SF-239028mgKkOH/g or less angisynestprefarredto-he 10 mgKOH/g or _Less. If the
above-mentioned solid content hydroxyl value exceeds 100 mgEOE/g, and if rosin or a petroleum

resin is conig ned, the compagZtwee these ?M@P&%a%t%a%(%t% resinadeclings, apu when a
coating film is formed, the appearance and the water resistance for 3he coating film deteriorate.

00741Each;of the @%mepmﬁmioysgép%%&ﬂée@tﬁg%eﬁ adisted {0 eachpymerical yalugawithin the
above rant employing known means. 10[0075]For example, theseinclude: an acid end polyester
obtained by, oneroducing an,aciditg the polyester resin (the poly s er esin (a3) contained in the reaction
mixture (A) when g the solid content acid value of the reaction mixture (A))its end using a dibasic
acidignd goivasic acid 1% degeneratiop polvester oRtained by degensiaing:a polygsielsesn using a
polybasic acid. [0036]Such an acid end polyester, for example, is prepare by mixing 8. asic acid and
a bivalent,alcohe), ad 1Haning,on gl caapansation reagtianigsterlical. on.1sacton o1 50 o ¢
transesterification). above-mentioned colybasic aci degeneration polye%r, ?orpexamﬁle, IS prepared
by introduging @pgg@%ic.qg%l(ltgig&gyitic anhydride and others) to t e main chain of the polyester to
producedegen ration with %he polybasic acid after synthesizing the pc 7ester. A prepa a ion method for
SE-23902[%@ gg)ﬁybasic ag@edecgner_atioptpol%esé%r %Iso

gratic also ir%?cl%desgg ro%&ing a olycboaa({){c. %cid to the
main cna-in at the same time the 670n r.eaction %etwoéf ? e acid and al cobo omponenjts,gnowever,

the method_for adding a polybasic acid to the pu)13,des chain after synthesizing the polyester
results in More 1o %cle%dq geozljé ;%r%c? th}?]éﬁesr?i%gs,l Vr\llf%i%ﬂgé gasier 1o’ Félgsue[aste he ﬁeégﬁlcgn(% is ﬁo}\//ved to
intrqguceaa Ji‘}/h%]sic gg:nidosuechtasin |£necllitic anhydride or. the like alone, hgwive.r, the viscosity tends
to risé because of higher polarity dun fo the increased foc alizd tJor ot cagroup. THeféfdPe, t is further
preferred to pse atmonccarboxylic ﬂfid %di carh Xé)ﬁ C aci%and a polybasic acid together. [0077]To
make the"above-mentioned sblid Tontent hjdroxyl valud o 100 RigKORIg 6 eSS, iti8 Possible to
adjust the number 15 of OH group by adjusting the mixingo of 1 monomer component the polyester
resit (for Exathpla(al), 65‘2{; o?%fgy %tf?e?lrﬁ{gﬁgrﬁgfﬂc@rﬁ&?ﬁéﬂt USEBHOF e prepatation st the reaction
mixture (A the first component includes the reaction mixture (A)), and also possible by adding a
monocariXyiE Acit k& 50" bayComidisheation reatfiol AhdFeabting fﬁ?c@@%&ﬁ&ﬂﬁeaﬁéﬁleﬂer
resin with the carboxyl-1h group of the carboxyl acid. [0078] Because of low viscosity, the hydroxyls
tend to inchéaseybiF GivetingftheSmoleduls W@éﬁ? of tHe Folyester réSin Rdwever: thé hydrexyl value

can be adiuted by reactin%a hydro SF-239030
20 (A) are 50-200 mgKOH/g and 100 mgKOH/g or less, respectively,

copper and copper compound are substantially not included in the
two-part hydrolysable antifouling coating composition, and the

content of the volatile organic compound is 400 g or less per



and a carboxyl group such as inoriocarboxyfic acid using a JLonOcarhoxvJ 'fl acid such as herizoic
acid whensprepadng a polyester resin. For examplegsif the fi..rst component contains ther mixture (A),
thb hydroxyl value can be adjusted by utting a rnonocarhoxyli ¢ acid such as benzoic acid. subjected
to a pclycondensation reaction tcgether with (al) and (a2) in order to cause the hydroxyl to react with a
carboxyl group such as monoca boxviic acid when preparing thec_i n mixture [0079] [Second
component] 10A second component of a wo-oart hydrolysable antifc coating composition of the
present invention is a Liquid (e.g., a paste) includin( zinc oxide also referred to as zinc oxide (S)) and
may further. contain-any co=enent preferable laterasrequired. 115j0080]The;zi 6 axigdeicontained in the
second component is an active pigment, and if theand the second compone mixed, the zinc oxide
functions as @atardener imthatdtheizinc Dxide reaats with a carbexylgroupefapalyestes xesin (polyester
resin (a3) when the first component contains the reaction mixture 20(A) ) aschemical equation (:) to
form a metallic salten, s-ining;dbus,fynctioning as ahardener. [0R81Whenithe zinc axide reacts with

the carboxylic group of the polyester resin, a -COO- group (carboxyl ion) which is a residue of the

carbaxylic.groupf the golyester xesin frams ywhich, ;239031 an hydrion is removed, is formed, and a.
hydrolysabie metal salt cross-1 ked body (e.g., -000-.ZfR -000-) is formed by the metal ion2* derived

from thet oxide{3).The hybralysable metallicsalt erass-ked bady, bydrolyzeseasily and.exh, bi 5 stable
hydrolysis reaction low fluctuation of hydrolysis rate with time) That is, the coating comnposi tion of the
present invention can form-a coating filmy that demonstrates a.longstgrm goating film.grindability
(excellent in long-term antifouling) By optingatwo-partreactiontype, even under a low temuerature, 10

and even Jf,the content o yolatile erganic.compound,is set 1q 4009 ar jess per AL, of the fwo-pa-t

hverolysable antifouling coating composition, a coating viscosity practical for coating (excel lent in

coat.i.ng aperation).can beqpaintajned. J08EAr the resenge orahsence.of the reaclign befween 15

a zinc ion derived from the zinc oxide contained in the Second component and a carboxyl group of a

polygster resin,for, %g@p!{a@ J}t‘?% bermed by checking the change of the coating hue before and
after theing of the first and secondcolrpnents, or cculd  be confirmed by the increase of viscosity the

mixed coating.ith 90tinR 100831 Various particle szes are used for the zing oxide. (B) confained in
I COXY(? \%n ?l pl Dil coatin

the second component. Rather than using a zin e having a large patrticle é"l%g using a fihe particle

zinc oxide s ngt'cllle gi eti lum or less such as an active zinc SP-,39032 oxide facilitates a
crosslinkfcc;r orm%mg aéﬁydro ysa e%gt%ﬁfésﬂsajltn&%gst-hﬁﬁea\ %3d§;)ebesti5vrh éainythgec):ga?t%xeyﬁ5 g%)up of the

olyester [gsin and the zinc g derived from.2 gine. )7 e (B), which.is preferable in ihat it improves
the coating film hardness in a short aline and exhibits a 8aﬁ1age-re5|s‘tance prop‘erjfy of’ j(anc%ating film

at an earl(—j sgaglen o6 T}h@.%ontent.%f 'a. e zinc oxide in_the s{ggond compé)nent is preferred to be
10-500 paits by weidht. and is flirther preferrad to be 50-300'marts by Weight" réfative fap olid
conii%nt of\%gggoalor rts by Weigf%t cg thﬁ pol ej[ster resin containe inlthe first ponen . If the fi t
component ontains the reaction Mixture fﬁ)g fe content 6f'thé Zfito¥ide in the seE&At &Gfponent

preferred t0-500 parts tlgy,v%/\eioht,, d'as,further referred o
Compos1tlo antirouling coating composition” or “two-part

antifouling coating composition") may be used for indicating a
state of storage or transportation without mixing the two
components contained as well as a state of mixing the first and
20 the second components in the two-part hydrolysable antifouling
coating composition. Particularly, the latter mixing state is
also referred to as "mixture coating". The two-part hydrolysable
antifouling coating composition of the present invention obtained

bymixing the above-mentioned first and second components (mixture



to be 50-300 parts by weight, reio the solid content of 15 100 parts by weight of the reaction mixture
(the contentris dessithan 10 parts by weight, the coating property such as naroenanil and coating film
strengtn tends to date 'orate, and if the content exceeds 500 parts by weight, the coating property
tends to be poor because of generation of cracking and the like. 90( 00.85 [Optional components]
Below explains optional components. An ontional.component may be mixed into a first component
and/or a secend component, bt maybe added:tocacoatingheing mixed with the:firstrandisecond
components, or the resultant coating mixed with the first and RE-2390 second components. [00861
<(C) Robiraad rasjin terivative> thepoint of prefe.rable co comnonentsleads to the37. men, of liquidity
and lower 5 viscosity, and of a long time ma.intainabilitv of antii.ou.1 in property in that an antifouling
agent (0) qarobe eluted smoethly+ona ceating filmifesmed-by the antifouiing coating eempesitjon Pro
dad that c g coati.. 3 composition contains an antifouling agentpreferable later, the antifouling coat 10
compositi oorgf the presentdaventien rpay further includerrosin and/ora roginderivative (C)pRosin
includes gum rosin, wood rosin, toll rosin, and the like. A rosin derivative includes hydrogenation rosin,
polymerization: rosim, resinsaaleate; aldehyde degenerationdosin, ksin metal-salt, fosim amine, and 15
the like. Rosin and/or rosin derivative can be used in one type, or in combination with two or more

types. Rosip andloranrosimderivative (C) mmaybe coptaineddnthe first or segond.compppent, or added
into a compound having the first and second components ever, it is preferred to be added ento the

second 2%9@?9@@%@fQQB%T{&qqmeekefs@el@ei@e@@!%gh%30%19Q%/QE'%% is,preferred fo be
0.5-300 parts by weight, and is fu prefer rod to be 0.5-200 parts by weight, and is most preferred to be

0.5-150 parts, by weigni retative to the solid content of, SE-239034 100 parts by, weight of polyester

resin contained, in the fir component. 8, 93If the first component includes t're reaction mixture (A), the

content ofthe yosin and/or yhe r@ﬂr&gerig%%eo'@éq{efergelddto be 0.5-300 parts by weight, and is
further preferred to be 0.5-200 parts by weight, and is most preferred to be 0.5-150 parts By weight

relatjye to the solid, cont roélrg%&@&@ﬂivgﬁi%@OL%ﬁgﬁg CE!%@F%}%@;G (A), 1008911 the. .

above-mentioned content is less than5 parts 10 by weight, the coatingviscosity te Orise, and i the

content eé)qegggr{iggdoagtg&)y%eégr%@e 93?%%9 pcrgger%/etends to&eterior &ecg%ca%%gg occurrence
h .

of cracking and the nice. [0090] <(D) Antifouling agent> The gﬁtﬁ%uiln\/g coa Ing cCOmpos.:1.. tmon of the

present 15 i ' g rhcer contg'n n rgiforél;ln age 5 howeg r,ex Iiudin a_copper compound
ég@§g@%ﬁéﬁ§? %% iy %a %gf (%Fg Q é%m%uﬁéb E tg(sm-%ﬁge

\A .
such as copper an ous oxide. hereinafter réferred o as ng agen sanht ou(! ig

agent (D) is ng es gci lly limited to any as,long as the agent excludes a copper and a copper
compouné, aﬁg%o?h. 2%%%65%3 and n%?g%rﬁg grsrfr%uIi?\ﬁgfj%ff;etrljtg1 re%%ceapte%y or example; as an
antifouling agent (D). the folloy.ing substances may he used: metal lie pyr ithiones such as zinc
pyrithione% ﬂg&%ﬁ%ﬁﬁ%g -R0C ](‘Icl-}rs%ﬂrr?g?(ﬁje%é%%eg mie%yIthio ALRBULE BninG-6:&&IdproBylam
o-s-triazine; .SF'-233035 2-(p-chic:pone- -3-cy 0-4-brmo-5-triflaoromethylpyrrole; fl'orodicroTethylthio)
andEﬁ?ridfﬁ%%p%%%%@o%ﬁeﬁConsidering an antifouling propertionaty condition, the following

[0038] In addition, the polyester resin contained in the first
component is a high oxidation polyester resin, and by including
the resin in the first component, the crosslinking reaction
between a zinc ion and a carboxylic ion of a polyester resin is
20 sufficiently improved when the first and second components are
mixed, which improves such properties as coating film drying
characteristic, coating film strength, coating film
physicalities, and hydrolysis (self polishing characteristic and

antifouling property). That 1is, the antifouling coating



substances are preferred to use as an antifoulitug agent (D): zinc
rithionD4,5-dichbaro-2-n-octy114-isothiazoline-3-oni3-methylthio-4- -butylamino-6-cyclopro
lamino-s-triazine; and2- (p-chlorophenyll 3-cyano-4-bromc-5-trifluoromethyl ale. Corc(4, a icna-term
antifouling property to animal 10 species especially such as barnacles, it is preferred to combine
2-(p-chloropher- 3-cyano-4-bromo-5-trifluoromethyipyrrole and another antifouling. agent (D) excluding
that substance;dtsistpreferred toheoniaimsam antitouting agentnéD)rindhe secord componant 15[0091]In
the antifouling coating composi.tion of the present invention, the content of the antifouling agent is
preferred torbe5:600 pafts-by weight ranetis furtherrprefesreddo be:k0-500patts by weightrrelative to
solid content of 100 parts byweicht of polyester resin contained in the first component. 90 [0092] if tin
first compenentcontains the-reacttommxure; ), 4he centent et therantifouing-agent {D).ispreferred
to be 5-600 parts by weight, and is further preferred to be 10-500 parts by weight, relative to the solid
content oft09 parts:by weia'of $he reaction mixturen SF-239036 [0093]Rrom theviewpoint of
possibility of improving the coat.in film hardness (strength) while controlling the coating viscosity rise,

the anti, louji(9), of the-anouting-coating compasiti. .onof the present invention is preferred to be 5 z
ncpyrithione. In this case, the content of the zinc pyrithione is preferred ....0 be 0.5-300 parts by

weight, andois further preferred te; bedl-203 partshy-weivht, sangkis:most preferred to-he;19-200 parts

by wei ixt relative to the solid content of 100 parts by weight of Po ester res1.1-1 contained in the first.

10 compongnt, [0094]if the first, componentinclydes the reaction mixture (A), itis preferred to be
0.5-300 parts by weight, andfurther preferred to be 1-200 parts by weight, and is most preferred to be

10-200 pasts:by; weightrglative 0 the solid,content of 100 15 parts.by weight of the reagtion mixture

(A). From the viewpoint of improvi.ng the coating film hardness (strength), the substances are

preferred the;fellowing order zine pyrithione and 2-( sehioraphonyd)i1; ano;4-higmo-2-triflugromethyl

pyrrole. From the viewpoint of exhibiting the drying characteristic of the 20 mixture coating the strength

of thgycoatjng film formed, and favorable antifayling property.against both animal spegies §_H8h as

barnacles and botanical mariné organdsmes, it is further preferredtouseazincyrithioneand

ochlorophep)l. fyane d-hipmise HUOKAmeRMIIG SE-2300 foasther, [9090I0Mer addive. >

Thecoatcomposition ofhc- present invention may include at least one of the er

referred tqe (E )sel cted from he gro orsisr.ing. izer(el),extender pigment(e2),Pigment
irpersantae3)color %lgla ed), dsehfié?ra%lna abré%t 8&%—%35&%&& 6 ,léprgg ggﬁse i%a%bse%% fe’?). addi

dve (E) may be contained in the fir. secnnc_compaone 10 or added into a compound having the first and
?X Cterm :Lhieoull J:]pe?%ezélc% be?acgélesdllr%%sjé%%nd roperty ganc?

second comnonents mixéaathowever?i? IS Jre
stationary antifouling property), and mechanical strength
15 regardless low VOC.
[0040] According to the invention, it is also possible to
provide an antifouling coating film having an excellent long-term
antifouling property and mechanical strength.
[0041] Furthermore, according to the present invention, it
20 1s possible to provide an antifouling method for substrate
(production method of antifouling substrate), which can prevent
fouling of substrate surfaces of underwater structures, ship outer
platings, fishingnets, fishing gear, and the like for a long-term.

Brief Description of the Drawings



corn cone) [0096]Below explains the olastici, extender pigment (e2) (however, excluding zinc oxide),
pigment disp-s2(633), 15color pigment (eL-) , dehydgating agent (e5), anti-sag ng agek (e.6), and
anti-settling agent (e7). [0097] (el) Plasticizer A plasticizer (el) includes a chlorinated paraffin,
petroleum resins, ketone resins, TCP (trii,resyl phosphate), 20 polyvinyl ethyl ether, di alkyl phthalate,
(meth) acrylic polymers, the like.the antifouling coating composition of the present i vertion includes
the plasticizer)sgreferableringthat thesantizcrack preperty-afthe coating fihn (amtifauling SFn239038
improved_ [0098]Of these, the pJasticizer (el) is preferred to be a. plastici z e-from a group consisting

of a ch.1 arsinated:paraffin,ipetrolaunresinsa ketogerresing .anchgmeth) acrdicpolymers. Jdhese
plasticizers can be used in one type, or in con:.htination with two or more types. [0099-,The content of

the plasticizesisprefested to:26:0.1,30Q parts byweight, angis furthe.preferred to be 0.1-200
partsPyweight, and is most preferred to be 0.1-100 partshyweight 10 relative to the solid content of

100 parts by weight-of polyesterresin-eantained inthe first component. 00]If the first component
includes the reaction mixture (21), the content.of th.e plasticizer (el) is preferred to b 0.1-300 parts by

weighy, ancbis further preferred 4o beD.1:-200;parts, by 15:weight,and is most preferred tg be;0.1-150
parts by weight relative to the solid content of 100 parts by weight of the reaction mixture (11.). [0101]

[Chlorinated paraffinl-- £ - ~ERe chloringted, paraffin may be linear or branched structure, 20 and
maysolid (fine partform at room. temperature [0102]The average number of carbons in a chlorinated

paraffin is nosmad | %820, and preferably s 10:26..A chigrinated SF:239039 coating campos 'ion that

forms a coating film with fewer cracks and Peelings.if the numbeér of carbons of the chl.or.tnated

carales than et grack I, e max imadanuale.an e giver g s mpre han 30

the resultant coating film surface may haveorated consumption property (renewal property) that may

leadtoaiyﬁgﬂogﬁggQﬂgﬁogHogﬁ%qggﬂyds a two-part antifouling coating

10 composition including the first component and the second component
preferable below, in which the content of volatile organic
compound is 400 g/L or less, and is 400 g or less per 1 L of the
two-part hydrolysable antifouling coating composition, and
excluding copper or copper compound.

15 [0045] A first component: a liquid including a polyester
resin having a solid content acid value of 50-200 mgKOH/g and a
hydroxyl value of 100 mgKOH/g or less, and preferably having a
viscosity of 500 mPa-s or less at 25°C.

