1 DESCRIPTION FLELEEEEEErrrrererrerererrrrererrrrrrrlrl *166166* ANTI FOULI NG
-COATI NG COVPCSI TI ON, ANTI FOULI NG COATI NG FI LMs AND COVERED W TH THE

ANTI FOULI NG COATI NG FI LM MARI NE VESSEL, 5 UNDERWATER STRUCTURES, FI SHI NG
GEAR OR FI SHING NETS TECHNI CAL FI ELD The present invention relates to an
antifouling coating conposition, an antifouling coating film and, covered
with 10 the antifouling coating film a marine. vessel, underwater
structure and fishing gear or fishing neg, and further relates to a nethod
of fouling prevention therewith. Mdxre particularly,—the present invention
relates to an antifouling coating composition from whi l'ing
.15 coating film which can reduce Hu¥ THNt he enV|ramwm mm m lmr
-realizing uniformwasti rig of coati.ng filmat a constant rg| t?

prol onged period of time and which can maintain excellent an |fouI|ng
performance for a prolonged period of time, being applicable to even

ocean- goi NgAXIBEUEINGA0OREING b AIPRITISN ARGIRG UEIN&'I?ogrr?ﬁﬁ%%we”“ on-

-relates to such an antifouling, coating fi covere

“anti foul i ngANPaEOVERED! WiTR THR! ARG S d
-fishing gear or fishing net and to a rrg Gggg‘q?ﬁ&lﬁ%ﬁi‘é%&h%éﬁﬂ
‘theren th. UNDERW ATER ISTR! I gl'L * 9 BACKGROUND -
ART Shi p bottons, underm'peéﬂ%#%c%%ﬂrde%é ﬂhbh ljﬁblUgG the |ike, when
exposed to water for -a prol onged period of 5tine, are Ilkely to have

t hei r .appearance and functions damaged by the attachnent to surface and
propagat i Onré&l%?eﬂﬁ EEEY'B“ ous aquatic organi sns including animals such as

Loysters, nussels an arnacl es, plants such as seaweeds (Ilaver). and
" bacteria. 10 In aquatic organismattaches, to a

. t
ship“$ibotton1agﬁangégﬁgﬁekﬁYﬁﬁFéSH,rgf hey Teriratthitouling coating

composition, an antifouling coating film and, covered with

_1(_)_- -_the'.antifbdling coating film, a marine vessel, underwater
structure and fishing gear,-dr fishing net, aﬁ_d further
relates to a method of fouli_ng prevention therewith. More
particularly, the presenf invention relates to an
antifouling coating composition from which an antifouling

.15 _coati.ng film, which can reduce burdens on the environment,

rea‘li__zing uniform wasting of coating film at a constant rate _
fbr a prblonged péi:iod of time and _v)hich can maintaiﬁ |
éxcellent; antifouling perférmance for a prolonged period of
~_t'ime,..being applicable to even ch-an—gé_iﬁg _Vessels, can 'bé'

: 'fox;med'.' Furthexrmore, tﬁe p‘résén_t invention relates to such

‘an 'a-ntifouling, coating filﬁ and, covered with the

o 'ént'iféuiing coatlng ;_filin,: a mél.rin-é vé—ssei, underwater |

structure and fishing gear or fishing net and to a-method

'.of fouling prevgntioh tﬁerewith. - I
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the surface. roughness of the ship as a whole is increased to thereby
| ower the speed of the ship and increase the fuel consunmed by the ship.
Renovi ng of the aquatic organismfrom 15 . the ship bottom necessitates
spendi ng of extensive |abor and working tine. Al so, when bacteria attach
‘to, for exanple, an underwater structure and propagate thereon and,
further, sline (sludgy matter) attaches thereto to cause putrefaction, or
when a | arge sticky organismattaches to the surface of 20 an underwat er
structure, for exanple, steel structure and propagates thereon to thereby
damage the coating for "corrosion. prevention provi ded on the underwater
structure, there is the danger that danages such as deterioration of - the
strength-and functions of the underwater structure and 3 thus narked
shortening of the:life thereof are invited. For preventing such damages, it
~i's common’ pragGRoOEBNDt aRTappl y various antifouling paints to ship bottons,
“etc. For .exanple, the followi ng antifouling paints have been 5 proposed.
(1) Japanese Pajig poditdbnapemidddoait ¢t N tubSé 19883 h il Gfd dised oses an
antifouling paint conprising as a vehicle a nmetal-containing resin
conposi ti opLab ajped, Ry BERLISRY RcPFRELEFIL GORRI ML ABAGISH HOUP, 2
‘metal 10 salt of Iow boiling-point organic basic acid (‘provided that the

ok LS SRRLSEL ST YO ARSI et gRclouR <Lantsarion

t endéncy than those of al [ ng- pol nt nmonobasi c

acid while renoving: %PMFgOi|'n -pai nt _organi c_bhasic acids fromthe system
2o as 15 +6oBAPEHDY Eh 7 bR FhBRBRCS PR e ARY GRATH LB UBI R o
there is disclosed an antifouling paint, conprising a virnish of -
~ napht henat 8€ofpELoPFe BRPALLA KTANETE Syt k9P 23EPgiat 81€Bp8Ffymer ni xed
'.g}th-;a'tetraphenylborane 20- pyridinium conplex. Further, in Exanple 43 of
this publ pyatess, mheseliss aics gt s atldphfi AgChpaPneeaweshsri sing a
varni sh of ol eatozinc (neth)acrylate/ MM ethyl acrylate copolyner mixed
~wi th cuproudagrirdeand bacteria. : -
10 ‘ .In paffiéular, when such an_aquétic ofgénism attaches
toéaship's bottonrand'propégatés thereon, it may occur that
~ the surface.roughness of the ship as a whole is increased
to thereby lower the speed of the ship and increase the fuel
jcdnsumédloy the ship. -RemOving of the aquétjﬁ:organism-from
15 . the ship bottom necessitates spehding of extensive labor and
n?}'_ ' working time. Also, when bacteria attach to, for example,
 1 an.underwater_structuréenmipropagate.thereon'and, further,
slime(éludgyn@tter)attachestheretotxbcauseputrefaction,-
- or when a large stiéky drganism attéches to the surface of
.20 | an ﬁnderwater structure, for example, steel structure and
propagates théreon to théreby damége the cQatinQ for
ébrrosioh_preVention provided on the underwater étructure,'

there is the danger that damages such as deterioration of

" the strength and functions of the underwater structure and



(2) The present applicant in Japanese Patent Laid-open 4 Publication No.
11(1999)-323209 proposed an antifouling coating conposition conprising (a
‘a (meth)acrylic acid nmetal salt based copol yner and (b) a pyridine '
tri phenylboron or triphenyl boron amine conplex of the formula: B --*--NH2
R 1.. 5 (inthe fornmula, Ris H, an alkyl-having 3 to 30 carbon atons, a
substituted. or unsubstituted pyridyl or a substituted or unsubstituted
aromatic group) (3) Furthernore, an antifouling paint. conprising a 10
conpl ex, the conplex conposed of triphenyl borane and an amine having 6 or
nmore carbon atoms, and a hydrolyzable resin is disclosed, and as the
hydrol yzable resin, there is. mnentioned a resin conprising a (neth)
acrylic reshnshawirgd athitden ghmiaf erids 1 hépetherke ff arguliavi(t@4) mCOO- M.n
15 (wherein m integer of 0 to 2, n: atomc valence of netal -1, M Zn,
Cu, .etc. and L:pai kytevé&mt Degysuctetdanagsee. it Japaneseoahentt Laedtopen
* Publication No.Il.(1999)-302572). However, all the antifouling coating
- conposi:tions,idesstiBed AAct hsuabRy o PURLECES I bbktoke,(8kcconkain . 20
antifoul ants., "such as cuprous oxide, causing relatively heavy burdens on
~the environ 1 AC i ol r f.o r i npr ovenent
‘to the obt gggﬁhlgdaﬁ:ﬁ{]eg %91%l?‘f{n@gefarq})%f?ﬁ‘é?\g/?gmgggmtSo??%o%@g(narfpl e,
" redugi ng burdens n the environnent. Moreover, Japanese Patent Lai d-open
Publ | catioﬁrﬂ89sef§(1999)-35877 and Japanese Patent Laid-open Publication
- No.- 5 20.02-12630 describe antifouljng paints c risi.n t al - cont ai ni ng.
" resin-conposi ti bhk. JRRARETS ??ﬁ?n%eE%?GEREﬁP SP%gﬁFP%&E%iﬁghpaints.of o
‘further enhanced perfornmance has been demanded., As apparent fromthe
above, the#d (1988 )delRRP ¢ sH OSSR bhwehi NS FPHN AR THRETF HGI
.cpating. conposition capable of formng a superior antifouling coating
fil m whi chaissa vehicle a metal-containing resin composition obtained

by heating é-base resin containing an ééid group, a metal
”_10  éalt of low—boiling—péint-orgénic basic-acid (provided that
ﬂthetgetal is-aloivaleﬁp Qf.higﬁef valence metal having lower
ionization tendency than thoée of alkali metais) and a-
'high—boiling*point monobasic'acid while removing
low-boiling—point organic basic acids from the systenlso_as

15 ' to effect reaction thereof.

In Example 42_oflthiS'publicatiqn, there is_disciosed
an'antifOﬁling paint comprising a va#nish of
' naphthenatécopper (meth)acfylate/MMA/Z—ethy;hexyl
-'_;éryléte'copélymef'ﬁixéd with'a'tetraphenylbofane
20 pyridinium complex. Furthef, in Example 43.§f this
npublication, theré is.disélosed an antiféuliﬁg.péiht
'comprisiﬁgeavarniﬂnbfoleétéziné(H@th)acrylate/MMA/éthyl
aéryiate cdpolymef hixéd with cuprous oxide.

(2) The present applicant in Japanese Patent Laid-open.



wasted at constant rate irrespective of the coating location for a

prol onged period of time and which can nmaintain. excellent antifouling
performance for a prolonged period of 15 tinme, being applicable to
‘ocean-goi ng vessels. In this situation, the inventor has conducted :
extensive and intensive studies. As a result, it has been found that the
use of specified copolynmer (A) containing a netal as a resin conponent_ and
t he sinultaneous use of .20 4,5-dichloro-2-n-octyl-4-isothiazolin-3.-one
(B) conbined with a netal pyrithi one compound (C) as an anti foul ant
enabl e realizing excellent antifouling performance even w thout the use
of cuprous oxide and an organotin. It has further been found that the
coating.fibobitoartbe olbtailngd B 9)anid32ed i pgopostd ngn canpagbuildmgexhi bi ts
vari ous advant ageous characteristics, such as reducing of burdens on the

envi r onnent o a Y@k aam%s%aunn@d‘mﬁm@in@owr aat (mate) ateyespeeldiee of the
coating location for a prolonged period 5 of. tine, naintaining of

excel | ent aptLfoulj g ReSf e&aem%ﬁ&m%qrle%ir%erc'r%h%fnﬁﬁ%orbe' ng

applicable to ocean-going vesséls, reS|stance t o cracking and. peeling,

i ncreased adh SIO r f t fiLm based on
pyridine- t?lp BS %%3@% %g?'s ar %%Qa%g ﬁggr%§%%|%é of discol oration
‘after water. |nner5|on or exposure. The present invention has been

conpl et.ed ongt he \ .these . findings. The present invention has been
made with a i 50l ving the above prgblens of the prior art. It.

" 1S an object e Bt-qu t+o-povi de an antifoul i ng coating
conposi tion \fry i an, ‘excel | ent ~anti uling coating fillm which can

. reduc [ C Wt yiRonnent, realizing uni formwasting of coating
~fiilmat a constant rate fora prolonged period of ." tine (uniformwasting
“performance of- 20 . coatin f|| and whic nalnta n_ex IIe
antifoul i ng - perfblitgnder Brbﬁoﬁgeﬂl hSVlPP %?dﬁ

antifouling performance nalntalnlng capabllltz belng appllcable to even
. ocean- 90|ngt9@§$eﬁsSW&ﬁﬁqﬁyqﬁﬁwﬁﬁiU“%UbStltu éd pyridyl or a .

substituted or unsubstltuted aromatlc group)
(3) -Furthermore; an aetifouling paint .comprising a
_10 = complex, the complex cbmposed of triphenylborane'and an
- amine ﬁaving 6 or mofe carbon atoms, and a hydrolyzable resin .
_is disclosed, and ae the hydfelyzable resin,.there is.-
:ﬁentiOned a resin comprising a (meth)eérylic resin having
i“ o : at side cﬁain ends.thereof the formuia? (CHﬁanOO-Man
-15'  (Qhereie m: integer of 0 to 2, n: etomic valence of metal.
;i, M: Zn, Cu, etc. and L: alkyl, carboxyl étc.) (sée
JapanesePatentLald openPubllcatlonNo 11(1999)—302572)
| " However, all the antifouling coaﬁlng compositions
déscfibed in the above publications (1) to (3) contain
_20 C antifoulanes, such es cupfeus oxide, caueihg_relatively
Heavy burdens-on tﬁe envirohment;..Accordingly, there has

been room for further improvement to the obtained coating



is other objects of the present. invention to provide such 7 an
antifouling coating filmand, covered with the antifouling coating film"
a marine vessel, underwater structure and fishing gear or. fishing net and
to provide a nethod of fouling prevention therewith. 5 DI SCLOSURE OF THE
| NVENTI ON  According in one aspect, ‘there is provided ..an antifouling-
coating conposition substantially not containing cuprous oxide and
organotins, characterized by 10 conprising: (A). a netal-containing
copol yner obtained by copolynerization of a polynerizabl e unsaturated
nononer . (al) containing a metal and &h. unsaturated nmonomer (a2) capable
of radical - polynerization having no netals, obtained by reacting an 15

- inorgani c freflals €onpotlne %i@hPQMBFh?ﬁer§¢¥(?%ﬁﬁRﬂeNWRQQQQﬂQQ1 Egetes
conpound is an oxide, hydroxide or chloride of a netal selected fromthe
s™1 group eansihst iemyiafonnens;. copper. and magnesi un ( B) '
4,5-di-chl or.o- 2-n-octyl - 4-i sot hi azol i n-3-one; and (C) a netal pyrithione
conpound, wher qiigirddkee £0NPLPERAL sEBPaiten@Miand-obed Pukild ¢ qrarNs. by
wei ght and the conponent (C) in.ambunt of 1 to 90 parts by weight are

contai ned haged e 5@ PaLhe @é{pX\RéQQtPéﬂeﬂlﬁtéth@@bﬂl PhpDic20i6an0) yner
(A), wherein the net al - cont ai ni ng copol yner is a copolynmer . conprising

2. 10550% b gow Btsa%fq%) nofle é‘tah‘@ﬁéuﬂfﬁgvﬁ %EQ”I:EHBmE%é”E“_Zame

unsaf ur at ed “rénorer aining a net 50 to 98% by wei ght of
conmponents uni ts derlved fromthe. unsaturate reéaZ% capabl e of

radi cal pofhéeri TS - TR HG ROReTh longa ?wls preférred that

substantially none of ..triphen prane and te Ibo ane_conpounds be
‘cont ai ned ﬁﬁWﬁ%@Eﬂﬁﬁq(ﬂﬁ|4ﬁf%ﬁéffh@gc8ﬁbBEFt?% gﬁFgEF%sgﬁ apfethe
“antifouling coating conposition disclosed, preferably 0.5 to 100 parts by
wei ght ,- stPEKfQﬁmﬁﬂﬂ%ﬂﬂ%ﬁ]P?%PS@E@%P?§ by wei ght of

‘As apparent from the above, there is a deﬁand for the

- 10 :development of an aﬁtiféuling coating_composition éapable
of forming a superior antifouling coating'film'Which is
wastedzﬂ:gonstant,rateirrespectiveoftjmzcoatinglbcation
for a prolonged period of tiﬁe and which can maihtaiﬁ.
excellent antifouling performance for a pr_blonged pe;:iod of

15 -time, being_appiicable ﬁo ocean—going veésels.
{%? . "In this sitﬁationq the inVentor'hés conducted extensive
-énd intensive studies.- As é result,.it has been:found that
~the use-of specified coboiymer (A)_qontaining a metal as a
. resin component and the éimultaneous use of -

._20 4,5*diChloro—Z—n—ocﬁyl—g—iséthiézolin—j—one (B).tombined i.
witheimetalpyrithionécompound(C)aszﬂlantifoulantenabie
realizing excéllent éntifouling-pefformance even wiﬁhout'
the use of cuprous oxide and an organotin. It has further =

 been found that the coating film from the;obtained-’



4,5-di chl oro-2-n-octyl -4-isothiazolin-3-one (B) is 8 ..contained per 100
parts by weight of netal-containing copolyner (A). Further, in the
antifouling coating conmposition disclosed, preferably 0.1 to 40 parts by
~weight, 5 -still preferably 0.5 to 20 parts- by weight -of -

4,5-di chl oro-2-n-octyl -4-isothiazolin-3-one (B) is contained per 100 parts
by wei ght of antifouling coating conposition. Still further, preferably 1
to 90 parts by weight, still .10 preferably 5 to 55 parts by.wei ght of .
-metal pyrithione conpound (C) is contained per 100 parts by wei ght of
met al - cont ai ni ng copol yner (A). Still Purther, preferably 0.2 to 40 parts
by weight, still preferably 1 to 20 parts by weight of netal pyrithione

15 conpoundnt(ﬁomklcgnﬁaﬁﬁe@GpepmHm§Hﬁ¥QQ5Q%P%ﬁﬂ@ﬁnv%ﬁlQHﬁlfouI|ng coati ng
conpasition. Mreover, it is preferred that the antifouling coating -
conposi t i caddaschgsedsbehbaadee niistth cai, nsucki de reBucingt pfl bprdkeasably, .5
to 100 parts by .weight of 20 zinc oxide (D) is. contained per 100 parts

- by wei ght @f cHeekakicenint ngasepakys®icopd)indEelar ablapnsamnexander
‘(E)-selected fromthe group <consisting of talc, silica, mca, clay,

cal cium caf pppate. aod J§P°dﬂen do%tfllﬂtlgfj'ﬂéf:aﬁ@&haw@% i dlilpget bEewbing

coating 9 conposition disclosed rthernore, the antifouling coating

composi ti og dtsfgéoslgglmﬁpmksrg?' xxctgfgﬁgsgttt&tfanﬂseﬁgaptffagttgtlew ant (E)

(excluding fhe di chl'oro-"2-n-octy iazolin-3-one and t

" net al pyri-thi one comnpoun dIS asure referred that the
pol yneri zabPE %ng’é? 998%1 &%’t?)r’r)d‘r?éjlr Lal lm(:ednt sithg %S[f]p S% at | east one
- nmononer sel ected fromthe group consisting 10 of nBtaI met h) acryl at es,
netal dl(n%cﬁ§%cg9page§e§ﬁ&qqures1stance to cracklng anad peeling,

{rj increased adhesion as compared w1th that of a coatlng fllm
based on-pyridine—triphenylborane, etc., sharp_hue and

10 ” reducingOfrﬁscolorationafternaterimmersionorexposure.
'ThepresentinventionnasbeenCompletedonthepaSisofthese-
findings.

