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invention relates to an antifouling coating conprising a netal=containing
acryli‘c resitn. BACKGROUND ART Ships, fishnets and ot her underwater
structures or equipnment tend to attract aquatic organi sms such as
barnacl es, ‘nussel's,” and al gae which interfere with an efficient operation
of ships and cause a waste of fuels in ships or cause clogging and-shorten
the service |life of fishnets. To prevent 1such attachnent,of.life to
underwat er structures, it is common practice to coat the surfaces of the
structures with an antifouling coating. As a representative antifouling

coating heretofore - in use, thermrsreuImia icoriving antifouling coating
conprising a fornulation of a rosin and a vinyl or alkyd resin which is
i nsol ubl e in seawater. However, since a coating of this type rel eases an
antifoul ant ingredient together WIEGHNREALr 8SERDI nto t he seawater, a

| ong-term-stable ?ﬂé rﬁroé’ééﬂ‘@ 1‘?Ne‘?ﬁ:tlonc%Q@.Qtegetg)%?%ﬁafeti&q% nr%?rf%()\ﬁgé]get al

since the |nsolub esin remaining in the coatin
structure, ¢PRPriphRgng Bakainecatainiast ageyltﬁarepantucm arI y when it is .
applied to ships, the resistance between the seawater and the .coated

surface is increased to sl ow down | ships. In recent years, in
vi ew of the |ong- terntantlfoullng Q&gﬁ%ﬁﬁ? gﬁﬁj ot her advant ages, -
hydrol.yzabl e ant|Shn@sngfrshmebgsanhaaéheeennderWateﬂ @t fetyugsd, oras- one
vari ati on, [ QRie .C r co SItIOﬂ has
been devel B %ﬁﬁ%\}g? %’%’a?%?ﬁ%?%s tlc‘)B\NﬁEH%Qﬂs glf“]c:]lar?ts g%%&l (?l r‘oup
and a nonoBetigels gandaiepe waieh drdsnfeage Wl§hrmtaffat(umntaqpemttlwdus for

produci ng .tde diey é‘%n@akﬁﬁu@‘éeﬂ Wesicd idiedulel s’ 1HSsh A3 Y1 ARRY Edbiygindf i | ed

b the resept .a I ca infer a
y P cP sthr.pten t é servst_ce life of fishnets. To preveni such

attachment of life to underwater structures, J.t is common
. practice to coat the surfaces of the structures with an
-antifouling coating. As a representative antifouling coating
heretofore in use, there is a matrix type antifduling coating
"co_rnprising a formulation of a rosin and a vinyl or alkyd resin
which is insoluble in seawater. However, since a coating of
this type releases an antifoulant ingredient together with the
rosin into the seawater, a long-term stable antifouling effect
cannot be ekpected and, moreover, -since the insoluble resin
femaining in the coating film forms a skeletal structure, the
coating has the disadvantage that particularly when it is
applied to ships, the resistance between the seawater“and the .
© coated surface is increased to slow down the speed of Shlps.
In recent years, in view of the long*term antlfoullng
effect and other advantages, hydrolyzable antifouling coatlngs |
have been utilized w1dely and, as one variation, a coatlng
comprlslng a metal- contalnlng resin composition has been
_'developed Metal contalnlng resins in which a. pendant ac1d1c
group and a monocbasic organic ac1d form a salt with a metal atom ,
and methods for produc1ng the resins have been descrlbed in the'
: patentappllcatlonsflladbythepresentappllcant ;ntera;;a
7‘Japanese Kokai Publication Sho-62-101653, Japanese Kokai
Publication Sho-63~128008, Japanese Kokai Publication Sho-



Japanese*. Kokai ' Publ i cati on Sho-62-101653, Japanese Kokaps FethittliviZo@ki on
Sho- 63- 128008, Japanese Kokai Publication Sho 25 February 2004 63--128084
and Japanese Kokai Publication Hei ~08-73536. When a resin of this kind is
used in an antifouling coating, the resin. is gradually hydrolyzed in
seawater to release the anti- foulant netal ion and, at the sane tine, the
resin itself is solubilized. . and eluted but to exhibit a self-polishing
effect. DISCLOSURE OF THE INVENTION It i an object of the present.
invention to provide, a high-solid antifouling coating having excell ent
antifouling performance and coating filmcharacteristics and neeting not

only ]geco{ ﬁglsgamm@@dst alet Japs ﬂet's![éeKﬁktﬁQ tﬁbw@aﬁ%ﬁaﬁe?n?e)i?ssséourﬂ%ént 't

is a further ec ention,to prov antifoul ing coatin

havi ng | ongPrRTHTARS FBb %%é?f%%ﬁe MhifellipAgaating. ne teald

char act eri stiscgragaal lyutwdtql yieh ior aehwaEersﬁmm:e&easEhEh@ra&ﬂezrﬁouIm@t ion

relates, 1in, r c coatin ich
@tfa'l f%n%?f&? th;hdé ggfugoélrgé t%'% ar;ltflq_lgée'l% 115' so]rlggs}lﬂl%%ql ng,

COI'TpI’I ses a varnits COff‘p r..se -contal nin acr

in a side chafnedN&esoputatta exdribite aysedf- nqlpﬁéx;ém afﬂsay:tt he fol | ow ng -

formula (1): O I I (Xn CQM(Alm (1 ) V%ereln X represents a group of
the formula: -0---C Y I1 repr. ts O or represents a hydrocarbon
group;” M represents a neta& %ﬁ t ﬁﬁﬂﬁﬁﬁﬁo Nequal to [(the

.val ence nunber Itf isetal oMjetk; oﬁ ther egesen tai negdion &@l@r%ﬁnﬁﬁbkﬂéfy
2004 3 reS| ﬂ!‘ﬂ&hdgyﬂﬁdaiﬁ:?.'f'oﬁl%%o%%'t&n%ch%’\nng excellent antifouling
. performance and coatlng film characteristics and meeting not.'
-only ecologlcal needs but also the need for conservation of
resources. _ .

It is -a further object of the invention to provide an
antifouling coating having long-term antirfouling performance
and coating film characterlstlcs, partlcularly hlgh crack
resistance. ’ )

The present invention relates, in a first aspéct of
thereof to-an antifouling coating |

which comprises a varnish comprised of ametal-containing -

-ac:ylicresinhaving,jjlasidechainthereéf,atleastonegToup
represented by the followiﬁg formula (1}:

0
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(0—C—0—M—(@A)y, (1

~wheréin-k‘repre3ents a group of the fbrmuléf

Q=0

_-ﬁ‘répresen'ts 0 or 1; Y represents a hydfocarbon group; M
represents a metal; m represents an integérequal to [(the
.. valence number of metal M)~1}; A represents an organic acid



sai d varni sh having-a nonvol atile fraction of not |ess tpapen4GyWpght %
and a viscosity at 25C of not nore than 18 poises and sald antifouling
coating. having a volatile organic .conpound (VOC) content of .not nore than
400 g/ L. The present invention relates, in a second aspect thereof, to an
antifouling coating, which conprises a netal-containing acrylic resin
having, in a side chain thereof, at |east one group represented by the
following formula (1): 0 11 n - C- OM(Am .wherein X-represents a group
of the fornula: 0 11 o GY (1) n represehts 0 or 1; Y represents a
hydrocarbon group; M repréesents a netal ; n1represents an integer equal to

[(the  val ences siuEbesr fed 2kah M baé\laeﬂfdsents an organic acid residue
derived froma nono to 100 mole %.of said organic acid

sic a
resi due derived f?%ﬁQ?XaﬁB V&“ﬁc?cP?ﬂ?ﬁﬁittH% Feagtder 8f Brtykassc thagani c
aci d wher ei4f Medghbriotrasi @ wtseptidy atd2$%€r pénoitd murer chan bith pdiseket on or
a salt thereof.. dASCGALRIREN € i1 nlgNVEDNH 16y TRy RHIESENtyJ1RYENL | Qﬂ“glaﬁleow

described i r}zoq?toghhh %332 gg{,&%&ll |fngogonq(g]|:enq: accgé S(&;t o the first aspect

of the :inven e _organi C oun content of. not
nore than 400 g/ IPeWRERSEHe V@GW&PHer%%%s i@ @,eeon@lhéspe@ba:themgoﬁay
not. be subsimred antifveiléogcepttiofy,a hi gh-solid coating and, from

eﬁo' ogi fcal pgl {‘,t S«rﬂ.f:hvb@ﬁ%rlm ﬁxﬁétaﬁ@bﬁgﬁﬁng&{FﬂrﬁgEyrggﬂ‘f' whdiQ! ugpces.
The pre erre %:e ghzlxjien Iéhenr(gofmret tpggls 50ng group represented by the

following formula (1):

O

— X C— 0O—M—(A) - ON

-wherein X represents a group of the formula:

0
Il

—0—C—Y—

. represents 0 or 1; Y represents a hydrocarbon group; M
represents a metal; i represents an integer equal to [{the
valence number of metal M)-1]; A represents an organic acid
residue derived from a monobasic acid,

.with 5 to 100 mole % of said organic acid residue derived
-from a monobasic.acid being the residue of a cyclic organic acid
'whereln the monobasi¢ acid has a diterpenoid hydrocarbon
skeleton or a salt thereof ' . |

DISCLOSURE OF THE INVENTION
The present 1nvent10n ‘is now descrlbed in detall
_ ‘I‘he antlfoullng coatlng accordlng to the first aspect of
~the J.nventlon ‘has a volatlle organic. compound {VOC) content of
not’ more than 400 g/L. When the VOC value exceeds 400 g/L, the._
¢oating may not. be  subsumed in. the concept of a high-solid
COating'and, from ecological points of view, may exert adverse



The antifouling coating according to the first aspect ofzg fgyridtyebson
conprises a netal-containing acrylic resin varnish. In the first aspect of
the invention, in order that the VOC value of the antifouling coating may
be controlled dowmn to 400 g/L or less, it is necessary to use, as said
nmetal -containirig acrylic resin varnish, one having a nonvolatile
fraction of not |less than 40 weight $ and a viscosity at 25 9C of not nore
than 18 poises. Wen the nonvolatile fraction is |less than 40 weight %

a. high-solid coating cannot be obtained. -Wen the nonvolatile fraction
is not less than 40 weight % and, at the same tinme, the viscosity at 25t
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met al - cont athe ngnaenyion cempnigassai nefielatontahhdng agrydny iregigesi n
var ni sh has;at. lgast one group represented by the above fornula (1) in a
side chain t ereo The metal -containing acrylic resin can be easily "+ -~
producéd by any B the fdgtosispgckepfiotRe MNentiors cinarday theati |tﬂreed
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nmononer and 6 di ti,onal wpnsaturated npnoner either reacting t
resul ting at @I‘-ﬁ edefsnithis Ih%‘f%‘fs%’@ﬁﬁﬁ’d%ﬁf'aﬁd sal%“‘%ﬁdb&é’iﬂ@adéildi%r
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unsat ur at edl%r@fam%s a@f@mﬁﬂtﬂmqulk&fallrﬁatﬁﬂamqn oifs almmlotiamcflam d and
pol ymeri zi ﬂﬂeicﬁl@t raSLA Hih TR Bid %Hﬁr[b; rIE%p.O
anot her unsat ur norer. | nconsideration of the rate |ntroduct|on
of sai d. noriHRE? a’ca%ﬂ:fD Trachicn s 3k 1eAs (herdlorwel@ht & andngt the
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necessitate dilution with an organlc solvent in preparing an
antifouling coating to fail to prov:.de a high~solid coating.
The metal-containing acrylic resin in said metal-
c'ontaining acrylic resin varnish has at least one group
represented by the above formula (1) in a side chain thereof.
The metal-containing acrylic resin can be easily produced by
any of the following methods. Thus, there can 'bé mentioned (1)
the method which comprises polym'eriziug an unsaturated organic
acid monomer and an additional unsaturated monomer and either
' reacting the resulting acrylic resin with a metal compound and
a monoba31c acid or reactlng said acrylic resin w1th a metal
salt of a monobasic acid or {2} the method which comprises either
reacting an unsaturated organlc acid monomer with a metal 7
compound and a monobasic acid or reactlng an unsaturated organic
acid monomer with a metal 'salt of a monoba51c acid and
polymer1z1ng the resultlng metal- contalnlng unsaturated
_ ‘monomner with another unsaturated monomer. In conSJ.derat;Lon of
the rate of 1ntroduct10n of said monobasic acid. metal salt and
‘the yleld of the resulting metal- contalnlng acrylic resin, the
first-mentioned method (1) comprising polymerizing an
unsaturated organic acid -monomer and another unsaturated



5 monomer to prepare an acrylic resin and either reactingsEfiga %wlrc
resin wwth .a. netal conpound and a nonobasic acid or .reacti z sai d

acrylic resin with a nonobasic acid netal salt |Is preferred. The

met al -containing acrylic resin can also be produced ,,,by the nethod
di scl osed in Japanese Kokai Publication 'Sho-- 63-12. 8008 which conprises
using, as said nmetal conpound, anetal -salt of a low-boiling organic

basic acid boiling at a -tenperature bel gyv the boiling point of said
monobasic acid by not less than 20 C and between. 100 t and 240 CC and
reacting’ said netal salt of a lowboiling organic basic acid, said

acrylic resigy %%ﬁ%'bdg 3%%&38'«:91&89%%% ngélpﬁgE {.]gacwﬁngefﬁf.ﬁg to

| ow boi | i ng organic acid renove
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its .nonoal K ers: GAsat 0
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Referrlng to the above formula (1), Y is not partlcularly
restrlcted as far as it is a hydrocarbon group and may for example
be the residue of _the adduct of a dibasic acid, such as phthalic
écid, succinic acid and maleic acid, to an unsaturated orrjanic
acidmonomer. Thus, inthe case of themetal-containingacrylic
resin cerresponding to n = 1, X containing said Y can be’
introduced by adding said dibasic acid to an unsaturated