A second component: a ligquid containing a zinc oxide (e.qg.,

20  paste)

If the first component is a liquid including a reaction mixture
(A) having a polyester resin (a3) prepared by polycondensation

of an acid component (al) and a polyvalent alcohol component (a2),

the two-part hydrolysable antifouling coating composition of the



[0103]The number average molec.ular weight od a chlorinated paraffin- is normally to be 200-1,200,
and is preferred1ode 10 300-1,100; the viscosityis rormally to be 1 or more (poise/25C) and is
preferred to be 1_2 or more (poise/25"C); and the specific dravity is normaj ly to be 1.05-1.80/25"C,
and is preferred to be 1.10-1.70/25mC. [0104]The chlorination rate of a chlorinated paraffin 15(chlorine
content) is normally to be 35-7575, and is preferred to be 5-65%. A chlorinated paraffin having such a
chlorination:rate=produces mniantifouling coating conmpasition:that forns: a coating:fibm vithi fewer
cracks and peelings Commercially available such chlorinated paraffin includes a "TOYOPAPAX 150"
and "TOYQARAX20h4-70" mansfac; used by I OSCE CORRORATION, Specifigally, as peiroleum
resins 05, 09, styrenic, and dicyclopentadiene -based resins, and their hydrogenated materials may be
used, and theirsommersially available produets include "Quintane 15007and JQuitoss 31601,
manufactured by ZEON CORPORATION. SF-239040 [0105] [(Meth) acr.yl.ic poly r] Aeth) acrylic
polymer centained=asra plasticizer:(el)pieferred4o bea (hiz,1d4) agwylie polymer,compatibleW2.th a
polyester resin (a3) contained in the reaction mixture (A) [01061The (meth) acrylic polymer compatible
with the pelyester eesin hereinsrepresentse (meth)-acry §§?&@erihqﬂ produces. a fransparent
homogeneouson or a ml 1k-white homogeneous solution i.fISllea.d of forming a t'o i i quid solution
layer when mixing the following:xylene sejutions:at a ratg0f10-at,.25C as; axyjene salytiomhaving a
30 weight % of the polyester resin; and a xvlene solution having a 30 weight S of the polymer derived

from the he acrylig acid. &@@y containipgacrylic polymer ¢, npatible with the polyester resin, the
antifouling coating composition 15 produces a coating f ]'excellent in anti-crack property, reduces

seawater constimotiori rate of the.coatingfilm. and maintains the antifouling property, thus, fhe , rabtv

can be adjusted in a suitable range. There is also an advarntage in thatadhesive property of the

coating film;can he further impraved Jf the 20 antifouling coating, ¢org s.4 on of the present invention is
applied over an existing antifouli a cgating f%n. [rg108]8uch ag}r%eth) a%ryﬁc p%%/rﬁernc%gnpa%i}()le with a
polygster resinelude: a (meth) acrylic ester t&qmo%og er or cop oly er; (meth.) acrylic ester
homopoly?nqg%%t Iea%t two types SF-239CE)7141 of (méﬁ%?ac?ylﬁ: aci(dal es)tera %}ggo?yn%?%%%?h earf:%ylic ester.
(meth) acrylic &ggglc%poq_@%; eancd 3 Eg%eth) acrylic ester-5 renic-based copolymer.a(meth)acrylic
ester-based polymer may he used in one type, or in =hi. -Lion 5 with two or more types. These (meth)
acrylic polymers ray,be hear ot branched sttucture, and may have 2 crosslinking structure,Specifi
examples of (meth) acrylic polymer

The acid value and the hydroxyl value of the solid content in the
reaction mixture (A) are 50-200 mgKOH/g and 100 mgKOH/g or less,
15 respectively.
[0047] For forming a coating film on a substrate, the
two-part hydrolysable antifouling coating composition of the
present invention is used by mixing the first and the second
components. In mixing the first and the second components, a
20 reaction represented by the following formula may progress by the
polyester resin (the polyester resin (a3) contained in the
reaction mixture (A) if the first component includes a reaction
mixture (A)) contained in the first component and the zinc oxide

(B) contained in the second component.



compatible with polyester resin Include,acrylic acid, (meth) cc(moth) ethyl acryl ate, (meth.) butyl. 10
acrylate, (sretlpiscbutyl acryiate, (meth) t-butyl acryge e (meth) acrylic acid cyclohlexyl,(moth) phenyl
a_crylate, and: a homopolyme of meth.) acrylic ester such as (meth.) acrylic id2-ac iacenexy hyl or a
copolymer of these monomers; an aromatic vinyl compound such as styrene (ST); a copolymer of 15
various monomerssuchasav lyi acetate, vinyl chloride, ethylene, propylene, butadiene, and vinyl ether
compound, @nsg (math) asrylicrestetdbased mpnamerp 01RO urther specific émeth)acsylicpolymer
compatible with polyester resin includes the following polymers: 20( ) a copolymer of a methyl met'
r-a_ (MMA)e ethyl aeryl at(f=4)z and actylic:acid, whoseicopolymerizationyratio r(represented- by weicU
ratio of each componentsame shall apply herei fter) as (MMA/ /.7)li) is (total in all the components:
SE-239042pretefred:ta be 1.,000-20,000 andds further peefened to,he 1:000:5,000x a cegoiymer of
--, methyl m.ethacrylate (MMA), ethyl acry]..ate (EA), and b uliyl acry.late (BE), who copolym ation
ratio (represenied by-wefght.ratie of eaeh..compgnent the same shallapplyhereinaftenas, ) .
(NINA/PA/BA) is 35-50/20-60/10-50 (total. in all the comp s:100 parts by weight ) , and the number
average moleewar weaghtist ion of mixtheferede beds000-20:000, andis furf preferrgd to he
1,-10,00" 10(3)acopolymer of a isobutylmt cylate (I-BMA), t-Butyl methacryl ate (t-BMA), styrene (ST),
and stearylinethaarylate (SEMAYWhosg capelymeri zation yatiq-as (sBMAL-BMA/ST/SEMIV is
10-40/10-40/20-60/5-20 (totalall th components: 100 parts weight) , and the number average molecular
weight is 1000=100,000.anckis prefeed 9,42 abaut 1,400,003, (4)a hamagalymer of amethyl
methacryiate (MM), whose number averolebulax weight is 1, 000-100, 000 and is further preferred to

be sbout 100020000 (2) 8 hampalymerotean el meinparate (EPA).Whgse ey 20
average molecular weight is 1,000-100,000 and is preferred to be about 1,000-20,000. (6) a

copolymer,of. methyhmethacylate (NN rethutyl aehlglae (88) whose gopolymerizgfion ratio as
(NINA/BA) is 9&50/&56§t0tal in all the '::ggér‘)r?pone 3:100 parts%% 'eighﬁf), an?(?t e nu%rlﬁ?e? g%?23904.3
averpge malegylar weight jg,4,000:100,000.and s preferred fo be about, 1,000-30,000, (7).
copolymer of a e?hyl methecxylateate (BA), wgosee COpObm%%Z%ﬁ&r? ratio %s?é%l\/é)%\fgsgf@o-?woeo
(total in all-the companents:10 r wejght) , and the number average molecular weight is 1,000
CC 000 and is o0 be giout 106%%%%2)%4 TO%%@%&%%&Q%{J%RS(rr?e%ﬁ%&&%%é%%?y%rﬁgr%,aas. h%%srophobic ic
polymer (e.g,, the ags émeth) crylic acid ester 10 content exceeds 50 weight T and styrene content
is less tha%n % OVve?g t% or s?yr%r\{é%%z Spagf?n%egn egéﬁ %Lecorcféf ?N%%s%lsrfffr%gr{]e%%%%/e‘nt is mh.an 50
weight 3) is,areferred.to be used, .and the (meth) acrylic ester polymer of the above-mentioned (1) -(2)
IS especia@gp%?erﬁe% t%r%lecﬁs?edf. ?L%I[bl f’l]'lL e number average molecular weight of such (meth) acry
ic polymer is preferred to be 1,000-20,000 and is further preferred no be 1,000-10,000, and is
especially preferred to be 1,000-3,000.{IﬁhenumberaveracemolecuIarwg—:-ightofthe (meth) acrylic
polymer is within the above range, thelpalishing degree 90 can be eff%cc’tively adjusted and an

antifouliggf?gg@%glrr&_%g llent in stationary.antifouling property tentbta/ke formedhdtithe umber

average molecular weight of eth) acrylic @lmer exceeds the range showr-above;the rise of the
coating TTT{TTT™T™Y o c=0
COOH ' + ZnO 4
s z
COOH o - £
AP Sy C;;-O {})
e, C=0

- Polyester chain I

AP

Polyester chain

Polyester chai
After mixing Y sn

(generation of - After mixing
carboxyl ion) (formation of hydrolysable

metallic cross-linked body)

Before mixing

Chemical reaction formula (I)

15
[0050] As used herein, “free from copper and copper compound"”

represents “substantially free from copper and copper compound",



SF'-239044 antifouling property are obtained, however, the stationary antifouling property tends to
decrease,@nelif the molecular weight a f the aboveigmeih) acrylic polymer exceeds the range shown
above, even the antifouling property of the resultant anti foul coatimT film may be maintained at a, high
leve.l, the drying characteristic d the coating: film strength may be unacceptable. [0112]From theof
preventing the viscosity from the content of the (meth) acrylic polymer Is preferred to he 0.1-100
parts by weightyaddsfarther preferred totbe Oo.r-(RO A0pads by weightyandprefered-toshe 0.1- 5
parts by weight relative to the solid content of 100 parts by weight of the polyester resin contained in
the first camparnient. If¢hefitst componentrincludes the eeaction mixtured#y) sthe contertbe{meth)
acrylic polymer is preferred to 15 be 0.1-100 partswe i g, and is further preferred to be 0.1-80 parts by
weight, ancbisgparticulady preferreditorbe 0.1-50 pastsdnnhweighigelativerta,the-solid content-ef 100
parts by weight of the reaction mixture (A). [0114]The (meth) acrylic polymer is preferred to be 20
containeddn dhe fiest component fromithevigwpaint of storage stahility s[01454 The average-molo.colar
weighti Tit average molecular weight. and number average molecular weight) of the SF-239045 is a
valuescalcedated by dising @ gekpermeation chronaatggraphy (GRC) method usder-the fellowing. CPC
condition, and a standard poi 3tyrene calibration curve. (GPC measurement condition) 5 Device:

manufactured-hy-Hitaehi L6200 Celumns; Hitachi,Chemical Geloask GL-420; CL-430,,and: G4-440

Fluent: THF Flow velocity: 2.0mi/min (32" itxtender pigment 10 An extender pigment ( €2 ) includes

(howeverzjng pxide-is exeluded),: talc,silica, mica . clay.fotash feldspayr calcium carhonate: also

used as anti-settling agent, kaolin, alumina white, white carbon used as matted medicine, aluminum

oxide, magpgsiupycarhanate, bariym, carhonate, bariym sulfate, and the, 15 like, and.among these, an

extender pigment selected from a group consisting of talc, silica, mica, aicium carbonate, kaolin,

barium sulfate, andpotash feldspaiis preferred. Anextender pigment is g pigment with. g low

refractive index, and becomes transparent when mixed with oil or vatni to avoid concealing 20 of the

coatjpa syrface AN andidoulipg foaling comnas ci90dhe presgatiyeniion coniains lbe gxtender

pigment le24, it is preferred from the viewpoint of improving the coating film property such as

anti-cracidng. property. dd i pdhesonfant,pLie sxlender plament (2l BATetelTed, 95299040 parts

-500 parts by weight, and is further preferred to be 50-300 , relative to the solid conte tof1d0 parts by
weight of the nalyosresin contai.neo in.toe first component. {0 17\/? the fire .t contains the react.tore
et O e prefoian t e 1500 baHs By e, and & e profer

O
the content extender pigment is preferred to he arts er preferred to be
50-300 parss. by wielht, (elgfive g the,selie conient of.100 parts by weight of the reacfion mixture (
[0118] (e3) Pigment dispersant

preventing the above-mentioned copper or copper compound related
15 discoloration and the generation of cracks, it is preferred to
exclude copper or copper compound (content: 0 Wt%).
[0051] From the viewpoint of favorable coating workability,
the antifouling coating composition of the present invention is
preferred to have a 20 Poise (20 dPa's) or less for the viscosity
20 (viscosity of the mixture coating) (to be measured immediately
after the preparation at 23°C) of the coating prepared by mixing
the first and the second components and is preferred to have 5-20

Poise (5-20 dPa-s) from the viewpoint of the room temperature

coating workability, sufficient coating time (usable time), the



10Various well-known organic and inorganic pigment dispersants m be used for the pigment
dispersanty(©rgansic pigment dispersant includes ar@liphatic amine or organic acids (‘Duemee TDO"
manufactured by Lichi Co., Ltd. DISPE YKe101 manufactured by DYK CEEMIE), and the like.
15[0119]The content of the pigment dispersant (e3) is preferred to be 0.01-100 parts by weight, and is
further preferred to be 0.01-50 parts by weight, relative to the solid content. of 100 parts by weight of
the polyestergesintcontained in thenfirstrcompanentia 20{@120] Ifithe first sempopentcontains <he rea
ction rixtu the content of the pigment dispersant (e3) is preferred to be 0.01-10C parts by weight,
and is furtherpreferredioha QH1-50partsby weight selative tothe sglid gontent of 109 payts by
weight of the reaction mjxture. (k). SF-239047 [0121] (e4) Col..or pigment Various well-knbwn organic
and 1 ocolorpigmentsmayshe used foy the ¢oler pigment(e4).-An erganiipigmentincludes acarbon
black,thol red, end phrhalocyani.ne blue, and the 5 iike. An :noranlc pigment intrudes, for example, a
blood red,ha;ryta pg@dggéNlﬂi@&t@gng@@j:gm@@, yellows exide, and the Various coloring agents such
as dyes may beded. nti:oulrng coati composition of the present invention includes a color pigment
(e4) iis preferaple in that-the hue of the 10 antifouli.ng €ogfing film farmed.from-the,composition can
be f eely ted (01 22]The co eft of the color pigment (e4) is preferred to be 0.01-500 parts by weight,
and is furthep preferced to be. 0.01-10 parts by. weight relative, to. the 50, lid content of 10Q parts 15 by

weight of the polyester re n contained in the first component. [012_ If the first component contains the

reaction miduie,(A). e praerren to, be 01,400 parts fewg@ﬂ%@&'&f%gge{rpfskefge%ange 0.01-10

parts by weicht, relative to the solid content: of 100 parts by weight of the reaction mixture (

20[0124] (65) Dehyfrating agenf. . 4 £ dehiydrating agent (65) includes an anhy rite gypsum
(CaS04), casting p%ster, synt eﬁg zéoﬁ%ie-based absorbent (p?oéluct n%me:wMolecu%?arqéﬁégvvénSA, 4A,
SA, 13X apd the e), and inorgani gﬁhyggast' agnt suf h.,as ethyl silicate. Of t SE-239048
gypsum and :ﬂl%e casting pIasB%er gcre 'p?eferre%gbecguse%of%%ﬁ d%%}dggting éffggf %Jri}irﬁacéf a de ydrating
agenpfurther | Qves storages tabj tyadhes.....on of antifouf CCTIlTOS',_t.ion such ingrganic de
hydra.. tiny ag{ent can beouse%del glgné or in com i?\nétt‘i(?)tnu\/rvﬁh %\%vz)’ortnggres%/%%%.dfbl OBﬁTﬁg Content
of-the dehydrating agent ba, is preferred to be 0.1-100 parts by weight, and.is further preferr.,H to be
0.1-50 pafétlé3 EPltdeircrzlBq'[lfataenr(ljé;sarﬁ(%s% px?éi elﬁreedat%%(]ehé].fi%(gairtsg %V;L\I/\(/geiéhhatnre%?iv% 6 thesé)oii%jdcontent of
100 parts bé/ v%eght"o%ﬁo]%e:ste 10 resin contained in the(\{irst component. [0126]If the first component
includes th& Pe4dtion Rrixtdire " Cif i Pridfeiied s be 0.1 166 Farts By Relght “andfis fFtRer Pref.erTed
to be 0.1E60 parts by weighty and is rqo,st preferred to be 0.1-20 parts by weight relative to the solid
content of 10U 5 parts by wéight of the'featiidh fixture’([0127] (€6} Anti€adh g 4gént (2)  An
anti-sagging agent &eG (also called "ant[g(runn agent")includes an amide wax, hydrogenation castor oil
_based wax. ‘polyanids-based wax g riute oF Both! ald S§hthedized 96%&%3%&%%8%%& and
among these,gci}!amide-nsed wax X , ’

157 mixture (A) on a flat bottom plate, spreading the mixture evenly

using a wire of known weight, and drying the mixture for one hour

at 125 °C.

[0053] The “acid wvalue of the solid content"™ and the

“hydroxyl value of the solid content" in the polyester resin (the
20 reaction mixture (A) when the first component contains the

reaction mixture (A)) may be simply referred to as “solid content

acid value" and “solid content hydroxyl value”.

[0054] Below explains each component.

{00551 [First component]




and synthesized divided silica are preferred. The ccmmerciad available productsinclude: 'DISPARLON
A630-20X€Et-mayufactured by KUSUMOTO CHEMIGALS, CO., LTD. and "AEAT-250F" manufactured
by ITO OIL CHEMICALS CO., LTD. If the antifouling SF-239049 coating composition of the present
invention includes anti-sagging agent (e6), it ispreterable in that the anti-running property for coating
operation, or the like can be ad5 asted. ortent of the anti-sagging asent (e6) is preferred
to be 0.1-1 3parts by mweight, aneds fustherpreferred to-be-0.1:50 paxtshy weight - refative ta the solid
content of 100 parts by weight of the polyester resin contained the first component. [0129]If the first
componert €ontains the reactiondnixtare lO(R) < it isprefered-4e be 0100 parts by weights and is
further preferred to he 0.1-50 partsweight, relative to the solid content of 100 parts by weight of the
reaction mixture (A) i 11301 £e7); Anticsettling ageny AR anti-settling-agentinglusies an oxganoclay
Al, Ca, 15 Zn amine salt, polyethylene wax, and oxidation polyethylene-based wax, or the like, and
among thesg; exidation-palyethylenesbased wax 10 pi%@éf,eda&CQ@M%%%‘M@@Q&W@W
include: "DISPARLON 4200-20X" manufactured by KUSUMOTO CHEMICALS, Co., LTD. 7f the
antifogllingsceating; campesition of 20 the present invention includes an anti-settling acent (e6) , it is
preferable in that the precipitation of solvent insoluble matters a storing period can be avoided and the
stirring propgitysgan be impraved ; 26239050 prefereed.to.be 0.1-100 parts by weight and is further
prreCt to be 0.1-S0 parts by weioht, relative to the solid content of iaht of the polyester resin
containedtfie.fir.component, 51013211 the x5! Gamponent,caot airs the reacfion mixfure (A). itis
preferred to be 0.1-1%(()) parts by wcioht, and is flmr preferred to be 0.1-50 pa%rtsnn%y vjﬁ\lle%g %,%relnt e to
the solid con ten110.0 p&gtfytg/s\ggigq of the r(%aﬁtio rrgixél%re C@g [01O 1%393@&%%‘5?9 1(9;I'he
antifouling coating composition of the present invention aﬁurt &r include an organic solvent (F),
however, the content.co espor di g0 the olatile organic compoun 0Q) in the organic solvent (F)
is limited to 4009 or Iessgoﬁ%o tr?e tv(\io-%%ér{t ﬁygr%%%r#eegr%if(%)l?r?ggéglaﬁﬁg ggﬁlseons?ta%oang. >15 The
volatile or @r@igfz mpound.(VOC) preferable herein represents a material of an organic compound
whose boﬁing po?nt (normdéfjgresgs%éﬁs §09§888?Q&atiiréagrga%?ccc%ré%ouﬁa%V @5“ g&fﬁ%ﬂ“by WHO)

and a materi%%\évhggquojlirg; poift (norrgal qoressugde],) tl less than 50C hi%[h volatili }Ev org{anic

compound (IVOC) defined 90 by WAO) (0134 ]Various welkAdwn Soivents With a Widié fange of

boiling points may be used for an organic solvent (F), specifically including: sliphaiar ¢ solvent such as
e S Kand B GRS 6 s SONGTEL Sich 2ot Sp 2036051

turpentine, aromatic solve
isopropyl alcgpgliutyl alc?hgl, and isogeutvl alcohol; ester solvents such as ethyl acetate and butyl

m Sthyl k3t on-8, m&thy iRoBut§iTketsies Enchmetviic Gmyl.