The present invention has been made with a view toward

solving the above problems of the prior art. It is an object

15 ‘of the present invention.to provide an antifouling coating

(t?_ _ composition.frontwhichgnuexcellent anrifoulijmjcoating'film,
whicn”can reduce burdens on'tne environment, realizing
uniform wasting of coating film-at_e constant rate for a
prolonged period_of.time_(unifdrm wastinq performance'of

20 . coating film) and which can maintain ekcellent.antifouling '
performance for a prolonged perlod of time (long term
antlfoullng performance malntalnlng capablllty), belng

‘applicable to even ocean-going vessels, can be formed. It

is-other objects of the present. invention to provide‘such
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of radi cal DISBtYPRYRE
- nononer (a21) S Iected fromthe rou conS|§t|ng of 20 (nmeth) acrylic

-acids -and (meth CeRIANG ip anerasheck.d étﬁ’f‘e\d &
| -sz &

pol ynerizatt--s thereof. In the disclosure, preferably, the polynerizable
unsat urated nononer (al) containing a netal is a polynerizable conpound
obt ai ned by reacting an inorganic 15 netal conpound with (nmeth)acrylic acid
in the presence of an alcoholic organic solvent and water. Still

- preferably, the inorganic netal conpound is an oxide, hydroxide or

chloride of a metal selected fromthe group consisting of zinc, copper and
magnesi um 20 Further, in the disclosure, it is preferred that t he

pol ymeri zabl e unsaturat ed nononer. (al) &ontaining a netal conprise a netal
di (nmeth).acrylate (all) and a netal-containing nononer (alt) of the

formul a: -RarCGhM Eoullihg. cbat ingerfailm Rind epresardd aitiorgaai ¢ group .

- having unsaturated bond, selected fromthe group consisting of

CH2=C( CH3) -ant (FBaClihg BOREiGY-EiHmand NG RMLEB)  ,updoviidedt hat
-COOH may forma netal salt or an ester; 5 Mrepresents.a nmetal atom L is

an. organic @@f&i@ﬁédélﬁdr§9§ﬁ§§€t§@apkr QAR ng X @iy RS HARIESeats an
al kyl, a cycloal kyl', a substitu unsubstituted. aromatic hydrocarbon

group or .a y 0 q_rm to the val ence nunber
of netal m&}i&élé\%tﬁoag ng ;}S'P’%“ttg?e ra%{y,q#ﬁe pol yneri zabl e

unsatsurat ed nononer (al) containing a netal contains a netal selected from

~‘the group consisting of.zinc, copper and 15 magnesium ;”*l Moreover, in

the disclosure,- it is ‘Sre erred t hat the unsaturated nononmer (a2) capabl e
aPFoRHEoANYENEAGNn0 netal s consist of at |east one

the formula: RAOCOO CH ( R3)

- an antlfoullng coating composition substantially not
containing cuprous oxide and organotins, characterized by
.10 comprising:

(A). a metal—containing copolymer obtained by

¢

copolymerization of a polymerizable unsaturated monomer
(al) containing a metal and an. unsaturated monomer (aZ2)

capable of radical polymerization having no metals, obtained by reacting an
'15 inorganic metal compound with (meth)acrylic acid, wherein the metal
compound is an oxide, hydroxide or chloride of a metal selected from the

-.'}_ _ group consustlng of zinc, copper and magnesuum

(B) 4, 5 dichloro-2- -n- octyl-4- 1soth1azolln 3- -one; and

| (C) a metal pyrlthlone compound, wherein the component (B) in amount of 0.5

to 100 parts by weight and the component (C) in amount of 1 to 90 parts by

-.20. weight are contained based on. 100 parts’ by weight of metal-containing
' copolymer (A), wherein the metal-containing copolymer (A) is a copolymer
comprising 2 to 50% by weight of component units derived from the
polymerizable unsaturated monomer (ai) containing a metal and 50 to 98%
by weight of components units derived from the unsaturated manomer (a2)

capabile of radical polymerization containing no metals.



wherein R3 represents a-hydrogen atomor nmethyl, and R4 represents an
al kyl, a cycloalkyl or an aryl. 11 1In the disclosure, the unsaturated
nononer (a2) capable of radical polynerization containing no netals
preferably consists of at |east. one nononer (a2l) of the above formula
(2) and at |east one nononer (a22) of the formula: 5 R7R6OCO-CH (RS) =CH2
(3) (wherein R5 represents a hydrogen atomor nethyl, R6 represents an
al kyl ene, a cycl oal kyl ene or an arylene, and R7 represents a hydroxyl, an
al koxyl, a cycl oal koxyl or an aryloxyl). .10 In the antifouling coating
conposi tion disclosed, the netal -containing copolymer (A) is preferably a
copol ynmer conprising 2 to 50% by wei ght of conponent units derived fr.om
t he pol ynerizabl e unsaturated nmononer (af4 containing a netal "and 50 to
98% by wei ght of component units 15 derived fromthe unsaturated nononer
- (a2) capabl e ofItr sk qatefeorgdethant substentdiadilyy nmmerstfal s. I n-the :
di sclosure, it is preferred that the netal -containing copolyner (A be a
copol yner epiiphiediyn®otahe tanhdEetXaghenpligbtané componeads b ts derived -
fromthe netal 20 di (meth) acrylate (all) , 0. 1 to 49.9% by wei ght of
conponent L] I £ r ; - i noner (al2)
representéﬁﬂﬁéh?ﬁgﬁpggﬁﬂpgn@q§%Bgﬂggggh¥§%ﬁgguggggéggight of conponent
units derived fromthe unsaturated nononer (a2) .capable-of 'radical.
pol yneri zati on containing no netals. 12 In the disclosure, also
~preferably, the netal-containing copolynmer (A) is a copolyner conprising
0.1 to 49.9% b thei ghtifoafing copting mompasitor disolased: msaiarallyn@oaio 167
(nmeth) acrylate (aLI@q,,@. 1 to 49.9% by wei ght of conponent 5 units
derived fraits R¥ WaighY Stbnt ai ni ng mononer (al2) represented by the fornul a
(1), 0.1 to 97.9% by weight of conponent units derived fromat |east one
mononer (agtefesebdyt d tfa dff tar ey duyp wehsghtt Phg of (neth)acrylic acids
and (neth)acrylic esters represented by the formula (2) and -
4,5~-dichloro-2-n-octyl-4-isothiazolin-3-one (B) is




10 0: 1. to 97.9% by wei ght of conponent units derived fromthe nononer
(a22) represented by the fornula (3)_ In another aspect, there is provided
an antifouling coating film produced from the antifouling coating '
~conposition as defined above. In yet another aspect, there is provided a
mari ne vessel or underwater structure characterized by being covered with
a coating filmproduced fromthe 15 antifouling coating conposition as
defined above. In still another aspect, there is provided a fishing gear or
fishing net characterized by being covgred with a coating film produced
fromthe antifouling coating conposition as defined above. In yet another
aspect, 1 Neleh o5 M AvIeled do 5a ed BY LeAdE BG AefBl NSt 28AehOr
underwat er structure antlfou ing, 20713 characterized by coverlng a
surface of rine, VES@% undermater structure with a coating film

- produced f 1ol (1 foullng coating conp05|t|on as defined above. 5 In
still another aspect, there is provided a nethod of rendering a fishing
~gear or fishing Fgthenin fheudntifgulingeoatine composiipnodiselosad, prefenabic. fof
fishing gear or fIShIng net with a coating film produced fromthe

ant i f oul i ndo 48=Rarkyby WsH¥si ti on as defined above. 10 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The present invention will be described in
~detadl bel ewillTirneferabhe GntitoulPnpacsat biygwedmbdsiak on, antifoul ing
coating filmand, -covered with the antifouling .15 coating film marine
vessel , undeﬁmﬂxnhkanKZtnfo@mﬂl ﬂrshbmglge@dloFBFpmhingaheis according to
t he present invention will be described in detail below <Antifouling _
coati ng. copetidirmny pde B0 i out s ngycaatighg e(fnaaelltﬂmmgt@eaeﬁagent 20
;j”nventlon is one substantially not containi'ng cuprous oxide and

“-0r ganoti ns g dglgiggvl-ses (A) a netal -containing copolyner, (B)
4,5-di chl oro-2-n-oct-yl=-4-isothiazolin-3-one and (C) a netal pyrithione

 conpound. Stiilfurther,preferablyltx>90partskn/weight,still
10 . preferably 5 to 55 parts by,weight of metal_pyrithione
| -'cohpound (C) is.cohtainedlper'IOO parts by weight of
metal—containing Copolymer_(A);

Still further, preferably 0.2 to 40 parts by weight,
etill preferably 1 to 20 partsknfweight of metal pyrithione

15- "compound (C) is_contained'per 100'parts by Weight of
f?l'. . antifouling coating compositien.

Moreovery'it'is preferted that the antifouling coéﬁing
composition disclosed be loaded With zinc |
oxide D). Still preferably;fS'to 100 parfs Syfweight of

.20 .-- zihc.oxiQe {D) is.contaieed per ‘100 parts'by:weight ef-
metal—centaining copolymer (A). |

Preferably, an externder (E)'selected.fromefhe“ﬁrbgp_.

" consisting of talc, silica, mica, clay, calciumfcarbonate

. and kaolin is further contained in the antifouliné.eoating



14 (A) Metal -containing copolynmer In the present invention, the

net al -containing copolyner (A) not only functions as a substrate for
coating filmformation.but also exhibits antifouling capability. 5 The

et al - cont'ai ni ng copol yner (A) for use in the present invention is

obt ai ned by. copolynerization of a polynerizable unsaturated nononer (al)
containing a netal and an wunsaturated nononer (a2) capable of radical

pol ynmeri zation containing no netals...10 Polymerizabl e unsaturated nonomer
(al') containing a netal Although the polynerizabl e unsaturated nonomer _
(al) <containing a nmetal is not limted as long as it contains a netal and
acts as a pompusiiioradisslosednoner, there can be nentioned, for exanple; a
metal -di (neth)acrylate (all) or 15 a netal (neth)acry.late. Fur"t'her t here
can be nmentioned a |ow polynerizate, such as a dipner or trimer r eof
whi.ch .. has polﬁwﬁnemreoth%@mﬁlfouhfyg coating gempegiiogrdis¢ased Fﬁ)ﬂtﬁ% Yay be
used al one or ,in conbination. Herein, (neth)acryl means acryl and/or

net hacryl , lgﬂge?%&h")‘%ef%rﬁ?e means 20 acrylate and/or nethacrylate. As

t he netal (al f.here can be nentioned, for exanple,
_ magnesi um. a‘%ﬁ(“ﬁg?é? 82 zg?f dlelzﬁﬁlél 1(@-!21@-!000) 2My, magnesi um net hacryl ate
of the-fornula (.CH2= Cé CQOO) , zinc acrylate of. the formula 15
. (CcHP=cHOOO) 2Zndighheras h&cpﬂté{tle %11%@%%-3(@9 ¢BEH oL EZN,
“copper acrylate of the formula (CH2=CHCOO)2Cu, copper nethacryl ate of the

“formul a- (@MECL QPR OO0 208 cempleand KE.) AL least one of these may 5. be
- selected and used. 'Wth respect to these netal di(meth)acrylates, it is

preferred that Phﬂ%@%élo%@l'@fitt@(breferr%ﬂ\'&@trﬂi oup consisting of zinc,
copper, calcium alum num and magnesium be contained as. the metal. It is

still pref. q;scsEﬁnéhﬁﬁamae&abaealra%admf)h@ﬂibtrheeagr)ommﬁg Y meltQs 10f
‘zinc, copper and nagnesi umbe contai ned. Further, as the polynerizable
_UnSatUfaﬁdeﬂQﬂQWﬁ&nﬁ?hhe monomer selected from the group consisting
: ;10 - of metal (meth)acrylétes, metal di(meth)acrylates and loQ
polymerizates theréof. | |
In the disclosure, preferably, the polymerizable
unsaturated monomer (al)  containing a metal is a
polymerizable compound obtained by_reacting an inorganic
15 Imétal compound with (meth)acrylic acid in the presence of
?;? - an alcoholic organic solvenﬁ and watef.' Stiil prefe:aply,
the ihorganic'metal compound is an okide, hYdroxidé'ér
chloride_of a-metai selécfed.from the group consisting of
iinc,-copper.and magnesium. |
. 20 Further, -in the.disclosure, it is preferred that
| tﬁe pOIYmeringié unsaturatéd mon@@érﬂ(al) contéining a
metal co@priéé-a metal di(meth)acfyiété'(all)'ahd.a'
metal—contéining monomer (a12)l§f.the formu1a: |

R'-COO-M-L, (1)



containing a netal, there can be nentioned a polynerizable conpound
" obtained by reacting an inorganic metal conpound wth a car boxyl at ed
conpound. This conponent (al) can be 15 obtai ned by reacting an inorganic
metal compound with a carboxyl ated conpound preferably in the presence of

water, still preferably in the presence of an alcoholic organic solvent
and water. Al though the process for producing this polynerizable -20. -
unsaturated nononer (al) containing a netal is not particularly -limted,

for exanple, the conponent (al) can bgyobtained by heating under agitation
an inorganic netal conmpound and a carboxylated conpound in the presence

O a2 BRRES ROk LRI MR L BeobRTRCATe Al (W oheta L lipg. Lhe 16

deconposition poin n|c oun use can
be. made of nds ich react mnth car boxyl ounds to
t her eby foPﬁPﬁetﬁF?§§l f%%ﬁhﬁﬁg Q?%H%o?oVﬁ&FEngn§§yC§I eé;ﬁggg ‘such as
Zi nc oxi de, alunlnun1OX|de cal cium oxide, cu rlc oxi de, neS|un1OX|de '

* and manganE8e=eii deHORBT SH=CHydrdd dOOCsEHT @t Bt P'R/’Ef?%’x‘ii B lmi num

fhydrOX|de cal ci um hydr oxi de, cupric hydroxi de and nagne5|un1 hydr oxi de; -
and metal chPOHi ey $waim & me bl chr b i @, anoegkgm-num chl ori de, cal ci um

chloride, cupric chloride, magnesiumchloride and manganese chl oride. The
netad of the i morggnesartal acoapalindtom:sel ected from anong, for exanple,
the metals of Groups Ib, Ila, Ilb, Illa, Illb, IVa, IVb, Va, Vb, VIb, VIIb

and VII'l of thg L% pﬂfl@ﬂggniabhe1dThesmu@ga@pxerm§reﬁe@anpoemdeR%ray be
‘used alone or, according to necessity, in combination. As the inorganic

- met al cormwﬁereEhe&%&éﬁqe%%ﬂssamﬁcypf AByexbda k 1y, daoxhsler pEuebhori de
~qf a metal selected from the group consi sting of zinc, copper, calcium

~al uri num apg ﬁ%@@f@é 4ga bt 1 BB S 1SR qqxzo%gl%ef 9h 2P PX

hydrOX|de or ride o sel ected fromt oup- cons1s¥|ng of
zi nc, copper . and magnesi um When a.conmpound of Cu is used as the inorganic
net al ' ' :

lb i . n is_thé number équal.to the vaience numbér of métal
M- 1. | |
In the disclosure, preferably, the polymerizable
unsaturatednwnomer(al)confainingeametalcontéinseahetal
selectéd fpﬁm'the group consisting of zinc, copper énd
15 mégnesium.
§?  | Mmawminmem%bwmjﬁsmdamdmm
| - the ﬁnéatqrated monomer (a2)-¢apablé of radical
',pbiymeriZation éontaining no metals conéis£.of at least'oﬁe
ﬁoﬂdmer (a21) selécted frqm the group consisting_of'
20 - _.-(t.ne't':'h)ac-rylic-acids and (meth)acrylic esters represented by
| 'thg formgla: ' |
'R*0CO-CH (R?) ~CH, @
.- whérein-R3 représeﬁfg.éfhydpogén atom or methyl, énd R*

':répresents an alkyl{ a cycloalkyl or an aryl.



conmpound, . it is preferred to use the sane in conbination with 17 a
conpound of Zn.fromthe viewpoint that the copolynerizability with an
acrylic nononer can be increased. The use of a conpound of Zn, My, Ca or A
is preferred fromthe viewpoint that the.obtained resin tends to have 5.
enhanced transparency. It is especially preferred to use a bivalent Zn or
My conmpound fromthe viewpoint that the viscosity increase at resin
‘production can be regulated. |In particular, when a conpound of Zn or - My is
used, favorably, the transparency of objpined netal -containing 10
copol ymer (A) would be hi gh and the tone of coating filmwould tend to be
beautiful.. Furt vorab fo,nsuch a conpound in -
customarily er‘rplln 8&"%‘? g %y@ﬁp@%%#@%@%%h to thereby tend to

i nprove morkabll The onpound i s _especiall referred
romthe  ERRARKBOPAL LERACS EnBORIEEE Ak Kk e ot Tt fgaret s
met al - contalnlng copol ymer (A) can be high. As the carboxylated conpound,
“there can BXERERB é&O“Q%ﬁt%ﬂgﬁﬁleeaﬁﬁ?ﬁﬁFVﬂqy%ﬁﬂ%P Loty Fhe 3RsYe
~itaconic acid, maleic acid (-anhydride); a nonoal met hyl., ethyl

20 butyl, 2fce1trhy1hek§’f)' and tdte Ydaad) dnedemeer a@%ﬁo@l%ﬂhe (fQIQ“UlEmet hyl ,
et hyl , butyl 2- ethylhexyl or the like) naleate or the |ike. These can be
used5al one or i R'RborbiC@mtRO-CHANDNg t hiéde car boxyl at ed conmpounds, (neth)
~acrylic acid is preferably used, and methacrylic acid 18 is especially
preferably uaesreln Rherépewéraﬁsoa nf dpolgyme fitoablor lmﬁai)ur,ateg monomer
(al) containing a metal. with the use of an organic solvent, it is

~preferred thalrL 56nPL YRR £1 kPR NVENta GO Bh AN RP1 @hE Pl T A FISROYNhd The
-al coholic conpound is preferably an alcoholic solvent, such as ethanol,

‘i“sopropanolg? Q_létp%%l Qs BY Q,%J ﬁ'ﬁ} 9'&{{3%!(1){%%{91”9@3@ thogquo}g'he oPrgani c.