"monobasic acid hydroxyalkyl- estef and copolymerizing the same .
‘to give a resin or by causing said dibasic acid to be present
- .during production of the resin or ‘thereafter.
' The unsaturated organic- acid monomer mentioned above
- includes those compounds having at 'l-east'one carboxyl group,
for example unsaturated monobasic acids such .as (meth)acrylic
' -acid;. unsaturated dibasic acids and monoalkyl esters -thereof,
‘such-as maleic acid inclusive of its monoalkyl esters and
‘itaconic acid inclusive of its monoalkyl esters; unsaturated
- :monobasic: ‘a.'cidhyd‘rOxyalkyl ester- dibasic acid .adducts, such
- as 2 hydroxyethyl (meth)acrylate—malelc acid adduct, 2-
- hydroxyethyl {meth) acrylate-phthalic acid adduct, and 2-—'
hydroxyethyl_ (meth) acrylate succinic acid adduct. In thlS
speci'fi_catioh, t.he term (meth)acrylic acid is usec_i to me‘an



specification, the term(meth)acrylic acid is used to meafrep drgbpgapry 2004
6 whi chever of nethacrylic acid and acrylic acid. As said additional
unsaturated nmononer,. there can be nentioned various eSters of
(meth)acrylic acid, e.g. alkyl (nmeth)acrylates, the ester noieties of
which contain 1 to 20 carbon atons, such as nethyl (neth)acrylate, ethyl
(nmeth) acrylate, i-propyl -(neth) acrylate, n-butyl- {nmeth)acryl ate,

i -butyl (nmeth)acrylate, t-butyl (nmeth) agrylate; 2-ethyl hexyl (neth)
acrylate, lauryl (meth) acrylate and stearyl ..(neth) acryl ate;

hydr oxy-contai ning al kyl (nmeth)acrylates, the ester noieties of which
contain 1-2041 t , - r rﬁgﬁL .hyarylate and 2-
.hydroXyethepl%ﬁégﬁ?égfiﬁ§¥g%&gggﬁﬁé%ﬁgﬁgéggygbn egféggﬁg% (meth)acrylic
acid, such as phef§l sgig; Rdditiioned amEatyyaterk mpnopeay h)thens see be

plol ya:"k'y|enﬁeﬁ_‘:‘iéﬁ')ede%%:i@gﬁf es(-jt(erﬁl faft ﬁ(‘ﬁil'e)ﬂﬂ)%c,lﬁcj}lqjlc %('ﬁ'&i,?% : ; YA etne

gl ycol nmono,(ni acr.yl ate,and pol ye ne gl ycol .mono (et acryl ate
O R oo Sohp) Bhrdiatehr thY eR ek ohpy ERSsf ol whidh Centain i bRl kyl
(et h) acr yl'aaebosnt atomsneshkchc ad amtdgyl meth) acapetrgs eigh as. styrene,

a- met hyl st yrege: . %i-ny et at. janyl: I Qnat vinyl .benzoate, -
(REE) HoRYLAFET 3 rop 1 YmettIBELE e kP by

vi nyl't ol uene an sters of- aci and di esters of

. unsat-ur at efgtbiargvietes, ishefvds (pgth)ecavilatei.edrdusyvdnd itaconic acid.

diesters“.ijéhg)aagggaﬁgptQo@@qugh&@q qhetggghg?qgﬁgginggyi, t he ester
0
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speci fi ¢ * cabkplingiss tar)memthyte$ mhk) ester matiet ietshyt whieh¢ores in have
but v} (et ! ghaand e 0osh LI, BECH thaep i, 001 et ones
respect i vel jy@eoxgethilofmethppcirylatesnpvsdticohydirocasbon wstersped es.
The aCTy|ic(ﬁéﬁﬁpaéﬁﬁﬁibtﬁéiﬂg aakd égebﬁéhﬁanﬁEQEWgcry1ate and
cyclohexyl (meth)acrylate; polyalkylene glycol esters of
~ . .(meth)acrylic acid, such as polyethylene glycol _
mOno(meth)acrylateemmipolyethyleneglycolmono(meth)acrylate
with a degree of polymerization in the range of 2 to 10; Cia
.alkoxya;kyl-(meth)acrylate; etc.; (meth)acrylamide; vinyl
compounds such as styrene, a—methylstyrene, vinyl acefate,
vinyl propionate, wvinyl benzoate, vinyltoluene and
acrylonitrile; esters of.-crotonic acid; and diesters of
.ﬁnsaturated dibasic acids, such.asfmaleic acid diesters and
- itaconic acid diesters. Of the above-mentioned esters of
7(meth)acrylic acid, the ester moieties are preferably‘alkyl
- groups -containing 1 to 8 carbon atoms, more preferably an alkyl
: '_groups containing 1 to 6 carbon atoms. The preferred specific
compounds are methyl (meth)acrylate, ethyl (meth)acrylate,
- butyl (meth)acrylate and cyclohexyl (meth)acrylate. '
. _' 'Thé above-mentioned unsaturated organic acid monomers
_ '[~énd-bther'uhsaturated.monomers.may'respectively'be used'aldne
) 'f_fbr,in-a gombination-of‘tﬁq or more species. o
 - o 'Thé acrylic resin constituting said metal-containing
_7;acrylic resin, that is to say the acrylic resin obtainable by.
" ‘polymerizing said unsaturated organic acid monomer with-said
' other unsaturated monomer preferably has an acid value of 80



.acrylic resin, that is to say the acrylic resin obtai naly gth¥ary 2004

:pol ynerizing said unsaturated organic acid nenoner w th-said ot her
unsat ur at ed monormer preferably. has an acid val ue, of 80 25 February 2004 7
to 300 ng KOH/' g. If the acid value is less than 80 ng KOH/ g, the anount of
metal salt to be attached to the side. chain is decreased to detract from
antifouling activity in certain cases. .If it exceeds 300 ng KOH g, the
elution rate is so high that no |long-termantifouling effect maybe
expected and, in addition, the viscosity of the resulting netal-containing
acrylic resin varnish will be increased too nuch to give a high-solid
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cal cul at ed nd. f or mul amount-s
of said uns%{“g%i&go@%gf g%z%g? H%lﬁgﬂ rJQE%f.;E ove Otery al[ﬁ]%%ﬁf‘l’ﬁl ed
nmononer. cavidbeish wihdsba incireased fopduuch to wie glfa\s_:!iltscahsd roating.

terrperaturm@fetage@ewéacaeeal Bafigeurhhhe &%orlrnbheonﬁsgnﬁ gw fall
wi thin the above-defined resgectlv rangés. In  regard saturated -

organi ¢ aci d- monotR® Ghasst heANSihighuFSRBRrABHEREPT F}E‘elécrﬂiéﬂer‘-’&lﬂl@ to
use acryl i Oc:msdlantmglstaslcﬂﬁétuat—bmﬁtainangraeskwmnés@ﬁrﬁmp%ter’ém;r

predoni nant one nme ve nmeans t I J C aci d or

Fer i vati vo BRE JHTHESE rhdlbt KGus ndt, 86 GEPEH o5 SreRAAaE Chatt by
t han 80 we|wugtlnmetplef:enabllylngt akeydict heainOvawmeight wiglobet he

total. wei %ﬁéﬁé&%@%@ﬁr %e&l@é %aﬂa&hagbﬂlmeé@fo@f%&t&%rtmg in

unsat ur at ed nononer, he nmetal Tonpound nentioned above 1S~ not
partlcularlgertaln 1nstances. Both the above acid value and the above

" glass tran51t10n temperature are deSLgn parameter values and

can be calculated from the monomer compOSLtlon '
The kinds and formulating amounts of said unsaturated

- organic acid monomer and the above other unsaturated monomer
can be so chosen that the acid value and glass transition
temperature of the acrylic resin resulting from the monomers
will fall within the above-defined respective ranges. In
regard to said unsaturated organic acid .monomer and cother
unsaturated.honomer, it is preferable to use acrylic acid or
~its derivative as a.pﬁedominant component. The predominant
‘COmponeht mentioned above neans that acrylic acid or its
:derlvatlve accounts for not less than 60 weight %, preferably
not less than 80 weight %, more preferably not less than 90

- welght %, of the total weight of sald'unsaturated.organlc a01d
monomer and other unsaturated monomer.

: The metal compound mentioned above is not partlcularly
-;resﬁrlcted.butrlncludes metal oxides, metal hydrox1des( metal
'fch1Qrides, metal éulfides, basic metal carbonates and metal
: Salts of said low-boiling organic basic -acids, among others..

These metal compounds may be used singly or in a combination
of two or more species. The metals 6f said metal compounds Can



--restricted but includes netal oxides, nmetal hydroxi desys g@r@ry 2004
.-chlorides, netal sulfides, basic netal carbonates and netal salts of said

| ow-boi | i ng organi c basic acids, anong others.. These metal conpounds may
be used singly or in a conbination of two or nore species . The netal s of
said netal conpounds can 25 February 2004 a be selected from anong the

el ements belonging to the groups 3A to 7A, 8 and 1B to 7B of the periodic
table of the elenents. Particularly prefgerred are divalent netals, with
copper and zinc being nore preferred. The netal. is preferably contalned in
aproportion of 0. 3 fo-20 weight % based on the nonvolat| le matter:

sal d acy~{ b seRLicedleran MAELACLANG, 3 HEIGIL, 2 (IpYdolys

-the netal resm-resu s
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use a nonobagic, -cycli-¢c organic acl nonobasi acid
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abi etane, pimarane, 1 sopi narane-or
exanple, Mg KOH/g, more preferably not more than 190 mg KOH/g. If the

acid value is 200 mg KOH/g or larger, a high-solid antifouling
coatiﬁg may not be obtained. As far as the acid value is less
' than 200 mg KOH/g, the monobasic acid is not particularly
restricted but from the standpoint of long-term antifouling
effect and crack resistance, it is preférred to use a monobasic
-cyéli,c organic acid. The monobasic cyclic organic acid
rentioned just above is not particularlyrest'ricted but may fo.r
- example be one having a cycloalkyl moiety, such as naphthenic
acid. Furthermore, resin acids such as tricyclic resin acids
-and .salts thereof are preferred. The t—ricyclié resin acids are
not particularly restricted but include monobasic acids having
aditerpenoid hydr'oca'rbon‘skel_eton,-émdng_ others. As'_speci-fic .'
compounds, there ¢an be mentioned compounds having an abietane p
pimarane, isopimarane or labdane skeleton, such as, for example,
dabietic acid, neoabietic acid, dehydroabletlc acid,
"hydrogenated abietic acid, palustric a01d, pimaric acid,
'1soplma_rlc acid, levopimaric acid, dextroplmarlc acid,
-'san(jarac'épim'aric acid and so forth. Among these, abietic acid,
-hydrogenatéd abietic acid, and their salts are preferred in view
of the adequate hydroly:iability and consequent long-term -
_antifoui‘ing effect, high“ crack ré'sistance of ti{é obtained "



abi etic acid, neoabietic acid, dehydroabietic acid, hydragtangi$doos

abi eticadid, palustric acid, pimaric acid, isopimariq a.cid, lev.opinmaric
acid, dextropimaric acid, sandaracopinaric acid and so forth. Anong t hese,
abietic acid, hydrogenated abietic acid, and their salts are preferred in
view .r. of the-adequate hydrolyz' ability and consequent | ong-term
antifouiing effect, high crack r'e'sistance of the' obtained 25 February
2004. 9 coating film and availability.. $he nonobasic cyclic organic acid
need. not . have been -highly purified but, for exanple, pine resin, pine
resin acid .or the like can be enployed. -As specific exanples’ rosins,

- hydrogenatggatggﬁqnﬂlmpagﬁaag{,gﬂgg 1dggproportionated rosins, :etc.
canbe nenti oned he-rosins menti one?i above_ include gum Eosin, wood r osi n,

tall oil rosin, a'ﬁ’éles'BOF‘B]PﬁﬁlcT‘Hlécl%6s?ﬁ§an1%yél"ﬁb§eﬁ‘é@‘édnﬁﬁshﬁge beeni al

rosins -and. Hignlygﬁtﬁfiﬁi@deﬂlt rCfelrnexamplel npmérﬁés'ﬁx et IneAvRialal] e,
easy. to work and |rab in,ter g-termantifouling
of fact - Theohnbhs hhiBodan coacPab EakPhe AR FREFLISE (A Les ordF e on
of .two or rﬂmyérdgéﬁetedtrosomes paﬁheahwbahnsaldlsﬁrmoxtmmn@bemmﬁmsi may
for exanpleebe. LPRY RnPYoHEAC! 11tk $3is %%éhtg&qg UHOVL Hh S fe "gum