C a e
acetate; kefor.e soilve such as metﬁyl
ketones; and oher. qr g{gér ester solvents such as 4 tol monomethyl ether, ethylene glycol monobutyl

propylene gIyEs] MoRomettf e¥her! artipropyiehe givggrent betore being mixed with

15 the second component. The statement “substantially does not
contain a ZnO" preferable herein represents that a minimum amount
of ZnO can be allowed to contain in the first component unless
the workability remarkably deteriorates when mixing the first and
second components for coating even if the viscosity of the first

20 component rises by the hydrolysable metallic cross-linked body
formed by ZnO. It is more preferable that the first component
is free from ZnO in the first component in order to completely
prevent forming a hydrolysable metallic cross-linked body before

being mixed with the second component.



monoraethyl ether acetate,among these, the xy ene methyl isobutyl ketone, and propyleneol
monmmethytethebare  preferred. These organiesolvents can be used in one type, or 10 in combin
-tic= with two or more types. [0135]For example, the -organic solvents (F) may be contained in the
first component to dilute the reaction mixture (A) .An organic solvent (G) for diluting the reaction
mixture (A) includes, for example, an aromatic hydrocarbon, aliohatic hydrocarbon, 15 esters,
.Ketooes, Bhd=ddohdts. .Mere-specifically, thedorgaaictsolvents irclude aromatic hydrocarbons such as
toluene and xylene, aliphatic hydrocarbons such as hexane, esters sucn as ethyl acetate and butyl
acetate, Ketones $aich ps methykethykketone and=methy| isobuthand alcohotssucihas:methanol, but
20 and sobutanol. These organic solvents may be used In one type, or in cambination with two or
more typése Considering tog relativelyrhigh acidivatue forithe solid conteniofdne reactipnamn.d ture (A),
and satisfying the both low viscos and low VOC, 239052 is more favored than aromatic hydrocarbons,
and usingtesterarione, <based-0rganicsolveht is:further ored because an auses an al hich nay
lower the resin viscos (oilin the antifoulabig coating composition of the present invention, the content of
the velatile @rganic compaund (<L0G)iis 400g-ardess relative 1ok of the twopart hovdralysable anti
foulinc coating composition. By setting the VOL content in such a, range, the envi.ronn.entai load and
the influeic se oniumaan bedy.gan betredueed. this VCC contephisa valye measured yndey, 10 the
condition preferable in the Examples. [0137] [Production method of antifouling coating composi

An antifoylingcoatinteemposition of present iaventignsanbe praduced by sti.r glig.and mixing a first
and a second components prepared n advance. 15[0138]In the preparation of the mixture coating by
mixing anghstiging the first and the second,gomponents, stich kngwn mclxicrand stirringdevices are
used as follows: a high-speed disperser, and grind mill, basket mill, ball mill, triple roll mill, Ross mixer,
planetary mnixer -apd versatile Shinagawa.ag atan 2010.439{Rrodugtion: method of antifouyincoating

film and antifouling substrate (antifouling method for An antifouling coating film of the present

invepyion  obiginec by hardaniag the aboyeimentoned antfouling Gaating caregsiion of he present

Invention. The ()reduction method of SF-239053 the antifoullina substrate of the present invention

(antifoul method for,substrate) Gomm-rise- applying.ar impregnating the above-mentioned-part hydrol
stabld antifouling coating composition of the present invention onto a substrate (object), S and
hardening iigeamposition g faun an.aatiguling ceatin tlm, (1401the suhstrate to e, forpedwit.an
antifouling coating im is not particularly limited, however, it is preferred to be an%/ oflalmdprwater
structure..s0ig fishing ef,Jaling.gear. For examale, 1 the apgye-mentianed atifoping caating 10
comp ltion is applied on the surfaces of : underwater stru fUrés such as wate supply and gréinage
outlet for 1€ clear power plants; slydge diffusion preventi,on films of various oceanic,
earthwor@%giggtgaﬁa sgrs% h ér?nce taﬁﬁgg,’har fifolﬂrj}%zﬁi?ciI%ise%,egan%d{]se,z‘Eveacfengafl),retca.‘;ca{’nét{lj various
formed bodies such 15 s and fisherymate als (e.qg., ropes, fishing nets, fishing gears, floats, and
bu:)?/ for%grlﬁyo%rrﬁgr% ti%ge%iﬁogfg’corggﬁycep v?/?tp{ aacojf%mc‘)anB ﬁ%océ&&rg?%?ﬁ Sangf”éalin%rcoglt?nrgeﬁlm
coated s@% o g}rgd?rwart%ru structure can bn§ btained th%this excelll)ent in antiiouiing prc%g[ert , capable of
releasing the antﬂ%uliﬁg aggnt iﬂicomponeon Fora %hgtlmg, and excellenfinatti crackin Sperty wtth
appropriat% Ieéiggiéy accetp.table ever gor thickgé/t%oatigd. 01411 That i.s, the antifouling coating film to
which the" antifouling coating composition of the PreSeft invertion SF2239054 ©thafthd adhesion of
such aqua&ic |i\éin% thinr%% as sea I?tt e, barnacle %%tzen Igver, serpula, oyster, and laryozoan can be
reve.nted for 20RC.. 3 HiRe CoR(ParticulaFy Séverfif fife raetiats of ships are ERR, steel,wood, or

aluminum Bhe antifouling coating film caropriately attached to such surfaces. For example, if the

antifeuling coting compdsifion dfPFentinVeftidi s appliet on e Siiftsce of & -dr romatic

20 dicarboxylic acid such as a terephthalic acid, isophthalic acid,
phthalic acid, and naphthalene dicarboxylic acid; an aliphatic
carboxylic acid such as an adipicacid, sebacic acid, azelaic acid,
succinic acid, haimicc acid, 1, 6-cyclohexane dicarboxylic acid;

a carboxylic acid of trivalent or more -valent (polybasic acid)



structure, the attachment of marine lives can be prevented, the function of the structure can he
maintained forzasldng time, 1.0 obstruction of fishingiet can be avoided provided it is applied on the
fishing net, and even more, there is little concern on environmentalpollution. [01421antifouling coating
composition of the present invention may be applied directly on a fishing net, or the ship 15 or
underwater structure surface with which a substrate material such as corrosion control agent and
primer is appliectin advance.llf atconventivral @ptifoulirgl ¢oating o atoatingwoktheyantifoul- coating
composition of the present invention is already applied on the surface of a ship, especially an IRE ship,
20 or an uhdemyaiér strugture thecantifoulitoating compasitianzof the-presentiinvestionaay:he over
coated for repair. Altho it is not particularlythe thickness of the antifo ling coating film formed on the
surface of &0$Hip br an underwatebstriictu is. dfor example; about 36-250p-tisecSk239055:[0143]As
the above-mentioned antifouling coating flirt of the present invention is obtained by hardening the
.antifouling coating comaositiorsetthespresentinvention; itexhjbits-longitermeantifeul] fioproperty
against iic to a wide variety of ships and underwater structures with less possibility of env. onmenta]...
pd Jus [0144}As-ahove; the.present inventipa sprovi aartwo-parJew-MQC hydrelisable antifouling
coati.ng composition that could form an antifouling coating film suitable for an ocean vessel 10 having
such excellentfeaturesas: gatifouding proced with low envirgnmentakloagh evenly,eonsumption
property of coating film in which the coating film consume evenly at a constant rate for a long timer and
long iermanfifewingmaintainbility of coating films that maintain the antifeuling performance for a long
time, 15 and the present invention also provides an antifouling coating film; and a ship, underwater
structure, fishipg gear, or fishing peY,eeated with-such antifoulind coating film .E.a.ples [Q145]The

present invention will now be explained in greater 20 detail_ based on examples and comparative

examples;with the understanding thatthese e gs are in no way ' tive qn the invention. The,"parts”

and" 1 in the examples and comparative examnles refer to ‘parts by weight" and "weight 95",

respﬁptivegl)g.c{ggBQG] (fﬁ;rogygﬂ% of polysster resin sglution (A)> SF-239056 (Production. Example 1:
Production of polyester resin solutio ( In a 2 L four-necked, 371.0 parts of sophthalic acid, 1 parts of

sebacic agigo23 8.2 parts,of Beopanyl gand 89.0,pafts of efylene. olycol welg addsd. and react ion
uote

(esterification reaction) was con e. at 220cC for 5 flours in the presence of nitrogen gas.lDurang

the reau cgla}t@/q@@ger ger&qr%cﬂyvas r %‘ﬁ%ﬁ@ﬁ reflux gﬁ"gé‘tﬁ' g and1 rr&b_}s&r)d a ntQS flgild value by
1. [

KOH titration and the hydroxyl value by the. acetylat..Lon method, thé reaction was suspended

when the solid genlentacid ylue ieachad A00.maKOHa and the solid gentent hydigxy|alue reached

30 mg/KOH. After cooling the reaction mixture,
glycol, 1,5-pentanediol, 1,6-hexanediol, 3-methy pentanediol,

15 diethylene glycol, 1,4-cyclohexanedimethanol,
3-methyl-1,5-pentanediol, 2-methyl-1,3-propanediol,
2,2-diethyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-propanediol,
hydrogenated bisphenol A, ethylene oxide addition product or
propylene oxide addition product for bisphenol A, bivalent or more

20 -valent polyhydric alcochol such as trimethylolethane,
trimethylolpropan, glycerins, and pentaerythritols. These
polyhydric alcohol components (a2) may be used in one type alone

or two types ormore. A hydroxyl acid such as dimethylol propionic

acid can be subjected to a polycondensation reaction with the



mixture wasuted with methyl isobutyl ketone to obtain a poi yester resin so -Lion (a-1) having an of 70
mg,KOH/gsE5{200 ingKOHY/g in terms of solid context) , a hydroxyf value of 21 mg.KOH/g (30
mgKOHY/g in terms of solid content) , a c.iseosity 0f720 mPas, and a heating residue (301 id content)
of 10.3%. The resin solution contained a polyester resin (a-1) of 1,900 weight-average molecular
weight_The above-mentioned 20 characterlivalueswere measured conforming to the "Evaluation of
resin solutiohcoihtaraeteristics® preferable daten.o 10141 ( PréductioniexampjeRroduction iof polyester
resin solution (a-2) ) Except Tor changing the amount of t ,e starting materials 86- 2390 to that shown
in Table 1capplyester rdm2solution (a-2) containing a polyester resin (a-2) was obt.ained in the same
manner as Example |, followed by measuring the various characteristic value [0148]oduc -ion example
3: Productigniefigolyester resincsalution (@=3))ic  alna? Lsfour-necked-fask; 225.0 pastsof isophthalic
acid, 366.0 parts of seba _eh ace 205.0 parts of neopentyl glycol, 131.0 part of ethylene dyed, and
86.0 partsof benzaig lacidswete-1Q added and-eeactipne (esterificeteon-reagtioniwas gonducted at
220C for 6 hours in presence of nitrogengas. Thewatergenerated was removed by reflux dewatoring
and, meastring theacidivatue by KQE titrationoang the hydroxyl valugby theac ytat g ethed; the
reacrion was suspended when the solid conren acid value 15 reached 43 mgKOH/g and the solid
content hyelsaxyd value reached 115 mgKCH/g. The mixture was cooled down to 170C, a tri=ilitic
anhydride of 108.0 parts was added, the heat in the afor 2 hours, an addition reaction was

conducted; anddhe reaction-wassuspended whenthe sofid contentacid, yalue,20 reached 90 2KO,H/g
and the solid content hydroxyl value reached 60 mgKOH/g. After cooling down, the mixture was diluted

with methylduityl ketane:to obtain a,palyester resin selytion {a-3). having an acid yalue of.63 mgECE/g
(90 mgKOHY/g in terms of solid content), a hydroxyl value of 42 meKOH/g (60 mgKOHig in terms of

SF-239058salid-centent) -3 viscosity of 345 mRhs, and.a heating residye of 70.0% (solid; .

content).The resin solution contained a polyester resin (a-3) of 2,060 weight-a erage molechér weight.

The ghove-men fioned characteristicweresmeasyred copforming to. the "Evalyation of esin salution

characteristic preferable later.” [0149] (Production Examples 4-7: Production of polyester resin

solutions (a-4)-.a) Except far chan g the tyne$s and- ampunt of the starting. 10 materialsown;in Table

2, polyester resin solutions (a-4)-Ha-7) containing a polyester re(a- -(e-7) were obtained in the same

manner as. gﬁ%%q%irqg. E(éairg] p!&Stpélog%%\és measuf ng &h? %/gri .ouoslcréasrggteri_stic valu&?3 gO 150]

(Comparative Production Examples 1- comparative prodﬁcﬁon Séxamp?eg,%ﬁérﬂsage of starting

gf;;rggsﬁgfgﬁg5;}%}%@@%%%%&@ wasshown in Table [015111n Comparatys Produgton

weight %) contained in the first component is preferred to be 5-95

15 weight %, further preferred to be 10-90 weight %, and still further
preferred to be 20-80 weight %.
[0067] The content of a constitutional unit derived from the
above-mentioned polyhydric alcohol component (a2) in the
polyester resin (the polyester resin (a3) if the first component

20 includes the reaction mixture (A)) (100 weight %) contained in
the first component 1is preferred to be 5-95 weight %, further
preferred to be 10-90 weight %, and still further preferred to

be 20-80 weight %.

[0068] In preparation of polyester resin, as the preparation



synthesize in the sane manner as Production Example 3, the solid 20 content acid value was
confirmedde-bez»mgKOHIg or less by means or this EQS titration, and a trimellftic anhydride was
reacted to obtain polyester resin solutions (a-8) and (a.-9) containing polyester resin (a-8) and (a-9),
respectively. [01521Also, various ctia racteristic values of the polyester SF-239059 resin solutions
(a-8)-(a-9) were measured conforming to the "Evaluation of resin solution characteristicsT'prefexable
la [3153] [Productiar example af(meth)aerylic polymer varpisho(@=14d)]5in ecreactien: eantainer
equipped withstirring machine, capacitor, thermometer, two units ci dripping apparatuses, nitrogen
introdu.ctior tulbe; heating jack et, and cooling jacket, a xyt ag of 52¢ b parts-and-a pyopylene-glycol
ronomethyl ether of 52.5 oartstge were introduced as solvents, which e 10 heating up to the reflux
temperatuse {appreximatelysk20£) undernittogen-atmesphere JO1b4iNext, indkeeping this.reflux
condition, from one dripuino apparatus, a monomer solution containing 45 parts of methyl
mesnacrylate,sko parts of methacxylaie, 1.0 parsetaarylic, 15 acidJe.partsof ethylagrylatezand 1 part
by weight of 2,4-dipheny1.-4- J ] -1-penrene, and from another dripping apparatus, 30 parts of t-butyip

oxy-2sethyhexarraate fradical pplymeriz Lioninitiator):., were-simultanggqusly dripped, tothe o
above-menrioned solvents for 3 hours, respectively. 20After that, A,keeping this reflax temo toe

sorvent was fughgestirred fer-1 hour,pext, gontinging the stirring, the selvent was,added with 0.4 g of
t-butylperoxy-2-hexanoate for 3 times every hour, and then the solvent was further sri rred. for 30

minutes. Then while-the SE-239060temperatureswas kept,on warming iy, 6649 parts of the solvent,

was collected and the temperature was cooled down L,O obtain 153.8 parts  (met.h) acrylic polymer

varnish (a-11)containinga (meth) acoilic polymer,(a-11)..Lhe property,ql the, (meth(), acrylic polymer

(a-il) contained in the obtained (meth) an .yi..ic polymer varnish (a-lU is shown in Table 4 below. [015

Gl the tabledheagricpalymer varaish (a-L1 isialso preteiable.as (Melhl agryic derived polymer

component a-11). 10(01571 <Evaluation of properties of resin soll utions> :ne fellowing

evalyatio @/@I%aqugﬂc;ggi%pplgggteﬁ [%%@fglqiggggggg (a-7) obtained in Production Examples 1

to 7, and the polyester resin solutions (a-8) to (a-9) and the ( acrylic polymer varnish (a-11) obtained

in Compar[%tblggl:}’roductioggés Example é.i'l;r}l]e resylt obtained is sréqﬁvgrcl) %n Tarrtl)ll‘(g< 81012. 5(3;@8](1)

. . re
Measurement of weight average molecular weight (Mw) and number average molecular weight (Mn)
by GPO: %fm% Q%Qeer ation ¢ rogﬁé%%rg%}g (SZ%PO% {netztgldqof :tLh?e fg\l%% in cocgmdl%n,ggfe weight
average molecular weight (MW) andthe number 20 average molecular we ht ne) creDo polyester
resin or k86 bl Rolymet ganiajied n varlous fesin solufon of Yauysh were measpred.ysing the
standard polystyrene calibration curve.? measurement condition) Device® Hita.chi 11-6200
SE-2390? Crlgljjerqﬁn.: Hétﬁg}hi Ce:ge@éca%leG Ipac; 8’\8{ 0, SGll'fgoﬁﬁnd GL-440 Fluent: THE Flow
velocity: .0m mlngé) eafiny residue weight V): The residue Was’6i5t ?nseldtgy %(Fgeﬁﬁ%%g of each
regquﬂug88mPa-s, it is difficult to exhibit a favorable coating
workability even maintaining the content of the volatile organic
compound (VOC) at a low level, for example, 400g or less per 1L
of a two-part hydrolysable antifouling coating composition. The
viscosity (mPa-s) of the above-mentioned polyester resin (A) at
20 25°C is a value measured with E type viscometer (Toki Sangyo Co.,
Ltd, Model No. TV-22 viscometer) at 25°C.
[0070] It is preferable that the polyester resin contained

in the first component includes polyester resin having a weight

average molecular weight (Mw) of 5,000 or less. If the first



or varnish on a flat bottom plate, spreading the substance evenly using a wire of known weight and
drying it. forrerEsour at 125 The weights of thezéesulted residue and the wire were measured, and
the heat g residue ( %) forh resin solution or varnish 40 was calculated. The term heating residue is
synonymous with non-volatile portion. [0159] (3) Viscosity; The visoosi t- (m2a-s) ot each -esit
solution or varnish was measured with E type viscometer (Toki Sangyo Co., Ltd, Model 15N0.TV-22
viscometepcati25C: {0 160F (4)Fcidtveal uesmgK Okl 4gand-hy droxylivatiue fmo140Hig)e thakhe acid e
and the hydroxyl value of: the varnish containing a polyester resin solution or (meth) acrylic acid metal
saltbased topelyawec;-orcthersotiticontent) (résiduelebthese-2Q prepareddn accordanceawitmthe
abova-mentio '(.2.) Solid content (Weight NV)", wer.measured with the KOH ti tration method and the
acetylat om methaodh irespectively. j016:t1Alse, theiagid vatee)andrthe hydpoxyt vakie-0f thereaction
liquid orsolid content of the reaction liquid for 53-239062 oh production example and comparative
productionvexarmple; weregalewated indhessame masner.0k621-5 Cometvevatuation Easbsolior
varnish was mixed o alicyclic lydrocarbon (Quinton- 1500), or k.etone resin (Laropal A81) so as to set

the weightiati.o einglit indhe olid.conteptstate othe puxtureawas coated pB B glassplatedssing a
film applica (clearance: 0.3 mm) dried for 24 hours at 23C checked with its appearance.Table | to 3,rep

10 that theneompatibility.is favarable-whilerepresents unfave;ble feund, separation), {01631Also, the
solid content of each resin solution, lish, rosin, a.l.icycl.ic hydrocarbon (Quintone 1500), or ketone

resin (Larepal ABBJeprseats agresidug” prepaddndhe same, 15 manngr as.ahovesmentioned "(2)

Heating residue(weight NV)", SE-239062 [0164] [Table 1] SF-23906-4 [0165] [Table araductron

uxompie 3rRroductan example dRroductionexerul a 98:54268 5 ror an excellent
coating workability, the viscosity must be lowered with solvents,

10 which tends to increase the VOC amount. Therefore, it 1is
preferable that the weight average molecular weight is 5,000 or
less. Ifit is lessthan 500, thecoating filmbecomes still sticky
after drying because of the low molecular weight, so that the
welght average molecular weight is preferred to be 500 or more.