- sol vent for use to tal n onent nmay C nt ain, accordl ng to
hecessity, V\?aﬂs c solvent .10 other than the above aI cohol i ¢ conpound
in conbi naﬁ’@ﬁ ' - _

10 In the antifouling coating composition disclosed, the metal-containing
copolymer (A) is preferably
'a cepolYmer"cemprising 2 to 50% by weight of component units
.derived from the polymerizable unsaturated monomer (al)
containing a metal and 50 to 98% by weight_-of component units
i5 _ derivedrromtheLuwaturatednmnomer(a2)capablecﬂfradical
fj-' o pdlymerization containing no metals.
Inmemmb&mLMSmdmmdmame
-metal~conﬁainingcopolymer(A)kxaacopolymercomprisingo.l
“to 49. -9'% .by weight of _component- units derived from the metal
- 26 o rdikmeth)aerylate (all), 0.1 to 49;9%kn;weight of component
unifs derived from_the metaLQCOntaining monomer (al2)
| represented by the formula (1); and 50 to 98% by welght of

component units derlved from the unsaturated monomer (a2)

" capable ‘of radical polymerization containing no metals.



t he al coholic compound. As the organic solvent other than the al coholic
conpound, there can be nentioned, for exanple, an aliphatic hydrocarbon
sol vent such. as. pentane, hexane or heptane; an aromatic hydrocarbon

sol vent such as benzene, 15 toluene or xylene; an ester solvent such as
ethyl acetate, butyl acetate or isobutyl acetate; or a ketone solvent such
as net hyl ethyl ketone, nethyl isobutyl ketone or cycl ohexanone. Wen the
organi ¢ solvent other than the alcohalic compound is used in conbination
with the alcoholic 20 compound, the rgtio of al coholic conpound to the
total anmpunt of organic solvent is preferably 5% by weight or nore, stil

preferably 25% by wei ght or organi ¢ solvent containing the
al cohol i c conpou'h&‘%lf"sl?msé"? §%pr%/f\h[?3)éyﬂﬁef avorably, the sol ub‘i | i ty of
pol yneri zabl e unsaturated 19 m)norrer | ) containing a netal

sol vent .wofi&d3le COHeE Ehidtd CPB EIEh | ?rﬂﬁ BiGORpgREY CPBYH‘FEHSIW résul ting
i n enhanced storage stablllty The nmetal content of polynerizable

unsat ur at ed B eifér by Fight edncampeAgnd welbp del vrdidhr e féedmA§adn t he
type of netal, is preferably in the range of 0 . 1 to .60% by weight,

still pref eha(lnieyclﬂ) dor PES%dy aldilght0.- 1IThe 42t ab bbomeg@mmotf cempesdnfg. 60 %
by. wei ght-is preferred fromthe viewdoint that the nmononer is soluble in
an oggani c witlterde Bneb L afrdie tha ede 181 Webh tad naagy ot orenongs1 and
polymerized. On the other hand, the netal content of 0. 1% by weight ‘or

nore-i s prefyrebitamp ftﬁhén@mhm thpt & he veted -sond H@éﬂghGOBQ' ymer
(A) can be produced efficiently. In the production of polynerizabl.

unsatur at ed pnanere I3 (&lde CONLAT PEBY th_’EEQEt' Bn% Cﬁnﬂ%ererboxyl =g

. aI though the “ratio between inorganic netal conpoun
'corrpoundls articul arl Ilmted s prefe e |oof
‘i.norgani c. etrqutgeoénpforl?r%%&gy E o] s fccdanr lStlT(gt e% H%%pi)%%ﬁy 18 a{éﬂi
less fromthe V|e int that the 20 obtai ned -cont ai ni.n pol rrer (A)
can have higH (ERISgRraNes ©BhoERorGbREFCRARA PY (NS ASEht dd 1L ABK ¢ he
ratio of: |norgan| C rret al compound per nol of carboxyl ated-" -

10 0. 97.9% by welght of component unlts derived from the.

monomér (a22) represented by the formula (3).

In another aspect, there is provided an antifouling coating film produced from
the antifouling coating composition as defined above.
_ In yet another aspect, there is provided a marine vessel or underwater
_ structure characterized by being covered with a coating film produced from the
- 1.5' | antifouling coating composition as defined above. _
) In still another aspect, there is provided a fishing gear or fishing net
e characterized by being covered with a coating film produced from the antifouling
coating composition as defined above.
In yet another aspect, there is provided a method of rendering a marine

vessel or underwater structure antifouling,

20



~conpound be 0.1 nol or nore fromthe viewpoint that the coating film

formed by obtained antifouling paint can excel 20 in water resistance. In
t he production of polynerizable unsaturated nmononer (al) containing a

- nmetal through reaction between an inorganic netal conpound and a

- efficient &9

car boxyl ated conpound, as 5 aforenentioned, it is preferred to heat under
agitation an inorganic netal conpound and a carboxyl ated conpound in the
presence of an organic solvent and water. In this reaction, the ratio of
water to the total anmount of-inorganicigetal conpound, carboxyl ated
conpound, organic solvent and water 10 (excluding the anount of water

formed debﬂQré%%%EhQ@h by JYRIEablY ddr fhEe r3R0RACHE NQ Qb <2 183Q9% by -
wei ght, stil preferably 0.2 to 15% by wei ght. Wen water is present in

~the reac“gﬁeé\r’%‘%g‘_r' F?QC%G%”M‘BE. %9&!&?&( "‘ff‘i%tp%gﬂ%ﬁ rb€the

pol yneri za unsatura mononer met a as resul t ant

reaction prod%Jﬂ is ohtained in.the a% a solution, thereby enabling
H Wﬁg@?&ﬁ?&ﬁmqﬁs't{%aﬁgﬁb%ﬁji 2MFe unsaturated nononmer (al)
containing a netal with an unsaturated nononer (a2) capable of radical
pol yneri zation containing no netals.. 20 Upon the production of
pol yneri zabl e unsaturated nononer (al) containing a netal through reaction

cont n|ng a

between an inogﬁc Lsn&ﬁteabs wm&ev.g@%ﬂdéahb%m(ﬂsﬂre%@ﬁﬂwﬂsmnghe

presence of an ol1c organi c sol and wat er generally,.. a mxture
of conponegéarad fishimg gehanstifealingnt and 21 water is subjected to

copol-yneri zation reaction with an unsaturated nononer (a2) capabl e of

radi cal potpaehczatiosd byoricaidringy no stfdse oA Fhehdopolgeaas iczation with

~ the conponent. (a2); it is preferred that the conponent (al) 5 mxture

cont ai n wefishing nneh witiouat oobtlﬁQOI:lrhOthﬁt%dad Webrphtthe anpREling! Yoltidgt o 15%
by wei ght Wien the a water is 30% by weight or |ess, the

m sci bi | i t§PRPPsit '?H@S[H%#@@Grag}%’d’ monomer. ((a2) capabl e of r adi cal

pol ymerization containing no netals, such as an acrylic nononmer, organic
sol ygnt. etc.

BEST MODE FOR CARRYING OUT THE INVENTIONI
Thepresentinventiohwiilbedescribedjjldetailbelow.
That-is, the antifouling coating composition,

"antifouling cogting film and, coveréd with the antifouling

15 coating film, marine vessel, underwater structure and

ﬂb ‘ ‘ ‘fishing gear or fishing net according to the present

inyeﬁtioﬁ will be dgscribed'in'detail'below.
'{Antifouling coating,composition>
Iihe antifouling Coati@g composition of thé-present_
20 o inventibnix;bne-substantially?uﬂ:Coﬁtaining cubfous oxide
-and'organotins,'which'comprises (A) a metal-containing
bopblymer, (B) |
- 4,S—aichlbro—Z—n*octyl—4—isothiazélin—B—one and (C) a

metal pyrithione compound.



10 woul d be high so as to enable. efficient copolynerization of conponents
(al) and (a2) . The water contained in the mxture containing the :
pol yneri zabl e unsaturated nmononer (al) containing a netal may be only
wat er added to the reaction systemfor preparing the conponent (al) , or
~may include water 15 further added after the preparati on of conponent (al)
. It is preferred that the anount of water contained in the m xture

contai ning the conponent (al) be in the range of 0.01 to 5, especially
0.05 to 3 tines the nol ar-anmount of inorganic netal conpound used (nol ar
rati o) fromthe viewpoint of operationt4 20 efficiency. As the above.

pol yneri zabl e unsaturated nononer (al) containing a netal, there can be
ment i oned, (RbrMekabptentaindogpeerd lyalety) of the formula: R1-GOO-MLn (1)
.22 wherein Rl represe.nts an organi c group. having unsaturated bond,

-sel ected from tIine tdreoyjrecsi sinwven tof orfCH2EE QB ka1 - cCH2a@H ngHOOC- CH=CH-
“and HOOC- CH=C(CH3) -, provided that -COOH may forma netal salt or an ester;
5 M represgppsl gmBet @) Aol yi $uABLeHAINEE &C b & €84 Chig Jrepbesenied by
-OCOR2 (wherein R2 represents an alkyl, a cycloal kyl, a substituted or

- unsubstit ugedyaFQPRELEG oRY BLRCANRN I t AN RE BFKYL inQT capiiei $2BF Or gani ¢
~group having unsaturated bond as 10 represented by the above R) and n is

the 'E”m?;§_E8%ﬁ%F%g&gﬁ%%‘iﬂg%@ﬁ@%?f (8 or Mse bn el B2 c2h0Ue

- fornula- y represents or Cu, and especially
. preferably.represents Zp, As tﬂ&/ 15 repr.esenti ng an _organi ¢ _acid
resi due. , %Hggagéaﬂlﬁéoﬁﬁﬁ%PSHe -§°Pe #H‘é‘&%ﬁ%V%agFﬁ%RP%9WSE&&§ﬁ%h
-organi ¢ acid, ~such as nmonochl orgacetic acid, nonof|uoroacetic acid,
_propionic HEPALUBREGH BCROMET VErdatiCt tatiti Y sHstebRt 2B Y palnit.ic
© adcid, cresotic acid, a-naphthoic acid, R-naphthoic 20 acid, benzoic acid,
2,4,5-trichhepbphehedyaeepneracid) capahii ¢Hl srshitedorpdyrerdzation
aci d, qui nol i necar boxylic acid, °
containing no metals..
_ 16 _fPolyherizable unsaturated monomer (al) containing.a metal
Alﬁhough'thé polymerizable'unsaturated'monomér (al)
‘containing a metal is not limited as long as it contains. a
métal and acts. as a polymerization monomer, there can be

"mentioned, for example, a metal di (meth)acrylate (all) or

15 © a metal (meth)acrylate. Further, there can be mentioned a

S
(4 )

 low_polymerizate, such as a dimer or trimer, thereof which
_-has polymerization activity. At least one of these monomers
:may be used alone or in combination.. Heréin, (meth)acryl
.méaﬁs acryl and/or methacryl,.and (meth)acrylate means_
20 - acrylate and/or methacrylate.
| | As the metal di(meth)acrylate (all), tﬁere_can be
mehtionéd, fpr example, magnesium acrylate.of the'fbrmqla
."_'(CH2=CHCOO)2Mg,'magnesium methacrylate of the.formula

(CH,=C (CH3) CO0) ;Mg, zinc acrylate of the formula



ni trobenzoi c acid, nitronaphthal enecarboxylicacid or pulvic acid. Anong
these, fatty acid residues are preferred. 23 Exanples of the conpounds
represented by the above. fornula (1) include nonochl oroacet at omagnesi um
(et h) acryl ate, nonochl oroacet at ozi nc (neth)acryl ate, . _ o
nonochl or oacet at ocopper (neth)acry.late, 5 nonofl uoroacet at omagnesi um
(meth)acryl ate, nonofl uoroacetatozinc (neth)acryl ate,
nonof | uor oacet at ocopper (nmeth)acrylate, propi onatonmagnesi um
(meth)acryl ate, propionatozinc (meth)acrylate, propionatocopper
(meth)acryl ate, 10 octyl at omagnesi um (A8t h)acryl ate, octyl atozinc
(neth)acryl ate, octyl atocopper (neth)acrylate, versatatonmagnesi um
(et h) acr yl(&He=CHEPOAL M nz7 hoc (iabhBFaoddtat ©f drs diattBtbpper _
(nmeth)acryl ate, isostearatonmagnesium (neth)acrylate, isostearatozinc 15
(et h).acr yl(ate=Ci(sas)t @b piZcoppegrpd nedbratpyleabd, thealfwirmatlamagnesi um -
(nmeth)acrylate, palmtatozinc (nmeth)acrylate, pal mtatocopper _
(et h) acr yl(@ug=cHco0!) 680} atoppepenkumaCrmiyacryt aites  Fws@lat ozi nc .
(meth)acrylate, cresotatocopper.(neth)acrylate, -20 oi-naphthoatomagnesi um
(meth)acrylaie. a |- tGhe ( acqy| ROE hoRé 960RAGT
:(neth)acryﬁg%g,Cq?§§gg%ﬁ?ﬁ%gﬁgﬂégﬁzegﬁﬁg%né%%)g%féaﬁg?i, (3-naphthogtozinc
(met-h) acryl ate, .(3-napht Coppers: | at e n magnesi um

Pl G i ap a,b&%}soezag._ ?J&etgrgf%%%,gﬁw 8bernebENZOALY

(met Ryacry at € benzoat0z1 nc ate, benzoat ocopper

e A B s ol L ORIENO P 2L oPRgRep HRAIE! Dl gecla o
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,4,5-trichl orophenoxyacet at gcopper (neth).acryl ate, ? . . :
., 4-dichl orfcﬁ%bEBS?y%%{%ﬁﬁ?ﬁédﬁééi“&rP%nﬁ‘ﬁ aPRASecalcium, aluminum
| 4-di chl or ophenoxyacet at ozi nc (neth)acryl ate, s .

, 4- di chl orophawonecetatior oppera {nedhpacitfeafietal . It is still

ui nol i necar boxyl at omagnesi um (et h) acryl ate, '

 preferred that a metal selected from the group consisting

10 of zinc, copper and magnesium be eontained.
eFurther, éstjk}pelymerizable'unsatu:atedlmonomer (al)
containing a metal, thefe can be mentioned a éolymerizable
compound obtained by reacting an inorganic metal compound
with a carboxylated COmpound, This component (al) can be

15 °  obtained by reacting an inorganic metal compound with a

i

carboxylated compound preferably ip-the.presenCe of Water,.

still preferably iﬁ ﬁhe presence of aﬁ alcoholic ergenic
- solvent and-weter.

-Although the procees for producing this polyme;izaﬁle
'20: : uﬁsaturated monomer (al) cOhtaining a metal is not

perticularly.limited, for example, tﬁe component (al):can
-be obtained by heating'under agitation_an inorganic mefal
- compound and a carboxylated compound in the presence of an

organic solvent and water at temperature not higher than the



qgui nol i necar boxyl at ozi nc (neth)acrylate, 10 qui nolinecarboxyl at ocopper

(meth)acrylate, nitrobenzoatomagnesi um (neth)acryl ate, nitrobenzoatozinc

(meth)acryl ate, nitrobenzoatocopper (rmneth)acryl ate, -

ni t ronapht hal enecar boxyl at omagnesi um (net h) acryl at e,

ni t ronapht hal eneca. r boxyl atozi nc (nmeth)acrylate, 15

ni t r onapht hal enecar boxyl at ocopper (neth)acryl ate, pul vatonagnesi um

(meth)acrylate, pulvatozinc (neth)acrylate, pulvatocopper .(nmeth) acrylate

and the |ike. The compounds of the above formula (1) nmay be those obtained
-~ by reacting, as aforementioned, an.inolyanic metal 20 conpound.and a

car boxyl ated conpound, such as (neth) acrylic acid, in the presence of an

al cohol i ¢ @egampossolivenpoantt ofatetalarghldl so may be those. obt ai ned by

ot her processes. These pol ynerizable unsaturated. rmononers (al) containing

a net al may be s edeal goeganicnmeovabi catpomnd) mge 2&n beenpdesehtany.

i nvention, is especially preferred to use the netal di(neth)acrylate

(all) inc E’bl:BRlFb%d\éﬂ thitRe ramialv cant @ gy Topedeconpdhdel tohe above

formul a (1? he pol yneri zabl e unsaturated nononer (al) containing a 5

metal. *Ungalyrg ? oIRREES 1(a2); 1capableneh clsadhedl dT0l R Zatidh 1
cont ai ni ng no ne the unsaturated nononer (a2) capabl e of radical

pol yneri zati on cont ai ni ng_no_net I t opal: ri t he
abov® coanHéHF (§qulh ﬁ?eZlnc e§n%d g%%ml o%lggféﬁi ééﬁgniﬁ%?ﬁ¥%%$yllc

ester nmononer, such as neth ryla eth h),acr
2- et hoxy eEHPK 1S R&dRFac ¢ gﬁ“ %B§ é?%élm? %?Ségg% é%é Xfﬁ%ﬁbxyethyl
15 (neth)acrylate, 2-(2- ethylhexaoxy)eth I (netﬁégcr Iak
“1-net hyl - 2hwétrh>@>@msmucpn@¢8h)2dm/|%x%r%l%t hdk hPéF‘ YRIECK)SEry | at e,
¢.3-met'hyl - 3- met hoxybutyl (neth)acryl ate, m methoxyphenyl (neth)acrylate,
p- nethoxyphemﬁlu@ﬂnyﬁmmx@ﬂaue?umﬁhﬁthb&y@hbﬂ9l@@ﬁywagﬁ§§ﬁyﬁbrylate-