I on sal

monobasi ¢ acid Th advance e reaction
net al --cont aFPFHY: WReY TS HbsitaldariBeresipy e%‘ln‘éu‘-io Hprthe kT®enrestinsd but
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nmet al - cont: am:ilr@em:rqlble iestarms haf long{-bemyamhief@nljlhgcefeebn prepar ed

by pol ymer i Ziang. t %Si/ Mg t her.

unsat ur at ed rr[)nosrrltaaijrléll atl!’j‘géé1 era%ﬁE {%hrou %éﬁ %112 %r 3 |‘§‘ht ‘on a

nonvol at i I conpinrat g af ¢‘F°t% mwmfﬂaffqagem‘étme@f t he above nmonobasi ¢
‘The metal salt of said monobasic acid may for example be

o prepared by’ reactlng said metal compound with said monobasic
- acid in advance. ' A
The reaction for production of said metal—contalnlng
acryl].c resin can be carried out by the known method but the
heating, agitation and other procedures are preferably carrled
out at temperatures below the decomposition temperature of the
metal salt. The ratio of said monobasic acid to the acrylic
resin for constituting the metal-containing acrylic resin, that
is to say the acrylic resin preépared by polyﬁerizinq said
unsaturated organic acid monomer and other unsaturated mononer,
'is preferably 0.9/1.1 through 1.2/0.8 by weight on anonvolatile
mater basis. If the formulating ratio of the above monobasic
- atid is less than the above range, an inter-molecular metal
-este.l; bonding may take place to induce an increase in viscos ity
or gelation. If the above range is exceeded, no commensurate
-increase in effect may be expected so that the practice is
» 'uneconomlcal ' '
Wlth regard to said method (2} for produCJ.ng the
3 -I;l"etal -containing acrylic resin, the weight of the acrylic resin
.on a nonvolatile matter basis means the total weight of the
unsaturated organic acid monomer and other unsaturated monomer.
The metal- contalnlng ‘acrylic resin preferably has an



acid is less than the above range, an inter-nolecul ar nmeisgtap. Q?Opondr ng
may take place to induce an i'ncrease in viscosity or gel atron

above .range is exceeded, no commensurate -increase in effect nmay be
expected so that the practice is uneconomical. Wth regard to said nethod
(2) for producing the -metal --containing acrylic resin, the weight of the
acrylic resin on a nonvol ati-le matter-basis neans the total weight of the
unsat urated organic acid nononer and other unsaturated nononer.

The. et al - contai ning acrylic resin pref d%ably has an 25 February 2004 10
average degree of polynerization in the range of 20 to 60. Wen the

pol ymeri zation degree is less than 20,the filmformng properties are

i nsuf fi ci eratve;"caqmdreq@emé P@lmep"eelartng)m;l thek eangpl @f 20 to Ger.t ailhen

i nstances. pfeehd CLENS; | | as | | Sgosity so
that no hi gh-sol |d anti f oul crﬁg dé%%%/?{ng %%Sr'ls bgﬁ% tC%tr@‘negH B} Ym-g Bhak g
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be added th:@atlﬂcm}/emn doenlobditlinéd ext itnihessi ve of an antrfoul ant to provide
an anti foul ing caald fger Blasdﬁ%éég 5'%&8@&&291 Rl WL OLY 2RO To.838ct of

antifoul ing coatin avr n roperties.

the i'nvent PEn % g d %%Y%ﬁqqfﬁrl@%gl‘t@eﬂnmglm@rrew@age

met a. - -.conmailRidifl A€ Wdight rmma Restid¥an Bed GRpigoNg nthe above
forrrula(l in a sid chargl reof in W;{:;}h Sgto 100, nole %of said
or gani ¢ ac BT %Qcﬂfé'l ﬁ?ﬁnﬁﬁn'bcb e degrge ofipelymariatienas

cyclic orgénipolasityrefe preferred percentage is 15 to 100 nmole % and the
mor e pref erred peiCeRkafgths- %gnli:glglgggwgc§y%icl feb8 can be added the -
conventional additives inclusive of an antifoulant to provide
an antifouling coating. This antlfoullng coating is a
hydrolyzable antifouling coating having self-polishing
propertles.. .

" The second aspect of the J.nventlon is dlrected te an
antifouling-coating comprlslng a metal-containing acrylic
resin having at least one group of the above formula (1) in a
side chain thereof in which 5 to 100.mole % of said organic -acid
residue derived from a monoba51c acid is the residue of a CYCllC
~organic acid. The preferred percentage is 15 to 100 mole % and '
‘rhe more preferred percentage is 25 to 100 mole $. If the
percentage is less than 5 mole %, no reconciliation may be made
between long_—term‘anti foul ing performance and crack resistance.

-As the monobasic cyclic drga_ni.c acid, there can be used the
‘_~,cbmpbr.1nds nien‘_tion‘ed hereiri_before. The acid value of said

_ :Iric')lzlobasic cyclic organic acid is preferably 120 to 190 mg KOH/g.
' .Withi’n-this range, the hydrolys is of the acryliec resin according
- to the invention - ‘takes place at a .suitable rate to insure a
. long—term antifouling effect. More preferred acid value is 140
- to 185 mg KOH/g.

Bmong the monobasic organic acids which can be used in the
. second aspect of the invention, those other than said monobasic
i~ cyclic organic acids include organic acids containing 1 to 20

"carbon



percentage is less than. 5 nole % no reconciliation mayghe, 200£t Ween
long-termantifouling performance and crack resjstance. .-Ast nonobasi ¢
cyclic organic acid, there can be ‘'used the conpounds. nentloned

her ei nbef ore. The aC|d value of said nonobasic cyclic organic acid is
preferably 120 to 190 ny KCH/g Wthin this range, the hydrolysis of the
acrylic resin according ....: :to the-invention takes place at a-suitable
rate to insure a Iong-tern1ant| fouling .effect. More. preferred acid
value-is 140 -to' 185 ng KOH g. Anobng uhe nonobasi ¢ organi ¢ aci ds whi ch,
can be used.in the second aspect of the invention, those other than said
nmonobasi-c cyclic organic acids include organic acids containing 1 to 20
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acrylic resin copgli iﬂéhf'gnﬁaé qu@% %ieegre(éogfa'aﬂ'tﬁgoﬁ(ir gj 8855%%' ty, OcRg used

in the second invention ["Ic resin
pol yneri zi A§icaivgl Ugn @&t bt é&’réflgﬂ‘nr@sdé} oo Cimgl mirérmehahi—ur ated

nonomer’, b&n}tb&h&h@bhtr_’y[l1E:hEel’siﬁgEoof)e199&&°13@h@s§c&iﬁglnv{eﬁtiént o be -

understood the s cond aspe of, the .i nvention ass
transiti ontb& nt-Sof ?af_“&ré( A &S qt]i’qaé-”rﬁﬂ rR‘?Jch?%FJr?lngr%%{-ﬁil cted.
The. raw ninertarstedrotdenireheal dasnranet pgdastlydr ﬁn@&ﬁu&aﬂbﬂ&h@ﬂoﬁér' east
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aspect of the,invention e average degree of polynerization o
nmet al - contﬁFﬁFﬁé Sfiyl ic resin so

The. raw materials for the metal-containing acrylic resin
hav1ng at least one group of formula (1} for use in the second
invention, namely said unsaturated organic acid monomer, other
'unsaturated;mpnomerfand.metal combound,-as well as the method
of producing the resin can all bé the same as those describéd
hereinabove by way of example.

In the second aspect of the 1nventlon, the average degree of
Polymerization of the metal-containing acrylic resin so |
prepared is preferably in the range of 20 to 10,60, particularly
30 to 400. This range should be required in order to strike
a balance among film-forming properties, workability, and the
rate of elutién _ | |

To the above metal—contalnlng acrylic resin can be added-

A _the conventlonal addltlves inclusive of an antifoulant to give
an antifouling coating.: Thls antifouling coating is also a
hydrolyzable antlfoullng coatlng hav1ng self-polishing
_propertles

. | For adjusting the physical propertles and attrition rate

B _of the coatlng fllm, one or more other binder’ re51ns in addltlon
to said metal-containing acrylic resin can be formulated in the
antifouling coa?:i_ngs_ according to-the first and second aspects
of the invention. The formulating amount of such other binder
resin or resins is preferably within the range of [metai-



prepared is preferably in the -range of 20 to 10, 00, pa@g & ¥oo#80 to
400. This range should be required in order to strike ance anong
film-formng properties, workability, and the rate of eIutlon. To the
above netal --containing acrylic resin can be added - the conventi onal _
additives inclusive of an antifoulant to give an antifouling coating. This
antifouling coating is also a hydrolyzable antifouling coating having

sel f-polishing properties. For adjustingsthe physical properties and
attrition rate of the coating film one or nore other binder'resins in
addition to said metal -containing acrylic resin can be-fornulated in the

ant!Toul | NOc6ARLIAGAGAGERLF1R0-L: hP (HLRAL. BUASBRCRAL; ATRETIS 180/0N

[ nvent i an r mul at anount
preferably WP{RPnbyHeeighfeonia nasve latid eapitiery bagds rezatmmatmttge

acrylic reshalhfotbatabhaeegr o&%&h&éﬁ):]asznlooi@ tRe SRR PYeVEL 891,00 A
nonvol.atile patter basis rela él othe netf al -contal nin ganic resin.
| f the anouRtAGF LeF iR trseds); pbp¥e| akleedis rﬁﬁé’“&ﬁg«)@tﬂm Bayree

reconci | i atobhaifmgdbbetabeai dedgbtiewae antdFpuilany Ep%lrlffdltﬂdt{& Rsx fgtdrance
of the coa r t t hereof . As_exa s of-said
ot her bi nde‘tr:bgg:slﬁh ][aﬂggn& (g]g%c%gserﬁ?n onedggﬁFSPFnat%ﬁe g5 pf said

pol yvi nyl "epheer, bﬁbﬂ?(prggypénetb@b‘@c@?@) be Iqmrtmcmlelcy dhidrmigestaied
t er phenyl I ol yet her
phenyl al@fafﬁﬂy paw(e&ﬁ»l akkuly, - b%&ty*t 3 nyI c%%ﬁ% y poly

pol yol s, dre er, resins, ‘silicone
oi |, waxes, 5%%? ]ﬁ}‘ﬁig‘Pgé Ee arerpReny os!P ek oA eyl
napht hem C. aﬂedh)aaﬂyiatéypactyﬂerar,ldpdw@lth@tr @bu@lol%ql taikyt&&re%(ﬁns anong

gtn[1 |e1E gul i ngxg Qg% ca%%ff%é%ohﬁ %’fq}\é n%]bfogja‘ii%) ' %’ﬁ’e‘?o%‘? A rs"ga’%erd?'l s
preferably m‘smlrehumf r béqoid Wﬁrhfmﬁ, rosigist Wysiroigesa itk rossdings ot her
bi nder Cont&éﬁﬁtﬁeﬁﬂévﬂﬁd and fatty acids and dlvalent metal salts -
thereof, among others.
In the first aspect of the invention, in which a
-high-solid antifouling coating can be easily obtained, said
-other binder resin is preferably a sc_;lvexit—fi:ee one with 100
weight % solids. When said other binder contains a solvent,
its average degree of polymerization is preferably not more than
~60. TIf it exceeds 60, a high-solid antifouling coating may not
be obtained. . | '
In the second aspect of the invention, said other blnder
.-]‘.‘68111 is not part:.cularly restricted but can be jud1c1ously
selected according to the intended use.
~ In the antlfoullng coating accordlng to the first and
-‘”--second aspects of the. invention, said metal —containing acryllc
‘résin varnish may be formulated with the conventional
) antl.foulant plasticizer, pigment, solvent and other addltlves.
"The antifoulant mentioned above includes various known
sul?stances, for example inorganic compounds, metal-containing
-organic compounds and metal-free organAicr. compounds, and there
can be mentioned such specific compounds as copper sﬁboxide,
' mangianese ethylenebisdithiocarbamate, zinc dimethylcarbamate,
"-2:—me1ihy1.thio—4—t—b_utylamirid—~6—cyclopropylamino—s—'triazine,
2,4,6-tetrachloroisophthalonirile, N,N-



Its average degree of polynerization is preferably not q@gpbngﬁg 004
If it exceeds 60, a high-solid antifouling coating may not be gtalned

t he second aspect of the invention, said other binder -resin is not

particularly restricted but can be judiciously selected according to the

I ntended use. In the antifouling coating according to the first and
.second aspects of the invention, said neta'l-containing -acrylic resin

var ni sh may. be formul ated with t he conveqy i onal antifoul ant, pl astci zer,

pi gment, sol vent and other additives. 'The antifoul ant ment i oned above

i ncl udes various known substances, for exanple inorganic conpounds,
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triphenyl bacrérmmmslwﬁe,satilmgnwb&%hhpyri’hﬁﬁé gLt f anhagbsreappbe used
singly or a conh%n mgj %éfa ci es. .The anggnt of use of
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matter of tiwo coatmenge spéches anmount bel ow 0.1 melght % no antifouling

effect can be  exfecltburt 8 8% SFOUDEa WA' AQMEIONS HreldeaB99t5ng i1 m
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I n

to 80 weight % of the total nonvolatile matter of the coating.
At an amount below 0.1 weight %, no antifouling effect can be
-eXpeéted.-AtanyamountoverBOweight%,thecoatingfilmtends
to develop cracks, peeling and other defects. Preferred amount
of addition is 1 to 60 weight %. '