15 (0071} The weight average molecular weight of the polyester
resin is a value measured by the gel permeation chromatography
(GPC) using a standard polystyrene calibration curve based on the
following condition.

( GPC condition )

20 Pump: manufactured by Hitachi L-6200
Column: Hitachi Chemical Gel Pack GL-420, GL-430, and GL-440
Eluent solvent: Tetrahydrofuran

[0072] The solid content acid value of the polyester resin

15 50-200 mgKOH/g, and is preferred to be 80-150 mgKOH/g, and still



Production example. a-6 120 ?roducttcn -5:,,,,,-Te-Y-c2 _ 7 a-, .1 .18 Pcipest.erreala(Ay90:anion 1 -
a-3a-4 §Etwkece glycol 131112 | r.Imcmorti igtglycol , 205 184 _1202 177 3, Tfl methal
“lotto-ant , -

further preferred to be 90-110 mgKOH/g. If the first component
includes the reaction mixture (A), the above-mentiocned solid
content hydroxyl value is the solid content hydroxyl value of the
reaction mixture (A). That is, the solid content acid value of

the reaction mixture (A) is 50-200 mgKCH/g, and is preferred to

ot

be 80-150 mgKOH/g, and is still further preferred to be 90-110
mgKOH/g. If the above-mentioned solid content acid value is less
than 50 mgKOH/g, the drying characteristic of the coating film
deteriorates because of the slow reaction between the polyester
10 (a3) and the zinc oxide (a hydrolysablemetallic cross-linked body
is difficult to form) when mixing the first and the second
components. If the above-mentioned solid content acid value
exceeds 200 mgKOH/g, such a defect as coating f£ilm crack occurs.
The above-mentioned solid content acid value can be measured by
15 a titration with potassium hydroxide (KOH).
[0073] The solid content hydroxyl value of the polyester
resin is 100 mgKOH/g or less, and is preferred to be 50 mgKOH/g
or less, and still further preferred to be 20 mgKOH/g, and is most
preferred to be 10 mgKOH/g or less. If the first component
20 includes the reaction mixture (A), the above-mentioned solid
content hydroxyl value is the solid content hydroxyl value of the
reaction mixture (A). That is, the solid content hydroxyl value
of the reactionmixture (A) is 100 mgKOH/g or less, and is preferred

to be 50 mgKOH/g or less, and still further preferred to be 20



10 - -- J,S Ceiaacic acid366 331 309.7 334 318 Plat:hal...Icacid- - - 190 - isophthaiic acid225 218
204.7 148 rTereplathallc acid- H - 28

mgKOH/g or less, and is most preferred to be 10 mgKOH/g or less.
If the above-mentioned solid content hydroxyl value exceeds 100
mgKOH/g, and if rosin or a petroleum resin is contained, the
compatibility between these components and the polyester resin

5 (a3) declines, and when a coating film is formed, the appearance
and the water resistance for the coating film deteriorate.
[0074] Fach of the above-mentioned solid content acid values
can be adjusted to each numerical value within the above range
employing known means.

10 [0075] For example, these include: an acid end polyester
obtained by introducing an acid to the polyester resin (the
polyester resin (a3) contained in the reaction mixture (A) when
adjusting the solid content acid value of the reaction mixture
(A)) at 1its end using a dibasic acid; and a polybasic acid

15 degeneration polyester obtained by degenerating a polyester resin
using a polybasic acid.

[0076] Such an acid end polyester, for example, is prepared
by mixing a dibasic acid and a bivalent alcohol, and running on
a polycondensation reaction (esterification reaction or

20 transesterification). The above-mentioned polybasic acid
degeneration polyester, for example, is prepared by introducing
a polybasic acid (trimellitic anhydride and others) to the main
chain of the polyester to produce degeneration with the polybasic

acid after synthesizing the polyester. A preparation method for



a 105 Benzoic acid86 119.3 110 122 Trimoilliic anhydride108 121 180 T 69.8 320 - 130.9
hoc-volatilerceat-aim:(%)70 69.7 70.372.2"awral.,cc -93cc,

a polybasic acid degeneration polyester also includes introducing
a polybasic acid to the main chain at the same time the
polycondensation reaction between the acid and alcohol components,
however, the method for adding a polybasic acid to the polyester
5 main chain after synthesizing the polyester results in more
reduced gels and thickenings, which is easier to regulate the
reaction. It is allowed to introduce a polybasic acid such as
a trimellitic anhydride or the like alone, however, the viscosity
tends to rise because of higher polarity due to the increased
10 localization of carboxyl group. Therefore, 1t 1s <further
preferred to use a monocarboxylic acid, a dicarboxylic acid, and

a polybasic acid together.
[0077] To make the above-mentioned solid content hydroxyl
value to 100 mgKOH/g or less, it is possible to adjust the number
15 of OH group by adjusting the mixing ratio of the monomer component
of the polyester resin (for example, (al), (a2), or any other
monomer component used for the preparation of the reaction mixture
(A) 1f the first component includes the reaction mixture (A)),
and also possible by adding a monocarboxylic acid after
20 polycondensation reaction and reacting the OH group of the
polyester resin with the carboxylic group of the carboxyl acid.
[0078] Because of low viscosity, the hydroxyls tend to
increase by lowering the molecular weight of the polyester resin,

however, the hydroxyl value can be adjusted by reacting a hydroxyl
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and a carboxyl group such as monocarboxylic acid using a
monocarboxylic acid such as benzoic acid when preparing a
polyester resin. For example, if the first component contains
the reaction mixture (A), the hydroxyl value can be adjusted by
5 putting a monocarboxylic acid such as benzoic acid subjected to
a polycondensation reaction together with (al) and (a2) in order
to cause the hydroxyl to react with a carboxyl group such as
monocarboxylic acid when preparing the reaction mixture (A).

[6079] [Second component]

10 A second component of a two-part hydrolysable antifouling
coating composition of the present invention is a liquid (e.g.,

a paste) including a zinc oxide (also referred to as zinc oxide

(B)) and may further contain any component preferable later as
reguired.
15 [0080] The zinc oxide contained in the second component is

an active pigment, and if the first and the second components are
mixed, the zinc oxide functions as a hardener in that the zinc
oxide reacts with a carboxyl group of a polyester resin (polyester
resin (a3) when the first component contains the reaction mixture
20 (A)) as above chemical equation (I} to form a metallic salt
cross-linking, thus, functioning as a hardener.
[0081] When the zinc oxide reacts with the carboxylic group
of the polyester resin, a -C0OO0- group (carboxyl ion) which is a

residue of the carboxylic group of the polyester resin from which
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an hydrion is removed, is formed, and a hydrolysable metal salt
cross-linked body (e.g., -COO--zn°"--00C-) is formed by the metal
ion zn®* derived from the zinc oxide (B). The hydrolysable
metallic salt cross-linked body hydrolyzes easily and exhibits
5 stable hydrolysis reaction (low fluctuation of hydrolysis rate
with time). That is, the coating composition of the present
invention can form a coating film that demonstrates a long-term
coating film grindability (excellent in long-term antifouling).
By adopting a two-part reaction type, evenunder a low temperature,
10 and even 1f the content of volatile organic compound is set to
400g or less per 1L of the two-part hydrolysable antifouling
coating composition, a coating viscosity practical for coating
(excellent in coating operation) can be maintained.
[0082] For the presence or absence of the reaction between
15 a zinc ion derived from the zinc oxide contained in the second
component and a carboxyl group of a polyester resin, for example,
it may be confirmed by checking the change of the coating hue before
and after the mixing of the first and second components, or could
be confirmed by the increase of viscosity the mixed coating with
20 time.
[0083] Various particle sizes are used for the zinc oxide
(B) contained in the second component. Rather than using a zinc
oxide having a large particle size, using a fine particle zinc

oxide whose particle size i1s lum or less such as an active zinc
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[Table SFs2390660[0167] :Table 4] [0168] <Preparation of anti fouling coating composl tion>
5(Example 1) A second component of an antifouling coat ing composdt was prepared n the
following manner. [0169]First, xylene solvent (10 parts), PPM-AC (1 par rosin (5.5 parts), and
chlorinated paraffin (2 parts) were mixed 10 in a 1000 nil plastic container and the mixture was stirred
with a paint:shakef amfilit wasedissalvedevenly.i[04 70iNext; arD1SPERBYK-A010. 5 patit)ing
wasaddedandstirred with a paint shaker for 5 minutes, Tali EC-7(8 parts), zinc oxide parts),
potassiumdfeldsparparts INGVARERM BEDsESRM (0.5sk5-parts): Bengara) GekkpuBB (3 paits), white
titanium white R-5N (3 parts), casting plaster ET-2 (1 part), zinc pyrithione rv fl-"Dri67 parts)Sea-,
ine211(10qpartsy-and anrti-settling agentis4200-20X(dpatt)awmere-mixeg; 200 partsiefclassbeads
were added, and the-ture was dispe

from a zinc oxide (B), which is preferable in that it improves

o4

the coating film hardness in a short time, and exhibits a
damage-resistance property of the coating film at an early stage.
roog84;] The content of the zinc oxide in the second component
is preferred tobe 10-500 parts by weight, and is further preferred
to be 50-300 parts by weight, relative to solid content of 100
10 parts by weight of the polyester resin contained in the first

component. If the first component contains the reaction mixture

(A), the content of the zinc oxide in the second component is

preferred to be 10-500 parts by weight, and is further preferred

to be 50-300 parts by weight, relative to the solid content of
15 100 parts by weight of the reaction mixture (A). If the content
is less than 10 parts by weight, the coating property such as
hardenability and coating film strength tends to deteriorate, and
if the content exceeds 500 parts by weight, the coating property
tends to be poor because of generation of cracking and the like.

20 [0085] [Optional components]

Below explains optional components. An optional component
may be mixed into a first component and/or a second component,
or may be added to a coating being mixed with the first and second

components, or the resultant coating mixed with the first and



[0171]In addition, an anti -sagging agent 0 630-20X (115 parts) was further added, d.isper sea for
further 20 gunutes/filtemed with a strainer of 80 megh to prepare a paste i) as the second component.
[0172]Next, a. two-art hydrolysable antifouling cou  composition was prepared, which was
comprising two -Quids as: 101.8 parts by weight of polyester resin solution (a-1) obtained by Productio
pie 1 as the first component; and 82 parts by weight of the above-mentioned second component. In
addition, the: fitst eompopentef)8 parts by weicht and the second component of 82 parts by weight
were evenly mixed using a disper to prepare the mixed coating. [01731 (Examples 2-19) A

two-part hydrofysable antifouling.ceating-cempositien'having-two liquids and a mixed coating were
prepared in the same manner as Example 1, except for changing the compounding 20 ingredients and

ancunt of the secone-gompenenteapd the type and amount of the first- camponenttothase shown in
Tables 5 to 6. [0174] (Comparative Examples 1-5) No-part nydrolysabie antifouling coating

composition$i>238068 mannerasExample d, exeepkfor.changingtog, compaunding ingred.i ents

and amount of the second oonponcijt, and the type and amount of the first component to _nose shown

Tables7 . $Fs23909.101251 [TableTable 5-gxamplesn2 18JUNHE 131111 9¢ 5¢ 16178 i 7R -9

'Polyester resin solution a-1
property in that an antifouling agent (D) can be eluted smoothly

on a coating film formed by the antifouling coating composition
provided that the antifouling coating composition contains an
antifouling agent (D) preferable later, the antifouling coating
10 composition of the present invention may further include rosin
and/or a rosin derivative (C). Rosin includes gum rosin, wood
rosin, toll rosin, and the like. A rosin derivative includes
hydrogenation rosin, polymerization rosin, rosin maleate,
aldehyde degeneration rosin, rosin metal salt, rosin amine, and
15 the like. Rosin and/or rosin derivative can be used in one type,
or in combination with two or more types. Rosin and/or a rosin
derivative (C) may be contained in the first or second component,
or added into a compound having the first and second components
mixed, however, it is preferred to be added into the second
20  component.
[0087] The content of the rosin and/or the rosin derivative
is preferred to be 0.5-300 parts by weight, and is further
preferred to be 0.5-200 parts by weight, and is most preferred

to be 0.5-150 parts by weight relative to the solid content of
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100 parts by weight of polyester resin contained in the first
component.
100887 If the first component includes the reaction mixture
(A}, the content of the rosin and/or the rosin derivative is
preferred to be 0.5-300 parts by weight, and is further preferred
to be 0.5-200 parts by weight, and is most preferred to be 0.5-150
parts by weight relative to the solid content of 100 parts by weight
of the reaction mixture (A).
[0089] If the above-mentioned content is less than 0.5 parts
by weight, the coating viscosity tends to rise, and if the content
exceeds 300 parts by weight, the coating property tends to
deteriorate because of occurrence of cracking and the like.
[0090] < (D) Antifouling agent>

The antifouling coating composition of the present
invention may further contain an antifouling agent (however,
excluding a copper compound such as copper and cuprous oxide;
hereinafter referred to as “antifouling agent (E)"). The
antifouling agent (D) is not especially limited to any as long
as the agent excludes a copper and a copper compound, and both
organic and inorganic antifouling agents are accepted. For
example, as an antifouling agent (D), the following substances
may be used: metallic pyrithiones such as zinc pyrithione;
4,5-dichloro-2-n-octyl-4-isothiazoline-3~one;

2-methylthio-4-t-butylamino-6-cyclopropylamino-s~triazine;
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2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethylpyrrole;
N,N'-dimethyl-N'-tolyl~- (N-fluorodichloromethylthio)

sulfamide; and pyridine-triphenylborane. Considering an
antifouling property in stationary condition, the following
substances are preferred to use as an antifouling agent (D): zinc
pyrithione; 4,5-dichloro-2-n~octyl-4-isothiazoline-3-one;
Z2-methylthio-4-t-butylamino-é~cyclopropylamino-s-triazine;
and Z2-(p-chlorophenyl)-3-cyano-4~bromo-5-trifluoromethyl
pyrrole. Considering a long-term antifouling property to animal
species especially such as barnacles, it is preferred to combine
2-(p-chlorophenyl)3-cyano-4-bromo-5-trifluoromethylpyrrole
and another antifouling agent (D) excluding that substance. It
is preferred to contain an antifouling agent (D) in the second
component.

[0091] In the antifouling coating composition of the present
invention, the content of the antifouling agent (D) is preferred
to be 5-600 parts by weight, and is further preferred to be 10-500
parts by weight, relative to solid content of 100 parts by weight
of polyester resin contained in the first component.

[0022] If the first component contains the reaction mixture
(A), the content of the antifouling agent (D) is preferred to be
5-600 parts by weight, and is further preferred to be 10-500 parts
by weight, relative to the solid content of 100 parts by weight

of the reaction mixture (A).
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[0093] From the viewpoint of possibility of improving the
coating film hardness (strength) while controlling the coating
viscosity rise, the antifouling agent (D) of the antifouling
coating composition of the present invention is preferred to be

zinc pyrithione. 1In this case, the content of the zinc pyrithione

ot

is preferred to be 0.5-300 parts by weight, and is further
preferred to be 1-200 parts by weight, and is most preferred to
be 10-200 parts by weight relative to the solid content of 100
parts by weight of polyester resin contained in the first
10 component.
[0094] If the first component includes the reaction mixture
(A), it is preferred to be 0.5-300 parts by weight, and is further
preferred to be 1-200 parts by weight, and is most preferred to
be 10-200 parts by weight relative to the solid content of 100
15 parts by weight of the reaction mixture (A). From the viewpoint
of improving the coating film hardness (strength), the substances
are preferred in the following order: zinc pyrithione and
2-(p-chlorophenyl)3-cyano-4-bromo-5-trifluoromethyl pyrrole.
From the viewpoint of exhibiting the drying characteristic of the
20 mixture coating, the strength of the coating film formed, and
favorable antifouling property against both animal species such
as barnacles and botanical marine organisms, it 1is further
preferred to use a zinc pyrithione and a

2-(p-chlorophenyl)3-cyano-4-bromo~-5-trifluoromethylpyrrole
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together.
[0095] <(E) Other additives>
The antifouling coating composition of the present

invention may include at least one of the additives (hereinafter
5 referred to as “additive (E)") selected from the group consisting

of a plasticizer (el), extender pigment (eZ2), pigment

dispersant(e3), color pigment (e4), dehydrating agent (eb),

anti-sagging agent (e6), and anti-settling agent (e7). The

additive (E) may be contained in the first or second component,
10 or added into a compound having the first and second components

mixed, however, 1t is preferred to be added into the second

component.

[0096] Below explains the plasticizer (el), extender pigment

(ez) (however, excluding zinc oxide), pigment dispersant (e3),
15 color pigment (ed), dehydrating agent (eb), anti-sagging agent

(e6), and anti-settling agent (e7).

[0097] (el) Plasticizer

A plasticizer (el) includes a chlorinated paraffin,
petroleum resins, ketone resins, TCP (tricresyl phosphate),
20 polyvinyl ethyl ether, dialkyl phthalate, (meth) acrylic polymers,
and the like. If the antifouling coating composition of the
present invention includes the plasticizer (el), it is preferable

in that the anti-crack property of the coating film (antifouling

coating) formed from the antifouling coating composition is
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improved.
[0098] Of these, the plasticizer (el) is preferred to be a

plasticizer selected from a group consisting of a chlorinated
paraffin, petroleum resins, ketone resins, and (meth) acrylic
polymers. These plasticizers can be used in one type, or in
combination with two or more types.

[0099] The content of the plasticizer (el) is preferred to
be 0.1-300 parts by weight, and is further preferred tobe 0.1-200
parts by weight, and ismost preferredtobe 0.1-150 parts by weight
relative to the solid content of 100 parts by weight of polyester
resin contained in the first component.

[0100] If the first component includes the reaction mixture
(A), the content of the plasticizer (el) is preferred tobe 0.1-300
parts by weight, and is further preferred to be 0.1-200 parts by
weight, and is most preferred to be 0.1-150 parts by weight
relative to the solid content of 100 parts by weight of the reaction
mixture (A).

[0101] [Chlorinated paraffin]

The chlorinatedparaffinmay be linear or branched structure,
and may be liquid or solid (fine particle) form at room
temperature.