‘hydroxide; and metal chlorides ‘such as zinc chloride,
10 aluminum chloride, caicium chloride, cupric chl_oride,
magnesium' chloride and rﬁangan-ese chloride.
The metal of the inofganic metal .compound is selecﬁed
from among, for example, the metals of Groups Ib, IiIa, IIb,
;IIIa, I1Ib, IVva, IVb, Va, Vb, VIb, VIIb and ViII of the
i5 o periodié table. The inorganic metal compounds.may be used
'3 _ a;lone or, according to necessity, in combination.
As the ino.rganic metal compouhd, prefefred use-is made
of an oxide, hydroxide or éhloride of a metal selected from -
- .'the gfoup' consi_sfi'ng of zinc, copper, calcium, aluminum and
20 . magnesium. Still preferred use is made of an 'oxi'de,
hydroxide or chloride of a meta_ll selected from the group
cc-msis_tir;g of zinc,_ copper and magnesium.
When a compound of Cu is used as the inorganic metal

compound, it is preferred to use the same in combination with



20 m net hoxyphenyl et hyl (neth)acryl ate, p-nethoxyphenyl et hyl
(meth)acrylate, n-propyl (nmeth)acrylate, i-propyl (neth)acrylate, n-butyl
(meth)acrylate, i-butyl (meth)acrylate, t-butyl (meth)acrylate,
2-ethyl hexyl - (meth)acrylate, lauryl (neth)acrylate, stearyl 26
(meth)acryl ate, benzyl (meth)acrylate, phenyl (neth)acrylate, isobornyl
(met.h)acryl ate, cyclohexyl (nmeth)acrylate or glycidyl (nmeth)acrylate; a
hydr oxyl at ed nonomer, such as 2-hydroxyethyl 5 (neth)acrylate,
2- hydr oxypropyl (neth)acrylate, 3-hydroxypropyl (neth)acryl ate,
2- hydroxybutyl (neth)acrylate or 4-hydfoxybutyl (neth)acrylate; an
addi ti on product from 2-hydroxyethyl (reth) acrylate and ethyl ene oxide,
propyl ene axcdepounbubyr dnadiane,tHd Eogpriohtactbae bhethe. |ike; a di ner
~or trimer of 2-hydroxyethyl (neth.)acrylate, 2-hydroxypropyl
(met h) acrylLape19hekhgabiikat yawMBAKTRACh@V i BGndhibhé plca nhydiexyHe a@iealips, such
as glycerol (neth)acr.ylate; a vinyl nononer having a primary 15 or
secondary an‘ngﬁﬂ{%%%zo%u%hc%ﬁp%%5ﬂ|%E‘ﬁg?tﬁﬁl'égﬁéb)ﬁﬁxﬂg‘ﬁﬁ%ﬁérred
-(nmeth)acrylam de; a vinyl nonomer having a tértiary am no group, such as
di met hyl am.nget hyl (n acry, ,di et hyl ayi noe : ) acr e,
dinethylanfﬁggrgéﬁl6?%%@%¥§§£H; a éghsfg%#§g¢%§t%€¥gﬂi%gﬁggyﬁg Hade
(meth)acryl ate, dibutyl am noet hyl .met h) acryl at.e
di methyl arneﬁiié‘f‘ﬁ)‘?fj( ﬁé%ﬁf&@rfﬁ% 'deI%r LS4PRESf ﬂla’mprﬁ?pfer%peﬁ RRLEY)
acrylam de; a heterocyclic basic nononer, such as vigélgxrro idong, -
~ . vinyl pyr BdPA&adeng 'éF‘cé’rrbzi%l‘iﬁmRﬁurﬁ LR N nbheHBPINEuER2Es tBRy r ene,
vinyl tol uene, a-nethylstyrene, . (nmeth)acrylonitrile, vinyl acetate or . -
vinyl proprésapreitAndAg et ahsr uratRP ferbheRscen2becapaBilatefl-5
7 radical polynerization containing no netals, preferred.use is made of
- (nmet-h)acrylic ao ¢aort {omt &y acwhibhcaespmpound of Zn or Mg is used,

favorably, the transpérency of obtained métal—oontaining
16 _ copolymer (A) would be high and the tone o‘f-coating film woul.d.
ltend to_be.oeautiful.. Further, favorably, tho solubiliﬁy’_
~of such a compound in customarily employed organic solvents
. would be high to theréby tend to improve workability.' The
use of a compouod of Zn is especialiy preferred from the
15 viewpoint that the water resi§tance of obtaiped
Eﬁﬁm .': metal-containing copolymer (A) can bo high.

As the cafboxylated compound, there can be mentioned,
for example,.methacryliC'acid, acrylic-aoid, itaconio acid,
maleic acid-(anhyd;ide),.a monoalkyi_(e.g., methyl, ethyl,

20: _'butyl, 2fethylhexyl-or'tho like) itaoonate, a monoalkyl
(e.g., methyl, ethyi, bu£yl, 2-ethylhexyl or the likéi
maleate or the like. Theée can be uséd alone or inf

combination. ‘Among these carboxylated compounds,

(meth)acrylic acid is preferably used, éndlnethacrylic acid



nononers (a2l) represented by the formula: 84000-CH (R3) =CH2 (2) wherein
R3 represents a hydrogen atomor nethyl, and R4 .10 represents an al kyl .,
a cycloal kyl or an aryl. Also, the unsaturated nononer (a2) capabl e of
radical polymerization containing no netals for use in the present '
~invention can preferably -be nononer (a22) of the formula:. R7R6000-CH (RS)
- =CH2 (3) 15 (wherein R5 represents a hydrogen atomor nethyl, R6
represents an al kyl ene, a cycloal kyl ene or an arylene, and R represents a
hydroxyl, an al koxyl, a cycloal koxyl or an aryloxyl. As the nononer (a22)
of the above fornmuia (3), there 20 ckh be mentioned, for exanple,

2- met hoxyet hyl  (neth)acryl ate, 2-ethoxyet hyl (neth)acrylate phenoxyet hyl
(et h) acrylat espaef2ldtyhylrdedheambhetdnad (et h) acryl at e, '
1- met hyl - 2- net hoxyet hyl acryl ate, 3-nethoxybutyl acryl ate, _

3- net hyl - 3- net Hexyhdatprteper yt adbe o fnpokyhexyphbhyl urksa t | reet ¢ aondmate,

p- met hoxyphenyl (neth)acrylate, o-nmethoxyphenylethyl (neth)acr.ylate,

m et hoxypheny! @ hvhin§ A8t H)metyl atie ok He- ekhoxyphemgLtitylsolvent,
(neth)acrylate At | east one of these can appropriately be sel ected and.

used. .5 AHP’]]% gPé%ér@%%Oﬁﬁéé 28}  gaR1 FRINOXYEE B¥htaghyd@b@coholic

3- nethoxybuty crylate or the |ke is preferred. These unsaturated

MONOPET S ( pngébl Ré 1@8%%%[\5 ié%r}ecf%r}ta%ll g'tga'i%oﬁ%tl%.é may be

used”al one“of |na |on resent ‘inventio it is espeC|aIIy
10 preferred.to yse th (ja21 of t he gboye, f or mul 2 :
Combi nat | oROhW ERCE B BEETE h@é‘?}' &P ° Pﬁé’p&t?oal grall gUO‘aP%) aYle“e
the-unsat urated_nononer (a2) capable of radical polynerization contalnlng
‘no netal s. 91KEPAI MESRMEHIHY. B0l yner (A) 15 The netal - containing

.cbpol yner (A) for use in the present invention js obtained by

copol yneri zat i Gheprgsaicapeleepdl §owe tisLabP Rk Ghﬁt%@nmr(a@dl )

containing a netal with the unsaturated rmononmer (a2) capable of radical
may contain, according to necessity, an organic solvent

10 - othér_than the above alcoholic compound in combination with
the alcthlic compound. As the Organic solve’_nt other than
the alcoholic compound, there can be mentioned, for example,
an aliphatic hydroéarbon solven_t_ such as pentane, hexane or
-_he'ptan.e'; an-..aro.rﬁatic hydrocarbon solvent such -as benzene,

15 toluene__ or Xylene; an ester solvent such as ethyl acetate,
) butyl acetate or iSObl.lt.yl acetate; or a ketone_solvent such-
as methyl ethyl ketone, méthyl .isobutyl -kétone or
cyclohexanone. When the organic s_olv'ent other tﬁ.a-n the
_alcoholi'c compound is used in cﬁémbihafi-on with the alcoholic

20 - compound, the ratio of aicoholic compound to the-t.:otal amount

-;>f orga'nic solvent is preferably 5% byl weight or more, still
.prefera.b_ly 25% by weight or more; When t.he orga:ini'c solvent-
_ cbntaining the alcoholic cbmpOund at fhis ratio is used,

favorably, the solubility of polymerizable unsaturated



pol ymeri zation containing no netals. '20 Al though this netal -containing
copolynmer (A) is not particularly limted, it is preferably conposed of 2
to 50% by weight, still preferably 5 to 40% by wei ght of units derived
fromthe conponent (al.) and 50 to 98% by weight, still -preferably 60 to
'90% by wei ght of units derived fromthe 29 wunsaturated nononer (a2)
capabl e of radical polynerization containing no netals. Also, the
~met al -contai ni ng copol yner (A) for use in the present invention is
preferably conmposed of 0.1 to 49.9% 5 by weight, still preferably 1 to 40%
by weight of units derived fromthe nettdl di (neth) acrylate (all) , 0. 1
to 49.9% by weight, still preferably 1 to.40% by wei ght of units derived
from t he maicaloncant @ Ni ngomonionetg (aldytefl tihethbogelveotmMcail(d)band 50 to.
'98% by weight, still preferably 60 to 10 90% by wei ght of units derived
~ fromthe unspiidded vRAE b 82 idspabl ey ofay afh ead t ool yries s at iag
. containing no netals:. Further, the netal -containing copolyner (A) for use
in the present | § oL | omposed of 0.1 to 49.90 by weight,
still pref zﬁglﬁdyﬂgilﬁ%dﬁ%}é ?/&ém:%g%‘?pg}‘(tgni ts .15 derived fromthe netal di
“ (meth) acrylate.(all .1 10 49 9% +' weight | Ll f 1y .1 to
- 40% by wei ght o?‘lﬁnnll%fsaf) éDrnlt\/eél r%o%r?tl%gg%é“}tégkggoﬁ?%%%?%apéngnﬁﬁg&%glz) of
‘the above farmula (1) , O .l tq 97.9.%b ight,.of units derived.from
t he 'ﬁnnoner(a(]e?Zﬁo‘lffaJt'}fé‘%@o{}‘gtﬁgr nﬁllzh(oil)g?ﬁ gl%&%@.dli’gt 8“9%?’5%%8%?\/\@ ght,
still preferably 1 to 90% by wei ght of units Slvﬁrived fromthe poponer :
(a22) of the & emafierdtdy inpdhekansice Ofwfled 5OpB ?nté}’i‘i%bgatcorrpound
~obtained by: reacting an inorganic nmetal conpound with S}met h) acrylic acid
in the presdricel gfirefieaiitiohdl Fe 9P §dpy cvasivent Thedmghafér c30teNs 0SEd as
‘t-he polynerizabl e unsaturated nononer (al) containing a netal, C
"pref erabl yxaeedgred 0byresiciiton s predectedaf yom tdregaheeprodintehhasnd
wat er and an unsaturated nononer (a2) capable of radical polynerization
. cont ai ni ng thdaoii@lrs i arss Sullj e dhedntar gopiot wedvenat and dan bechigedei ght

10 with an at_:ryli.c monomeyr and po_lyrﬁe_rized. On the other hand,.
the metal c'onfent: of O 1% by-weight or moré is preferred from
the viewpoint that the metal-containing éopolymer'(A)'can
be produced efficiently.

In the production of polymerizable unsaturated monomer

15 (al) containing a metal in the above manner(.althoﬁgh tﬁe_

-ia.- ' #atio between inorganic metal compqund and cérboxylated
compoﬁnd is;not particularly limited; it-is preferfed that
thetatioofinorganﬂ:metalcompoundpepmolofcw;bbxylated
.éompound be 0.6 mol or less from the viewpoint thafithe-

20 obtained metal¥containigg.copolymér (A) gan'have_high. '
transpéreﬁcy. On the-othér hand, it is preferred'that-tﬁeif ?

ratio of inorganic metal compoﬁnd per mol of Carboxy"lat"e_d.""-"-.':"-.'-'.' '

compound be 0.1 mol or more from the_viewpbint'that the = = . .. -

- coating film formed.by obtained antifbuling paint can eXCei;ff_ﬁ.'.l




ratio that 16 to 97 parts by weight, preferably 40 to 90 parts by weight,
and still preferably 60 to 80 parts by weight of conponent (a2) is used
per 100 parts by weight of the total of the m xture and conponent (a2). 10
- The netal -contai ning copolynmer (A) for use in the present invention can '
preferably be obtained by .copolynerization of the. copolynerization
conmponents in the above ratio. The netal -containing copol ynmer (A) obtained
by carrying out the copol ynerization in the above ratio, when 15 forned
~into a coating film exhibits appropriate water resistance and : :
satisfactory hydrolyzability for a protbnged period of tine and excels..in
.a ‘bal ance between coating film crack resistance and hydrol yzability.
Al t hough tie wethodrefbisbpolgneri zation for obtaining 20 the '
- metal -containing copolyner (A) is not particularly limted, for exanple,
t he netal - cont @imthg gopdhyeon (Y pedrymdre gabiduaad alhy radast magcenem Xt ur e
of the.polynerizable wunsaturated nononmer (al) containing a netal and.the
- unsat ur at ega PNEBRE af Aa2hgCapakite 10ft Hradidgral rqa v iget voan 3dn cont ai ni ng
no-netals in the presence of a radical initiator at about 60 to 180C for
about 5 t0;14,-85n1ENnkRLS cERRRIVHIETd%RLd Whrisastd0fd SokPahAdl rasst er
agent can preferably be used. It is preferred to use a chain transfer 5
agent other.th . an. as: t hi bno,t i the i ewpoi nt
of “I si bi 1100 lRPRBbEo Ttk b2 P B L et R A S ot P g
a metal. For exanple, . a styrene diner or_the |like can be used. as.the chain
transfer agehPa"16 W@??ﬁr%ﬁﬁﬁﬁﬁngéuF%g ﬁ%fﬁ%ﬁy%?ggéd% @%%??gdy?iﬁf use can
be nmade of the solution polynerization, suspension ol yneri zati.on, S
-emul sion pBF?ﬁ@PF?d?féﬁEOégéplﬁﬁﬁ%bv?%§§€Fi_?ﬁ@rsolﬁgi HOPFETEFat i on
‘.donducted with the use of an general organic solvent.is preferred fromthe .
vi ewpoi nt bhe t8thpghfprabgst £¢i the AstathampprganPé -48PFERN1IG R&t@ lcan be -
mentioned: an aromati c hydrocarbon, such as xylene or tol uene;

" compound, carboxylated compound, organic solvent and water

10 ~(excluding the ambu_nt of water formed during reaction) .is
'pr'e-fer-ably in the rahgé of 0.01 to 30% by w‘Ieight,. still
preferably 0.2 té 15% by wéi‘ght. When water is present in |
“the reéct_ion system in aﬁ amount éf 0.01% by weig.ht or more,
‘the polymerizabl_e u'ns_aturated monomer (al) containing a .

15 metal as resu_ltant re_éction product is ébtained in the form

(3 of a solution, thereby enabling effici_eﬁt copolymeri'za__ti_on

of the polymerizab_le uns.at.uratec_l.mb'r-lbmer“ (él)_ c_iontaining' a
métal ‘with an 'un-saturat_ed monomer (aZ2) Cépable of radic_al.
o p'ol-.ymeriz_ation -contaiﬁing .no metals. |

. 20 ~ Upon t_ﬁ'e productic.)n: of polyxﬁerizablé .uﬁ.'_.&':..'a"'tlifated

. hlénomef (a.l) contalin.i'ng a métal through reaction b.e.tv.ae'en'a'n'. '
inorganic metal compound and a car.boxylat'e_c_:l"'(.:'c'.j"r_r{i)o'u.nd in the
.presence of an alcoholic organic -sdlyéntrané _:':'\:&.ater',

generally, a mixture of component (al), org’én'ic'-'s_olvent and




an aliphatic hydrocarbon, such as hexane or heptane; an ester, such as
ethyl acetate or butyl acetate; 20 an al cohol, such as isopropyl alcohol or
butyl al cohol; an ether, such as di oxane or diethyl ether; a ketone, such
as nethyl ethyl ketone or nethyl isobutyl ketone; or the like. It is
-preferred that the weight. average nol ecul ar weight .- 32 (Mw), neasured by
GPC (gel perneation chromatography), of the netal -containing copolynmer (A
“for use. in the present invention be generally in the range of about 1000
to 20, 000, especially 3000 to 10,000. The wei ght average nol ecular 5
“wei ght .of 20, 000 or less is preferred Zlromthe viewpoint that the extreme -
“increase of the viscosity of copolynmer solution can be prevented and t hat
"gel ati on ofattke nesismbbgyearetdl toceopelvmki hgat honhsegepélynerl thegdim can be
prevented. On the other hand, the nolecul ar weight of 1000 or over is 10
preferred ﬁjrr@mthh%t\élcewoﬂloﬁﬁeﬁ hat? Jupapabbenef irdiofa b mwoatnewgL zdGion it
exhi bits crack resistance. Al though the anount of netal-containing

copol ymer Bhedifille mntidioal sy GOARNEGIPAG £ i pat 0bnt hechr erent
invention is not particularly limted, it can be, for exanple, 15 in the

range of aho ;(Hpo%\% O %024) by; ¢ Wel oBte FBEBEQT BBLY %ﬁet %om%@%ébﬁt weiight based

~on the anmount "o antlfou |ng coating conposition.
4.,5-dichl or.o- 2 oct o] n @@&sg tion, 20
4, 5- 8i chl of'g=34f oc?n g%?%lagéﬁhk% %Sﬁg ?Eﬁﬁg%%e th the above
netal contalnln yner ) ,and th |th| co nd (O
descri bed ﬁﬁﬂﬁc Hﬁg t&hf@ﬂg |ngﬁ%%3t¥ %%n%%gl fgﬁu% “the

~present invention. The coatln filmfromthis antlfou in coathg
_conposi ti o 3330% é%ﬁw?b@ﬁ%é“éﬁ@??oHﬁﬁhWéFCFBéﬁlEMd“Hﬁht S TCSRETE ent
ahtlfoullng performance and excel | ent adherence to the surface of aging
eteri or at ewrooet rigX)i lqapab ke et p‘?@flé?arled)qlhﬁftelﬂﬁ%th‘w{b?ﬂ”(mg be
generally
no metals, such as an acrylic monomer,_-organlc solvent, -etc.

:' 10 i would be high so as to enable_efficient copolymerization of
com_porie'nts-'(al) aﬁd __(éé) . The water'conta.ined in-=-t;he m'ixt'u-re"
containing the polymerizable unsaturated .monomer (al)
éontaining a metal may be only water added to the reaction
system for p]_:e_parir_’lg the component (al), d_r may include water

' 1.5' further added after the preparétion of component (-al) . It

| /3 ' . is preferr'ed that the amount Qf-water contained in the mi_;_(_t_ur_e.._;

éontaining the c'oﬁlponent (al) be in the. range of 0.01 to 5,
: .éspeéially 0. Os'to 3 times the mola_r_.-amoun-t-o.f inorganic mét_a.l
compound used (mo'lar ratio_) from jthe x)iewpéirit of opera'ti_-'.c')'r_i'._. '

20 -_efficien_cy.

As the above polymerizable 'uﬁSatu_rét_ed monomer .'(alll)_'-'.-'.'
. containing a metal, | there can beé mentioned, . for e'g.'am;-)lé,"--éj o
.c_:ompound (al2) ;3f the fprmula: .