The plasticizer mentioned above includes phthalic:ester
Pplasticizers such as dioctyl phthalate, dimethyl phthalate,
dicyclohexyl phthalate, etc.; aliphatic dibasic acid ester
plasticizers such as isobutyl adipate, dibutyl sebacate, etc.;
glycolesterplasticizerssuchascﬁethyleneglycoldibenzoéte,
bentaérythritol alkyl esters, etc;; phosphoric..ester

'lplasticizerS'sﬁch_as trichloroethylene diphosphate,
trichloroethyl phosphate,. etc.; epoxy plast1c1zers such as
"époxidized soybean oil, epoxidized octyl stearate, étc.;
organotin plasticizers such as dioctyltin laurate, dibutyltin
laurate, etc.; trioctyi trimellitate, triacetylene'and.so‘dn'

The pigment mentioned above includes extender plgments*1 

v-such as pre01p1tated.bar1um, talc, clay, chalk, 31llca.wh1te,'
alumlna white, bentonlte, etc., and colored. pigments such as -
tltanlum dioxide, zirconium oxide, basic lead sulfate, ‘tin:
oxide, -carbon black, graphlte,redlronox1de,chrom;mnyeilow,-.
phthalocyanine green, phthalocyanine blue_, quinacridone.and- s0



to devel op cracks, peeling and other defects. Pre f err
addition is 1 to 60 weight % The plasticizer nentionedqugggﬁﬂgngﬁes
phthalic ester ,plasticizers-such as dioctyl phthal ate, dinethyl
pht hal ate, dicycl ohexyl phthalate, etc.; aliphatic dibasic acid ester

pl asticizers such as isobutyl adipate, dibutyl sebacate, etc.; glycol
ester plasticizers such as diethylene glycol dibenzoate, pentaerythritol
al kyl esters, etc.; phosphoric ester -plasticizers such as
trichloroethy | ene di phosphate, trichtoroethyl phosphate,, etc.;-epoxy

pl asticizers such as epoxidized soybean oil, epoxidized octyl'stearate',
etc.; orgagfti. n pl ast.i ci zers such as dioctyltin.laurate, dibutyltin.

| aur-ate, etc'.; oct éﬁtrlnellltate triacetyl ene and soon. The pignent
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gl ycol . nDnoethy et her. acet at Suc
i sobut yl: ke?FR.2s Ryl eyl Metomee, methyl. lﬁﬁhuilyéoh@ltgnsuchtess,

n- but anol aamkimbwhoahCQh@hSasTﬁéb@ﬁﬂ%l a&'x‘i'(ﬂtﬂ)ﬂ@ﬁyml:@oﬁéﬂsbe used are
not - part i cularl Y The other additives which can be used are not particularly
restricted but include monobasic acids such as monobutyl
phthalate, monooctyl succinate, etc., camphor, .castor oil,
‘etc.; water binding agents, antisagging agents; antifloo&ing

agents; antisetting agents; defoamers; and so on. -

The antifouling coatings according to the first and
second aspects of the invention can be pre'pai:ed, for example
by adding said antlfoulant, plasticizer, coating filmattrition
control agent, plgment, solvent and other cenventional
additives to the metal- conta_lnlng acrylic resin varnish and

- _admixing them by means of a mixing machine such as a ball mill,
‘pebble mill, roll mill, - sand mill or the llke
_ The antlfoullng coatlng forms a dry film when 1t is coated
.oh the substrate surface by a conventional technique and the
solvent thereof is evaporated off at atmospheric temperature :
- or elevated temperature. o
. ' “As mentioned above, the antifouling coating 'according to’
. ‘_thc.'a first aspect of the invention comprises a metal-containing -
. acrylic resin varnish having a nonvolatile ffacﬁtion of nc;t less
‘than 40 weight $ and a viscosity at 25 °C of not more than 18
poises, with a volatile organic 'compound (VOC) content o.f not
-more than 400 g/L. Such a high-solid antifouling coating can



restricted but include nonobasic acids such as nDnobutw25¢g§nﬁ+§b§¢
nonooctyl succinate, etc., canphor, castor oil, -etc wat er ndi ng
agents, 'antlsagglng_agents anti fl oodi ng agents; antisetting agents;

def oaners; and so on. The antifouling coatings according to the first and
second aspects of the invention can be prepared, for exanple by adding
said antifoulant, plasticizer., coating filmattrition control agent,

pi gnent,- sol vent and ot her convent i onal pelditives to the netal - containing
acrylic resin varnish and adm xing themby nmeans. of a mixing machi ne such
as a ball mll, pebble mll, roll mll,-sand mlIl or the like.. , The
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content of not than, 4 /L., Such h-solid antifouling coatin
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of the - .fobtddi vyleowdi thermonoljdgic leeial ésayst degreethah 00 yrpKoHXGi_on
of said netehaCoRE BFBLMNGCENAE End j bt ikl 1{& (h fiZok LABAG de ‘éﬁ' ue,

and. gl-ass transition tenpérature ic.resin . constitutin
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not nore th Jhe-antifouling coating according to the

first aspec O%gl?ﬁe lfmn@%ﬂ??’éﬁ"?§ a high--solid coating which "is not only
ecofriendly but. Tlaesﬁfmeeltherﬁntxfdmhglg epatanygidandrndichpeoftiangneetand

coating filapeopess khe sdNEReIon Tarl BE P0LA LA B8vERRLERY ARHY #1094 ©
of ships and underwater structures where an urgent demand exists

‘ for the .deVelopment- of high-solid antifouling coatings and a
'r_e-conciliation is required between coating film properties and '
--antifouling performance. The antifouling coating according to
the first aspect of the invention may be'applied to fishnets
as well. However, -si'nce the antifouling treatment of fishnets
is made by the dipping method, conditions different from those
épplicable to ships and underwater structures must be met with
in terms of the degree of attention to be paid to ecology and
the physical properties of the coating film.
As mentioned above, the antifouling coating according to
-the second aspect of the invention comprlses ametal-containing
" - acryli¢ resin in whlch 5to 100 mmole % of the organlc acid reSLdue
derived from a monoba31c acid is the re51due of a cyclic organic:
-acid. The antifouling coatlng according to the second aspect
of the invention can make a reconc111atlon between long term
antlfoullng performance and phys:,cal properties, partlcularly
.crack resistance, of the coatlng film. Furthemore, the
, long term antlfoullng performance of the coating film can be
lmproved especially by using a cycllc organic acid hav1ng an
~acid value in the range of 120 to 190 mg KOH/g. Therefore, the
antifouling coating according to the second aspect of thé



aspect of the invention can be used with advantage in t@gf@bﬁ]q&2664ships
and underwater structures where an urgent demand exists or fhe

devel opnment of high-solid antifouling coatings and a reconciliation is
requi red between.coating filmproperties and anti fouling performance. The
antifouling coating according to the first aspect of the invention may be -
applied to fishneta as well. However, -since the antifouling treatnent of
fishnets is made by the di pping nmethod, ygonditions different fromthose
applicable to ships-and underwater structures nust be net Wth in terns of
the degree of attention to be paid to ecology and the physical properties

of the 'coat; (AR - o) ahove he, anti fouli coatin
accor di ng téhggﬁgﬂéi%ﬁﬁQégﬁﬁil%i%ﬂé?%% e% Fgﬁe%&ﬁﬂégggggunéeghater
met al - --cont atruedures yith gesat iadvamitelges to . 100 nol e % of the organic
acid:.residue. derived froma nonobasic acid is the residue of a cyclic
organic acid. The antifouling coating according to the second aspect of
the invention canThgkenhifevbhrd|Gortiny pecrEeinoobg-the dirskt aspectngf
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having an s&rbdtuglesewikh hdveatggeof 120 to 190 ng KOH g. Therefore, the
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t he invention. shows.a long-termanti fouling performance and retains an

excel lent 111 m condi tigs Widhio Yo Sualiopiig GoFckin ARda@Hik def ects even
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under | ong-term subnersi.on 1 n seawat er ]
' - The following examples are intended to illustrate the

instant invention in further detail and should by no means be '
construed as defining the scope of the invenf:ion. .In'the
following, all parts are by weight.

Production Example 1
Preparation of acrylic resin varnish 1
A separable flask equipped with a stirrer, nitrogen gas
inlet pipe and ceoling jacket was charged with 70 g of xylene
and 20 g of methyl isocbutyl ketone and the temperature was
_ controlled at 120 C. Then, 12.5 g of n-butyl acrylate, 68.2
g of ethyl acrylate, 19.3 g of'acrylic-acid and 2.5 g of .t~
butYl peroxy-2-ethylhexanoate were added dropwise over 3 hours.
After 30 m‘inu‘.;es of incubation, 10 g of xyleéne and 0.3 g of
t~butyl peroxy-2-ethylehxanoate wereifurthef added dropwise.
'o'v‘er 30 minutes and the mixture was ‘i__‘n'cubété.d for 90 niinute"é
to give varniShAlﬂWith.a nonﬁolatilefffaction'of'SO.i'Qt.;%‘
- . (number average molecular weight Mn = 3500 faverage degree of
© polymerization 35]; solids Tg = -12 C;. solids acid value = 150. -
‘mg KOH/g) . ' - :

Production Example 2



BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The fol | owi ng rﬁ‘fﬁy%ﬁ
intended to illustrate the instant invention in further detali and shoul d

by no nmeans be construed as defining the scope of the invention. In the
.followng, all parts are by weight. Production Exanple 1 Preparation of
acrylic resin varnish 1 A separable flask equipped with a stirrer, nitrogen
gas inlet pipe and cooling jacket was charged with 70 g of xylene and 20
g of nethyl isobutyl ketone and the tenpevature was controlled at 120 1C. -
Then., 12.5 g of n-butyl acrylate, .6%$.2- g of ethyl . acrylate, 1.9.3 g of
acrylic acid and 2.5 g of-t- butyl peroxy-2-ethyl hexanoate were added

dropwi se overepakatfisn oﬁfhe&ySQcW&@%hﬁsv@&n&%ﬁubatiOn 10' g of -xylene and

0.3 g of t- butyI erox 38 | ehxanoat e, wer e further added dropw se
over. 30 minutes %%b %?]% %HH‘?&%B’&F&%%@W% itteragen gag ve

varni sh 1 winhe& pnpeoaladlctcmhrmg:t}amkeﬁ Wl ﬂ:hwn:ge% wiahnberg a3 x@dene

Tol 08! & "BhaPlo Mo e B00en bR RPN, CRAERR Pl AR IELLEBNRD R f0s30L1 O
Febr uary . 208keny - P epafatavsidresat yonyledsion SBagrv Emer Wl separiahl @4 lask

equi pped W b8 s 1SHIid 8Eid; T & 0TARSE | t was
charged with 70 ﬁ@ X Ilen égand 2%@§ymeth% ?’é%g%ep Ic}ge lggjf%ﬁ%éﬂ tu‘r%‘e was
control | ed ﬁ?tiﬁo( 9955'99596‘33‘?& Bﬁe%Jrné@ @ Geny gl é?@r))l ic

acid, 26 g and Baﬁtrgybtfcaa&i t-adoli o soBBt edulﬁgibaqveyf@ta@déa el
gt S Ul st e ol e ey S AT o

3.5 ¢ o ‘hours
and. the m&@@@f\méei%abdt%@ G@rf Bebﬁtﬁﬂltl@wtox'm‘r%ethm@caﬂoa@e @eeeand

0.3 g of t- a@&éd'd?@;&\%é{e 8v8£~h3'b hﬁiﬁﬁﬁéke & mﬁgﬂﬁde droDVESE RYEr 30

mnutes The m xt ur f urther incubated mnutes to grveé varnish
2 wWith -a nUﬁQ/'bﬁ’( q?e%lvar 40 minutes to give varnlsh 2 with a nonvolatlle

fraction of 50.3 wt. % (Mn = 3000 [average degree of
polymerization 30]; solids Tg = -24 °C, solids acid value = 200
mg KOH/qg} .