[0102] The average number of carbons in a chlorinated
paraffin is normally 8-30, and preferably is 10-26. A chlorinated

paraffin having such number of carbons produces an antifouling
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coating compositicn that forms a coating film with fewer cracks
and peelings. If the number of carbons of the chlorinated
paraffin is less than eight, the crack inhibiting effect may be
inadequate, on the other hand, if it is more than 30, the resultant
5 coating film surface may have a deteriorated consumption property
(renewal property) that may lead to a deteriorated antifouling
property.
[0103] The number average molecular weight of a chlorinated
paraffin: is normally to be 200-1,200, and is preferred to be
10 300-1,100; the viscosity isnormally to be 1 or more (poise/25°C),
and is preferred to be 1.2 or more (poise/25°C); and the specific
gravity is normally to be 1.05-1.80/25°C, and is preferred to be

1.10-1.70/25°C.

[0104] The chlorination rate of a chlorinated paraffin
15 (chlorine content) is normally to be 35-75%, and is preferred to

be 35-65%. A chlorinatedparaffinhaving such a chlorination rate
produces an antifouling coating composition that forms a coating
filmwith fewer cracks and peelings. Commercially available such
chlorinated paraffin includes a “TOYOPARAX 150" and “TOYOPARAX
20 A-70" manufactured by TOSOH CORPORATION. Specifically, as
petroleum resins, C5, C9, styrenic, and dicyclopentadiene -based
resins, and their hydrogenated materials may be used, and their
commercially available products include “Quintone 1500" and

“Quintone 1700” manufactured by ZEON CORPORATION.
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[0105] [(Meth) acrylic polymer]

A (meth) acrylic polymer contained as a plasticizer (el)
is preferred to be a (meth) acrylic polymer compatible with a
polyester resin {(a3) contained in the reaction mixture (A).

[0106] The (meth) acrylic polymer compatible with the

(W4

polyester resin herein represents a (meth) acrylic poclymer that
produces a transparent homogeneous solution or a milk-white
homogeneous solution instead of forming a two-liguid solution
layer when mixing the following xylene solutions at a rate of 1:1
10 at 25°C as: a xylene solution having a 30 weight % of the polyester
resin; and a xylene solution having a 30 weight % of the polymer
derived from the (meth) acrylic acid.
[0107] By containing the {(meth) acrylic polymer compatible
with the polyester resin, the antifouling coating composition
15 produces a coating filmexcellent in anti-crack property, reduces
seawater consumption rate of the coating film, and maintains the
antifouling property, thus, the durability can be adjusted in a
suitable range. There is also an advantage in that the adhesive
property of the coating film can be further improved if the
20  antifouling coating composition of the present invention 1is
applied over an existing antifouling coating film.
[0108] Such a (meth) acrylic polymer compatible with a

polyester resin include: a (meth) acrylic ester homopolymer or

copolymer; (meth) acrylic ester homopolymer; at least two types
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cf (meth) acrylic acid ester copolymer; (meth) acrylic
ester- (meth) acrylic acid copolymer; and a (meth) acrylic
ester-styrenic-based copolymer. Such a (meth) acrylic
ester-based polymer may be used in one type, or in combination
5 with two or more types. These (meth) acrylic polymers may be
linear or branched structure, and may have a crosslinking
structure. Specific examples of (meth) acrylic polymer
compatible with polyester resin include, (meth) acrylic acid,
(meth) methyl acrylate, (meth) ethyl acrylate, (meth) butyl
10 acrylate, (meth) iscbutyl acrylate, (meth) t-butyl acrylate,
(meth) acrylic acid cyclohexyl, (meth) phenyl acrylate, and a
homopolymer of (meth) acrylic ester such as (meth) acrylic
acidZ-acetoacetoxyethyl or a copolymer of these monomers; an
aromatic vinyl compound such as styrene (ST); a copolymer of
15 various monomers such as a vinyl acetate, vinyl chloride, ethylene,
propylene, butadiene, and vinyl ether compound, and a (meth)
acrylic ester-based monomer.
[0109] Further, specific (meth) acrylic polymer compatible
with polyester resin includes the following polymers:
20 (1) a copolymer of a methyl methacrylate (MMA), ethyl acrylate
(EA), and acrylic acid (AA), whose copolymerization ratio
(represented by weight ratio of each component, the same shall

apply hereinafter) as (MMA/EA/AA) is (total in all the components:

100 parts by welght), and the number average molecular weight is
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preferred to be 1,000-20,000 and is further preferred to be
1,000-5,000.

(2) a copolymer of a methyl methacrylate (MMA), ethyl acrylate
(EA), and butyl acrylate (BA), whose copolymerization ratio

(represented by weight ratio of each component, the same shall

ot

apply hereinafter) as (MMA/EA/BA) is 35-50/20-60/10-50 (total in
all the components:100 parts by weight ) , and the number average
molecular weight is preferred to be 1,000-20,000, and is further
preferred to be 1,000-10,000.

10 (3) a copolymer of a isobutyl methacrylate (i-BMA), t-Butyl
methacrylate (t-BMA), styrene (ST), and stearyl methacrylate
(SLMA), whose copolymerization ratioc as (1i-BMA/t-BMA/ST/SLMA) is
10-40/10-40/20-60/5-20 (total in all the components:100 parts by
weight), and the number average molecular weight is 1,000-100, 000

15  and is preferred to be about 1,000-80,000. |
(4) a homopolymer of a methyl methacrylate (MMA), whose number
averagemolecular weight is1,000-100,000 and is further preferred
to be about 1,000-20,000.

(5) a homopolymer of an ethyl methacrylate (EMA), whose number

20 average molecular weight is 1,000-100,000 and is preferred to be
about 1,000-20,000.

(6) a copolymer of amethyl methacrylate (MMA), and butyl acrylate
(BA), whose copolymerization ratic as (MMA/BA) 1is 99-50/1-50

(total in all the components:100 parts by weight), and the number
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average molecular weight i1s 1,000-100,000 and is preferred to be
about 1,000-50,000.

(7) a copolymer of a ethyl methacrylate (EMA) and butyl acrylate
(BA), whose copolymerization ratio as (EMA/BA) is 100-70/0-30

5 (total in all the components:100 parts by weight) , and the number
average molecular weight is 1,000-100,000 and is preferred to be
about 1,000-30,000.

(01107 Among such (meth) acrylic polymers, a hydrophobic
acrylic polymer (e.g., the one whose (meth) acrylic acid ester

10 content exceeds 50 weight % and styrene content is less than 50
welght %) or styrene-based polymer (e.g., the one whose styrene
content is more than 50 weight %) is preferred to be used, and
the (meth) acrylic ester polymer of the above-mentioned (1)-(2),
is especially preferred to be used.

15 [0111] The number average molecular weight of such (meth)
acrylic polymer is preferred to be 1,000-20,000 and is further
preferred to be 1,000-10,000, and is especially preferred to be
1,000-3,000. If the number average molecular weight of the (meth)
acrylic polymer is within the above range, the polishing degree

20 can be effectively adjusted and an antifouling coating film
excellent in stationary antifouling property tend to be formed.
If the number average molecular weight of the (meth) acrylic
polymer exceeds the range shown above, the rise of the coating

viscosity and the reduction effect on the polishing degree of the
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antifouling property are obtained, however, the stationary
antifouling property tends to decrease, and if the molecular
welight of the above (meth) acrylic polymer exceeds the range shown
above, even the antifouling property of the resultant antifouling
5 coating film may be maintained at a high level, the drying
characteristic and the coating film strength may be unacceptable.
[0112] From the viewpoint of preventing the viscosity from
rising, the content of the (meth) acrylic polymer is preferred
tobe 0.1-100 parts by weight, and is further preferred tobe 0.1-80
10 parts by weight, and is particularly preferred to be 0.1-
50 parts by weight relative to the solid content of 100 parts by
weight of the polyester resin contained in the first component.
[0113] If the first component includes the reaction mixture
(A), the content of the (meth) acrylic polymer is preferred to
15 be 0.1-100 parts by weight, and is further preferred to be 0.1-80
parts by weight, and is particularly preferred to be 0.1-50 parts
by weight relative to the solid content of 100 parts by weight
of the reaction mixture (A).
[0114] The (meth) acrylic polymer is preferred to be
20 contained in the first component from the viewpoint of storage
stability.
[0115] The average molecular weight (weight average
molecular weight and number average molecular weight) of the

above-mentioned chlorinated paraffin and (meth) acrylic polymer
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is a value calculated by using a gel permeation chromatography
(GPC) method under the following GPC condition, and a standard
polystyrene calibration curve.

(GPC measurement condition)

Device: manufactured by Hitachi L-6200

Column: Hitachi Chemical Gelpack GL-420, GL-430, and GL-440
Eluent: THF |
Flow velocity: 2.0ml/min

(e2) Extender pigment

An extender pigment (e2) includes (however, zinc oxide is
excluded): talc, silica, mica, clay, potash feldspar, calcium
carbonate alsoused as anti-settlingagent, kaolin, alumina white,
white carbon used as matted medicine, aluminum hydroxide,
magnesium carbonate, barium carbonate, barium sulfate, and the
like, and among these, an extender pigment selected from a group
consisting of talc, silica, mica, clay, calciumcarbonate, kaolin,
barium sulfate, and potash feldspar is preferred. An extender
pigment is a pigment with a low refractive index, and becomes
transparent when mixed with oil or varnish to avoid concealing
of the coating surface, and if the antifouling coating composition
of the present invention contains the extender pigment (e2), it
is preferred from the viewpoint of improving the coating film
property such as anti-cracking property.

[0116] The content of the extender pigment (e2) is preferred
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tobe 0.1-500 parts by weight, and is further preferred tobe 50-300
parts by weight, relative to the solid content of 100 parts by
weight of the polyester resin contained in the first component.
[0117] If the first component contains the reaction mixture
(A), the content of the extender pigment (e2) is preferred to be
0.1-500 parts by weight, and is further preferred to be 50-300
parts by weight, relative to the solid content of 100 parts by
welght of the reaction mixture (A).

[(0118] (e3) Pigment dispersant

Various well-known organic and inorganic pigment
dispersants may be used for the pigment dispersant (e3). Organic
pigment dispersant includes an aliphatic amine or organic acids
(“Duomeen TDO" manufactured by Lion Co., Ltd. DISPERBYK-101
manufactured by BYK CHEMIE), and the like.

[0119] The content of the pigment dispersant (e3) is
preferred tobe 0.01-100 parts by weight, and is further preferred
to be 0.01-50 parts by weight, relative to the solid content of
100 parts by weight of the polyester resin contained in the first
component.

[0120] If the first component contains the reaction mixture
(A), the content of the pigment dispersant (e3) is preferred to
be 0.01-100 parts by weight, and is further preferred tobe 0.01-50
parts by weight, relative to the solid content of 100 parts by

welght of the reaction mixture (A).
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[0121] (e4) Color pigment

Various well-known organic and inorganic color pigments may
be used for the color pigment (ed4). An organic pigment includes
a carbon black, naphthol red, and phthalocyanine blue, and the
like. An inorganic pigment includes, for example, a blood red,
baryta powder, white titanium pigment, yellow oxide, and the like.
Various coloring agents such as dyes may be included. If the
antifouling coating composition of the present invention includes

a color pigment (e4), it is preferable in that the hue of the

antifouling coating film formed from the composition can be freely
adjusted.
[0122] The content of the color pigment (ed) is preferred

to be 0.01-100 parts by weight, and is further preferred to be
0.01-10 parts by weight, relative to the solid content of 100 parts
by weight of the polyester resin contained in the first component.
[0123] If the first component contains the reaction mixture
(A), 1t is preferred tobe 0.01~100 parts by weight, and is further
preferred to be 0.01-10 parts by weight, relative to the solid
content of 100 parts by weight of the reaction mixture (A).

[0124] (e5) Dehydrating agent

A dehydrating agent (eb5) includes an anhydrite gypsum
(CasS0O4), casting plaster, synthetic zeolite-based absorbent
(product name: Molecular Sieve 3A, 44, 5A, 13X and the like), and

inorganic dehydrating agent such as ethyl silicate. Of these,



- - - Polyester resin solution a-7 - - t .H Polyester resin solution a-B - - - IN-"- Polyester
resin solutin-a-9s.0- - - - 48

the gypsum and the casting plaster are preferred because of high
dehydrating effect. Since a dehydrating agent further improves
the storage stability and the adhesion of antifouling coating
composition, such inorganic dehydrating agent can be used alone
5 or in combination with two or more types.
[0125] The content of the dehydrating agent (e5) is preferred
tobe 0.1-100 parts by weight, and is further preferred tobe 0.1-50
parts by weight, and is most preferred to be 0.1-20 parts by weight
relative to the solid content of 100 parts by weight of polyester
10 resin contained in the first component.
[0126] If the first component includes the reaction mixture
(A), 1t is preferred to be 0.1-100 parts by weight, and is further
preferred to be 0.1-50 parts by weight, and is most preferred to
be 0.1-20 parts by weight relative to the solid content of 100
15 parts by welght of the reaction mixture (A).

[0127] (e6) Anti-sagging agent

An anti-sagging agent (e6) (also called “anti-running
agent”) includes an amide wax, hydrogenation castor oil-based
wax, polyamide-based wax, a mixture of both, and synthesized

20 finely-divided silica, and among these, the polyamide-based wax
and synthesized finely-divided silica are preferred. The
commercial available products include: “DISPARLON A630-20XC"
manufactured by KUSUMOTO CHEMICALS, CO., LTD. and “ASAT-250F"

manufactured by ITO OIL CHEMICALS CO., LTD. If the antifouling
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coating composition of the present invention includes an
anti-sagging agent (e6), it is preferable in that the anti-running
property for coating operation, or the like can be adjusted.
[0128] The content of the anti-sagging agent (e6) 1is
preferred to be 0.1-100 parts by weight, and is further preferred
to be 0.1-50 parts by weight, relative to the solid content of
100 parts by weight of the polyester resin contained in the first
component.

[0129] If the first component contains the reaction mixture
(A), it is preferred to be 0.1-100 parts by weight, and is further
preferred to be 0.1-50 parts by weight, relative to the solid
content of 100 parts by weight of the reaction mixture (A).

(0130] (e7) Anti-settling agent

An anti-settling agent (e7) includes an organoclay Al, Ca,
Zn amine salt, polyethylene wax, and oxidation polyethylene-based
wax, or the like, and among these, the oxidation
polyethylene-based wax is preferred. A commercially available
product include: “DISPARLON 4200-20X" manufactured by KUSUMOTO
CHEMICALS, Co., LTD. If the antifouling coating composition of
the present invention includes an anti-settling agent (e6), it
is preferable in that the precipitation of solvent insoluble
matters in a storing period can be avoided and the stirring
property can be improved.

[0131] The content of the anti-settling agent (e7) 1is
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preferred to be 0.1-100 parts by weight, and is further preferred
to be 0.1-50 parts by weight, relative to the solid content of
100 parts by weight of the polyester resin contained in the first
component.
[0132] If the first component contains the reactionznixture
(A), it is preferred to be 0.1-100 parts by weight, and is further
preferred to be 0.1-50 parts by weight, relative to the solid
content of 100 parts by weight of the reaction mixture (A).
[0133] <(F) Organic solvent>

The antifouling coating composition of the present
invention may further include an organic solvent (F), however,
the content corresponding to the volatile organic compound (VOC)
in the organic solvent (F) is limited to 400g or less relative
to 1L of the two-part hydrolysable antifouling coating composition.
The volatile organic compound (VOC) preferable herein represents
a material of an organic compound whose boiling point (normal
pressure) 1is 50-260°C (volatile organic compound (VOC) defined
by WHO) and a material whose boiling point (normal pressure) is
less than 50°C (high volatility organic compound (VVOC) defined
by WHO) .
[0134] Various well-known solvents with a wide range of
boiling points may be used for an organic solvent (F), specifically
including: aliphatic solvent such as turpentine; aromatic

solvents such as toluene and xylene; alcohol solvents such as
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isopropyl alcohol, n-butyl alcohol, and isobutyl alcohol; ester
solvents such as ethyl acetate and butyl acetate; ketone solvents
such as methyl ethyl ketone, methyl isobutyl ketones, andmethylic
amyl ketones; and ether or ether ester solvents such as ethylene
5 glycol monomethyl ether, ethylene glycol moncbutyl ether,
propylene glycol monomethyl ether, and propylene glycol
monomethyletheracetate,however,amongthese,thexylene,methyl
isobutyl ketone, and propylene glycol monomethyl ether are
preferred. These organic solvents can be used in one type, or
10 in combination with two or more types.
[0135] For example, the organic solvents (F) may be contained
in the first component to dilute the reaction mixture (A). An
organic solvent (G) for diluting the reaction mixture (A) includes
for example, an aromatic hydrocarbon, aliphatic hydrocarbon,
15 esters, ketones, and alcohols. More specifically, the organic
solvents include aromatic hydrocarbons such as toluene and xylene,
aliphatic hydrocarbons such as hexane, esters such as ethyl
acetate and butyl acetate, ketones such as methyl ethyl ketone
and methylic isobutyl, and alcohols such as methanol, butanol,
20 and isobutanol. These organic solvents may be used in one type,
or in combination with two or more types. Considering the
relatively high acid value for the solid content of the reaction
mixture (A), and satisfying the both low viscosity and low VOC,

using polar organic solvents such as ester, ketone, and alcohol
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is more favored than aromatic hydrocarbons, and using ester or
ketone -based organic solvent is further preferred because an
alcohol causes an alcoholysis which may lower the resin viscosity.
[0136] In the antifouling coating composition of the present
invention, the content of the volatile organic compound (VOC) is
400g or less relative to 1L of the two-part hydrolysable
antifouling coating composition. By setting the VOC content in
such a range, the environmental load and the influence on human
body can be reduced. This VOC content is a value measured under
the condition preferable in the Examples.
[0137] [Production method of antifouling coating composition]

An antifouling coating composition of the present invention
can be produced by stirring and mixing a first and a second
components prepared in advance.
[0138] In the preparation of the mixture coating by mixing
and stirring the first and the second components, such known mixing
and stirring devices are used as follows: a high-speed disperser,
and grind mill, basket mill, ball mill, triple roll mill, Ross
mixer, planetary mixer, and versatile Shinagawa agitator.
[0139] [Production method of antifouling coating film and
antifouling substrate (antifouling method for substrate)]

An antifouling coating film of the present invention is
obtained by hardening the above-mentioned antifouling coating

composition of the present invention. The production method of
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the antifouling substrate of the present invention (antifouling
method for substrate) comprises applying or impregnating the
above-mentioned two-part hydrolysable antifouling coating
composition of the present invention onto a substrate (object),
and hardening the composition to forman antifouling coating £ilm.
[0140] The substrate to be formedwith an antifouling coating
film is not particularly limited, however, it is preferred to be
any of a underwater structure, ship, fishingnet, and fishing gear.
For example, 1f the above-mentioned antifouling coating
composition is applied on the surfaces of : underwater structures
such as water supply and drainage outlet for thermal and nuclear
power plants; sludge diffusionprevention films of various oceanic
earthworks for coastal roads, submarine tunnels, harbor
facilities, canals, waterway, etc.; and various formed bodies such
as ships and fishery materials (e.g., ropes, fishingnets, fishing
gears, floats, and buoy) for one or more times in accordance with
a common procedure, an antifouling coating film coated ship or
underwater structure can be obtained that is excellent in
antifouling property, capable of releasing the antifouling agent
component for a long time, and excellent in anti-cracking property
with appropriate flexibility acceptable even for thickly coating.
[0141] That is, the antifouling coating film to which the
antifouling coating composition of the present invention is

applied and hardened, exhibits excellence in antifouling property
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in that the adhesion of such agquatic living things as sea lettuce,
barnacle, green laver, serpula, oyster, and bryozoan can be
prevented for a long time continuously. Particularly, even 1if
the materials of ships are FRP, steel, wood, or aluminum alloy,
5 the antifouling coating film can be appropriately attached to such
surfaces. For example, 1if the antifouling coating composition
of the present invention is applied on the surface of a underwater
structure, the attachment of marine lives can be prevented, the
function of the structure can be maintained for a long time,
10 obstruction of fishing net can be avoided provided it is applied
on the fishing net, and even more, there is little concern on
environmental pollution.
[0142] The antifouling coating composition of the present
invention may be applied directly on a fishing net, or the ship
15 or underwater structure surface with which a substrate material
such as corrosion control agent and primer is applied in advance.
If a conventional antifouling coating or a coating of the
antifouling coating composition of the present invention is
already applied on the surface of a ship, especially an FRP ship,
20 or an underwater structure, the antifouling coating composition
of the present invention may be over coated for repair. Although
it is not particularly limited, the thickness of the antifouling
coating film formed on the surface of a ship or an underwater

structure 1is, for example, about 30-250um/time.
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[0143] As the above-mentioned antifouling coating film of
the present invention is obtained by hardening the antifouling
coating composition of the present invention, it exhibits a
long-term antifouling property against living things attaching

to a wide variety of ships and underwater structures with less

1]

possibility of environmental pollution.
[0144] As above, the present invention provides a two-part
low VOC hydrolysable antifouling coating composition that could
form an antifouling coating film suitable for an ocean vessel
10 having such excellent features as: antifouling property with low
environmental load; evenly consumption property of coating film
in which the coating film consume evenly at a constant rate for
a long time; and long-term antifouling maintainability of coating
films that maintain the antifouling performance for a long time,
15 and the present invention also provides an antifouling coating
film; and a ship, underwater structure, fishing gear, or fishing
net coated with such antifouling coating film.
Examples
[0145] The present inventionwill now be explained in greater
20 detail based on examples and comparative examples, with the
understanding that these examples are in no way limitative on the
invention. The “parts" and “%" in the examples and comparative
examples refer to “parts by weight" and “weight %", respectively.