R'-CO0O-M-L, (1)




5 contained in an ambunt of 0.1 to 40 parts by weight, especially 0. 5to
20 parts by weight per 100 parts by weight of the antifouling coating
conposition of the present invention. Wen the conponent (B) is contained
in the above amount in the antifouling coating conposition of the present
10 invention, the obtained. coating filmtends to excel in antifouling

~performance and al so adherence. Per 100 parts by weight of

met al - cont ai ni ng copolyner (A), it is preferred that the conponent .(B) be

~generally contained in an ampbunt of 0. 5 to 100 parts by weight,

especially 1 to 50 parts by 15 weigh2 fromthe viewpoint of coating film
properties. 'y (C .Metal pyrithione conpound As the netal pyrithione

~compound (@efeinuBé Feptdzenps esemrgavent gonyupt havéngannbat peatieshed

conpounds of the fornula: n M+ RI1 :1 Rf Rgjn_s ... (4) 0 20 34
wherein eagbn@f R81tetBd if@ependenidoyp eprasientma dydiipgencayem an

-al kyl" group, an al koxy group or a hal ogenated al kyl group. M can represent

‘used alone or In

e

.

$3 . mentioned a residue derived from a monovalent organic acid,

~a netal sugh,-@s Cuode-cHBcH-Cand BRooPPcH=cRChE) o PArovbdédi thia preferred

that Mrepresent Zn fromthe viewpoint of durability of coating film
wasti ng.. ”—&éoﬁhﬁa¥aE%Q&ea°Re@%taEaWE The Jetadpyrithione conpounds can be
onbination. 10 I'n the present invention, it is preferred
that_.the netal rithione conpound (C) be generally contained in an
anouht  of 1 tdegxﬁ%ﬁi%PEﬂ'%wé%ﬁé%.%é%%tially 5 to 55 parts by weight per

100 parts by weight of the netal -containing copolyner, . (A | Ld
Cont oSy h t Re Tt SR P g SoMibe FRBRCTRLEe Phe- BrOEnt

“invention. Wen the petal pyrithione

(wherein R represents an alkyl, a cycloalkyl, a substituted
or_unsubstituted.aromatic hydrocarbon group, an.aralkyl, or
the same organic group having unéaturated.bond as
10 - represented by the above RY) ; and
n is the number ‘equal to thé-ValenCQ'humber of metal'
M- 1.
‘In the above formula (1), M preferably represents Mg,
. Zn or Cu, and especially preferably represents Zn. As the

15 '~ L representing an organic acid residue, there can be

- such as mohochloroacetic écid; monofluo:oa¢etic écid,
prdpionicacid,octylicaéid;;eréaticacid,iSoétéariCécid,:
pélmitic acid, cresotiﬁ:acid, a—naphtﬁéic:aciaq_B—naphthoic

20 “acid, benzoic acid, 2,4,5—trichibr§phehd£yéCétic acid(
2, 4-dichlorophenoxyacetic aéid,,qUinolinéééerxylic acid,.
nitrobenzoic acid, 5itrdnaphthalenecaibégyiicfééid'dr
pulvic acid. Aﬁong ﬁhese? fatty acid ;ééidﬁés”afe

preferred.



F.” conmpound (C) is contained in the above anobunt in the antifouling.
coating conposition of the present invention, there is such a tendency
that an antifouling coating film excelling in antifouling performance can
be obtained. 20 Further, it is preferred that this netal pyrithione
conpound (C) be contained in an anount of 0.2 to 40 parts by weight,
especially 1 to 20 parts by weight per 100 parts by weight of the
antifouling coating conposition of the present invention. Wen the netal
pyri thi one conmpound (C) 35 is contained in the above anmobunt in the '
antifouling coating conposition of thé3present invention, the obtained
coating filmtends to. excel in antifouling performance. The netal
~pyrithi one conpbyadpl€p, ofi fher enmpbuomss repgreeen ted de, dxhi dpeser educed .
environmental |oad. The antifouling coating conposition resulting from
conbi.nat i oforatuldi 61 yreied 1y ihdnonel 6 papodndt OEpgne s hum

4, 5-di chl oro-2-n-octyl -4-isothiazolin-3-one (B) excels in the

penet r abi | i et ity Ba0S] radod vl beoseat 8dozThe (RyshiAceltiaitegd coating
‘filmexcels in the l'ong-termantifouling perfornmnce mnaintaining

Capabi|itYﬂ3H%gﬁfb%5gggﬁ R éég%ipge{g;ggyghggép1mastabiIity, so that it

o
can be appropriately applied ong-term continuous .uses such as
oceapn-going vessels. Further. . the. 'a?' i” hseLesistant 15 to
o ach o amerRe i e s R ) BRSPS S havi ng i gh
adherence as conpared with that r arkﬁed inltEe. use of
pyri di-ne-t M Poranetdr Ot | FReENRGEY1Ph&  antifouling coating
conposition is suitable.as an antifouling paint for marine vessels and
_under wat er " ShieReIFRS2BPCUPYh AREFROAFFHE2pS&i nt for fishing gear or
.fishing net. Optional conponents In addition to the. above essential
conponent s PrARsPRA { prya e pitm| (eohk ApArH§aEepoPyAREORAF O Z3HC
4, 5-di chl oro- 2- n-octyl - 4i sot hi azol i n-3-one (B) and net al

(meth)acrylate, propionatocopper (meth)acrylate,

10 octylatomagnesiﬁm (meth)acrylaté,'octylatozinc
(méth)acrylate, octylatocopper (meth)acrylate,
versatatomagnesium (meth)acrylate, versatatozinc
(meth)acrylate, versatatocopper (meth)acrylate,
isostearatomagnesium (meth)acrylate, isostearatozinc

15 (meth)acrylate, isostearatocopper (méth)acrylate;

,;) - 'palmitatomagnesihm (meth)acrylate, palmitatozinc -
(meth)aérylaté,'palmitatocopper (méth)acryléte,
..cresotatomaghesium (meth)acrylate, cresotatozinc
(meth)acrylate, ctesotétocopper_(metﬁ)acrylate,--

-320 a-naphthoatomagnesium (méth)écryléte,_d—naphthdafoiihq
(meth)acrylate, a-naphthoatocopper (méth)acrYlaté;
B-naphthoatomagnesium (meth)atrylate; ﬁfnaphthoét62in¢
(meth)écrylate, Bfnaphthbéfocopper.(méth)acrylaté;'

'benZoatbmagnesium (meth)acrylate,_benzoatozinc



pyrithi one conmpound (C), the antifouling coating conposition of the
present invention nmay be -optionally |oaded with various conponents as
conmonly mixed in 5 antifouling paints, for exanple, plasticizers such as
chlorinated paraffin, color pigments such-as..zinc oxide (zinc flower)
(D), extenders. such as-talc (E), inorganic ) dehydrating agents,
antifoul ants, especially organic antifoulants (F) other than the above
“itens (A) to (C, 10 plasticizers, anti sagging/antisetting agents,
~coating filmform ng conponents other than the above copol yner (A),
sol vents, etc. <Col or pi gnent> As the €¢bl or pignent, use can be made of
vari ous common 15 organic and inorganic pigments. Exanples of the organic.
pi gent s i nokute acayBanebl ek zoRmdrgimry ameatd )Blary lPEessi an Bl ue and the
- like. Exanples of the inorganic pignents include those which are neutral
and- nonr eaot iqv &,- t3U el 183 ophldricanidus it dnea grieedi vk 0tme 20) axikdeatbar yt a
powder, chalk and iron oxi de powder; and those (active pignments) which are
basi ¢ and peacts Wirtiknaeirdiphentilsd ANGES 4 Thd hendrai Nhcrgusbens zinc flower
(ZnO, zinc Oxi'de) white lead, red Iead, zinc powder and |ead suboxide

powder . D%g% %nftrqt%&g@r rh'eQH?X @éaagﬁéog@eyr bﬁné‘@t’i‘}é&??ﬂat@ the 37

pi gnent s. ﬁartlcu inc o is preferably used.. Wien it is

~intepded t dd, .zi oxi.de (D e xi de be added
generally 2n ﬁiéﬁﬁﬁ ° WquﬁQaﬁ_ Eéﬁ%ége%fqé agégﬁzaCE?T§6 ‘parts by
wei ght of metal -containin ner 1 to 40% by weight based on
" the anount 2 &FQ$HH1Q£99H%§<§i§?$ﬁf%ﬁé&ﬁﬁn{h%#f%?%%¥%ﬁ8 €¢i ewpoi nt  of
wasting-durability and adherence of -obtained coating film <Extender (E)>
10 The exténde@HQE#QQ99§ﬁﬁQﬁﬁﬁﬁeﬁﬁﬁQﬁPEBﬁﬁkﬁW%ﬁWh@FrY%ﬁFﬁct|ve i ndex and

fmmlch when blended with an oil or a varnish, is transparent and does not
nask a coawayqiyﬁEQa;boxylatomagnes1um (meth)acrylate,

qulnollnecarboxylat021nc (meth)acrylate,

10 - guinolinecarboxylatocopper (meth)acrylate,
'nitr-obenzoatomag'n.esiﬁm. (meth)acrylate( -hitrobenzo.atozinc '
(meth)acrylate, nitrpbenzoatocopi)er‘ (meth)acrylate,
nitronaphthalenecarboxylatomagnesium (meth)acrylate,

. nitronaphthalene._c.a_rbo:x.:ylatozinc {meth)acrylate,
15 _nitronaphthalenecarbo_xylatocopper (meth.).ac.rylat_e,.
’ﬂ> ' pul_vatomagne-sit-lm. (meth).écrylate, pulvatqzipc
B '_-(.me.th).'acrylate, -p'ulvat.ocopper-_(meth)acrylate and the-li_ke'.
The compounds Qf the abbve formula (1) may be those
- obtained by reacting, as aforementioned, an.inorga.nic metal

20 cOméound and a cafboXYiated corr_lpound,_ such as (met_h) acrylic'
acid, 1n the” pfesehce of an a‘l'c'ohblié. organic solvent and
water, and al-s.,o.mé.y be’ .t'hoée_ob.t':a'i'ri'é(‘i by 'other processes.

. These po'l.yn.ﬁér'iz.'a'.ble ﬁnéatu;éted'._mo-nomei:s {al)

' containing a metal may be used alone or in combination.  In



As the extender, there can be nentioned, for exanple, talc, silica, mca
or clay; also used..as an antisetting agent, 15 cal cium carbonate, kaolin
or alumna white; also used as a flatting agent, white carbon, alum num
hydr oxi de, magnesi um carbonate, barium carbonate or barium sul f ate;
bentonite also used as an antisetting agent; or the |ike. Anong these,
talc, silica., mca, clay, calciumcarbonate and kaolin are 20 preferred.
These extenders (E) can be used alone.or in conbination. The |evel of
wasting can be regulated by the. type. of extender enployed. Taking into
account the cost reduction and buil dup?®8 .effect for obtained paint and
the transparency and thickness | evel for obtained coating film the
extender najegererait jnviem tdent.aiheds espetia lahit predleimgdcbatisry) the
conposition in an anmount of O to 50% by weight, preferably 0 to 30% by
wei ght. . RechDodgankenhgakygnattieng adgentin sicatbhinaeijr Thehi nbeganic
dehydrating agent (stabilizer) enables enhancing the storage stability of

the final -ﬁ@&hioebheginciagt inBAORBFPQSLY) 0BF EXag&se ofotuela i (1O gani ¢
dehydrating agents include anhydrous gypsum (CaSO4), synthetic zeolite 10

adsorbentS.ﬁ%rpgf Hé?ﬁ'a%Q%e%wgﬁhdﬁé%éa ifoner O[d PecSh€ESniAYCA as
Rofof rat g y

met hyl . ort e and neth orthoacetate, orthoboric esters, silicates,
i socyanat e%e%flade nane: Additive TlI) and the like. O these, anhydrous
‘gypsum and écul ar Sieve are preferably used. These inorganic .-15

- dehydrati ng agents ca be used Icane or iLn conbination. ;mfe}ri<zo_:thern organic
anti f oul anft U(‘g?tBrﬂ"ﬁg dRe T PBaTi &392 c83?la%ec%ﬁproas$t(faolhp%y contain, "as t he
antifoul ant,.those other than the above-netal -containing copolynmer (A, 20

‘4, 5-di chl oegngaanédpgyPeAMedStf azol i n-3-one (B). and netal pyrithione
. conmpound (C), especially organic antifoulants (F) Exanples of the. organic
‘antifoul ants (Ms itfe utesaterabadt hgnenetr 4A2di SaPRRdE, odarBaii®ed poi sons
'(e-gh’ZIncpolymérization contaiﬁing-no metals that is copolymerized
-10 .-'IWith the above component (al), use ﬁay be made of, for
| _égample:

a (meth)acrylic ester monomer, such as methyl
(meth)acrylate, ethyl (meth)acrylate, Z—methoxyethyl
(meth)acrylate,2~ethoxyethyl(meth)acrylate;phenoxyethyl

15 _(méfh)acrylate, 2-(2~-ethylhexaoxy)ethyl (méth)acrylgter
;‘S- N 1—me£hyl—2—methokyethyl (meth)acrylate, 3-methoxybutyl
| -. ;Xméthiécrylate, 3—methyl—3fmetﬁoxybutyl (méth)aérylate,
.mfmethoxyphenyl (meth)écrylate,.p—methoxypheqyl' |
-fmeth)acrylate, o—methoxyphenylethyl (meth)acrylate,
20 -.m;ﬁethoxyphenylefhyl (meﬁh)aqry;aﬁe, pfmeth6Xthenylethyl
-(meth)acrylate; ﬁ—propyl (meth)acrylate, i-propyl
"-(ﬁéth)acrylate, ﬁ—bﬁtyl“(meth)acrylate, i~-butyl
.'  kﬁeth)acryiatgg_t¥gﬁ£yl (ﬁéth)aérylate, 2-ethylhexyl

' -(méth)a¢rylate, lauryl “(meth)acrylate, stearyl



39 dinethyldithiocarbamate and nmanganese 2-ethyl enebi sdit hi ocar banmat e),
2,4,5,6-tetrachl oroi sophthalonitrile, N, N-dinethyldichlorophenylurea, 5
2,4,6-trichl orophenyl mal ei m de,
2-met hyl t hi o-4-t-butyl am no-6-cycl opropyl am no-s-triazin e, basic copper
acetate and the like.. These other organic antifoulants (E) can be used
generally in such an anount that the sumof antifoulants .10 (B)+(C +(F)
-is inthe range of 1 to 70% by weight, preferably 5 to 50% by wei ght based
on the ampbunt of antifouling coating conposition. In the present
invention, it is preferred that subst%ntially none of borane compounds,
such as 15 pyridine-triphenyl borane and other triphenyl borane conpounds
and t etr apheayh becagéatenpbendy)l destch)isent v etgappinesel Pat ent Publ i cation
‘No. 54(1979)-1571 and none of cuprous oxide as inorganic antifoulant are
contai ned {MethPacrglbicbouliisegoroatli Ngeronpost ¢1ane, . @pckbhasyilci zer .
(chlorinated paraffin)> Exanples of the plasticizers include TCP (tricresyl
- phosphat e) (m&hh PEERGL 8L ePRALIR1 dRA! Vi) £thylagéher and the |ike.
. These plasticizers'can be useg alone or in conbination. 40 These

pl asticizers contyj t hﬂﬂ? t 9fichhgschragkdresataiae of the
coating filn1f%okpg§¥gﬁﬁg%}§gntl oul 1 ng %8atiﬁg coﬁposi ion@?herein al so
referred to as . "antifouling,coating filyd) t pl asticizers, 5
chlofinate %ﬁ?A?FFHlﬁgﬁro%o€ %%Pﬁ rﬂ%¥%ﬂ%§%§£ﬁ$§rﬁggﬁé’ The. chlorinated
paraffin (chl oroparaffin) may | inear_or,hbranched. The chlorinated '
paraffin a%"?b%ﬁ?ﬁ@ﬁﬁ@ﬁﬁﬁuH@et%S?qﬁgiﬁﬁﬁﬂ(Fi%ygfffﬂbTﬁﬁgdery). The aver age
.nunber of carbon atoms thereof is generally in the rarge of 8 to 30, 10
preferabl y(methyagsylpte 9 rpletwdreg iituse” el baFhut 867 paraffin havi ng

.9 nunber average nol ecul ar wei ght of
o ~an addition product from 2-hydroxyethyl (meth)acrylate

énd ethylene oxide, propylene oxide, yv-butyrolactone,
10 ge-caprolactone or the like; |
-a dimep ér t;imer of Z—HydroXyethyi.(meth)acrylate,
Z—hYdroxypropyl (meth)acrYlate or tﬁe like;
a monomer having multiple hydroxyl groups, such as
glycerol_(meth)acrylate; a vinyl monomer having a primary
;15 . or secondary amino group, such as butylaminoethyl
fﬁ._ _(ﬁeth)acrylate_or (meth)acrylémide;
| | a vinyl m6aner having é tertiéry aminQ group, éuch as
di@ethylaminoethyl (meth)acrylaté,.diethylaﬁinoéthyl
E (meth)aérilate, dimethylaminopr§pyl'(meth)acrylate,
:20 : dimethylé@inébu£y1 (meth)acrylate, dibutylaminOethyl'
'(méth)aérYiate,'dimethyléminoéthyl(méfh)a¢;ylamidé or
diﬁethyléﬁiﬂoprépyl(metﬁ)ac;ylamide; |
l~é1het;£§;§cli¢5asicnwnomer,suchasxdnyipyrrolidone,