Production Example 3
Preparation of acrylic resin varnish 3
A separable flask equipped :with a stirrer, nitrogen gas
- .inlet pipe and cooling jacket was charged with 75 g of xylene
- andl5g of n-butanol and the temperature was controlledat 115°C.
Then, 49.4 g of ethyl acrylate, 28.3 g of acrylic acid, 8.2 g
of methoxyethyl acrylate, 14.1 g of cyclohexyl acrylate and 2.5
g of o, ¢'-azobisisobutyronitrile were added dropwise over 3
- shours and the mixture was incubated for 30 minutes. Then, 10
l_'g of xylene and 0.3 g of t- butyl peroxy-2- ethylhexanoate were
~ added dropwise over.30 minutes. Thereafter, the mixture was
_ -lncubated for 30 m;n_utes to give varnish 3 with a nonvolatile
- fraction of 49.7 wt. % -(Mn = 4500 [average degree of
) ‘polymerlzatlon 45]; SOlldS Tg =-18C; sollds acid value = 220
' ':_ Tag KOH/q) . R

- Production Example 4
Preparation of acrylic resin varnish 4 _
A separable flask equipped with a stirrer, nitrogen gas



fraction of-50.3 wt. % (M = 3000 [average degree of p 301;
solids Tg = -24 C, solids acid value = 200" ng KOH ). 025\95%& gr?r‘bzgﬁgExarrpl e
3 '"Preparation of acrylic resin varnish 3 A separable flask equipped with a
stirrer, nitrogen gas inlet pipe and cooling jacket was charged with 75 g
of xylene and 15 g of n-butanol and the tenperature was controlled at
1159C. Then, 49.4 g of ethyl acrylate, 28.3 g of acrylic acid, 8.2 'g of
met hoxyet hyl acrylate, 14.1 g of cycloheyyl acrylate and 2.5 g of ar a'

- azobi si sobutyroni.trile were added dropwi se over 3 hours and the nixture
was incubated for 30 m nutes. Then 10 g of-xylene and 0.3 g of t--.butyl

peroxy- - 2- et;hyl hexanoat e ,were pw se over -3 Thereafter
the m xture mI%is g&bgpgdceg%lgg ?ﬁacﬁ ?g Was ch Wﬂ#‘h% Rofj K¥lgne -
nonvol ati | e and 15 goti arbotasdl7and th%t(d&tpea:dﬂﬁﬁ)@e Era\sefc&ger@BDé&%tOils"C

I t 45%; o
pol ynerizat iR 45%s aobfqﬁeﬂ- I me;l%qn acri J,{;QS 2@%} Q)fvg. S{l&. %%;q_gé g§ g) -

Pr oducti on Exarrp e 47 Prepar at on fesim varnis
flask equi pedd ekl acanilater and 2r-Sgan Gg‘asw 2% 'Paﬂqlmrgﬂm.ﬂtﬁﬂomnteilel pe

and cool i. ngme&@kaﬁdéasdﬁdiwggéi AN 37RoAr8fany |t§ﬂ£m1@&@1rl§w95°fn€uﬂ&£é&°' :
and the ten‘gera ure. wau; cont%gl | ed 8t 11% Then

met hacr.yl at g o §8rqll39 @ &Vl?Pﬁylanéchﬁatge %d:'?ufﬁgl of a,
a' - azobi'si- sobm‘bwyeﬂrtethydhevmmameech@r@pﬂisé ‘ovRQUBE u&@iﬂzﬂd}ﬁand
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Production -Example 5
Preparation of aCrylic.resin varnish 5
A separable flask eciuipﬁed with a.stirrer, nitrogen gas

inlet. plpe and cooling Jjacket was charged w1th 50 g of xylene

and 15 g of n~butanol and the temperature was controlledat 95%C.

Then, 35 g of butyl acrylate, 28 g of acrylic acid, 37 gof ethyl

acrylate, and 1.2 g of a, ¢ '~azobisisobutyronitrile were added
dropwise over 3 hours and the mixture was incubated for 30
minntes. Then, 10 g of xylene and 0.3 g of t-butyl peroxy-
"2~ethylhexanoate were added dropwise over 30 minutes and the
-mixture wes further i_ncubated foi: 90 minutes. Thereafter, 25
‘g of xylene was further added, whereby varnish 5 with a
nonvolatile fraction of 49.8 wt. % (Mn = 11000 [average degree
‘of polymerization 110}; solids Tg = -14 C; solids acid value -
= 220 mg KOH/g] was obtained. " |

Productlon Example 6 _
_ Preparatlon of metal—contalnlng acryllc resin varnish 6
. A separable flask equipped wJ.th a stJ.rrer, nltrogen gas
:Lnlet pipe, décanter and cooling . jacket was charged with 100
tg of the varnlsh 1 produced in Production Example 1, 47 g of
Ww rosin (acid value 160 mg KOH/g), 26.6 g of copper acetate
monohydrate and 120 g of xXylene and the temperature was



Preparation of acrylic.resin varnish 5 A separabl e fl askoseteredomth a,
stirrer, nitrogen gas inlet.pipe and cooling jacket was charged with 50 g
of xylene and 15 g of n-butanol and the. tenperature was controlled at
95'C. Then, 35 g of butyl acrylate, 28 g of acrylic acid, 37 g of ethyl
acrylate, and 1.2 g of a, a ' -azobisisobutyronitrile were added dropw se
over 3 hours and the m xture was incubated for 30 mnutes. ‘Then; 10 g of
xyl ene.and 0.3 g' of - t-butyl peroxy- ' 2-g£4hyl hexanoate were added dropw se
over 30 mnutes and the mxture was further incubated for 90 m nutes.
Thereafter, 25 .g of xylene was further added, whereby varnish 5 with a

: nonvol atll nyQf % 0 el 298
poI yneri zat ?%%E%%%e t8 tﬂg geﬂﬂx Eé%@e f'-&g% a[(?{'il elvaI usq%%zlg'% c’Iﬁ"j-i/&‘b) '
was obt ai ne’alx';PFBd@gtii%ﬁtEﬁa%%‘ér oWk eh and | s ven thensg f@mtﬂmrnadglmg ylic

resin varni ahe @om&ex’i@tﬁ’ﬂé@@'@n&dﬁ lbreayiBpad whé fkéaééicrr{ ‘%Jas ebpaa%%@cgas
i nl et pipe,: ef@a’ and Cﬁ@+ gE{gcket was charged wi
varni sh 1 p 1| ure AREGLRY DA EXBEnd vent vag rtl‘WfV tdés?ﬂhﬂ(]a?@ @f¥al ue
160 ny KOHBhen2616 @ off reappemcc enal &y 1enachyde adddemcsd 26 G:oOEdﬁ)llls%ne

and t he tenpﬁ%\haﬁ#ﬁeamﬁlig E?QEF?BX ggog 19«t' n re ed t]g%ﬁ;_(gse {;QZH

t emperat ure 1 St ure

sol vent - andvapmisaratdd °ﬁ?gwatshé2mur atlesamudqufwacylcErrﬂ,gﬂakmad e@tl on
was conducteshnign 8 hours ;and 100 g of the solvent was further distilled |
off.- 'Then, 10 g of 'n-but anoi and cyl ene were added so as to adjust the
nonvol atile fraction. to 50 wt. % The viscosity of the varnish at 25 0
was 12 poi skisodddit soprbeamplaad desi gnated as varnish 6. Producti on

Exanpl e 7 o) C |n|n a c resin varnish 7 Usmg
100 g- of vaélﬁ @%%tgﬁ?a‘if)%e éj‘El‘glP(E‘gcc)) ﬁgEég #%C SeE 0 VaER,Phy 4y ni sh 1.
g-
62 g of hydrogenaﬁ@enq Nt g afi ﬂavaiah 2 obtained in Production Example
. 2 in lieu of varnish 1, 62 g of hydrogenated rosin (acid value
160 mg KOH/g) in lieu of WW rosin, and copper acetate monohydrate
in an amount of 36 g, the procedure of Production Example 6 was
dtherwise repeated to give varnish 7. Its vis.cosity at 25 C
‘Wwas 15 poises.

‘Production Example 8 _
“Preparation of metal-containing acrylic resin varnish 8
Using 100 g of varnish 3 as obtained in Production Example
-3 in lieu of varnish 2, 38 g of hydrogenated rosin and 30 g of
) Yamato 0il and Fat's NA-—165 (naphthenic acid; acid value 165
mig KOH/g) in _ll_eu_of WW rosin, and 37 g of zinc acetate
~monochydrate in lieu of copper acetate, the procedure of '.
‘_ Productlon Example 6 was otherwise repeated to give varnish 8.
) Its viscosity at 25 C was 17 poises. '

-Productlon Example 9
Preparat:lon of metal contalnlng acryllc resin varnish 9
Using 100 g of varnish 4 obtained in Productlon Example ‘
.. 4 :Ln lieu of varnish 1, together with 68 g of WW rosin, 5 g of
Yamato 0Oil -and ‘Fat's NA-200 (acid value 200 mg KOH/g) and 39
g of copper acetate monohydrate, the procedure of Production
‘ Ei:ample 6 was otherwise repeated and the nonvolatile 'frac:tion



160 ng KOH/ g) in lieu of WVWrosin, and copper acetate nnmphmﬁnquooun an
anmount of 36 g,. the procedure of Production Exanple 6 was othérw se -
repeated to give varnish 7. Its viscosity at 2500 was 15 poi ses.

Producti on Exanple 8 ;Preparation of netal-containing acrylic resin varnish
8 Using 100 g of varnlsh 3 as obtained in Production Exanple 3 in lieu of
varnish 2, 38 g of hydrogenated rosin and 30 g of Yamato O and Fat's

NA- 165 (napht henic acid; acid value 165 20ng KOH g). -in .lieu, of WNrosin,
and 37 g of zinc acetate '..nnnohydrate in lieu of copper acetate, the
procedure of Production Exanple 6 bras otherw se repeated to give varnish

8. Its visgasl byujaktéa Q@ WaSwi! PASE ve B 'i%th' ggééfﬂhfsgoﬁf? Al at' on

of - et al - cont aj _ni ng acrylic resin varnish 9. varnl

obt ai ned i n2Pr Sditas AR BRWRE 4 in lieu of varnlsh 1, together vvlth 68 g
of WMrosin, 5.g of Yamato Ol -and:Fat's NA-200 (aC|d val ue 200 ng KOH g)

and 39 g'o I c S 11D hydrate, the procedure of Production
Exanpl e 6 vvgggo%%%rlv?n%se %Sne)peatlebd and the nonvol atile-fraction 25 February

2004 20 mesPﬁéPagﬁedomooiomtalmt@llmmgamryi& detsinvivaeodisty 1@ 25 9C
was 24°poi ses. Pradygl QUO%W'V%HA%H?88@5%%d5f%c§rdm1%£on ,Jgg{? 9

acrylic- resgn varni sh™10 varni s btain
Exanpl-e i Ldguopty¥ppndfnil, tB@%@Fﬂé?ert‘Ph@ o off Yamate Qill almﬂ

Eat ds NA- 209aand 82-goof amtoeer Aot @b@p@@nQb:)égﬁ%bemohﬂﬁydriartgcle@H][ee of
roduct i.on spoLh a and -the nonvolatile fraction
was adj usteg{-sggg&r%t W%O/P t89Y % a]%’ﬁ%@ 18 -9 Jrag (hAESS rppeatest anduas
26 poi ses. Ehedmvdraﬁ@rﬁkectionﬁvmadausbedd:fo getal .- £ oot gd v REragsw i C
resin varnigh 11:1:&%9(:3&193,0&%&@t,gsaﬁlsdp&%%tg value 320 ng KOHg) 1n

, Productlon Example 11 ,
Preparation of metal-containing acrylic resin varnish 11
Using 24 g of versatic acid (acid value 320 mg KOH/g) in
~lieu of WW rosin, the procedure of Production Example 6 was
otherwise repeated and the nonvolatile matter concentratlon was

ad]usted to 40 wt. & to give varnish 11. TIts viscosity at 25°C
was 30 poises. :

Examples 1 to 6 and Comparative Examples 1 to 3
A Using each of the varnishes 6 to 11 obtained in
Pfoduction Examples 6 to 11, together with the other components
:-tnentioned in Table 1, coatings were prdduced by blending using -
. ‘High-speed Disper. The v:.scc:>51ty of each coating was adjusted
B w:tth xylene to 80 to 90 KU to Stormer viscometer (25 °C) "With
regard to the viscosity of coatings, a coatlng with a viscosity
'_value of not more than 100 poisle's could be: epplied but the
preferred v1sc051ty range of 80 to 90 poises was adopted The
'-‘VOC value was determlned from the solvent content and the |
-'.speclflc gravity of the ‘coetlng._ The results are shown in Table
AN '
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Table 1..|25 February 2004 2}1-Table 1 ExanpleConparativd HEaBRAe _ '
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Tri phenyl bpV¥an@ésHEi #c pyrit hi pneb 5% Copper pyHiét i one34 Ro$i n104 "
Hydr ogenat glarnssh580 ' 60 |50
' Varnish 9 40
{Varnish 10 ' 36
Varnish 11 _ _ | 40
. | Copper suboxide 39 |35 |22 32 134 |25 } 35
Zinc bloom . 128 3 3 |30
Triphenylboron - . 7 6 - : '
1 2inc pyrithione 5 | 4 6 . 3 5 5 5
Copper.pyrithione 3 4 .
Rosin 10 4
) Hydrogenated rosin S - 10
Colloidal silica | 2 2 2 2 2 2 | 2 2 2
] Titanium dioxide 2 2 2. 3 :
| Cyanine blue 3 | 4 4
Red iron .oxide 4 3 4 3 5 . 4
Chlorinated 2 2 3
| paraffin
Xylene 20 16 14
) 100 {100 {100 {100 [100 |100 {100 | 100 | 100
Specific gravity J1.4|1.2|1.2(1.2|1.3]|1.3|1.4|1.3}1.4
| Amount of solvent {25 |27.5|30 [25 [23 120 |44 |[39 |38
1VvVOC ‘ 3501330 | 360|300 (299 (260|616 |489 |532
Viscosity (KU). 80 |85 [85 {80 |90 |90 [90 {85 |90
U51ng the coatings obtalned in Examples 1 to 6, the

evaluatlon of coating film condltlon and long-term antifouling
effect was carr;ed out by the follow1ng methods.