[0146] <Production of polyester resin solution (A)>
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(Production Example 1: Production of polyester resin solution

(a=-1))

Ina 2L four-necked flask, 371.0 parts of isophthalic acid,

4277.1 parts of sebacic acid, 238.2 parts of neopentyl glycol and

5 89.0 parts of ethylene glycol were added, and reaction

(esterification reaction) was conducted at 220°C for 5 hours in

the presence of nitrogen gas. During the reaction, the water

generated was removed by reflux dewatering and, measuring the acid

value by KOH titration and the hydroxyl value by the acetylation

10 method, the reaction was suspended when the solid content acid

value reached 100 mgKOH/g and the solid content hydroxyl value

reached 30 mg/KOH. After cooling the reaction mixture,

the

mixture was diluted with methyl isobutyl ketone to obtain a

polyester resin solution (a-1) having an acid value of 70 mgKOH/g

15 (100 mgKOH/g in terms of solid content), a hydroxyl value of 21

mgKOH/g (30 mgKOH/g in terms of solid content), a viscosity of

320 mPas, and a heating residue (so0lid content) of 70.3%. The
resin solution contained a polyester resin (a-1) of 1,800
welght-average molecular welght. The above-mentioned

20 characteristic values were measured conforming to the “Evaluation

of resin solution characteristics" preferable later.

[0147] (Production example 2: Production of polyester resin

solution (a-2))

Except for changing the amount of the starting materials
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to that shown in Table 1, a polyester resin solution (a-2)
containing a polyester resin (a-2) was obtained in the same manner
as Example 1, followed by measuring the various characteristic
values.
[0148] (Production example 3: Production of polyester resin
solution (a-3))

Ina 2L four-necked flask, 225.0 parts of isophthalic acid,
366.0 parts of sebacicacid, 205.0 parts of neopentyl glycol, 131.0
parts of ethylene glycol, and 86.0 parts of benzoic acids were
added, and reaction (esterification reaction) was conducted at
220°C for 6 hours in presence of nitrogen gas. The water generated
was removed by reflux dewatering and, measuring the acid value
by KOH titration and the hydroxyl value by the acetylation method,
the reaction was suspended when the solid content acid value
reached 43 mgKOH/g and the solid content hydroxyl value reached
115 mgKOH/g. The mixture was then cooled down to 170°C, a
trimellitic anhydride of 108.0 parts was added, the heat in the
mixture was kept for 2 hours, an addition reaction was conducted,
and the reaction was suspended when the solid content acid value
reached 90 mgKOH/g and the solid content hydroxyl value reached
60 mgKOH/g. After cooling down, the mixture was diluted with
methyl isobutyl ketone to obtain a polyester resin solution (a-3)
having an acid value of 63 mgKOH/g (90 mgKOH/g in terms of solid

content), a hydroxyl value of 42 mgKOH/g (60 mgKOH/g in terms of
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solid content), a viscosity of 345 mPas, and a heating residue
of 70.0% (solid content). The resin sclution contained a
polyester resin (a-3) of 2,060 weight-average molecular weight.
The above-mentioned <characteristic values were measured
5 conforming to the “Evaluation of resin solution characteristics"
preferable later.
[0149] (Production Examples 4-7: Production of polyester resin
solutions (a-4)-{a-7))
Except for changing the type and amount of the starting
10 materials to that shown in Table 2, polyester resin solutions
(a—4)-(a-7) containing a polyester resin (a-4)-(a-7) were
obtained in the same manner as Production Example 3, followed by
measuring the various characteristic values.
[0150] (Comparative Production Examples 1-2)
15 As comparative production examples, the usage of starting
materials for the resin solution production was shown in Table
3.
[0151] In Comparative Production Examples 1 and 2, a
synthesize in the same manner as Production Example 3, the solid
20 content acid value was confirmed to be 2 mgKOH/g or less by means
of the KOH titration, and a trimellitic anhydride was reacted to
obtain polyester resin solutions (a-8) and (a-9) containing
polyester resin (a-8) and (a-9), respectively.

[0152] Also, various characteristic values of the polyester
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resin solutions (a-8)-(a-9) were measured conforming to the
“Evaluation of resin solution characteristics™ preferable later.
[0153] [Production example of (meth) acrylic polymer varnish
(a=11)]

5 In a reaction container equipped with a stirring machine,
capacitor, thermometer, two units of dripping apparatuses,
nitrogen introduction tube, heating jacket, and cooling jacket,
a xylene of 52. 5 parts and a propylene glycol monomethyl ether
of 52.5parts were introduced as solvents, whichwere stirredwhile

10 heating up to the reflux temperature (approximately 120°C) under
nitrogen atmosphere.

[0154] Next, 1in keeping this reflux condition, from one
dripping apparatus, a monomer solution containing 45 parts of
methyl methacrylate, 10 parts of methacrylate, 10 parts of acrylic

15 acid, 35 parts of ethylacrylate, and 1 part by weight of
2,4-diphenyl-4-methyl-1-pentene, and from another dripping
apparatus, 30 parts of t-butylperoxy-2-ethylhexanoate (radical
polymerization initiator), were simultaneously dripped, to the
above-mentioned solvents for 3 hours, respectively.

20 [0155] After that, while keeping this reflux temperature,
the solvent was further stirred for 1 hour, next, continuing the
stirring, the solvent was added with 0.1 g of
t-butylperoxy-2-hexanoate for 3 times every hour, and then the

solvent was further stirred for 30 minutes. Then, while the
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temperature was kept on warming up, 66.9 parts of the solvent was
collected and the temperature was cooled down to obtain 153.8 parts
of (meth) acrylic polymer varnish (a-11) containing a (meth)
acrylic polymer (a-11). The property of the (meth) acrylic
5 polymer (a-11) contained in the obtained (meth) acrylic polymer
varnish (a-11) 1s shown in Table 4 below.
[0156] In the table, the (meth) acrylic polymer varnish
(a-11) 1s alsc preferable as (meth) acrylic derived polymer
component (a-11).
10 [0157] <Evaluation of properties of resin solutions>
The following evaluation was conducted on polyester resin
solutions (a-1) to (a-7) obtained in Production Examples 1 to 7,
and the polyester resin solutions (a-8) to (a-9) and the (meth)
acrylic polymer varnish (a-11) obtained in Comparative Production
15 Example 1. The result obtained is shown in Table 8 to 12.
[0158] (1) Measurement of weight average molecular weight
(Mw) and number average molecular weight (Mn) by GPC:
By the gel permeation chromatography (GPC) method of the following
condition, the weight average molecular weight (MW) and the number
20 average molecular weight (Mn)of the polyester resin or (meth)
acrylic polymer contained in various resin solution or varnish
were measured using the standard polystyrene calibration curve.
(GPC measurement condition)

Device: Hitachi L-6200
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Column: Hitachi Chemical Gelpack GL-420, GL-430, and GL-440
Eluent: THF

Flow velocity: 2.0ml/min

(2) Heating residue (weight NV);

The residue was obtained by weighing lg of each resin solution
or varnish on a flat bottom plate, spreading the substance evenly
using a wire of known weight and drying it for one hour at 125
°C. Theweights of the resulted residue and the wire were measured,
and the heating residue (wt%) for each resin solution or varnish
was calculated. The term heating residue 1is synonymous with
non-volatile portion.

[0159] (3) Viscosity;

The viscosity (mPa-s) of each resin solution or varnish was
measured with E type viscometer (Toki Sangyo Co., Ltd, Model
No.TV-22 viscometer) at 25°C.

[0160] (4) Acid value (mgKOH/g) and hydroxyl value (mgKOH/g)

The acid wvalue and the hydroxyl value of: the varnish
containing a polyester resin solution or (meth) acrylic acid metal
salt-based copolymer; or the solid content (residue) of these
prepared in accordance with the above-mentioned ™ (2) Solid content
(Weight NV)”, were measured with the KOH titration method and the
acetylation method, respectively.

(01617 ARlso, the acid value and the hydroxyl value of the

reaction liquid or the solid content of the reaction liquid for

Polyester
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each production example and comparative production example were
calculated in the same manner.
[016Z2] (5) Compatibility evaluation
Each resin solution or varnish was mixed with a rosin,
5 alicyclic hydrocarbon (Quintone 1500), or ketone resin (Laropal
ABl) so as to set the weight ratio being 1:1 in the solid content
state, the mixture was coated on a glass plate using a film
applicator (clearance:0.3 mm), dried for 24 hours at 23°C, and
checked with its appearance. In the Table 1 to 3, “A" represents
10 that the compatibility 1is favorable while “B" represents
unfavorable (found separation).
[0163] Also, the solid content of each resin solution,
varnish, rosin, alicyclic hydrocarbon (Quintone 1500), or ketone
resin (Laropal A81l) represents a “residue” prepared in the same

15 manner as above-mentioned “(2) Heating residue (weight NV)”.
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[Table 1]
Production | Production
example 1 example 2
Polyester resin (A) solution a-1 a-2
Ethylene glycol 89 79
Neopentyl glycol 238.2 235
Trimethylolpropane - -
Monome r Cebacic acid 427.1 452
composition Phthalic acid - -
(part by weight) | roopnthalic acid 371 358.9
Terephthalic acid - -
Benzoic acid = -
Trimellitic anhydride - -
Non-volatile content (%) 70.3 69.9
Viscosity {(mPa-s) 320 360
Solid content acid value
100 110
(mgKOH/qg)
Solid content hydroxyl 30 10
Resin property |value (mgKOH/g)
Number average molecular
weight (Mn) 860 720
We%ghtaveragenmlecular 1800 5200
weight (Mw)
Rosin A A
Alicyclic hydrocarbon A a
Compatibility (Quintone 1500)
Ketone resin
(Laropal A81) A A
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[Table 2]
Production Production Production Production Production

example 3

example 4

example 5

example 6

example 7

Polyester resin (A} solution a-3 a-4 a-5 a-6 a—"/
Ethylene glycol 131 112 126 120 118

- Neopentyl glycol 205 184 173 202 177

g g‘ Trimethylolpropane - 10 - - -

oo

g;‘j‘ Cebacic acid 366 331 309.7 334 318

§ ; Phthalic acid - - - 150 -

o

H £ | Isophthalic acid 225 218 204.7 - 148

E o

% 2| Terephthalic acid - - - - 105

* | Benzoic acid 86 119.3 110 122
Trimellitic anhydride 108 127 180 - 130.9

Non-volatile content (%) 70 69.7 69.8 70.3 72.2
Viscosity (mPa-s) 345 320 320 400 340

- Solid content acid

2| yatue (mgKOH/q) 90 100 120 100 100

8, Solid content

§4 hydroxyl value 50 5 5 30 5

. (mgKOH/qg)

“_{ ~ -

w | Number EVETASe L 1000 1000 900 900 920

x, molecular weight (Mn)
Weight VIS 2060 2090 1890 1960 1840
molecular weight (Mw)

> | Rosin A A A A

E Alicyclic hydrocarbon A A A 2

£ | (Quintone 1500)

%‘ Ketone resin A I a A A

© (Laropal ABL)
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[Table 3]
Comparative | Comparative
production production
example 1 example 2

resin solution a-8 a-9

Ethylene glycol - 33.7

Neopentyl glycol 544 282.9

Trimethylolpropane - 91.5
Monomer Cebacic acid - 168.4
composition Phthalic acid - -
(part by | Isophthalic acid 390.2 379
weight) Terephthalic acid - -

adipic acid 93 -

Benzolic acid - 92.1

Trimellitic anhydride 83 68.1
Non-volatile content (%) 69.4 71.3

Viscosity (mPa-s) 1100 210

Solid content acid

value (mgKOH/g) 20 40
Resin Solid content hydroxyl 510 80
property value (mgKOH/qg)

Number average 770 1080

molecular weight (Mn)

Welght average

molecular weight (Mw) 1340 2000

Rosin B B

Alicyclic hydrocarbon B B
Compatibility | (Quintone 1500)

Ketone resin B B

(Laropal ABI1)




4,9-dichnorn-2-n-ootyl-Inothiazoirne 3 ono 2-areLhylth 0-4butylonino 6 cyc dnino-s-frna71lne 10 10

10 10 - 2-¢p~-nh-prgphenyl)-3-cyano-4-nro5-Linf mgihyl pyrfolo - _ _ _ _ N,W-dimethyl
N'-tolyl-N-fluoror'icrni thfo)self-snide _ __ pyridine-triphenylborane - - - -
[0167]
[Table 4] _
S T a-11
Solvent Xylene 52.5
Propylene glycol monomethyl ether 52.5
Methyl methacrylate 45
Acrylic acid T 10 |
Dropping component.—§£ﬁ§inééf§ié£é --------------------------------------- 35 """""""
2,4-diphenyl-4-ethyl-l-penten | 25 |
‘t-butylperoxy-2-ethylhexanoate | 10
Nonvolatile content 69.3
Viscosity (mPa-s/25C) | 4,100 |
Properties Solid content acid value (mgKOH/g) | 115.0 |
vj;;;ghtave rage molecular weight | . 2 360 """

[0168] <Preparation of antifouling coating composition>
5 (Example 1)
A second component of an antifouling coating composition
was prepared in the following manner.
[0169] First, xylene solvent (10 parts), PGM-AC (1 part),
rosin (5.5 parts), and chlorinated paraffin (2 parts) were mixed
10 in a 1000 ml plastic container and the mixture was stirred with
a paint shaker until it was dissolved evenly.
[0170] Next, a DISPERBYK-101 (0.5 part) was added and stirred
with a paint shaker for 5 minutes, Talc FC-1(8 parts), zinc oxide
(20 parts), potassium feldspar (5 parts), NOVAPERM RED F5RK (0.5
5 parts), Bengara Gekko BB (3 parts), white titanium white

R-5N (3 parts), casting plaster FT-2 (1 part), zinc pyrithione



Benii4ara Gekko BE E en c), EnlIc)l ¢ 3. 05 1-) ? 3 Organic red pigments (Novaberm Red F5RK)
. 05 Titanigmwhite)R-SN 3 3 3 R Ethylsillca-ie28 g~ - - -

(10 parts), Sea-Nine2ll (10 parts), and anti-settling agent
Dis4200-20X (1 part) were mixed, 200 parts of glass beads were
added, and the mixture was dispersed for 1 hour.
[0171] In addition, an anti-sagging agent Dis630-20X (1.5
5 parts) was further added, dispersed for further 20 minutes,
filtered with a strainer of 80 mesh to prepare a paste (1) as the
second component.
[0172] Next, a two-part hydrolysable antifouling coating
composition was prepared, which was comprising two liquids as:
10 18 parts by weight of polyester resin solution (a-1) obtained by
Production Example 1 as the first component; and 82 parts by weight
of the above-mentioned second component. In addition, the first
component of 18 parts by weight and the second component of 82
parts by welight were evenly mixed using a disper to prepare the
15 mixed coating.
[0173] (Examples 2-19)

A two-part hydrolysable antifouling coating composition
having two liguids and a mixed coating were prepared in the same
manner as Example 1, except for changing the compounding

20 ingredients and amount of the second component, and the type and
amount of the first component to those shown in Tables 5 to 6.
[06174] (Comparative Examples 1-5)

A two-part hydrolysable antifouling coating composition

having two liguids and a mixed coating were prepared in the same



Anti-sagging agent 0is630-20XC 5.51.51.3 1.5 1.5 Subtotal 62 82 82 82 82 100 -total 100 100 100
100 10148] s fyaluation of physical properties ofantifouling coating compositions > SF 2390

The physical properties of the ant ouling coating composition and the mi.xed coating of Examples 1 to
14 and Conriartive Examples 1 to and ng films formed from the rriixeo coating were evaluated in the
following manner. The 5 results are shown in Tables 3 to 4. [01714] (1) Measurement of volatile
organic o auRG FOC)(dant £ he Malues forhe cgating material specific aravity and 1NV were
calculated using the following formula. Content of VOC (g/li) = coating material specific gravity x
1000 10x (100-=ight NA) /100. [01801+(2) Spegific gravity comp After Preparing @umixture coafing by
mixing the irst and the second components, 100inl. of the mixture coating at 25C was Mild in a specific
gravity cup of whichJjnterpal volume is 100ml 15.tomeasurethe specific gravity, (cogting specific
gravity) (g/cm3) by measuring the weight of the cup filled with the mixture coat 91- [0131] (3) Heating
residue (weight NV) Immediately after preparing a mixture coating by mixing the first and the
second components, Iq of the antifouiing coating 20 composition was weighed on a flat bottom plate,
spreaded evenly



wire of known weight, and dried at 125C for 1 hour to obtain residue. mba resultant residue and the
wire were weighsghto calculate the heating resiouegyeight 3) . L01821 (4) Viscosity (dPa s)
viscosity of 1,000g (23C) of the mixture
coating was measuxed by using a Rio)scosimeter (LION TO., LTD VISCOT ESTER VT-04_ for high
The coating workability (atomization and
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2-methylthic—4-t-butylamino~é~cyclopropyl
amino-s-triazine

slig

Secon

2-{p-chlorophenyl)~3~cyano-4-bromo-5-trifluor
cmethyl pyrrole

N,N'-dimethyl-N'-tolyl~{N~fluorcdichloromethy
lthic) sulfamide

pyridine-triphenylborane

Bengara Gekko BB

Crganic red pigments
(Novaperm Red F5RK)