1vinylpyridiné or viylcarbazole; or



generally 200 to 1200, especially 300 to 1100, a viscosity of generally 1
or higher (poise/25C), especially 1.2 or higher (poise/25C) and a specific
gravity of 1.05 to 15 1.80/25C, especially 1.10 to 1.70/25C. Wen the :
chlorinated paraffin of the above nunber of carbon atonms is wused, the
obtained antifouling coating conposition enables formng.a coating film
that is resistant to cracking and peeling. Wien the nunber of carbon atons
of chlorinated 20 paraffin is less than 8, the crack inhibiting effect may
be -unsatisfactory. On the other hand, when the nunber of carbon atons of
‘chlorinated paraffin exceeds 30,.the siirface of obtained coating film may
- exhi bit poor wasting performance . (renewability) and poor antifouling
performance. |t ivirdl momeienredudiatas hetghdoei nathphtedtieoe(chl ori ne
.content) of <chlorinated paraffin be generally in the range of 35 to 75%
especi al | yy3Ret By 65% r¥ien thetehberiynairad mareaf fiimyaf .addit stechkori nati on
rati-o i s used, %e obt ai ned antifouling coating 5 conposition enables
formng a gp ingr§'kghgg@t is resistant to cracking and peeling. As such
~a chlorinated paraffin, there can be nentioned, for exanple, "Toyoparax
150" or "Toyopara ALY T p i
- <Ant i saggi ng/ a%ﬁos@t ﬁhﬁeg eagfé‘%'% (t |€%(% rlg%?%n%gen%g 1(8'9%%2163 of
anti saggi ng/ anti settjng agent. (thixotropic agent) : y e t he
antﬁ%oulﬁnga%bﬁﬁ'H@DLEE%BE???béni?P%ﬁ?lg%%?fg%F?kg%%ﬁnpgéﬁ%§%§g?P%Fé not
one detrinental to the storage stability of the antifouling coating
- conposi ti ohS m§9€h0§s(§ﬁtBP§§ﬁV&1€IQﬁlqaaﬂnﬂqﬁgﬂﬁaQQ%}ﬁ%.egter
anti saggi ng/ anti setting agents include organic clay salts such as
stearate, hespmhraate2lal kgpsasrotace althe dommulaca and zn, and further
. hnclude pol yet hyl ene wax, am de wax, hydrogenated castor oil wax,
pol yam de max,EdOEDxtﬂﬂﬁab#Cthdrogeﬁ@ted castor oil wax and pol yani de wax,
synthetic 20. particulate silica and pol yethyl ene oxide wax. O these,
pol yani de wa%resyinRhetéprpashtsubahgdsbbiecaatpol pet mplténd , adderkvax and
organic clay salts"are preferably enployed. As the antisaggi ng/antisetting
agefd s, UsgepaBsahte be BAU§1, a cycloalkyl or an aryl. :

Also, the unsaturated monomer (a2) capable of radical
polymerization containing no metals for use in the present

invention can preferably be monomer (a22) of the formula:

R’R°0CO-CH (R®) =CH, (3)
15 | (wherein R® represehts a hydrogen atom or methyl, R®
£ _ .represents an alkylene, a cycloalkylene or an arylene, and

‘R’ represents é hydroxyl, an_alkoxyl, a cycloélkoxyl or an
.-érquxyl. |
| "As the monomer {a22) of the above fofmulé (3); there
.20 U -icah:bé mentioned; for example, 2—methoxyéthyl
'ﬁ_(ﬁeﬁh)acfjlaté,Q&ethOXyethyl(meth)acfyiétepphenoxyethyl
“pf ﬁ:(méth)acrylété, 2f(2—éthylhéxaoxy)ethyl (meth)acrylaté;
:'.ii4me£ﬁyl—2—@éthOXYethylacrylaté,3—methoxybutylacfylate,

. -3fhethy153—methoxybutyl acrylate, m-methoxyphenyl



of those commercially available, for exanple, by the trade 42 nanes

"Di sparlon 305", "D sparlon 4200-20" and "D sparlon A632-20X", al
products of Kusunbto Chemicals, Ltd. <Qher coating filmformng
conponent > The antifouling coating conposition of the present 5 invention
may contain, as coating filmform ng conponents, resins other than the

- above netal -contai ning copolynmer (A) as long as these are not detrinental
to the object of the present invention- Exanples of these "other coating
film form ng conmponents” include sparingly water-soluble or 10

non-wat er-sol ubl e resins (hereinafter &@Bso referred to as
"sparingly/ non-wat er-sol uble resins"), such as an acrylic resin, an
acrylic sil gong) €8y NateNsptueahodypakbygsdt émethgsions;lacd,l uororesin, a
pol ybutene resin, a silicone rubber, a urethane resin (rubber), polyam de
resins, Vinyl,Chhokigfedpl SORPLY L i BSEPF1aBe CH-Ghd Rb RFDRERPEELLLESI N)
chlorinated olefin resins, a styrene/butadi ene copolyner resin, an

et hyl ene/ vi i€ n [ iRyl C ' in, ap.al kyd
resin, a curl %%ﬁggég%?%?gggtégﬁgFég%&?gggxﬁegﬁgltEégFrggér_ %f%'paggicular,
specific ex | es of t abaove vinyl -chlqride, copal r. resi;ns_include a
vinyl ch|orf%£?5i?®$‘#QEQFgféC€8p8¥§§8 Trasety 88v$%%¥g?ﬁFogﬁ8e §F§y|

acet at.e/ vi nyl al cohol copol yner resin, vinyl chloride/vinyl i-butyl
et her® copol 5/ARRIr BREFHS BOYP §F34éa§8EPo%FE@FéPﬁyFﬁﬂ%ﬁﬂ%ﬁﬁﬁ%%ﬁﬁpofyner

~resin and a chloride of ethylene/vinyl acetate copolynmer. In the present
i nvention, 3teseherebwtyhndcEUbBERsCEafhehd lkged Saldird &9 %h-. conbi nati on
In the present invention, 5 the above sparingly/non-water-sol uble resins
can be used in These nashcunatdd mmdwitowad) wearzbtel abl sadiesins.
-Exanpl es of the water soluble resins include rosin (e.g., trade nane
. "rosin' WV ) pol gmephnosai boxyhica aiel nlg and nealatls mbheipeaisedslidiee or in
nmonocar boxylic acid, there can be nentioned, 10 for exanple, a naphthenic
acid or fat¢ymBehdtrhani ngabgid present invention, it is especially
10. preferred to use the monomer (a215 of the above formula (2)
"in combination with the monomer (a22) of the above formula
(3) as the unsaturated monomer (a2) capable of radical
polymerization containing no metals.
;Metal—containing.copolymer (A)
15 __.' The metal-containing copolymer (A) for use in the
_5j> o present invention is obtained by copolymerization of the
abbve polymerizable unsaturated monomer (al) containing a
metal with the unsaturated monomer'(aZ)_capable of radical
polymerization containing no metals.
"20 ' Although this metal-containing copolymer (A) is not
"_particularly limited, it is preferably composed of 2 to 50%
" by weight,.still preferably 5 to 40% by weight of units

-derivedfromthecomponent(al)and50t1>9&%byweight,still

.préferably 60 to 90%“by weight of units derived from the



.9 to 19 carbon atons: Exanples of the salts of nonocarboxylic acids
include Cu,.Zn and Ca salts. Exanples of the rosins include gumrosin,
wood rosin, tall oil rosin and the like. These.w thout exception can be
-used. in.the 15 present invention. These water soluble resins can be used
alone or ..in conbination. <Solvent> 1In the antifouling coating
conpositi-on of the present invention, the above various conponents are
di ssol ved or 20 . dispersed in solvents. Use can be made of various
solvents comonly added to antifouling paints, such as aliphatic,
aromatic, ketonic, ester and. ether so?gents. Exanpl es of the aromatic
- solvents include xylene and tol uene. Exanples of the ketonic solvents
i ncl ude MBiatuBtathimescofert He2ét hepailie gbl vapisal riedlivee propylene glyco
nmononet hyl ether and propyl ene glycol nononmethyl ether acetate: (PMAC).
Product i one&ft atirfpuld ngetcoBs i ng conposition The antifoul ing coating
~conposition of the present 5 invention can be produced fromthe above
met al - cont ai ni RPsoC UMY YR 1(-Aontaining copolymer (A) for use in the
4, 5-di chl oro-2-n-octyl -4-isothiazolin-3=one (B) and netal pyrithione
conpound- ( - et j ti 0 ceer di_ng ceggsity by
e’ appr ot 51 G e e o I R RS rare 2R nPe O he Lo otuct ron van
be perforned by. . adding {n given poriionasi I in.arbitrary
‘sequence, r@@i‘f%’ﬁ‘htg/ rﬁ&?lnig %%%¥?ﬁ?§|iogrgi %Eg) ?R"a@o}%&%{?ﬁfﬁ%& %1@5
met-al -cont ai nj ng, copol yner (A)., ,4,5-djchlorg-2-n-o0 | - 4-i sot hjazglin-3-one
(B) and neferived Lpom '%/rllﬁ’ Bﬁg%%éﬂﬁah?@frﬁ’gﬁéehé??\ﬁl\;t W us&S {la%bgf’d-i ng to
necessity, a color pigment, especially extender (E) such as  zinc oxide
(D)., tal.cpysveiaght, nsehll cPagLeEaPeyum Ear BOfaby & Rol9n "4t $ nor gani ¢
- dehydrating agent (-stabilizer) , an antifoulant, especially organic
‘ant i f oul ande¥Fed 4 rorOt pé asttiad zeant airh g F%%l(aﬁgi) sef tHheg2agERt , ot her
coating filmfornming conponents, a solvent (e.g.., xylene), etc. :
L formula (1) and 50 to 98% by weight, still preferably 60 to

10 90% by _weight Of.units derived from the unsaﬁufated monomer
" (a2) capable of radiéal polymerization cont;aining no metals.
Further, the me.tal—containing copolymér (A) for use in
the present invention is preferably composedof 0.1 to 49.9%
3 by w.ei'ght, still preferébly 1 ﬁo 40% by_ weight of units
15 derived from the metal di (meth)acrylate (all), 0.1 to49.9%

by weight, still preferably 1 to 40% by weight of units

POV I

derived froﬁi the.metal—clontaini.ng .monomer .(a12) of the abo-v"e.
fdrmula (1)', 0.1 to 97.9% by weight of units derived from
'th'é monomer (-a2'1) of the abov;e formula (2), and. 0.1 -to 97.. 9%
.\20 by Weigh.t, sﬁill pre_fel_tably 1 to 90%.by weigﬁt of units
dérived fr-o..m-the monomer (a22) of the above forﬁula (_3-) . ..
‘For eXarﬁblé, when a po'l_ymeriz'abl'_e compound'obtained bS/_-
r'eacting-an inorganic metal compound .with (meth)acrylic acid

in the presence of an alcoholic organic solvent and water



The antifouling. coating conposition of the present invention can be
applied to the surface of various shaped 45 itens such as underwater
structures, for exanple, supply water inlets and waste water outlets for
~thermal. power plants and nuclear power plants; sludge diffusion
_preventive nenbranes for use in various marine civil engineering works 5
such as coastal roads, undersea tunnels, harbor facilities, canals and

wat erways; and nmarine vessels and fishing materials (.e.g. rope, fishing
net, fishing gear, float and buoy) once or nultiple tinmes according to.
‘the customary. technique. As a result30there can be obtained, for exanple,
10 . marine vessels and underwater structures covered with antifouling

- coating filig weieah aiss téxcgldlgmte riire sdrite fousdhgrapedpsonpmsran@ldan sl ow y
rel ease antifoul ant conponents for a prolonged period of tine and which,
despite thechhihghingoat lGalhap Ay sl @t eafhextbirki by aedcitd cexcel lent in
15 .. crack resistance. The antifouling coating film obtained by applying

the above antifQuliRg CQALLAYCCOTDPERLT RAOGat B MEANunddMERitEa to the
surface of “various shaped itens-and’ hardening the sanme is excellent. in.

~antifoulin roperti . , o | e, : i i nhi bi t
a0t L1 oul! HORERRS, (83 AR oL oMM BorcaR oM PUSIA IRIRYL

| avers, serpul as, oysters and Bugul a for.a prolonged per.i f tipe.. In
part?cularPOW%%Ea%ﬁé“ﬁ%?é¢ﬂ§F§ePbgoﬁﬁ%?%%nggéé ggoﬂd‘léng-%ﬁga " steel

wood, an alum num alloy and the |ike, ,th antiEOU|%ﬁg’§§%&b§g congosition
sati sf act oty caliheE db tPo’ t RETSGH ALEIFN t hBLE tra ey Yal ¥ LW PP ESPect to
a steel boat or an aluninumboat, the application of the antifouling 5
coating coosetigbs ofnghet prbswirf ¢ ratehy | oh 1% dfeRrerasl hy watePEdbut to a
:substrate surface having been sequentially coated with a primer, an
‘ant i cor r osicomppaiartt drd,)  ascoesdd mpr }1 G0 predes it yeighhi afethpaiatal.
"Further, this antifouling ' :
of the mixture and component (a2).
10 " The metal-containing copolymer (A) for use in ‘the
present invention can 'pre.ferably be obtained by
copolymerization of the copolymerization components in the
above ratio. The metal'—containing copolymer (A) obtained
by carrying out the copolyinerization in the above ratio, when
15 formed into. a coating film, exhibits appropriate water
\) resis;tan'ce-and satisfactory hydrolyzability for a prolonged
period of time and excels in a balance between coating film
crack resistance and hydfolyzability.
Although the method of cop’olymerization_'for obtaining
20 the metal—containing copolymer (A) is not particularly
' limited, for example, themetal-containing copolymer (A) can
be produced by reacting a mixture of the polymerizable

unsaturated monomer (al) containing a metal and.the

uné_aturated monomer (a2) capable of radical polymerization



coating conposition may be applied as an overcoat to the 10 surface of any
existing antifouling coating films. Mreover, for exanple, the application
of the antifouling coating conposition to. the surface of undersea
structures enables inhibiting the attachment of sea lives so that the
capability of the undersea structures can be 15 maintained for a prol onged
period of time. The application of the antifouling coating conposition to
~the surface of fishing nets enables avoiding the clogging of the meshes of
the, fishing nets while |essening .the danger of environmental pollution.
- 20 The antifouling coating conmpositiondbf the present ..invention may be
directly applied to fishing nets, or nay be applied to the surface of
mari ne vessehsaiuhdervaretalst dactieeprangnthecf ikeashichl Has WediPr
furnished with an. undercoat such as a rust preventive agent or a prinmer.
47 Furt hextosiieout heoansi 1 80F Cndgocoathang: conpowsi4 iton. ofIn hiehipr esent
invention nmay be applied as an overcoat for repair to the surface of
marine vessehslymepeehalby FBRcshides, a wWnkeived einstédchyeas aaa the Iike
whi ch has already been 5 coated with conventional antifouling paints or the

anti foul i ng¢patLPY, GURQSL | O £Of sthee PL £5EAtd NUENS icHhin Thaddi&ekness of
the antifoul 1 ng coa¥|ng filmthus formed. 1 ' on the surface of the marine

vessgl s, -!Jg‘gee;f;t\gg}&geoé%ﬂﬁtrﬁéefé?ﬁétgﬁesQealii4<%ihagbtbpgggfe@og%gﬁ{témarIy

limted, 157 exanp range o out to 1 um per
appli-cation. The thus obtained ant.i.f.uling .coatin %gl .or.coating film
on the surf3eVbfWBarEE 8f Rarch 3&€§§@V§9§hdgﬁﬁd%? T%%lnggﬁctures ,
- brought-into contact with water, according_to t he resent inventjion is
~_fornmed froAMeREUABEGE BARPTENI MY 15°NEBALERY 24 ti diPE ISFLUHE 1 he
. danger of environmental pollution and excels in the long-termantifouling
capabi I'i t ya sgaient dingirder thg ildike ernopgariad swhheratadFats il i ne
vessel s and underwater structures. According to the present invention,
t here can dégent.
10 With respect to the method of copolymerization, use can
'be made of the solution polymeriza-tioﬁ, 'suspension
polymerization, emulsion polymerization, etc. Among these,
the solution polymerization conducted with the use of an:
general organic solvent 1s preferred from the viehpoint of-
15 high productivity.
) . - . . As the organic solvent, there can be mentioned: '
an aromatic hydrocarbon, such as xylene or toluene;
an aliphatic hydrocarbon, such as hexane or heptane;
.. an ester, such as ethyl acetate or butyl acetate;
20 - an alcohol, such as isopropyl alcohol or butyl alcohol; .
ar_lleth_er, such as dioxane or diethyl ether;
a ketone, such as methyl ethyl ketone or methyl isobutyl "

ketone; or the like.

It is preferred that the weight average molecular weight. =



20 obtained an antifouling coating conposition of wde applicability
enabling even production of a white antifouling paint, which antifouling
coating conposition is capable of formng an antifouling coating film
excelling in long-termantifouling performance and exhibiting various. 48
excel l ent characteristics, such as -realizing of excellent antifouling
activity while reducing burdens on the environnent, uniformwasting of -
coating filmat constant rate for a prolonged period of tine so as to
excel in the 5 uniformwastability of coating film naintaining of
excel | ent antifouling performance for &2prolonged period of tine so as to
excel in the long-termantifouling capability 'maintaining perfornmance of
coating fil(NMw)bemagssuietiablye GRS (gedampegoiand ives sdlongteag saphck, t@f
cracking and peeling, 10 increased adhesi on as conpared with that of a
coating fikme mbasedcontpymidiqezdpo phreay| or aner “ese. in stiae ppréwentand
reduci ng of discoloration after water imersion or exposure. Furthernore,
there can bgRneVicHedpanyad ifouliingteeatdnge offi Apvheriw toaw tdeo,
antifouling coating conposition and, 15 covered with the antifouling

coating filuy, ifgﬁrlkn%o\o%ssc%,loy@@'@tmﬁr% wd 1 et Ué@eré% hinggecagak or
fishing net. en the surface of coating substrate, .such as a marine
vessel , a. marine ru at _LLs [ S in tishiing gear
Cor. 3. fisWFﬁ?Wﬁffﬁg%ggﬁggfi%%%%éﬁg?ggfsq%Fthgq§g:t gg%HFP?SEH?%apcoating
- conposition of the present inventiqgn and a.coating filmis- d on the
“surface, t &S BEFFR ealrfbcr‘aﬁﬁﬁg?%gtq} SAESPSIAY BE. g% ﬁ%gae?ogogfglr? ing
extent, and the service |l'ife thereof can be strikingl ..ex&gpde . In the
use of ant iCRGulbEnPrETAaRF cposheFoAetahaen @t ihg éé%ﬁ“ ﬁﬁgﬁknt, a
“cpating film of sharp hue can be obtained. The antifouling coatin
‘conposi ti oxrofsstliakgmasdit theveerebyimes 595 uB| €2PnPer BARVENEBFAver?d, so -
that it excels in applicability to fishing nets, etc. 5. The marine
vessel , unddrenattgre stiranct,urtehe finghenglgeareighd PifsHiOY et av&dorid ng to
the present invention are '

. 10 preferred from the viewpoint that upon formation of a coating

film, it ékhibité crack resistance.
Although the amourit of metal-containing copolymer (A)
in the antifouling coating compositibn of the present

inventiohisruﬂ:particularlylimited;itcxu1be,forexample,-

15 in the range of about 15 to 30% by weight, preferably 15 to
5f§ 25% by weight based on the amount of antifouling coating
~ composition.

.(B) 4,5—di¢hloro—2—n—éctylf4—isothiazolin—3<one
In the present inventién,
20 | 4,5—dichloro—2—n—oétyl—4—isothiaédlin—B—one.(B) togéthef"'
| 'with.the above1netal—containing:copolyme:“(A) andtjmzmetal'
.pyrithione compound (C) déscriﬁed léter:consfitutes.the
antifouling coating compoéition of the présent invention.