[Evaluation]
(1) Coatlng fllm condition

Each of the above coatlng comp051t10ns were coated in.a
dry thickness of 300 g#m on an 1ron.sheet'blasted.and.precoated
with a rust-preventive coating and left standlng in an 1nter10r
The
above test sheet was wrapped a_round the side wall of a cyllnc'ier

. environment two overnights to dry and give a test sheet,
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Red. i ran- oxi de43435. 4 Chl ori nated 223 paraffin Xyl ene201614
100100100100100100100100100 Specific gravityl.41.21.21.21.31.31.41.31.4
Anmount of sol vent 2527. 530252320443938 VOC350330360300299260- 616489532
Viscosity (,KU).808585809090908590 Using the coatings obtained in Exanples
1to 6, the evaluation of coating filmcondition and |ong-term antifouli ng
effect was carried out-by the foll ow ng gthods. (Evaluation] (1) Coating
filmcondi-tion Each of the above coating conpositions were coated in. a

dry thickness of 300 jamon an iron sheet blasted and precoated wth a

rust--pr evem@a\é@lﬁ% 786 @4 afl!améft@daﬂ wo@'aml gbgglsgﬁshe %( Ic%/%lln %ﬁ)‘g’g

overni-ghts to dry give a test_ sheet abov

around the ?P&er%ﬁfiegfc%@ﬂ‘%%y?@ ﬁe?ﬁﬁ’e@@elz@béswfir@efs@lﬁl kao7s0fam i n’

di aneter an® k20@ham | Ohg wﬁttﬁﬁeéwaf\@l@f s¥88 6ohaheAsCcRAL Wgﬂéhiaat a
sai

peri pheral. $B eed fd1€ knoé_ for h Eg test . .Sheet after

months was' Vi SHa A pake b %\‘/:éﬂ o9 4 mASoRdIQSWHE - As
a- result, thlaeecoeannggfilmrma\asfdmmhdsaslansﬁ&mwy w;wm maewddens & of
cracks. (2) chapgstermantifouling effect The test sheet exanined for

coat i ng filmcondition as above was subjected to'life attachment testing
on an . exper‘?l’reﬁfp&lg tere aptifppdingoafingts Coastal Research

The test sheet examined for coatlng £ilm condltlon as
above was subjected to life attachmeént testing on an
L gxperlmental raft at Nippon Coating's Coastal Research
institute for the evaluation of antifouling effect. During a
. 24-month period- following the start of raft submersion, the
,perCentage of attached life relative to the coating film area
.- was 0%, indicating an excellent antifouling effect.
In Examples 1 to’'6, high-solid antifouling coatings with
- VOC values .not more than 400 g/L could be obtainéd.and the
dong-term antifouling effect and coating film condition were
; invariably satisfactory.

In Comparative Example 1, in which the hlgh Tg value of
the acrylic resin caused an increase in viscosity of the
metal-containing acrylic resin varriish, a high-solid
antifouling coating could not be implemented. In Comparative

" Example 2, the high average degree of polymerization of the
resin caused ah increase in viscosity of the metal-containing
,__—'acryllc re51n varm.sh so that a high- SOlld antifouling coating
_,could.not be 1mplemented4 In Comparatlve Example 3, 1n Wthh.
) versatic acid, which isa monobasic acidhaving a high ac1d value,
: _was used, the viscosity of the metalmcontalnlng acrylic resin
varnish was so h].gh that a high-50lid antlfoullng coating could
; not be implemented.

Productlon Example 12
Production of acrylic resin varnish 12

A 4-necked flask equipped-with a stirrer, cooling |
condenser, temperature control, nitrogen gas inlet ‘pipe énd



institute for the evaluation of antifouling effect. DurizsgFebruat¢20mt h
period: following the start of raft subnersion, the .percentage of
attached Iifé relative to the coating filmarea ..was 0% indicating an
excellent antifouling effect. In Exanples 1 to0"6; high-solid antifouling
coatings with VOC values -not nore than 400 g/L could be obtained and the
.long-termantifouling effect and coating filmcondition were invariably
satlsfactory I'n Conparative Exanple 1,. pg which the high Tg -value of the
acrylic resin caused an increase in V|sc03|ty of the nmetal-containing
acrylic resin varni'sh, a high-solid antifouling coating could not be
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was added dpewsreZa@tharlh@mslpame waﬁeadd@i/eiro:pmmg gt a!\fft@tsmlplmhe)n of
dropwi se ado@ekt B@nmlhﬁﬁes After completion of dropwise addltlon, the
-mixture was incubated for 1.5 hours. Varnish 12, flnally
) obtained, had a nonvolatlle fractlon of 50.5 wt. % and a
viscosity of 20 poises, with the resin having a number average
. molecular weight of 7000 [average degree of polymerization 70].
The varnish thus obtained had a solids acidvalue of 200 mg KOH/g .

Production Example 13
Production. of acrylic resin varnish 13
. The same .rjeac:tion vessel as used in Production Example

12 was charged with 50 parts of xylene and 50 parts of n-butanol,
- and the temperature was controlled at 115°C. . To this solution,
: fa mixture of 58.3 parts of ethyl acrylate, 25 parts of cyclohexyl
acrylate, 16 7 parts of acryllc acid and 3 parts of t- butyl
'_ peroxy-2-ethylhexancate was added’ dropwise at a constant rate
" over 3 hours. ‘After.comp.i_etion of dropwise adc.litio'n', the

mixture was incubated for. 2 hoﬁrs. The varnish 13 had a

nenvolatile fractionof 51.0wt. & and a viscos’ity of 3.2 poises, _

Wlth the: resin hav.m.g a number average molecular welght of. 4600

[average degree of polymerlzatlon 40]. The solids acid value
- of the wvarnish was 130 mg KOH/g. '

Production Example 14



m xture was incubated for 30 minutes. Then, a mxture ofzslrdpruarp2ods of
xylene, 4 '"parts of n-butanol and 0.2 part of t-butyl

per oxy- 2- et hyl hexanoate was added dropwi se at a constant. rate over 30

m nutes. After conpletion of dropwi se addition, the .m xture was incubated
for 1.5 hours. Varnish 12, finally obtained, had a nonvolatile fraction of
50.5 wt. %and a viscosity of 20 poises, with the resin having a nunber
average nol ecul ar wei ght of 7000 [averagg degree of pol ynerization.70]

The varni sh thus obtained had a solids acid value of 200 ng KOH g.

Pr oducti on Exarrpl e 13 Productlon of acryli c resin varm sh 13 The sane

reaction ve uctlon Exa was charged with 50
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-mixture was incubated for 1.5 hours. Varnish 14, thus obtained,

had a nonvolatile fraction of 50.0 wt. % and a viscosity of 12
poises, with the resin having a number average molecular weight
0f 7000 {average degree of polymerization 701 . The s.olids acid
.value of the varnish was 150 mg KOH/g.

-’Produé:tion Example 15
Production of acrylic resin varnish 15
The same reaction vessel as used in Production Example-
12 was charged with 64 parts of xylene and 16 parts of n-butanol,
and the temperature.was controlled at 90 °C. To this solution,
amixture of 21.9 parts of ethyl acrylate, 30 parts of 1sobutyl :
methacrylate, 22 5 parts of NK ester M-90G, 25.6 parts of
acryllc acid and 2 parts of azoblslsobutyronltrlle was added-
V-dropw1se at .a constant rate over 3 hours. After completion of
dropw1se addltlon, the nixture was incubated for 30 minutes.
"Then, a mlxture of 16 parts of xylene, 4 parts of n-butanol and
0.2 part of azoblslsobutyronltrlle was added dropw;Lse at a
;cons_t_ant rate over 30 minutes. After completion of dropw1se_
) '_'addition, the mixture was incubated for 2 hours. Varnish 15,
"thus obtained, had a nonvolatile fraction of 49.8 wt. & and- a
viscosity of 7.5 poises, with the resin having a number average



was i ncubated at 100"C for 30 m nutes. Then, a m xture agfs ﬁ&ru;gaggm of

xyl ene, 10 parts of n-butanol and 0.2 part of t-butyl

per oxy- 2- - et hyl hexanoat e' . was added dropwi se at a constant. rate over 30

m nutes, . After conpletion of dropwi se addition, the mxture was incubated
for 1.5 hours Varnish 14, thus obtained, had a nonvolatile fraction. of
50.0 wt. % and a viscosity of 12 poises, with the resin having a nunber
average nol ecul ar weight O 7000 [averaz® degree of polynerization 70]

The solids acid .value of the varnish was 150 ng KOH g. Producti on Exanpl e
15 -Production-of acrylic resin varnish 15 The sane reaction vessel as used

in Product Iml&éﬁmt@:el@lt\!\@f 060 §odealyh. dé?lt fgtsp%ioy:ﬁé&fﬂ&tﬁ% gh parts

of n-but ano g t.he tegperiltu e- Wgﬁ contr
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i sobutyl -f met hacryl ate, 21.5 parts of NK ester M90G 25.6 -parts of -

acrylic aci Flré’tﬁlgcgle?ﬁr%ﬁaﬂﬁieaigb' si sobutyronitrile was added. dropw se at

! constant_rate over ours . After conpletion of dropw se
addi ti om, - theodstier Wfsarrrhbat sesinr vaonashulés. Then, a mixture of 16

parts of xylene, #h@afde Hedvti s as sed3n! Production Exam le

of ' azob|S|s](_) utyro itrile s.added drqopwi se. at a constant rate o
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resin varnish 16 % reactlon vesse| as. use £in
was char gedSHPH™ f%&‘f exgnogte fesRddes guppYise at tﬂJFé?ﬁl@Itant ragad the

t enper at ur @was I duums | ed fiter] Eonleld drhicE sildfWite adidivddl e afe 20
parts of ql%uf@% "M At L8 25 PYT Siu ! Then, a mixture of 16
parts of xylene, 4- parts of n-butanol and 0.2 part of t—butyl
peroxy-2-ethylhexanoate was added dropwise at a constant rate
" owver 30 Iminut.es. After completion_'of dropwis'e addition, the
mixture was incubated for 1.5 hours. Varnish 16, thus obtained,
had a nonvolatile fraction of 51.5 wt. % and a'viscosity'of 6.7
: _poises,— with the resin having a number average molecular weigﬁt
ef 5000 [average degree of polymerization‘ 50]. The soiids acid

. .value of the varnish was 130 mg KOH/g.

. Production Example 17 |
- Production of acrylic resin varnlsh 17 .
The same reaction vessel as used An Productlon Example
_ 12 was ‘charged with 64 parts of xylene and 16 parts of n-butanol,
‘and the temperature was- controlled at 100 C, To this solutlon,
' _a mixture of-80.7 parts of ethyl acrylate, 19 3 parts of acryllc
acid and-2 parts of azoblslsobutyronltrlle was added dropm_se; a

fat a constant rate over 4 hours. After. completlon of dropwise o

addltlon, ‘the mixture was incubated for. 30 mlnutes Then, a |
- mixture of.16 parts of xylene, 4 parts of n~butanol and 0.2 part |

of azoblslsobutyronltrl le was added dropwise at a constant rate

over 30 minutes. After completion of dropwise addition, the



oot e e e, - R O

acrylate,:25 parts of 2-ethyl hexyl nethacrylate, 10 partg pgbmé}lyzg@; er

M - 90G 16 7 parts of acrylic acid and 3 parts of t-butyl

per oxy- 2- et hyl hexanoat e was added dropwi se at a constant rate over 3
hours. After conpletion of dropw se addition, the mxture was incubated
for 30 mnutes. Then, a mxture of 16 parts of- xylene, 4 ,parts of

n- butanol and 0.2 part of t-butyl -peroxy-2-ethylhexanoate was added
dropwi se at a constant rate over 30 m mges. After conpletion of dropw se
addition, the mxture was incubated for 1.5 hours. Varnish 16, thus

obt ai ned, had a nonvolatile fraction of 51.5 wt. % and a viscosity of 6 7
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80..7 partSV&)Iu@tCWItla@r\yaammhlt@asa@armg EOHAgryI ic acid and!- 2 -parts

of azobr si sobutyronitrile was added dropwi se ;at a constant rate over 4’

hours.  After conpletion of dropwi se- addition, the m xture was incubated
for-30 m nfireducihion Example yk® of .16 parts. of xylene, 4 parts

of - n- but an@r@ﬂﬂ:@léhRﬁftme@&lad&btéiﬁﬂb@té{éﬁflié'J:ési!‘ﬁsvégﬂﬁghdigpw se at
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lux oin With a mixture of acetlc acid, water and the

solvent being azeo.troplcally removed and a commensurate amount

- of xylene being supplementally added, the reaction was
conducted for 14 hours. The end-point of reaction was
determined by assaying acetic acid in the distillate solvent.
After cooling, the product was diluted with butanol and xylene

to give varnish 18 with a nonvolatile fraction of 36.5 wt. %.

Production Example 19 .
Preparati‘on of metal-containing acrylic‘ resin varniah 19
The same reaction vessel as used in Productlon Example
: .18 was charged with 100 parts of varnish 13, 25. 4 parts of zinc
“.acetate and 40.6 parts of hydrogenated r051n (acid. value 160 .
- mg KOH/g) and the reaction wa.s carrled out in otherwise the same
‘manner as in Example 18 to glve varnlsh 19 with a nonvolatile
" fraction of 50.4 wt. %.