Titanium white R-5N

Ethyl silicate 28

Anti-sagging agent Dis630-20XC

Subtotal

Total

100

100

100

100

100 | 100

100




10 deformation in the coating film 20 but no exposure of the wood ch. p 10, sianif viny a satisfactory
condition. Jhesemaduation levels 3, 2 and | Indicate that the wood chip 10 was exposed due to the
deformation ofthe coating film 20. The degree of the damage (deformation) becomes larger in this
order: 3, 2, and 1. 1510187 1lifouling coating film beit2ni g degree test;
hard vinyl chloride sheet of 50 x 50 x 1.5mm, the mixture coating containing mixed first and the second

Cgmpgnen{tQ bf fie AW@R%%&AnEM%Fﬁp

Using an applicator for a

sition prepared in Examples or Comparative Examples

was coated so as to provide 20 a 150 um dry film thiccess, and was drfeq Wji%ays t the room
temperature (approximately 20C) to prepare t8st sheet Fachtdst dfeet wag atthched to theldide of &
rotatidRftinstated in & tHerRostatic bath chRtainiAg 258 Sedwatés which wadrotatbll at a® | 12
circunYferEAHAF speat o 25 KNGs, aFitl, the antifouling coating SF-239076 film polishing degree -
accumiil&ed filmthickiess Fediiction) was measu deach-montAntifoulingcfilm stationary | antifouling
PropePLYes K BaftPblastdteatetsteed sheet (100 X300 x°3.2 mm) was|coated with|epoxy-based -
coating-Aftérial PEARNNONS00", praduct of Chugoku Marl ne Paints; Ltd.)y so asto provide a 150 pm
ofEdry Filafaiekhesss HhdP as-é6ated fiith an epoxy-based binder coating nateriat ("BANNOH SOON*,
prodtiet v SHigeks MafifiePanits2Lid.) 10 so as to provide a 100 pm of dry fllmthickness, and the —
abovéreédatingtinthelabeve wraet vias performed gvery other day. The mixture coating containing | —
mixetPfiist Hitd the seeorrll ébhTporerits of the antifouling coating composition |:prepared-in Examples-
or Comparative Exanipleswascoatet’on the surface of the coating fitm 15-derived fromthe - -
epaxy<based binder coatingmatenalso @310 provide a 150 um-dry film thickness, and a test sheet -
was préparéd by performing the above coating 8very®thérédayl Eachtestisheetiwag driiéd at 5800 foB
7 dayiy and¢hen statgona ' ly submerged in NagasakilBay, NadgasakilPrefécturé cand the/areatof | 17
ttachig20 organisms was visually examined eachbn|L 1and gvaluated By the Tollowifo criteria. 1
Evalation criteria] 0: tha adhesion of aguasic dDrgan- iftS 025; Mére than 6% and. fo|gredter than 10%
adhésiarrarea’ BBaquatic SF-239077 organisms {1: Maore-than 10% and ne creator tharadhesion|area
of aduatictorgan.ImM§0 2: More than 20% and’né greater than 30% adhesion area of aguatic 5 -
rgafisng’ R Morédhan 30% and no greater titan| 0% adtiesjorvarearof ja aatic arganisms @: klore 2
than™0% andthancb0%radhesion area of ad|nt-10 5-More-than-50%-adhesion area jof aquatic- ~
organigms. Discoloration test of outdoor expasure;| A sand hi. assstreatedstesl. sheet (200 X 300 x| 3025
hun)anas: coatedawith an efloxyabased coatingzmaterial |("BANNOM 5007, peodugtof ChrugokwMaringo
Paints; Ldd.ySe &as to provide a 150 bm of dry fiégm 158thickaess;sand was ceated with argepoxysbased
hinder ceatingmaterizd {'BANNOH SOON", praduct ®f Cheigoky Marmhe Paints, 19d.) sosas to providesa
100 bimeof dryAfilmrthickness, and the above caating i thesabove arder was perfoomed every other 13
gy .CEhecmixurelcoating containing mixed firstiand :1he secondicoamponents,|2010f the antifouling 1
cHating compositionprepared m Examples:and Comparative Examples was cdated on the surface|of 1
the coating:fitm derved from the-epe™)imder |coating materal|so @s provide-a 150um dry film 10 -
{hickness; andia-test-shept:was prepared SF-239078 exposed to putdopr, the discoloration of the
cOatincE P with imeonas visually examined, and the evaluat/n was carried out by the following criteria.
ion criteria; Trre'evaluatiory was‘ntadecby the fallowing |drifter _ _ 5 _ - _ _
trifluoromethyl pyrrole
N,N'-dimethyl-N'~-tolyl- (N-fluorcdichlo _ _ 2 _ 1 _ _ _ B _
romethylthio) sulfamide
pyridine-triphenylborane - - 5 4 - - - -
Bengara Gekko BB 3 3 3 3 3 3 3
%gi?;gréegeglggggs 0.50.5[0.5/0.5/0.5]/0.5| 0.5 | 0.5 | 0.5 0.5
Titanium white R-5N 3 3 3
Ethyl silicate 28 - - - 0.5 0.5 -
Anti-sagging agent Dis630-20XC 1.511.571.5}1.5,1.5{1.5} 1.5 1. 1.5 1 1.5
Subtotal 82 | 82 | 82 | 82| 82| 82 83 82 82 82
total 100 | 100 | 100 | 100 | 100 | 100 | 101 | 100 | 100 | 100




0: There is no discoloration A: There is a little discolora cn x: There is a remarkable discoloration
(10) Anti-csack-testfor accelerated outdoor exposutg; 10 A sandast-treated steel sheet 100 x 150 x
1 6 PIrn was coa with an epoxy-based coating mater("BANNOH 500", product of ChupokT Marine
Paints, Ltd.) so as to provide a 150 pm of dry film thickness; and was coated with anepoxy-based

%ﬁnﬁ’ in the aorder was performed every other day. [01891 The

binder coating material (OH SOON", product of Chugoku Marine Paint., Ltd.) 15 so as to provide a 100
j_dr_y_ﬂﬂ%gﬂé S, Bhdthe n—lzx}'\\/gﬁjﬁ

ama
mixture coating contalnlng mixed first and the second comnnnpﬁ ha Eififo e ﬁng
compositio prepared in Examples of Comparative Examples was|codted every other day 20 onlthe
surfgce Pﬂ%&?ﬁﬁﬁﬁnxfﬁﬁ%ﬂpmh&ﬁﬁ% #e-epoxy-based hinder doating $0 48 td profidé a1%0 am dry
film thick n%&ﬁ?ﬁ?&né?&é%&@%h@é?ﬁﬁp%bove test sheet was installed underia sunshine-weather
mete r%m?a%%%x?ﬁ%RPW%ééhﬁe§ and the coating film SE-239079 appearance was
investigatBel by fiie folGwirly BXatiiafién riferia. [Evaluation criterja] 0: No cracklis found x —Crack is
found 59=2396809701903 [Tebie 8] Talle 3 examples 331 1.4923311...49 - -
U | Polyester resin solution a-6 - -~ - - -
ZJ) Polyester resin solution a-7 - - - - -
i Polyester resin solution a-8 18 - - - -
| Polyester resin soclution a-9 - 18 - - -
Sub total | 18 18 18 18 183
Xylene 10 10 10 10 17
PGM~-AC 1 1 1 1 1
Rosin 5.5 ] 5.5 ] 5.5 5.5 5.5
Laropal AB1 - - - - -
Quintone 1500 - - - - -
TOYOPARAX 150 2 2 2 2 2
Tricresyl phosphate - - - = -
BYK~-101 0.5 0.5 0.5 0.5 0.5
Zinc oxide 20 20 - - 20
o | Talc FC-1 8 8 23 28 8
& | Potash feldspar 5 5 10 15 5
& | Zinc omadine - - - - 13
CEL Casting plaster FT-2 10 10 10 - -
3 Anti-settling agent Dis4200-20X 1 1 1 1 1
4,5-dichloro-2-n~octyl-4~isothiazoline-3-one 1 1 1 1 1
%j 2—f.nethylth?o'vé.l—t—butylamino—6-cyclopropy1 10 10 10 10 _
O |amino-s-triazine
(% 2-(p-chlorophenyl)-3-cyano~4-bromo-5-trifluoro _ _ _ _ _
methyl pyrrole
N,N'-dimethyl-N'-tolyl- (N-fluorodichloromethyl _ _ _ _ _
thio) sulfamide
pyridine-triphenylborane - - - - -
Bengara Gekko BB 3 3 3 3 3
Ofganic red Rignerts
Titanium white R-5N 3 3 3 3 3
Ethyl silicate 28 - - - - -
Anti-sagging agent Dis630-20XC 1.51 1.5 1.5 1.5 1.5
Subtotal 82 82 82 82 82
total 160 | 100 | 100 | 100 100

f0178] < Evaluation of physical properties of antifouling coating

compositions >



4 SF678 VCC(g/L) -1.491 1.4381331 279 1,48 381 Specific gravity 1.491.49 Heal-)rs;
residue(wt9) 74,44 4t 16 AAj4 17 A 79

The physical properties of the antifouling coating
composition and the mixed coating of Examples 1 to 14 and
Comparative Examples 1 to 5, and the coating films formed from
the mixed coating were evaluated in the following manner. The

5 results are shown in Tables 3 to 4.
[0179] (1) Measurement of volatile organic compound (VOC) content

The values for the coating material specific gravity and
welight NV were calculated using the following formula.

Content of VOC (g/L) = coating material specific gravity x 1000
10 x (100-weight NV)/100.
[0180] (2) Specific gravity

After preparing a mixture coating by mixing the first and
the second components, 100ml of the mixture coating at 25°C was
filled in a specific gravity cup of which internal volume is 100ml

15 tomeasure the specific gravity (coating specific gravity) (g/cm’)
by measuring the weight of the cup filled with the mixture coating.
[0181] (3) Heating residue (weight NV)

Immediately after preparing a mixture coating by mixing the

first and the second components, 1lg of the antifouling coating

20 composition was welighed on a flat bottom plate, spreaded evenly
using a wire of known weight, and dried at 125°C for 1 hour to
obtain a residue. The resultant residue and the wire were weighed
to calculate the heating residue (weight %).

[0182] (4) Viscosity (dPa-s) measurement for antifouling coating



A44 18 AA4L, 18 A-'< -71"r- --Rif- Viscosity of coating mixture AaPa 5) 16 17
Atom zatei pn A grkability'Appearance AA A A ~goatingfilm drying charactori. - to (pressure test)

10

15

20

composition

The viscosity of 1,000g (23°C) of the mixture coating was
measured by using a Rion viscosimeter (RION CO., LTD VISCOTESTER
VI-04F for high viscosity, 1lst rotor).
[0183] (5) Airless spray workability

The coating workability (atomization and coating film
appearance) of airless spray using 5,000g of mixture coating was
confirmed based on the following evaluation criteria. In the
Tables 8 to 11, “A" represents that the coating workability was
favorable while “B" represents unfavorable.
[Evaluation criteria for atomization]
A: When the mixture coating was coated on a substrate using an
airless spray, the mixture coating was injected (mist form) as
fine particles, and the spray pattern showed a uniform pattern
(favorable atomization) without streaks or the like.
B: When the mixture coating was coated on a substrate using an
alirless spray, the mixture coating was not injected (mist form)
as fine particles, and the spray pattern showed a streak
(unfavorable atomization).
[Evaluation criteria of coating film appearance]
A: On the surface of a coating film formed on a substrate, there
is no problem such as low degree of brilliancy and leveling defect
(acceptable appearance).

[0184] B: On the surface of a coating film formed on a

Airl ess spray ;



Attcr 1a drying After 2 day crying After 3 day drying siLL)LC) 4 5 Co (L.- Co0, CO ,11LC-)L11.CC Li)
CCoU "“"pbeflemenHo) -INCon5520.226.883.479.7 46.7 , 35 Coating film polishing degree
la knot After 1 month After 2 month After 3 month After 4 month After 5 month After 6 month r-- tro r-
ar)-AcoL11L_20.328.835.343.750.357 17.25.431.439.747.654.415.7 22.3 30.1 37.342.3
49.518.924.331.337.34:1.431.3 15.325.433.239.7 45.6 12.3 Stationary

substrate, there is no problem such as low degree of brilliancy
and leveling defect (unacceptable appearance).

[0185] (6) Cecating film drying characteristic test (wood block
pressure test);

5 A sand blast-treated steel sheet (150 x 70 x 3.2 mm) was
coated with an epoxy-based anticorrosive coating material
("BANNOH 500”7, product of Chugoku Marine Paints, Co., Ltd.) so
as to provide a 150 um of dry film thickness, followed by drying
at room temperature (approximately 20°C) for 1 day to form a

10 coating film, and the surface of this coating film was further
coated with an epoxy-based binder coating material (BANNOH 500N,
product of Chugoku Marine Paints, Co., Ltd.) so as to provide a
100 ym dry film thickness, followed by drying at room temperature
(approximately 20°C) for 1 day to forma coating film. Themixture

15 coating containing mixed first and the second components of the
antifouling coating composition prepared in Examples or
Comparative Examples was coated on the surface of the coating film
so as to provide a 100 pmdry £film thickness, the surface was dried
for 1 day at the room temperature (approximately 20°C), and the

20 coating film forming process was repeated twice, as a result, a
test sheet of antifouling coating film having a 200um dry film
thickness was prepared.

[0186] The test sheet was further dried at a room temperature

of 23°C for 1, 2, and 3 days, a wood chip of 30 x 30 x 10 mm was



- antifoulin g property After 1 month After 2 month Af tor 3 month After 4 month _ Aster 5 month After 6
month Aftey=10 month After 12 month Co Co ' CLL&000 nn,000000.5CL)0CT)000 0 0000
00 UL 000000 Otr)0O0O0O LIDOOOCDC)O LiLl),00000 LCDI1-Li)L)OCDO 00 SF-239081
placed(nxthecoatingfilm‘&n:thecenter),eapressureofcﬂ)kgf/cm2
(3.9 MPa) was applied onto the wood chip in the longitudinal
direction for 20 minutes, and the condition of the coating film
surface was observed (deformation degree of the coating film was
5 measured). Theevaluationcriteriaare shown inFig.1l. In Fig.1,
10 denotes the wood chip and 20 denotes the coating film. The
evaluation level of 5 indicates that there is no deformation of
the coating film 20, signifying the most satisfactory condition.
The evaluation level of 4 indicates that there is a slight
10 deformation in the coating film 20 but no exposure of the wood
chip 10, signifying a satisfactory condition. The evaluation
levels 3, 2 and 1 indicate that the wood chip 10 was exposed due
to the deformation of the coating £i1m20. The degree of the damage
(deformation) becomes larger in this order: 3, 2, and 1.
15 [0187] (7) Antifouling coating film polishing degree test;
Using an applicator for a hard vinyl chloride sheet of 50
x 50 x 1.5mm, the mixture coating containing mixed first and the
second components of the antifouling coating composition prepared
in Examples or Comparative Examples was coated so as to provide
20 a 150 ym dry film thickness, and was dried for 7 days at the room
temperature (approximately 20°C) to prepare a test sheet. Each
test sheet was attached to the side of a rotating drum installed
in a thermostatic bath containing 25°C seawater, which was rotated

at a circumferential speed of 15 knots, and the antifouling coating



[0191'

10

20

[Table 9] Table examples 101 12 1314 15 383
SF-2390 76

film polishing degree (accumulated film thickness reduction) was
measured each month.

[(0188] (8B) Antifouling coating film stationary antifouling
property test;

A sand blast-treated steel sheet (100 x 300 x 3.2 mm) was
coated with an epoxy-based coatingmaterial (“BANNOH 500", product
of Chugoku Marine Paints, Ltd.) so as to provide a 150 pym of dry
film thickness; and was coated with an epoxy-based binder coating
material (“BANNOH 500N”, product of Chugoku Marine Paints, Ltd.)
so as to provide a 100 pm of dry film thickness, and the above
coating in the above order was performed every other day. The
mixture coating containing mixed first and the second components
of the antifouling coating composition prepared in Examples or
Comparative Examples was coated on the surface of the coating film
derived from the epoxy-based binder coating material so as to
provide a 150 uym dry film thickness, and a test sheet was prepared
by performing the above coating every other day. Each test sheet
was dried at 23°C for 7 days and then stationarily submerged in
Nagasaki Bay, Nagasaki Prefecture, and the area of attaching
organisms was visually examined each month and evaluated by the
following criteria.

[Evaluation criteria]
0: No adhesion of aquatic organisms

0.5: More than 0% and no greater than 10% adhesion area of agquatic



76 384 17 387 Tie , 19V OC(afr.) 381 379 379 371 374 384 387 Specb f | c gravity 1.49 1.42 1.48
1.151 .51§k4%4.51 Heating residue(wr%) 71.474474.4 74.4 74.4 14.6 73.9 74.1:13.9 74.4 Viscosity
of coating mixture O dhafs)

organisms

1: More than 10% and no greater than 20% adhesion area of aguatic

organisms

2: More than 20% and no greater than 30% adhesion area of aquatic

Ut

organisms
3: More than 30% and no greater than 40% adhesion area of aguatic
organisms
4: More than 40% and no greater than 50% adhesion area of aguatic
organisms
10 5: More than 50% adhesion area of aquatic organisms
(9) Discoloration test of outdoor exposure;
A sand blast-treated steel sheet (100 x 300 x 3.2 mm) was coated
with an epoxy-based coating material (“BANNOH 5007, product of
Chugoku Marine Paints, Ltd.) so as to provide a 150 um of dry’film
15 thickness; and was coated with an epoxy-based binder coating
material (“BANNOH 500N”, product of Chugoku Marine Paints, Ltd.)
so as to provide a 100 pym of dry film thickness, and the above
coating in the above order was performed every other day. The
mixture coating containing mixed first and the second components
20 of the antifouling coating composition prepared in Examples and
Comparative Examples was coated on the surface of the coating film
derived from the epoxy-based binder coating material so as to
provide a 150 ym dry film thickness, and a test sheet was prepared

by performing the coating every other day. Each test sheet was



L7116 77 17 17 17 18 18 19 Airless sprayAtG:llizatiorl Workebi:ityAppc5rarce | ICCI CT'DP17)o
,C-CLIDCrytl.c) +4DEU L--- CELII'DELc)Lc LIDI n LigC ciffui AASAAIL-r__ I FLED CC,ETLID'n, After
1 day Coatingfilmdrvine disirq Atter 2 toy characteristic: ;pressuredrying test)After 3 day dryirg

exposed to outdoor, the discoloration of the coating film with
time was visually examined, and the evaluation was carried out
by the following criteria.
[Evaluation criteria]
5 The evaluation was made by the following criteria.
0: There is no discoloration
A: There is a little discoloration
x: There is a remarkable discoloration
(10) Anti-crack test for accelerated outdoor exposure;

10 A sand blast-treated steel sheet (100 x 150 x 1.6 mm) was coated
with an epoxy-based coating material (“BANNOH 500”7, product of
Chugoku Marine Paints, Ltd.) so as to provide a 150 ym of dry film
thickness; and was coated with an epoxy-based binder coating
material (“BANNOH 500N”, product of Chugoku Marine Paints, Ltd.)

15 so as to provide a 100 yum of dry film thickness, and the above
coating in the above order was performed every other day.
[0189] The mixture coating containing mixed first and the
second components of the antifouling coating composition prepared
in Examples or Comparative Examples was coated every other day

20 on the surface of the coating film derived from the epoxy-based
binder coating so as to provide a 150 um dry film thickness to
prepare a test sheet.