The coating film from this antifouling coating composition




obtained with the use of the antifouling coating conposition of the
present invention, and exert excellent antifouling performance over a
prolonged period of tinme. 10 EXAMPLE @ The present invention will further be
illustrated below wth reference' to the follow ng Exanples, which however
in no way limt the scope of the invention. 15 In the foll ow ng Exanpl es
and Conparative Exanples, parts refer to parts by weight. Production
Exanple 1 (Production of netal-containing nononer al-1) V In a
four-necked. flask equipped with. a condenser, a 20 thernoneter, a
droppi ng funnel and an agitator, 85.4 Pharts of propyl ene glycol nethyl
ether (PG and 40.7 parts of zinc oxide were charged and heated to 75C
under agi t@énoneduceFeomi ndraairtgppi inpd el car akRibie ekcglipnpgarts. of
nmet hacrylic acid (MAA),' 36.1 parts of acrylic acid (AA) and 5 parts of 50 .
wat er was ghoppedl ahga pearsianindatandwercal bent oddbér8nbe. toUpba-t he
conpletion of dropping, the reaction solution turned frommlky white to
transpar engyrrkdet Ber aq@gid ald iy i ovas &aréoLdingt fions2 hr, and 36 parts of
propyl ene glycol 5 nethyl ether was added, thereby obtaining transparent
m xture sol uti g& GA) Sootal PR AEE at hEONL8hRLRGNIONGTEhe @bnbralng,
anount . of solid contents (netal -containing nononer al-1) i'n the obtained:-
m xture solutjon S .44. tion 2.1 duction. of
ShEQ8n 1% 5%}%@8&ﬁt &?QFPF i igﬁ&??ggkggqgeigég,

met af - cont P NIrAg" nondmer” a h a four-nec urp with a
condenser, -a the ter (frop ing funnel and agitataqr, 24. arts
~of 'n-but an%FP?ﬁBﬁ.%?&Gg.ﬁo%a P&?%P Q?]I"é%’ege%ﬁfeﬁig’opg?ng%o\f wﬁlﬁgltgxi de
were charged and heated to 75C under agitation, 15 Fromthe dropping -
funnel, a.©hi khir 8N LA 1A R R Ot NERY §HFECRCPE, TBB. BXBEFRS : of
vacrylic. acid and 5 parts of . water was dropped at a constant rate over a
period of 3nkMentiogponWhrae ehapiagidanet (B oppigriitained dacthdrbsdauti on
amOuntiniﬂmzantifoulingcoatingcompositLMIOfthepresent
10 invention, the obtained coating film tends to excel in
antifouling performance and also adherence. Per 100 parts
byweight(ﬂfmetal—containingcnpolymer(A),ji:ispreferred
that the component (B) be generally contained in an amount
of 0.5 to 100 parts by weight, especially 1 to 50 parts by
15 -_Weight'from the viewpoint of coating film propérties;
f§_ (C) Metal pyrithiohe_compound
As the metal pyrithione-compound (C) for use in the-

'present invention, there can be mentioned compounds of the

. formula:

- (4)

.20



turned frommIlky white to transparency. Further, agitation 20 was carried
out for 2 hr, and 36.parts of xylene was added, thereby obtaining :
transparent mxture solution (B) containing netal-containing. mononer al -2.
The amobunt of. solid contents (netal-containing nonomer al-2) in the
obt ai ned m xture solution was 44.9.wt.o0. 51 Production Exanple 3
(Production of netal -containing nononer al-3) In.a four-necked fl ask
equi pped with a condenser, a thernoneter, a dropping funnel and an
agitator, 85..4 parts 5 of propylene glycol nethyl ether. and 46.8 parts
of zinc oxide were charged and heated 86 7.5C under agitation. Fromthe
dropping funnel, a mxture of 46.1 parts of nethacrylic acid, 36.1 parts
of acrylicwheird iandabhpaf 1S tof Riat edewasdéndipedepaesantensthamiragtre over a
period of 3 hr. Upon the conpletion 10 of dropping, the reaction solution
turned frogesid, kynWhi kgl drogenahranepayencyup bur & herloggidtadd arl gls
carried out for 4 hr, and 43.5 parts of propylene glycol nethyl ether was
added,_thegggﬁqutaining slightly turbid m xture solution (C) containing
net al - cont ai ni ng nononmer al -3. The anount 15 of solid contents :

met al - cont ai ni - ' he talne LXT YL e | wk i o S
( .@%aggg%e%n( ?’a fagtfal suep_: ?’réet 1 WX M?, EQ! Ui} orppyva

"+ 44.9% Production oduction o -contarning. nononer al-4)

In a_four-necked flask, equipped with a.cond er, a_20 ther t a

dr opPi ng f%ﬁn8F-Qﬁd.éHtaéltggo?fg%%rﬁsgtgbaggﬁ]ﬁ¥83§‘%%e g_fgg. &g#%yl
_ether, 15.4 parts of water and 40.7 _parts. of zinc oxide were charged and
heated to Y3EWRHEIL QﬂNQ%ﬁqQﬁﬂl¢¥dﬁftﬁ%aﬂfﬁgpfhgmfﬂﬁﬁ%f?ga m xture of 43.
1 parts - .:of nethacr%lic acid, 36.1 parts of acrylic acid and 20.6 parts

52 of water was #poppedvalenceonst Britalate over a period of 3 hr. Upon
- the conpletion of dropping, the reaction solution t urned frommlky white
to transparencyTh&une el b thatdron compownds iced betused PLome ol 20. 4
“parts of propylene glycol 5 nethyl ether was added, thereby obtaining
transparenicombination.
.10 : In the présent'invention, it is preferred that the metal
' pyrithidne compound (C) be generally containéd in an amount
of 1 to 90 parts by w_eig-ht, especially 5 to 55 parts by weight
.per 100 parts by weight of the metal-containing copolymer
(A) (solid 'co__nte.nts)' in the antifouling coating composition -
16 .-o'f the present invention. When the metal pyrithione
L - compound (C) is contained in the above amount in the
antifouling coating compdsition-of the present invention,
there is such a ten‘deh_cy t_hat an antifouling coating film
excelling in ant'ifouling-performance'_'-.can be obtained.
.- 20 Further, it is preferred that this -met'al pyrithione

compoﬁn_d (C) be contained in ‘an amount __of 0.2 to 40 parts o

by weight, espec_i-ally 1 to 20 parts by -Wéight per 100 parts
by weight of the antifouling cdati_h'g composition of thé__

present invention. When the meta_']_. 'p'y'rit'hione com'.po'un'_d _(_C)_ :




m xture solution (D) containing netal -contai ni ng nmononer al-4. The anount
of solid contents (netal -containing nononer -4) in the obtained. mxture
solution was 44.2% Production Exanple 5 10 (Pr oducti on of

nmet al - cont ai ni ng nmononer al-5) In a four-necked flask equipped with a
condenser, a thernoneter, a dropping. funnel and an agitator, 85.4 parts
of ~propyl ene glycol nmethyl ether and 20.2 parts of nagnesi um oxide were
charged and heated to 75C under agitation. From 15 the dropping funnel,
.mxture of 43.1 parts of nethacrylic f:} acid, 36.1 parts of. acrylic
acid and 5 parts of water was dropped3at a constant rate over, a period. of
3 hr: Upon the :conpletion of dropping, the reaction solution turned from
m | ky whiteld ecntanspat encyhe Rirdheramagit dtn ohewast thounl edg 2o atuingor 2
hr, and 11 parts of propylene glycol nethyl ether was added, thereby

obt ai ni ng td@RSPSL €1dn raﬁwreepif@ts@hitomnvéaxi@ar,rtah@idtgtmaa-c@mah@i ng. .
~nmononeral -5. The anmount :of solid contents (netal -containing nononer al-5)

in the obt@ Ned &his UES- e§@éytmna%§féﬁllﬁ% 83 foPmadeet.i on Exanple 6
(Production of netal -contai ni ng nmononer al - Fn a four-necked flask

equi pped. wi th aTR%”ﬂ%‘Eéﬁr Py%ltm%rn@r@q&@% i ng gﬁsplﬁgﬁgm Apgman

'agl tator, 85.4 part ropyl ene et 40.5 parts. of
“zinc _oxi. de and 0 of cupri OXI wer e ch arg eat ed 75 C
under agi tacflf%?lou%r(gﬁ%%e %ﬁ‘%g%fﬁﬁ Hgﬁ g u'r“gnof_:‘q4§ afe p;rr%tes of

'rrethacryllc acid, 36.1 parts of acry I|c acid and, 5 Parts of water was _
dr opped at ad“‘cb?f%‘t‘hh‘t‘grcé%aéld\ﬂercoﬁpﬁ’egrﬁtdd’nléeéfl%lﬁg UEJ‘BrF?%”&%H‘b‘PBtl on of

dropping, ‘the reaction solution turned green. Further, agitation was
carried outoffighip Ih‘?tabnﬂyll_lltbaﬁﬂg C@"‘Pﬁﬁl@ﬁ‘yl(éhewgfcﬁcol met hyl et her was
-atlded; thereby obtaining transparent mixture solution (F) containing
netal - cont &4 N ngi gibhoner2ah-6¢ct Thedamsonh iezolinsgpaec Rt eprsels in
(et al -cont ai ni ng nononer al-6) in the obtained m xture solution was
44. 9% Prodtied ipendixeatpl ity into a substrate to be coated. The thus
10 obtained coating film excels in the long-term antifouling
performance maintaining capability and the long-term
coating film uniform wastability, so that it can be
appropriately applied to long-term continuous uses such as
© ocean-—going vessels. Further, the coating filmis resistant
- 15 to-cracking and peeling, and the coating film formed is one
'fﬁb o .having high adherence as compared with that realized in the
- use of byridine~triphenylborané or the like. Thus, the
~antifouling coating composition is suitable as an
'antifouling paint for_marine vessels and'underwater 
.20 . structures or as an antifouling paint for fishing gear or
fishing net.
Cptional'componénts
In addition to the above essential components .

‘consisting of metal-containing copolymer (RA), .




. (Production of netal -containing copolyner A-1) In a four-necked flask
equi pped with a condenser, a 20 thernonmeter, a dropping.funnel and an
agitator, 15 parts of propylene glycol nethyl ether, 57 parts of xylene
and 4 parts of ethyl acrylate were charged and heated to 100C under
agitation. Fromthe dropping funnel, a transparent m xture .consisting of 1
part of nethyl nethacrylate, 66.2 parts of 54 ethyl acrylate,.5.4 parts of
2- met hoxyet hyl acrylate, 52 parts of the m xture salution (A) obtained in
~ Production Exanple 1, 10 parts of xylene, 1 part of chain transfer agent
~ (Nof mer MBD produced by Nippon O & F#ts Co., Ltd.), 2.5 .5 parts of AlIBN
(azobi si sobutyronitrile produced by Japan Hydrazine Conpany,. Inc.) and 7
parts of AMBB-dfabbbisrdthyloutwir-dniitsoitihd agodducet-dye Jdpamndy dedzilne
Conpany, Inc.) was dropped at a constant. rate over a period of 6 hr.
After the gorptribas ebmgboppi NG,) ,0.thepairt idfoullling .céabimyl peroctoate and
7 parts of xylene were further dropped over a period of 30 mn. Further,
agi tation uwgsp6ahitise 84t thef Yrebdit I vt icNdmhyd HRalds nayl gne was
added. Thus, there was obtained a |light-yellow transparent resin
composi L1 09o0le >y O¥HNGAL; BA S et ARG G Udfind BEORL kYA Yin. 15 ot
contai ning any 1 nsoluble matter and contai ning netal-containing copol yner
A-1._Product|o ample_8 . (Praqducti f t.al -.co L pL ng-copolLynmer A-2)
In a5four-ﬂ@%%gagﬁllggkpgéﬁit(ﬁpe?f%-rwet%%éﬁc%n e]‘?lassetrcl,@{a?ég% tgﬁ(gfr?ngl?ret er, a
- droppi ng funnel and an agitator, 1 arts of . prapyl ene.glycol nethyl
ether, 60 BALPELIBATRY BA a§%&“4 p?é’r%t RIst YA %%‘%51 %?ezhﬂ?eoéﬁg?ged and
~heated to 100C under agitation. Fromthe dropping funnel, a transparent
nixture céRsNStCAGWSE) 10 Dpar tectemddihyAudhetdradrytat 62 6218°p4RPICE5  of
c.ethyl acrylate, 5.4 parts of 2-methoxyethyl acrylate, 40 J parts of the
‘m xture soflehydmatAngobueintged iantArfsduariton <sramially 209pAifs of -xyl ene,
1 part of chain transfer agent _
antifoulants (F) other than the above items (A) to (C),

10 piasticizers, antisagging/antisetting-agehts( qoating film
forming components other than the above copolymer (A),
solvents, etc.. _ : ' -
<¢olor pigment>

AS'the c6lor pigment, use can be made of various common
15 _ Qrganic and inorganic pigments.
f?$ . '~ Examples of the-organic pigments include éarbon black,
Phthalocyanine Blue, Prussian'Blue and the like; 
"Examples of the inérganic pigments include thdse which
areheufralandnpnfea¢tive/suchastifanimnwhite,redi:dn
20 - oxide, bar.yta powder, C_'haik and iron o_x.id.e pov{(de;:'_-; ah_dj't'.hos_é
_'kactive'pigments)-which afe.basic and react:ﬁith.acidi¢' 
sugstancésinthégminf;suéhaszinéfiowér(Znoziiﬁéégide);
white lead, red lead, zinc po;déflé;a lead'Sébéxidé p;Qaé£; 

Dyes and other various colorants may bé'cdhtained'in the -



(Nof mer MSD produced by N ppon Ol & Fats Co., Ltd.), 2.5 5 parts of AIBN
and 5. 5parts of AMBN. was dropped at a constant rate. over a period of 6

hr. After the conpletion of dropping, 0.5 part of t-butyl peroctoate and 7 -

parts of xylene were. ‘further dzopped over a period of.30 mn. Further,
agitation was carried out for 1 hr 30 min, and 8 parts of xylene was 10
added. Thus, there was obtained a light-yellow transparent resin
conposition of 46.1% heating residue and Gardner viscosity+V not

caontai ning any insoluble matter and cgontaining netal -containi'ng copol yner
- A-2. Production Exanple 9 .15 '(Produc%ion.of met al - cont ai ni ng copol yner
A-3) In a four-necked flask equipped. wth a condenser, a thernoneter, a
~droppi ng fpageengdAd an agitator, 15 parts of propyl ene glycol nethyl
ether, 57 parts-of xylene and .4 parts ..of ethyl acrylate were charged and
- heated to 100C inderti2®lagi,t atinonox Femh)he sdpoppengbl unnetd. a Whremspar ent
m xture consisting of 14.6 parts of nmethyl nethacrylate, 52.6 parts .f
ethyl acryliates Ynbepaetistofaadbuiyt @cigd ate) , 4ifc 4 partesfernfed titeati xt ure
solution (A) obtained in Production Exanple 1, 10 parts of xylene, 1 part
of chain transfeg;agant ANIdRfen2Ga1VED:Ar adusRsuBY N BPes Ao pafass Co.,
Ltd.), 2.5 parts of AIBN and 8.5 parts of AMBN was dropped at a constant

‘rate. over . I f. 6k et ko d LBg: ng0. 5 part of
bgctg%l ?\q %&r 1rHO ﬁ%%xw%&% 03 I]Beefal ESRPLAH ng

?p;bu?yl per oate. a 7 parts ene were 5 further dropped over a _
period of. 30 min. Further, agitatiop,, [rd for A hr.: in, and
6.9 parts SPP§§VES§ d aggdgda # u§?°ﬁ%29§§h%§§§%§§%%é%€é%F?éﬁggie | ow -
transparent resLn'conposition_of'45.8@6heating.reshgue and.Gar%ner
viscosity- 25 ABEIEOMIENG PN RBIRMAT e At t BF °RnG S 181 E8RP A

“nmetal -containing copol ymer A-3. Production Exanple 10 (Productjon. of
net al - cont ¥PFCAGICEPERPABA tA- aPd| adReFenreneEkdat#12.k il WEh a
condenser, a thernoneter, a dropping funnel and an agitator, 15 parts of
15 propyl es&xgleypcelr ndt)iyl ether, 61 parts of xylene and 4 parts

10 " The extender (E) 1is a pigm.ent. which exh-ibits_ low
-.re.fractive index and which when blended with a.n 0il or a
varnish, lS trahsparent ana does not mask a coating surface.
As the extender, there can be ._mentioned, for example, talc,
silica, mica or clay; also us_ed .as an antisetting agent,

.15 calcium cart_jonate, kaolin or al@ina whife} als-:o'u-sed as a

: '”) o flatting agent, white carbon, aluminum hydroxide, magnesium
cafbonéte, barium carbonate dr:barium.suifate; bentonite

- also used as .an aﬁtise’tting ageﬁt; or _thé like. | Among these,
talc, silica, mica,' clay, caléium'éaib_énéte énd ‘kaolin are. _

20 N | preferred.. '

.'.I‘hesé éxtende'ré' (E‘.) -¢an ._bé :tis'éd albﬁé'_bf in combination.
Thé level of wéﬁstinhj can be regulate_.d.-by'th;e'. t’jp_'e'_of exf.ender
.ehployed. | o o T

‘Taking into account the cost reduction and buildup



of ethyl acrylate were charged and heated to 100C under agitation. From
the -dropping funnel, a transparent m xture consisting of 18 parts of
nmet hyl nethacrylate, 61 parts of ethyl acrylate, 37.8. parts of the
m xture solution (A) 20 obtained in Production Exanple 1, 10 parts of
xylene, 1 part of chain transfer agent (Nofnmer MSD produced by N ppon Q|
& Fats Co., Ltd.), 2.5 parts of AIBN and 7 parts of AMBN was dropped at a
constant rate over a period of 6 hr. After the conpletion of dropping, 0.5
part of t-butyl peroctoate and 57 7 parts of xylene were further dropped
over a period of 30 nmin. Further, agid3&tion was carried.out for 1 hr 30
‘mn, ‘and 8.2 parts of xylene.was added.” Thus, there was obtained a
| i ght - yeIIéWfécanipabemblme@umanmﬂpnﬁitm@ntoénéﬁaﬁéh5yhﬂaithgcﬂe&ndue and
Gardner vi'scosity+T not containing any insoluble matter and contai ning
met al - cont gé vk NG SORY M ed Aodt iROEE K, 08he Exare @ d halPyedieatd 10n, of
"~ nmetal -contai ning copolynmer A-5). 10 In a.four-necked flask equi pped with a

condenser,pa & E’éﬂﬁgﬁt ¢h tﬁedéﬁepfegmlrua,n%loa%qqua&oagbfsattqron L& pats of
propyl ene glycol nethyl ether, 57 parts of xylené and 4 parts of ethyl

acryl ate were char and-h 0 t

droppi ng fURRer, Jg agﬁfgﬁsggreb?g%%lﬂ%tl %9 Uf%d%{(’)br1lsflst|(‘r§1l jd:m éﬂd%?tgts&gf nmet hyl
met hacryl at e, 64. 9 "J eth [ 5. 4 parts of