‘ Production Example'zol . X
:Preparatlon of metal-containing acryllc re51n varnlsh 20
The same reaction vessel as used in Productlon Example-
' 18 was charged with 100 parts of varnlsh 14, 27.8 parts of copper,'
.acetate and 46.9 parts of dlsproportlonated rosin (ac1d value



inlet pipe,. reflux condenser, -decanter and tenperatur &G 20M8s :
chargedvmth 100 parts of varnlsh 12, 37.1 parts of.copper .ace ate, 62.5
parts of WWrosin (acid value 1.60 ng KOH g) and 140 parts of xylene. The
tenperature was increased to the' ref lux point- Wth a m xture of acetic
acid, water and the solvent being azeotropically renoved and a
comensurate anount of xyl ene being supplenmentally added, the reaction was
conducted for 14 hours. The end-point of,7eaction was det er mi ned by
assaying acetic acid in the distillate soI vent. After cooling, the pr oduct
was diluted with butanol and xylene to give varnish 18 with a nonvol atile

fraction-of / ction anple 19 Pr.e ,
met al - cont aiu%lgng acryl c%’gg'!fh \}:ararcf%ﬁn !gas.ﬁ?grﬁg %a’c‘flogzﬁ‘e\fégﬁ the used
in Product i sanéxwnier agdnigcangpie $8d.onyie Yalrniamht 20 wfi thaa noskol13ti2k 4
parts- of .. é_ﬁ;ﬁct ﬁeggtgsagg 40.6 parts of hydrogenated rosin (acid.val ue
160 nyg. . the réaction was carried out in' otherw se the sane
''manner ‘as in Exarrple 18 to give varnish 19 with a nonvolatile ;fraction

of 50.4 wt ."P%dﬁeggwﬁt Eﬁamgxarrgle 20 Pr epar ation of
' i.ni sane reaction,ves

met al -contaning-actylic.resin,varn
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‘Production Example 22
Preparation of metal-containing acrylic resin ‘varnish 22 -
The same reaction vessel as used in Production Example
18 was charged with 100 parts of varnlsh 16, 24.1 parts of copper
acetate and 40.6. parts of dlsproportlonated rosin (acid value
160 mg KOH/g) and the reaction was carried out in otherwise the -
-same manner as in Example 18 to give varnish 22 with a nonvolatile
- fraction of 44.4 wt. %.

Production Example 23
Preparatlon of metal- contalnlng acrylic resin varnlsh 23 .
The same rea¢tion vessel as used in Productlon Example
_ ' 18 was charged with 100 parts of varnish 1'] 27 8 parts of copper
n acetate ‘and .46.9 parts of hydroge_nated rosin (acid value 160
~mg KOH/g) ‘and the reaction was carried e'ut in otherwise the same
manner as in Example 18 to glve varnlsh 23 w1th a nonvolatlle'
.”fractlon of 52 6 wt. 9

Production Example 24 _ : _

;'Preparatlon of metal ~ contalnlng acryllc re51n varnish 24
The same reaction vessel as used 1n Productlon Example

_.18' was charged with 100 parts of varnish 12, 37 .1 parts of copper



' -and the reaction was carried out in otherw se the sgEsp Q@M as in
Example 18 to give varnish 21 with a nonvolatile fraction of 3 %
Producti on Exanpl e 22 Preparation' of metal -containing acrylic reS| n varnl sh
22 The sane reaction vessel as used in Production Exanple -18 was charged
with 100 parts of varnish 1'6,.24. 1 parts of -copper acetate and 40.6. -
parts of disproportionated rosin (acid value 160 ng KOH g) and the
reaction was carried out in otherwise thgg -same manner as in Exanple 18
to give varnish 22 with a. nonvolatile fraction of 44.4 wt. % Production
Exanpl e 23 Preparation of netal -containing. acryl i o resi n varni sh 23. The
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23 -with a nanv atll ctlon of 52.6 wt. 9% . Production

Pr epar at.i on*5fCeLH © céiqt Wtg2acrylic resin varnish 24 The 'sane
reacti-on vessel as used in Productlon Exanple 18 was charged with 100

parts of va 3 r of copper 25 February 2004 28 acet.ate and
62. 5 parts g?b?ﬂgﬁ"é‘ng gélp?%s?ﬁ (acid value 160 ng KOH g) and the

reaction Wagr@Eﬁleﬁédoﬁupfl metelecanda iniags areyliic aesdn &armshE%Tpl e 18
Lo give varnish 24nulind. pOSYELEAI VEssElats L T Prd et i%P e EAyglon

Exarrple 25 Pre tion of rreta contalning acrylic re5| n varni s
sane: reactilgr?‘? ggp-‘gggl Wity 108 Rk e Y%Wﬁfaﬁﬁlr 1 1B PRES SCPRICOFPSA t h

100 parts. ohceaaneshndMSZY ;&Irtasf oF abpheppaic aced aiMn-aneh 4%&«:{)%&%@1‘

napht henj c % e K Dai wa__Yushi Ko and
t he react i 0?1189\@8 &0 rP 4 S uga %Slfl K%gyo)ngnﬂhg reaction was car 1 ‘d
out in otherwise the same manner as in Example 18 to give varnlsh

25 with a nonvolatile fraction of 35.0 wt. %.

-Prod’uction' Example 26

Preparatlon of metal- ~containing acrylic resin varnlsh 26
The same reacta.on vessel as used in Production Example

_1'8 was charged with 100 parts of varnish 12, 3'7 .1 parts of copper

acetate and 30.3 parts of vereetic acid and the reaction was

c:—irried out in otherwise the same manner as in Example 18 to

give varni_eh 26 with a nonvolatile fraction of 34:7 wt. %.

Production Example 27 ,

‘ .Preperation of metal-containing acrylic resin varnish 27

o The same reactlon vessel as used in Productlon Example

. :'18 was charged with 100 parts of varnlsh 13, 25 4 parts of zinc

" acetate and 32.5 parts of naphthenic acid (NA——ZOO, acid value
200 ng KOH/g, Daiwa Yushl “Kogyo) and the reactlon was’ carrled
out in otherw1se the same manner as in Example 18 to glve varnJ.sh |
'_27 wlth a nonvolatlle fractlon of 42 1% ‘

.'Productlon Example 28 _ :
- Preparation of metal- contalnlng acryllc re81n varnlsh 28
The same reaction vessel as used J.n Productlon Example
. 18 was charged with 100 parts of varnlsh 15, 39.1 parts of zlnc



but in otherw se the same manner as in Exanple 18 to gi v# paditrigPoo£5 W th
a nonvol atile fraction of 35.0 wt. % Production-Exanple 26 Preparation of
nmetal --containing acrylic resin varnish 26 The Sanme reaction vessel as
used in Production Exanple 18 was charged with, 100 parts of varnish 12,
37.1 parts of copper acetate and 30.3 parts of versatic acid and the
reaction was Carried out in otherwi se the sane manner as in Exanple 18 to
gi ve varnish 26 with a.nonvolatile fractjon of 34.7 wt. % Production
Exanpl e 27 . Preparation of netal-containing acrylic resin varnish 27 The
same reaction vessel as used in Production Exanpl e 18 was charged with.

100 t I+ HBLS of
naph!toﬂrenlscm:’zllcczll\é a?ﬁzt%g 502% vaI ufOB%élg(ic %%:‘ffta?“%@ %ugch ()I?oé"fo and
the reacti offakEdechouitedn °§bﬁrwiﬁeoth@r$\ﬁ% I@&i@‘-%’arms rieth fetargst ¢ il x| e

18 to give.yarel Yardish 0B &iteNOhdhvbaatiae! ireacefioh ol B qguctd on
Exanpl e 28. Preparation of metal -containing acryli.c resin varnish 28 The

same feaction vessel as used in' Production Exanple 18 was charged-with 100
parts. of vaPmosllmatipnBExhn@dret 29f zinc 25 Febr uary 2004 29 acetate and

50.3 parts glolelhl6raidd aRd Lhe k6361 Lgn ALLlgf Qb oLher se
nEx ]ﬁ 11.'8 . sﬁ 28R th H&ﬁ\l/lol tile

t he same manneé gi ve “varni
fraction-of 39.0 \'A'/be SEmPr Eﬁéﬁﬁ-@lﬂ ‘E(%m%l@figlﬂfﬂtdepa? é’tr]oc;irucdflon Example

met al - cont ai Bi gl %r;aﬂgteca d@f@h ﬂO‘O%éhf@é‘o%gcrarané}? 1831 IERGHE L %%?ﬁJeﬁS
used in Produc 4 é har ed with parts of varni
24.1 parts BF€ Eégﬁef’m n‘g tatBaE %iﬂti’sc (ﬁc%raé‘é?c ithea&eachion nas
reacti.on wasareded edtoiih oﬁhei:»hfesw islﬁe ddite QIR L I M EdahDeal® ¢ 18
to 291' ;g A e N D slai‘;ilit'&ach%% 8"50. ¢ B & 7
Examples 7 to 24 and Comparative Examples 4 to 7
The varnishes 18 to 29 obtalned in Production Examples
18 to 29 and the other components mentioned in Table 2 were
admlxed by means of High-speed Disper to prepare coatlng
comp031t10ns and the respective coatlngs were evaluated for
Jong-term- antlfcullng performance and coating film condition
by the evaluation methods described hereinbefore. The results
of evaluations are set forth in Table 3. The number of months
in Table 3 indicates thée raft immersion time and each figure
-denotes the percentage of foul area based on the total coating
.fiim area.
. The antifoulants mentioned in Table 2 are the following
;.'compounds§ . '
 Antifoulant 1: Zinc dimethyldithiocarbamaté
Lﬁntifbulant -2: Manganese ethyléﬁebisdithiocarbamate'
Antifoulant 3: 2-Methylthio-4- t—butylamlno 6~
cyclopropylamlno 5 trlaZLne .
ffhhtifoulant.4; 2,4,5, 6~ tetrachloro1sophthalon1trlle
rAntifdulant 5: N,N- dlmethyldlchlorophenylurea , .
_'Antlfoulant 6: 4,5~ ~Dichloro-2- n—octyl 3(2H} 1soth1azolone
' .Antlfoulant 7:_Nf(fluorodlchloromethylth;o)fphthallmlde
Antifoulant 8: N,N'-dimethyl~N'-phenyl-(N- - |
fluorodichloromethylthio) sulfamide



The varnishes. 18 to 29 obtained in Production Exanpl es 254&Hr@arg20e4d t he
ot her conponent$s nmentioned in Table 2 were adm xed by means of H gh-speed
Di sper to prepare coating conpositions and the respective coatings were
eval uated for Jlong-termanti fouling performance and coating film
condition by the evaluation nethods described hereinbefore. The results
of evaluations are set forth'in Table 3. The nunmber of nonths in Table 3
indicates the raft inmersion tine and eagh figure denotes the percentage
of foul area based on the total coating ilmarea. The antifoul ants
-nmentioned in Table 2 are the follomnng conpounds Anti foul ant -1: Zinc

di met hyl di t G i f an

et hyl ent hi s@n[%hafr(? atfrre?t eén&ﬁtéjﬁgu orf?pq% }@é'{af'hﬂ]tl%%e 4-t-butyl am no- 6-
cycl opr opy| dmtidosiliamitad One 2, &,&.@mmmm onitrile Ant| f oul ant

5: N, N=di met hyl di chi,Gig) g’i%ﬂl'ﬂhﬁpr@lﬁlh@l ant6:4, 5-Dichtoro-'

2-n--octyl --isothi az ’
- Anti foul: aﬁﬁ%lll‘_ﬁ‘)o-‘{liambrlédl @WWWQW%%%IQ%W%W foul . ant 8: N,
E b- di-me - tzgmhtlﬂioulap{ctemlzl glﬂﬁm@f@ﬂa@@yﬁc{n@? sul fgm de 25 :
ebruary i f.oylan r.i chl oropheny.l nal ei ni de -
A ntifoul an?m'ifﬁr O?r]‘émg o5 L Oﬁ?é%‘?fr 312%/ 51 ) pyri di ne
Anti foul ant "11: Seth@rlenEbipdaﬂrhnpblaub)aknact@r baniate 'Antifoulant 12:
Di i odomet hy s R+-7.Ql ulifsan i éﬂ:ﬁn?%yl i anoyl zi nc
et hyl enebi skdmt |f%%gf a%aalt‘ge % eﬁ@tl (qu{éﬁgi" e&? I sfé;)iﬁf{l nzc{% snut h
di chlori'de 2Aptdifogdeast 15: 52‘2(4‘@@-1W0é2(6439qgﬂz@@ﬁﬂarﬁ0d@_zol e '--Antifoul ant

1 ﬁ | Pyri 13 di. Rﬁt&.‘fbﬂ'l%ﬂil e ;PG r i bl iPhenlibofidie
et nyl ene 'Sﬂng_-{'f%‘: %mit? Zinc ethyleneblsdlthlocarbamate
: _Ant].f_oulant 18: Stearylamine-triphenylboron