The above test sheet was installed under a sunshine weather meter

(accelerated exposure test machine) and the coating film



4 5 After 1 mohiM Coating flImAfter 2 mcntn polishingAfter 3 month degreeAfter A mouth /25n-615
knot)AfterprnaretigAfter 6 month 22.3 28 . C 35.6 43.3 48.9 59'3 23.3 29.7 31.6 45.6 52.2 58'3 - ; NCO
C-CE. ..... "I0Cr,C-CLIOV)ELT ELELOED EU ,nr--ini=ri... V) CO-7 CO In --i N N <7''La’ Lfl Li

CO (0,,C) EYE .... 0,C") CO (NC) .. 1-LO 1) CL :+) LEE CL .. 0'CO 10).0 0: 0 ..0. cO ir- .0 @0 ...0 :".)
C)?,C,... MC"CyLS.)NNLLC)

appearance was investigated by the following evaluation criteria.

[Evaluation criteria]
o: No crack is found

x: Crack is found



C.000:01.0/177113.3;iss. 27.2 33.7 63.2 After 1 month After 2 month After 3 month
Stationary&fter 4ponth antifoulingAfter 5 month pré)(pertyAfter 6 month After 10 month After 12 month
INnLIDCDCDO0O0OOO O0CD--)LUcocoon oLUCUICDOOCIOO 00 OEL)CDCDOO JD G
EDOOCDCD O0LUcpocoo0 LnLa0000O0OLeLID000000 O

[0190]
[Table 8]
Table 8
examples
1 2 3 4 5 6 7 g8 Y
vOoC (g/L) 381 1 381 | 381 | 381 | 381 | 381 | 381 | 379 | 381
Specific gravity 1.49 1 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.48 | 1.49
Heating residue (wt%) T4.4 | T4.4 | T4.4 0 74,04 0 74,04 0 7404 0 74,4 | 744 4.4
Viscosity of coating mixture
(dPa-s) 16 17 17 16 17 18 18 18 17
Airless spray | Atomization A A A A A A A A A
Workability Appearance A A A A A A A A A
Coating film | After 1 day 4 4 4 4 4 4 4 4 4
drying drying
h t ist “ter 2 d
characteris Ait\.,r 2 day 5 5 5 5 5 5 5 5 g
ic drying
(pressure After 3 day
test) drying 5 5 5 5 5 5 5 5 5
Coating after 1 month |18.8 | 20.3|17.3 | 15.7 | 18.9 | 19.3 | 15.5 | 20.2 | 15.5
film After 2 month | 31.3 | 28.8 | 25.4 |22.3|24.3|27.7|27.7|26.8|25.4
; , After 3 month | 37.7 | 35.5 | 31.4 | 30.1 | 31.333.31!35.6 1| 33.4133.2
polishing After 4 month | 42.7 | 43.7 | 39.7 | 37.3 | 37.7 | 40.1 | 43.5 | 39.7 | 39.7
degree After 5 month | 48.8 | 50.3 | 47.6 | 42.3 | 44.4 | 48.5 | 51.3 | 46.7 | 45.6
(25°C /15 knot) | After 6 month | 55.3 | 58.7 | 54.4 | 49.5 | 51.3 | 55.8 | 59.3 | 53.5 | 52.3
After 1 month 0 0 0 0 0 0 0 0 0
After 2 month 0 0 0 0 0 0 0 0 0
Stationary After 3 month 0 0 0 0 0 0 0 0 0
antifoulin After 4 month 0 0 0 0 0 0 0 0 0
. After 5 month 0 0 0 0 o) 0 0 0 0
g PIOPErLY | after 6 month | O 0 0 0 0 0 0 0 0
After 10month | 0.5 { 0.5 | 0.5 ] 0.5 | 0.5 | 0.5} 0.5 | 0.5 0.5
After 12 month| 0.5 1 1 0.5 1 0.5 1 0.5 1




CDCD0O0O0OO .0CDOCD CDCDCDOOOLYE ()1__ example!Comparative example 175
voc(g/L) 387 4l65pecific gravity 1.51 1.63 Heating residue(wt.%) 74.4 74.4 Alter | month 0 A After 2
month O X Discolorationof After 3 month 0 X outdoor exposure After 4 month 0 X

[0191]
[Table 9]
Table 9
examples
10 11 12 13 14 15 16 17 18 19
vOoC (g/L) 381 137913791371 374 383|384 387|384 387
Specific gravity 1.4911.48 1 1.48 | 1.45 | 1.46 | 1.5 | 1.47 | 1.51 | 1.47 | 1.51
Heating residue (wt%) TA4.4 |, T4.4 | T4.4 0 74,4 | T4.4 ) T4.6 | 7T3.9 | T4.4 | T73.9 ] 74.4
Visceosity of coatin i xtur
ceeeRe BERRGAEEEES L 99 16 017 | 17 17 ] 17 | 18 ] 18 | 19 | 19
(dPa* s)
Airless spray Atomization A A A A A A A A A A
Workability Appearance A A A A A A A A A A
After 1 day
Coating film drying 4 4 4 4 4 4 4 4 4 4
drying
ter 2
characteristic = e% day 5 5 5 5 5 5 5 5 5 5
(pressure drying
test) After 3 day g 5 5 5 g 5 5 5 5 5
drying
After 1 month 22.3123.3127.7126.324.3119.7|22.2 1 17.7 ] 5.3 | 7.7
Coating film After 2 month 28.6 1 29.7 1 32.2]33.5]20.7125.629.3,28.30110.3]13.3
polishing After 3 month 35.6 1 37.6 | 40.1 | 40.7 | 39.5]32.3137.5]38.81]14.5]|21.2
degree After 4 month 41.3 | 45.6 | 49.8 | 48.5 | 47.5140.3 | 43.2 | 45.3 | 20.2 ] 27.8
(25°C /15 xnot) After 5 month 48.9 | 52.2 | 57.7 | 55.4 | 55.4 | 453.6 | 51.3 | 53.4 | 25.5 | 33.7
After 6 month 59.3 | 58.3 | 62.3 | 61.3|65.5/58.958.8 | 63.2 | 31.5] 63.2
After 1 month 0 0 0 0 0 0 0 0 0 0
After 2 month 0 8] 0 0 0 0 0 0 O O
Stats After 3 month 0 0 0 0 0 0 0 0 0 0
ationa
it l'ry After 4 month 0 0 0 0 0 0 0 0 0 0
a?oleig 109 After 5 month 0 0 0 0 0 0 0 0 0 0
prop Y After 6 month 0 0 0 0 0 0 0 0 0 0
After 10 month | g 5 g 5| 0.5| o0 0 |0.5]/0.5/0.5{0.5]|0.5
After 12 month| g 519 5|0.5/0.5/0.5| 0 |0.5/0.5/0.5]|0.5




After 5 month 0 X After 6 monthO X SF-239083 [194] [Table 12] Comparative example example
VOC(g/L) Spegificcgravity .63 Heating residue(wt%q74.1-74.4 Sunshine weather meter After 100ours
irradiation After 500 hours irradiation After 1,000 hours irradiation After 1,500 hours irradiation After
2,900 hours irradiation After 2,500 hours irradiation 00000000

[01S92] [Table 10]

Comparative example
1 2 3 4
vOoC (g/L) 381 381 358 367
Specific gravity 1.4911.49}) 1.4 1.44
Heating residue (wt%) 74040744 74.4 0774.4
Viscosity of coating mixture {(dPa-s) 27 18 17 17
Airless spray Atomization B A A A
Workability Appearance B A A A
Coating film drying characteristic After 1 day dry%ng ! ! . !
(pressure test) After % day dry}ng 1 1 1 1
After 3 day drying 1 1 1 1
After 1 month 20.7 1 25.4 } 23.3 1 21.3
After Z month 23.4 | 26.7 | 25.5 | 25.4
Coating film polishing degree After 3 month 25.7 ,27.1 | 26.7 | 27.7
(25°C /15 knot) After 4 month 26.3  27.7 1 28.3 | 29.7
After 5 month 27.1128.3 1 29.1 | 30.3
After 6 month 27.7128.8 | 29.7 | 30.7
After 1 month 1 1 1 1
After Z month 2 1 2 3
After 3 month 4 3 4 5
, : . After 4 month 5 5 5 5
Stationary antifouling property After 5 month 5 5 5 5
After 6 month 5 5 5 5
After 10 month 5 5 5 5
After 12 month 5 5 5 5

[0193] [Table 11]

example | Comparative example
17 5
VOC (g/L) 387 416
Specific gravity 1.51 1.63
Heating residue (wt%) 74.4 74 .4
After 1 month O IAY
After 2 month 0 X
Discoloration of | After 3 month 0 X
outdoor exposure |After 4 month o X
After 5 month O X
After 6 month O X




0 0 X(crack is X(Grack is found) found) [0195]The details of a part of startingals used in e
above-mepgtioned; Example and Comparative Examyale are shown in Table 13. [0196] [Table 13] 84
13 RMaf---u e no-parties and ____ others ESolid !conga= ;PO Talc PC-1 Fukuoka Talc Co.,Ltd.
Extender pigment 100 Zinc oxide Kyushu Hakusui Kagaku Extender pigment '100 Nova erm Red
FORK Clariard North America Organic red ID/dr:lento

[194]
[Table 12]
Comparative
example
N example
17 5
VOC (g/L) 387 416
Specific gravity 1.51 1.63
Heating residue (wt%) 74 .4 T74.4
After 100 hours irradiation ) O
Sunshine After 500 hours i;radiétign O O
weather After 1,000 hours }rrad}at%on @) O
After 1,500 hours irradiation O O
meter After 2,000 hours irradiation O X{(crack is found)
After 2,500 hours irradiation O X (crack is found)
[0185] The details of a part of starting materials used in

5 the above-mentioned Example and Comparative Example are shown in

Table 13.




100 Zinc omadine Arch Chemical,Inc. Organicantifoulino - agent 100 Potash feldspar!FINSET all.. IC
Potash feldspars30 100 Tricresylohosp hateKyowgHakko Kogyo Co.. Ltd. Plasticizer Cuintone ISCO
'‘Aeon Corporation Alicyclic hydrocarbon Ketone resin ,1UO LaropalAE31 ,a7,-x,n 100 4, 5-dichloro 2
n ccityll- i sotb., azoline-3-cna Rohm & Haas Company Organicifoolingi a ant 20 2-;r-csicropheryl;
-3-cc i bromo-5-33ffiuoromethyl pyrrole JANSSENPMP 1111M11111 u iRosin 100 700

[C196]
[Table 13]
Table 13
Properties and solid
Product name Manufacturer p ) content
others (%)
Talc FC-1 Fukuoka Talc Co., Ltd. | Extender pigment 100
Zinc oxide Kyushu Hakusui Kagaku | Extender pigment 100
Novaperm Red F5RK Clariant North America Organic red pigments 100
Zinc omadine Arch Chemical, Inc. gggizlc antifouling 100
Potash feldspar KINSEI MATIC Potash feldspar 100
Tricresyl phosphate Kyowa Hakko Kogyo Co., Ltd. Plasticizer 100
Cuintone 1500 Zeon Corporation Alicyclic hydrocarbon 100
Laropal A81 BASF Ketone resin 100
g,&@;dﬂo¢w2ﬂ~mxyyw— Rohm & Haas Company Organic antifouling 30
isothiazoline-3-one agent
2~@—dﬁogmhaw1we—q@now— JANSSENPMP Organic antifouling 100
bromo-5-trifluoromethyl pyrrole agent
Rosin 100
BYK-101 BYK CHEMICAL Pigment dispersant 100
2~methylthio—4—t~butyllamino—6'- , . Organic antifouling 100
cyclopropyl amino-s-triazine | Ciba
\ agent
(Irgarol)
LR b R T - 1 i l i
N, N du@?mlh tmjle ‘ Bayer Japan Organic antifouling 100
fluorodichloromethylthio) sulfamide agent
pyridine-triphenylborane Hokko Chemical Industry Z;gi?lc antifouling 100
Cupric oxide NC803 NC Tech Co., Ltd. igzz?anlcantlfoullng 100
s
Dis630-20XC Kusumoto chemicals, Ltd. | Anti-sagging agent 20
Di1is4200-20¥% Kusumoto chemicals, Ltd. | Anti-settling agent 20

5 Description of Numerals

{0197] 10:

Wood chip,

20:

coating film




RYIK-101 BYE CHEMICAL Pigment dispersant 2-cauthylthic-4-butylaminc-6- 31.:Narol)

cYCc7N13rQRY 2anrgdyio-N-2131.azine Ciba Organicagyitouling agent 100 N, N' -arte-Thy i -N' -t 0 i yl- (N-
Os aT. f an-3 ie rcriethyl7Cnici Bayer Japan Organicifoulina agent 100 pyridineriphenylborane
HoKkoCher,Y.calTrd.Js, Organicant totaling agent 100 , 1 Cupricoxfde NO803 NC Tech Co.,Ltd
Inorganic antifouling agent? 0 ! Dis630-20XC Kusumptochemicals, Td. Anti-sagging agent 20 F,
1Dis4200-20X ructocheicals, Ltd. CLATMS

1. A two-part hydrolysable antifouling coating composition
free from copper and copper compound which composition comprises
5 two liguids: a first component including a polyester resin whose
a solid content acid value is 50-200 mgKOH/g, a solid content
hydroxyl value is 100 mgKOH/g or less, and a viscosity at 25°C
is 500mPa-s or less; and a second component having a paste form
containing a zinc oxide, wherein the content of a volatile organic
10  compound is 400g/L or less on the basis of the total amount of

the first and the second components.

2. The two-part hydrolysable antifouling coating composition
according to claim 1, wherein the weight average molecular weight
15 of the polyester resin to be measured by a gel permission

chromatography is 5,000 or less.

3. The two-part hydrolysable antifouling coating composition
according to claims 1 or 2, wherein the content of a zinc oxide
20 in the second component is 10-500 parts by weight relative to the

polyester resin (solid content) of 100 parts by weight.

4. The two-part hydrolysable antifouling coating composition

according to any one of claims 1 to 3, further comprising a rosin



Anti-settling agent 20 Description of Numerals [0197]10: Wood chin, 20: coating :ion SF-239085
CLAIMS LA twoqpart fydroll able anti:.fouii.nc coging composition free from copper and copper
compound which composition comprises 5 two l4quids: a first component including a polyester resin
whose a solid ntent acid value is (1)-200 mgKOHig, a solid content. hydroxyl value is 100 or less, and
a viscosity at 25C is SO( Pa.s or less; and a second component having a paste form contain_zinc
oxide, wherghythe contendof ajvalatileorganic 10 compound is 400v/less on tbe basis of the total
amount of the first and the second components. 2. The two-part hydrolysable antifouling coat.L ng
ccmpositi.on according to claim 1, wherelnth weight average molecular weight 15 of the polyester
resin to he measured by a gel permission chromatography5,000 or less. The two-part
hydrolysanfifnuling ceating compesition. . according 1o claims 1;01,2 -wherein the content of.g zinc

oxide 20 in the second component is 10-300 parts by weight relative to the polyester resin (solid

content) ogé@@p@ﬂwy%eig%%t@ tye-pafL hydrolysable antitouling coaticomposition SF;239086
and/or a rosin derivative. 5. The o-part hydrolvsable anti foul g coatine composition acéording to any
one of claims 1 0.4, fyrther compri si nc an 5a.ntifouiing agent. 6. The two-part hydrolysahie an
fouling coating composition according to any one of claims 1 to 5, further comprising a zinc. pyrithione
as an antifouling agent. 10 7. The two-part hydrolysable antifouling coati.ng composition according to
any one of claims 1 to 6, further comprising at least one plasticizer selected from a group consisting of

a chlorinated Par petrole esi etone sing rict S gos g%cc %5 ol voinj!egh rIlether, d.i
Fate, and Tnoity acis DOmers B T Mo pant by o abld Arirouing coat

alkyl phthalate, and (met ic polymers. e two-part hy n ing coating

compositign according to any one of claims 1.to 7, further comprising an 20 extender pigment (other

than at ¢ o>%§e) 9l.nl'gﬁe ﬁ/vcaf-p}é\rfD ﬁ?d%?yga e %ﬁti}o&?nggéo%rﬁ%gi io%oénc%%%dglﬁﬁ ?o%r%/‘”dhce of

claims 1 tg 8r£ucrﬁhieor r&:é)méasrisér}?g a Igi)gr’?l%{]ltldis%ersant. SF-239087 10.The two-part hydrolysaifouling
t

coating coprﬁposmon any one of claims g rtﬁgregg“pris i.ng a color 11 .The t.o-part hydrolysable

antif gjling coating compos.ition according to any one of claims 1 to 1(), further comprising a
dehydrating agent.

7. The two-part hydrolysable antifouling coating composition
according to any one of claims 1 to 6, further comprising at least
one plasticizer selected from a group consisting of a chlorinated
paraffin, petroleum resins, ketone resins, tricresyl phosphate,
15 polyvinyl ethyl ether, dialkyl phthalate, and (meth) acrylic

polymers.

8. The two-part hydrolysable antifouling coating composition
according to any one of claims 1 to 7, further comprising an

20 extender pigment {other than zinc oxide).

9. The two-part hydrolysable antifouling coating composition
according to any one of claims 1 to 8, further comprising a pigment

dispersant.



10A two-part h irolysable antifouling coating composition comprising two liquids : a first component
including g reaction mixture (A) having a polyester ggsin (a3) obtained by polycondensat.ion of an acid
component a polyvalent alcohol component (a2); and a second component having a zinc oxide 15 (B) ,
wherein the acid value and the ,ydroxyi value of the solid content in the reaction mixture (A) are
50-200 mgKOHig and 100 mgKOH/Q) or less, respectively, a copper and a copper compound are
substantially not included in the two-part hydrolysable antifouling coating composition, the content of
volatile organic 20 compcun.d is 400 g or less with respect to 1L of Lne two-mart hydrolysable

antifoulingiepatingreemppsitipn - £3:Anartifouling coating film farmed 3F-239088.comnasition
according to any one of claims 1 to 12. 14.antifouling method for subst rate, comprising applying or

imorei_O-parthydrolysable ant: Liouling coating 5 gompoasition according t0.any. one of ¢laims 1 to 12,
followed by hardening and forming ar, antifouling coating film.

pigment.

11. The two-part hydrolysable antifouling coating composition
according to any one of claims 1 to 10, further comprising a

dehydrating agent.

10 12. A two-part hydrolysable antifouling coating composition
comprising two liquids : a first component including a reaction
mixture (A) having a polyester resin (a3) obtained by
polycondensation of an acid component (al) and a polyvalent
alcohol component (az2); and a second component having a zinc oxide

15 (B}, wherein the acid vélue and the hydroxyl value of the solid
content in the reaction mixture (A) are 50-200 mgKOH/g and 100
mgKOH/g or less, respectively, a copper and a copper compound are
substantially not included in the two-part hydrolysable
antifouling coating composition, the content of volatile organic

20 compound is 400 g or less with respect to 1L of the two-part

hydrolysable antifouling coating composition.

13. An antifouling coating film formed

by hardening the two-part hydrolysable antifouling coating



SF-2390 88

composition according to any one of claims 1 to 12.

14. An antifouling method for substrate, comprising applying
or 1impregnating the two-part hydrolysable antifouling coating
composition according to any one of claims 1 to 12, followed by

hardening and forming an antifouling coating film.