Antifoulant 19: Laurylamine-triphenylboron



. “Antifoulant 1$: Stearylainine-triphenylboron Ahtifoul#tepk$iry 2004
Laiiryl am ne-tri phenyl boron 25 February 2004 31 Table 2 F~can1é¥errn ar
13c Unit:wei arts789101112131415161718. 19: 2021. 2223244567 Varni sh ! 8404525
Varni sh 14 .4540.402025 Varni sh 204530 Varni sh .21 404535 ' Varnish 22 '35
Var ni sh 2330 Varni sh" 24 -40 Varni sh 2545. Varnish 264U |/arriish 2715r. 40
V arnish -28. Varnish. 29 40 copper s axki e302575! 0i 5302530302030152525
Coner rtwdarii de2030152020302015- Zinc.Q%gon155#5552105551075 "7 21332
rtanrtan. ifaxide Plstha artie blue3.333332 T a | ¢223323233 Red on

oxi de22232333223333 Pyei d4onc zi nc25365. 3 ecooper 33563

Table 2
L . ' Exanr'lplc - - : Cocpar, Ex,
[Unit; weight parts 78] o tof 3] 2] 3] 14] e5% t6] (7] 18] 19] ool =] 93] 23] 24| 4| S| 6l 7
Varnish 18 40| 45 — 1 T 1 1 25 35 : 1
AVasmish 19 1 | 451 40] 40 . 1 T2 | 25
Varmish_20 — : Sl L T 1T [ N D P o[
Varnish 21 N iE , 40| 451 1 i T a5
vanu.sh :"2 N 0 ] . ] o 0 - 8 g O = 35 - i N - rY — - ~
Vamnish 27 [ 30~ !
Varviish 24 - %0
Vamish 25 45
{Vamish 26 20 40 .
15 c (K7
- K 40 -
: - . R I 11 1 [ 40
30 25} 25| 10 | NE 30 75| 30 30]- 20| 30 118 75| 25]
- 200 ¥ 30| 15] 20 - | 20 . . - 30| 20l -t 18] -
5 5 a5 1 5 | s a1 10] 5 8] 5 0] 7 &
1 3. 2 | 3 3 2 1 1T {3l 3 2
: 3.2 "3 3 3 3[4 2
3l 2 3 3 2 3l 2| al a
2| 2 2| 3 3 3 3l 3 2 21 3 3 3 3
2 5| 3 8 5 3
3l 3 G 3
2 .
2 3| 4 . 3
2 2l
4 - 2
2 4 2
2 ' 5
2 5 3 5 -
] 3 3
2 2
5 2|
2 2
‘ 3 2
3 ' 3
3 -~ 3
2 2
3 2 2 2
i N & - 2 .
- — i : al a
2| [§ B -3 _ | 3 :
N i . < : E ]
23 3t I 15 2" 3 -al s 3 -5 51 5. | &
oA & b [ 4l 4 2l 3] 4] ] 4 4] 3
3 . 2 1 3 T 3l
{Gum mik 5 15 ' 8] ] 5] 10 ,
|73l gt sosin ) T 1 00 O T
. Weodwsin . [ {1 1 1 | 4 1 N 8 (1
.- THydrogenated gum rosin § - — T {2l ~ 1 | &
JOisproportionated rosin | . 7 1 - — 1 5
© JHydragenated tall ail’ j . : 1 ’ i N
Lrasin y i A ] | 1. | - '
IHydrug'emted wood rosing - 1 ) S I | 15
[fesmester | [ [ 3 ] — . ] I M )
Copper taphthenate 4 1. 1 1. ‘ ) e 3 5
‘1Gum rosin zinc . . - } . ] 5 | ‘
" Hydrogenated taliailzinc{ | 1 | _ 1 B ' ©
‘Acryfic resink - 10 ) 1 - 8 5 :
_|Antisagging agentix | "2l 2l o 3" oI 3 8| 2[2f 3l 3] 2| 3| of a3l 2 2 3 2 2 3 3
Methyl isobutylketone 1 2] 2f 2] 3| "3{" 2 a{ 3| 2 2f 3| al 3| a1 4| 2 3| 31 if 3l 3 2
Xylene - 3l [ sl 3 3l 4 1 3l s st sl 3 e 5l 10
| cellosalve - 2} 1 -4 . . : . 3 | -3t - -
Totat {190 100] 500} 100] 100} 100] Tco] 100] 190} 160] 1001 10| 100] 100] 1001100} 100{ 160)106] 1601 100{ 100




Telranctttyitfiiuranl dfsul flde2 Anti Want 1 AnUf or aant 2sfdur bodd
Antifwalant 4 Antifouiarit'5 Antlufant.6 Antifoulant 7 Antifai4lant 8
Mifoulant 9 Antis ulant <10 Mifauiant 11 Mtifdularit 12 ' |Intifnuifant 13
2343 2' 24.2242 52535433 2252 2222 33 33 M.

14. 2 2 Antifoularrt 15 ArWaedant 16 Mifioerlant.l7 Mifoulantt:I8
Antffoiilarrt' . # 9 :

32

*: Paraloid B-66, product of Rohm & Haas Co.
**: Disparlon A630-20X, product of Kusumoto Kasei K. K.



wi, e ther caraffiri 3222 #53. 5. 24 4 233 o5Fduaydod 32 3 5
4 .4.3 . OObUA phthalate .2 2 " 3 Gummir

5510 I t..

Hydrogenated tal |l o4

Rodi n ester

-

2 .411 .42344"

i Tsll a8-rosin Wod rosin driiaeirated U's rosin or- _
rosin - 55 .10 47 5 11 H ydrogenated wood rosin 15

Copper 6aphtf3enate Gumrosin zinc .2 22 35

33

Comper.Ex,

cracked

4

15
50 .

Cracked| normal Cracked Slightly

Example

22| 2324

19 | 20 | 21

18

17

15

14 |

13 |

12 §

1.

10

5

0
0
0
0
0

0
0
0
0
0

Normal

" Table 3

18 months
22 months
24 months

| 6 months
o
t% 12- months

E
LE
Lp-

Rie

Coating film
- eondition -

ionated:tnsin v

e i



5 Hydrogenated tall oil zinc. 10 wuc resin* 10 - 5 5 Antjss ﬁﬁﬁ&mﬁ90b4

i sobutyl ketone 2 2 2 33.23322333342331332 | ease
31-...-.-533411.33553-S1I cellosolve Total 222322322332
323223223310243 - 1._31: 1 100 100 1Q0 f00 i Q 1QO 100 1 QO 100

100 100 100 1.00 100 104 100 100 100 100 100 100 100 25 February 2004 32 *:
Par al oi d B-66, praduct of Rohm & Haas Co. **: Disparlon A630-20X, product
of Kusuinoto Kasei-K K  a-U CDOOO O 0 hjo .

The coatlngs according to Examples 7 to 24 were excellent
< dn long—term antifouling performance and coating film condition.
In the coatings according to Comparative Examples 4~7, no -
,Areconc:Lllatlon was made between coatlng film condltlon and
flong term antlfoullng perfermance
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35
CLAIMS
1. Ah'antifoﬁling'cOating
« which comprises a metal—contalnlng acrylic resin hav1ng, in

a side chain thereof, at least: one group .represented. by the
"follow1ng formula (1}:

O

|

(X)—C — O— M ——(A)a o

~'wherein X represents a group of the Fformula:

O
l

—Q0—C— Y-

-jg represents - 0 or 1; Y represents a hydrocarbon group; M
représents a wmetal; . represents an integét equal to [(the
valence number of metal M)-1]; A represents an organic acid
residue derived from a monobasic acid, :

- with 5 to 100 mole % of said organic acid- residue derived
from a monobasic ac1d being the residue of a cyclic organic acid
wherein the monobasic acid has -a diterpenoid hydrocarbon

.. skeleton or a salt thereof.

12.'- The antifouling coating according to Claim ]
wherein the cyclic organic a01d has an acld value of 120 to
190 mg KOH/g ..



0 aOOugno j g.u uuagr2uo-i 0 OO0 [UEO Z 25 FebrL%rlyeb%S)aQ?ﬁ& The
coatings according to Exanples 7 to 24 were excellent in long-

antifouling performance and coating filmcondition. i n the coatings
according to Conparative Exanples 4-7, no reconciliation was nmade between
coating filmcondition and long-termantifouling performance. 25 February
2004 - CLAIMS 35 1. An antifouling coating which conprises a netal -contai ni ng
;acrylic resin having, in a side chain thereof, at |east:-one group _
-represented by the following formula (3f: C- 0- M' (Am(1l.) wherein x
represents a.group of the formula: 0 11 G Y -n represents- 0 or 1; Y

represents @&.hydrnoeanROnedifiawg: chht 18P 6P tnf SPlakinM rgpresent s an
i nt eger equal towLQEQ%n the - monobasic acid 1is selected from the group
.consisting of abietic acid, hydrogenated abietic acid and their

salts.

" 4. . The antifouling coating according to Claim 1, 2 or 3
wherein the monobasic acid is selected from the group
‘consisting of rosins, hydrogenated rosins and disproportionated
rosins. ' '

5. The antifouling coating according to Claim 1, 2, 3 or 4
wherein the metal M is copper or zinc.

6. The antifouling coating according to Claim 1, 2, 3, 4 or 5

" wherein the ratio of the monobasic acid to the : acrylic
‘resin constituting the metal-containing acrylic resin is 0.9/1.1
to 1.2/0.8 by weight on a nonvolatile matter basis.

7. The antifouling coating according to Claim 1, 2, 3, 4, 5 or

comprising an additional binder resin in a weight ratio, on
a - nonvolatile basis, of fmetal—containing acrylic
resin]/{additional binder resin] = 10070 to 30/70.

8. . The antifouling coating according to Claim 1, 2, 3, 4, 5,

6, or 7 whereln the acrylic resin constltutlng said metal-

contalnlng acrylic reSLn has an -acid valde of 80 to 300 mg KOH/g
- and a glass transition temperature of not higher than 5%3.



val ence nunber of nmetal M -1] ; A represents an organi Czé‘ﬁétguér?%gk'e
derived froma nonobasic acid, wth. 5 to 100 nole % of sal gani c

aci d-resi due derived from a nonobasic acid being the residue of a cyclic
organic acid wherein the nonobasic acid has .a diterpenoid hydrocarbon
.skeleton or a salt thereof. 2. The antifouling coating according to C aim
1 wherein the cyclic organic acid has an acid value of 120 to 190 ng .
KOH .g ._ 25 February 2004 36 3. The antifouling coating according to
Claim1 or 2 wherein the nonobasic acid 7§ selected fromthe group
.consisting of abietic acid, hydrogenated abietic acid and their salts.

4. The antiboul i mHeCQﬁﬁiﬂﬁhﬁﬁ&OEQéBﬁxé OaddAdhd: t8 @iaﬁn yphesei g the g
nonobasi ¢ agld 718 sgleﬁéed fr& he gro%g COQi'St'le roshi

hydr ogenat ed’ r 0si'fis® aft &’spr SbPE SRated *Fohitey FFan.hgss
coati ng- accbheR iPOmg EPBIMm 1, 2, 3 or 4 wherein the netal Mis copper or
zinc. 6. The antifouling coatlng according to Claim1l1, 2, 3, 4 or 5.
wherein the ratio of the nonobasic acid to the acrylic resin constituting
the metal-containing acrylic resinis 0.9/1.1 to 1.2/0.8 by weight on a
nonvol atile matter basis. 7. The antifouling coating according to Claim1,
2, 3, 4, 5 or 6 conprising an additional binder resinin a weight ratio,
on a nonvolatile basis, of [metal-containing acrylic rosin]/(additional

bi nder. resin] = 100/0 to 30/70. 8. . The antifouling coating according to
Caiml, 2, 3, 4, 5,



6, or 7 wherein the acrylic resin constituting said net ais-l:émﬂé@lzﬁbﬁlg
acrylic resin' has an acid value of 80 to 30.0 ng KOH/ g and a gl ass
transition tenperature of not higher than 5C. .25 February 2004 37 9. The
antifouling coating according to Claiml1, 2, 3, 4, 5 6, 7 or 8 wherein
t he nonobasi c acid has an acid, value of |ess t han 200mg KOH g. 25
February 2004 38 ANTI FOULI NG COATI NG - ABSTRACT An antifouling coating
whi ch conprises a netal-containing acrylBic resin having, in a side chain
thereof, at |east one group. represented by the followng formula (1): O
{On CGQ M Wn (1) wherein X repr o) he formula: 0 o--0 |
represents 0 or 1; Y representsﬁgfgég?g%géﬁgﬁ g%oﬁp M represents a neta
mrepresents an integer equal to [(the valence nunber of nmetal M-1]; A
represents an organic acid residue ®BIRRACTrom a nonobasi ¢ aci d, said
varni sh”having a nonvol atile fraction of not |ess than 40 weight % and a
V|sc03|ty at 259C of not nore than 18 p0|ses with 5 to 100 nole % of said
organic'.acid .redRdaBtademtdamg raatiindonobasi ¢ acid being the residue of
ﬁygygggg o ggg'eﬁ«ggggdcmep&g SgaNat HeclPnobashe; g LS A, LSRN0 51 .

_ chain thereof, at 1least one group ., represented by the

following formula (1):

R - -
(;—C—O0—M—(A)y, - (1)

wherein X represents a group of the formula:

Q=0

-0 —Y-
n represents 0 of 1; Y represents a hydrocarbon group; M
represents a metal; m represents an 1nteger equal to [(the
‘valence number of metal M)}-1]; A represents an organic acid
reSLdue derived from a monobasic acid,
said varnish having a nonvolatlle fraction of not less
'”than 40 weight % and a v1sc051ty at 25 Tiof not more than 18
‘poises : :
with 5 to 100 mole % of said organic .acid residue derived .
from a monoba51c acid being the residue of a cyclic organic acid

wherein the monobasic acid-has a diterpenoid hydrocarbon skeleton
. or a salt thereof. '