2- neﬁhoxyef%??rﬁﬁpﬁgagé ydiﬁtgﬁgrﬁge t ﬁ% %?gihﬁ% F5ol ution (A) obtained in
Production Exanple 1, 6 parts of the mxture solutlon %E) obtained in
Product i on Exaﬁﬂ%a%poﬁﬂﬁﬁkﬁtQ?Qﬁd&ﬁTéﬂ% agephr (SERPEhAFRTI0 SRS ®er agent

(Nof mer MsD . produced by Nippon Ol & Fats Co., . Ltd.), 2.5 parts of AIBN
~and 6-partenbdnAlBYN Wae dteppee st abd kigns taht theat Bl ey rat hePrddngt 6 hr.
?Lefter the conpletion of dropping, 0.5 part of t-butyl peroctoate and 7
‘parts of «yhenegvesepdsithen. drbppadleyerf ahpeirodyasfi30ehyalrafumacer, 58

agitation was carried out for 1 hr 30 min, and 7.7 parts of xylene was

added. Thusgehber enwdadebimhpetoas| ggbtsuyelCo90,), synthetic zeolite
10 adsorbents(tradename:MolecuiarSieve,etc.),orthoésters
such as methyl orthoformate and methyl o_r_thqacetate,
orthoboric esters, silicates, isocyanates (trade name:
- Additive TI) and the like. Of these, anhydrous gypsum and
~ Molecular Sieve are prefe_ra_bly used. These inorganic
15 '.dehydrating agents can be used alone or in combination.
‘m) . <Other organic antifoulant (F)>
The antifouling c"oating corﬁpositioﬁ may contain, as the
antifoulant, those other than the above métal-containing
copoiyme_r (p),
20 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) and metal
'.p'y'r"ithion_e compé_und (C) ,_.'e's_pe"cially organic antifoulants
() .
Examples-of'_the_' organlc ant_i_foulants {(F) include

. -.t-étrémet_hYlthiuram d.‘LSU]_ flde, carbamate poisons (e.g., zinc



.:transparent resin conposition of 46.2% heating residue and. Gardner

vi scosi ty+U not containing any.insoluble matter and . 5 containing

met al - cont ai ni ng copol yner A-5. Production Exanple 12 (Production of

met al - cont ai ni ng copol ynmer A-6) In a four-necked flask equipped with a
condenser, a thermoneter, a dropping funnel and an agitator, 15 parts of
10 propyl ene glycol nethyl ether, 57 parts of xylene and 4 parts of ethyl
~acrylate were charged and heated to 100C under agitation. Fromthe
dropping funnel., a green mxture consisting of 1 part of nethyl
methacryl ate, 66.2 parts of ethyl acry?ate, 5.4 parts of 2-nethoxyet hyl
‘acrylate, 52 15 parts of the m xture solution (F) obtained in Production
_r_" Exanpl dige thy lhirtttsi agfa chapatee, add paergafeshai n transfer agent  ( Nof ner
VMBD. produced. by Ni ppon G| & Fats Co., Ltd..), 2.5 parts of AIBN and 7
-parts of ABNtms dahiedppeil tati dcacnshare) , rate over a period of 6 hr. After
‘the conpl etion of dropping, 20 0.5 part of t-butyl. peroctoate and 7 parts
of xylene verg s farddheradiepredsoyetnaipeit pdiof 30 min. Further, agitation
was. carried.out for 1 hr. 30 mn, and 4.4 parts of xylene was added. Thus,

t here was g@btai r resl Ltion of 45.2% heating residue and
sl R R :

Gar dner - vi séosi ty g any insoluble matter and contai ni ng
neta%4cont i ni copqlynmer .A-6.. P % Lon Exanple 13 (Production of
met al - cont r%ﬁ%}%ﬁﬁﬁ)%%ﬁﬂpﬁiW%l?éf %&%&gbur-necked flask equi pped with a
. condenser, ;a thermoneter, a dropping funnel and an agitator, ‘15.parts of
.. propyl ené §i&FbIt 9ﬂﬁ"Qﬁhﬂﬁy§%ﬁlgﬁ"gé?¥§l%?r?9Y£ﬂ 108r &t EHArdEd and
heated to 100C under agitation. Fromthe dropping funnel, a transparent
ni xture coifsi RATF FORREBRAY Part3ndf thet hifemet hacryl ate, 50 parts of
~efhyl acrylate, 1 part of the mxture solution (?) obtai ned in Production
Exanpl e 1., 2.5Thasesobhepl 8rgand <2 apaitfoudpniRBNFlas ady dippetbedt a _
constant rate over a period of 4 hr. After the conpletion of dropping, 0.5
part of t-leindryerpctroatectanh 7apanths that the sum of antifoulants
10 - (B)+(C)+(F) is in the range of 1 to 70%tn/weight, preferably"
5 to 50% by weight baSed' on the amount of antifduling coat’ihg-
composition.
In the present invention, it is preferred that
substantially none of borane compounds, such as
15 pyridine4triphenylborane and other triphenylborane
oy * ‘compounds and tetraphenylbbrane compounds, described in
| JapaneséiPatent Publication No. 54(1979)—1571 and none of
cuprous_oXide as inbrganic antifbuiant are contained in the .
uéntifouling coating composition.
ff20 _.<Plésticizer (chlorinated paraffin)>
Examples of the plasticizers include TCP (tricresyl
.phosphaté)fcthfinatedFaraffin[polyvinyLethyletherand
‘the liké; ;Thésé plasticizers can be used alone or in

;Cbmbination.



15 xyl ene were further dropped over a period of 30 mn. Further, agitation
-was carried out for 1 hr 30 mn, and 38.45 parts of. xylene was added.
Thus, there was obtained a transparent. resin conmposition of 44.7% heating
resi due and Gardner viscosity+B not containing any insoluble matter and 20
cont ai ni ng netal -cont ai ni ng copol yner A-7. Production Exanple 14
(Production of netal -containing copolynmer A-8) In a four-necked flask

equi pped with a condenser, a thernoneter, a dropping . funnel and an
agitator, 15 parts of 60 propylene glycol nethyl ether; 61 parts of xyl ene
and 4 parts of ethyl acrylate were charged and heat ed to 100C under
agitation- Fromthe dropping funnel, a transparent m xture conS| sting of
18 parts of - metThyeserstlvercyyF b r s 6‘10";’9%1?%%‘”%# o e R RNGEFGPAL € 37€8 parts
of the mxture solution (B) obtained in Production Exanple 2, 10 parts of
xyl ene, 1 paatk ebsibhabncer arfsftdre ayperiting I‘ﬁofhﬂneﬁr%@%?@@m%@d by Ni ppon
Gl & Fats Co. , Ltd.) , 2. 5 parts of AIBN and 7 parts of AMBN was
dropped at aatG@Bstany ¢&heinyeatomp@et inth gheGeim aAbbere féer¢d womsl etion
of dropping, 0.5 part of t-butyl peroctoate and 7 parts of xylene were.

further dr OEH%Qf%\ﬁQ&na ReHAG Pff 3G )N NAmbHE ke, pAGistatdioemas carri ed
out for 1 hr mn, "and 8 2 parts of xylene was added. Thus, there was

obtaj ned. . ghg%qg%a¥%hl ﬁ&%&%Q%pQEﬂﬂBr%%%EQf%9ﬁ90§|tbQ@f@Eaﬁ@yzu%b@5 heat i ng

resi due an ner Vi c05| ty+Y not containing any insoluble matter and

. cont ai ni ng met co tainin cn}ggwgﬂ n@h% g&%dr%gfqpnﬁge,@gqﬁ@a

(Production -of 85nf‘3| o copol'y a“four-necked flask

equi pped with a condenser ter dropping funnel and an
‘agitator, o5 Barpshef - kb?)y(fré]n%r ?/E% pr?éiafﬁa}ql%t"%orr % eLaf;

pa £'s ot xyI ene
-__a)nd 4 parts of ethyl acryl ate were charged anMeat ed to 10QC under
agi.tation, RO RSt Hd dsh st g Firthel Povds s pdrént? YR5aAdT Bt disi sti ng

of 1. part of nethyl nethacrylate, 64.9 parts_ of
_carbon atoms thereof is generally in the range of 8 to 30,

10 preferably 10 to 26. It is preferred to use a chlorlngted
| ;paraffin having a number average molecular weight of
generally 200 to 1200, especially 300 to 1100; a viscosity
of generally 1 or higher (poise/25°C), especially 1i2 or
higher (poise/25°C) and a specific gravity of 1.05 to
15 1.80/25°C, éspecially 1.10 to 1.70/25°C. When the
fi} _chlorinated pafaffin_of the above number of carbon atoms is
used, the obtained antifouling~coating compqéition enabiés
~ forming.a coating film that is resistant to craCking'and _
'peéliﬁg, ‘When the'numbef'of carbon atoms of chlorinated
-.20- _paraffin-islless'thén 8, the crack inhibiting effect may be
_-uhSatiéfactory. On the other hand, when the_nuﬁlb_er of carbo.n. :
ifaﬁéms of chlo;inated paraffin éxceedé 30,,the-éuffaéé of
.5_obtéinéd.coéting'film.may exhibit pdof wasting performance

.11(renewability) and pbot antifouling performance. It is



ethyl acrylate, 5.4 parts of 2-methoxyethyl acrylate, 55 parts of the

m xture solution (C) obtained in Production Exanple 3, 10 parts of
~-xylene, 1 part of chain transfer -agent 5 (Nof ner MSD produced by N ppon
Ol.& Fats Co., Ltd.), 2.5 parts of AIBN and 7.5 parts of AMBN was dropped
at a constant rate over a period of 6 hr. After the conpletion of

dropping, 0.5 part of t-butyl peroctoate and 7 parts of xylene were
further dropped over a period of 30 min. Further, agitation 10 was carried
out for 1 hr 30 mn, and.3. 1 parts of xylene was added. Thus, there was
-obtained a slightly turbid |ight-yelHBdw resin conposition of 46.3% heating
residue and Gardner viscosity+Wnot containing any insoluble matter and
cont ai ni N ettt redRtaithichg clopot ymet i ds Xatlfo RabduotirencBErarpite 06
“(Production of netal-containing copolymer A-10) In a four-necked flask
-eqUIDPGd‘%Hﬂbﬁ&&§ﬂg§$%¥afﬁhntﬁﬁ@@@@?&ﬁly n drepphngef onrsd tandsan
agi tator, parts of propyl ene glycol nethyl ether, 25.2 parts of

Xyl ene and, {po A)gf%%sotoeéwl ¥ 8he dﬂ&fh@fgsqa@mtm@\b@dthqs%c
x _

~under agit mt he dropplng funnel, a transparent mxture

consi sting.of 1@%%6; 4151 acrur%%tc{m*%%f%tealr@@d 2ncRELLS S0 ELBVLnger vl ate,

5.4 parts arts of the mxture. so ion (D)
obtained in 62 Producti e 4, 10. part rop Iene oI nmet hyl
cthet |1 BB CHAR TSR SPTHGRA CRASPHCLE RS T oade e By Sppon G |
& Fats Co. , Ltd.) , 2. 5 parts _of AIBN and 8 parts of AMBN gﬁs dr opped
at a constEmtcrageingernd peeidadof 5 SUFD AfE O’Eh‘éa'&%‘flrp?%f? 18f
dropping,. 0..5 part of t-butyl peroctoate and 7 parts of xylene were
further drioppeel overbeanpatiodedof £90 ArATRAE heFwPraFarndS 0 e her
“‘agitation was carried out for 1 hr, and 4.4 parts of xylene was added.
“Thus, thererowspabsai ned0d skpghtbg bur Biosohi glerpealdtowen0 resin
- conposition of 45.9% heating residue and Gardner. viscosity+V not
cont ai ni no«amyi a5kl anratker iagdageamnt aithiing tretrailc coydreint ng copol yner
A-10. Table 1 lists, with respect to Production Exanples 1
: 100 . ' . The antisagging/antisetting agent (thixotropic agent)
_méy be added to the antifouliﬁg coating composition in an
arbitrary amount unless it is not one detrimental to the
storage stability of the antifouling coating composition,
5su¢h as an organic clay. Examples of the

15 : éntisagging/antisetting agents include organic clay salts
{?) | such as stearate, lecithinate, alkylsulfonaté salts of Al,
-Ca aﬁd Zn, aﬁd further include polyethylene wax, amide wax,
hydrogenated castor oil Wax, polyamide wax, a mixture of
hydrogenated castor oil wax and polyamide wax, synthetic
- 20 ',partiCuléte silica and polYethylene oxide wax. Of these,
.pélyamide_wax, synthetic particulate silica, polyethylene
"dxidé wak and organic clay salts are preferably employed)

- ‘As the antisagging/antisetting agents, use can .also be made

of those commercially available, for example, by the trade



to 6, the charged anounts (nolar ratio) for obtaining 15 reaction.
products and the sol vent anounts., water contents (wt.% and solid
contents of mxture solutions containing reaction products.. Table 2
lists, with respect to Production Exanples 7 to 16, the charged anounts
(weight ratio) for producing 20 netal-containing copolyners and the
viscosities (Gardner viscosity) solid contents (% and resin nol ecul ar

wei ghts -(MAN of obtained resin conpositions. The nol ecul ar wei ght of
each, of the resins was neasured.. by the use of HLC-8120 GPC wherei n use
was made of two: 63 separation columg2of TSK-gel a type (a-M and
further, as an eluent, DM (dinethylformam de) containing. 20 mM Li Br.
The wei ght reareradtinmaciudar3 041,gHtD iwesa deerr 42 h@d2@'h ard nsDigparlon

- polystyrene. 5 CL 4-) 01) d d NIOm=-r1 --r . r-1 CoMC cr cr dd~
OOv dv wesy30xt) 41D Ereduddstof CKusWidlroNCNeNiNal®e, S4@x O 4-) 1 |
| i -UO rn”"oa Q Ex '0-1 fil a) .Ot0 41 MWNOM O al to co

<Other coating film forming component>
The antifouling coating composition of' the present
5 invention may contain, as coéting film forming components,
- resins other than the abbve metal—cohtainiﬁg.éopolymef (A)

as long as these are not detrimental to the object of the

R

presenﬁ invention. Examples of these “bther coating film
forming components” include sparingly water-soluble or
10 _-non~water—soluble resins (hereinafter also referred to as
"spériﬁgly/non—water—soluble resins"), such as an acrylic
resin, an acrylic silicone resin, unsaturated polyestef
resins, a fluororesin, a polybutene resin, a silicone rubber,
a urethaﬁe resin (rubber),.polyémide resins, vinyl chloride
15 'Copolymerresins?acﬂdorinatedrubber(resin);chlorinated
-fﬁ' _ | olefin resins, a styrene/butadiene-copolymef resin, an
éthylene/vinyl acetate copolymer resin, a vinyl chléride
: resin, an alkyd resin, a cumarone resin, a petroleum resin
and the like. 
- 20 _ 'In'partiéular, specific examples of the abo&e_vinyl,
3-éhloriaé-éopolymer;resiné'include-a_Vinyl.chloride/vinyl
" acetate copolymer resin, é &ihyl chloride/vinyl
acetate/vinyl alcohol copolymer resin, a vinyl

chloride/vinyl i-butyl ether copolymer resin, a vinyl
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- éhloride/vinyl propionate copolymer resin and a chloride of

ethylene/vinyl acetate copolymer.
In the present invention, these resins and rubbers can

be used alone or in combination. In the present invention,

_ the above sparingly/non-water-soluble resins can be used in

. combination with the following water soluble. resins.

.
4 ._'-..7)
102
15
S
‘920 |

ExamplesOfiﬂmawaterSOlubleresinsihcluderosin(e.g,,
tradé.name'“rosin'WW”), a monocarboxylic acid and salts
thefeof. Asthen@noca:boxylicacid,therecxnlbenentioned,

for example, a naphthenic-acid or fatty acid having about

9 to 19 carbon atoms. Examples of the salts of

monocarboxylic acids include Cu, Zn and Ca salts. EXamples*

of the rosins include gum rosin, wood rosin, tall oil rosin

and the like._.Thesefwithout exception can be used in the

present invention. These water-soluble resins can be used
aloﬁe_or\in combination.
<Solveht>'

In.the'antifouliﬁg coating composition of ﬁhe ﬁresent

invention, the above various components are dissolved or

 dispersed.in solvents. -Use can be made of various solvents
'Commonly added to antifouling paints, such as aliphatic,

aromatic, ketonic, ester and ether solvents. Examples of

:-the.a;omatic solvents include xylene and toluene. Exampleé

- of the ketonic solvents include MIBK. - Examples of the ether
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solvents include propyléne glycbl monomethyl ether and
propylene glycol monomethyl ether acetate (PMAC) .
Prodgction of antiféuling coating composition
The antifouling coating éomposition of the presenﬁ
5 invention can be produced from the_above-metal—containing
: éqpolymer (A),
4,5—dichloro—2fn—octyl—4—isothiazolin—3épne (B) and metal
'pyrithione compound-KC).tégether with opﬁional components
'éccording to necessity by the approp:iateﬁuse of'common.
'_10 - methods. For example} the productibn can be performéd by_
adding in'givén-probortion.simuitaneously or in’afbitrary
.Sequence, agitating/mixing and dispersing in a solvent the
metal—contaiﬁing copolymer (A),
4)5—dichlorp—2en—o¢tyl—4-isothiazolin—Bfone (B) and metal

15 ‘pyrithione compound (C) together with, used according to

_neCessity,-a.COlor pigmeqt,.especially'extender (E) sqch'as
zinc oxide'(D), talqi silica, mica, clay,-calciﬁnlcarboﬁate
'br,kéolin, an inqrganiC'dehydrating agent (stabilizer),'an
' fénfifoulént,'eSpecially orgénic antifoulant (F); é
;20 | plasticizer, an-antisagging/antisetting agent, other
poatinngilm forminé components, a solvent (e.qg., xyléne),‘
etc. ” - | | |
The antifduling coating composition of-thé-presént-

_inveﬁtion can be applied to the surface of various shaped
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items such as underwater sfructures, for.example, supply
.w'ater inlets and waste water outlets for thermal power plants
and nuclear power plants; sludge diffusion preventive
membranes for use in Various_marihe.civil engineering works
5  such as coastal roads, undersea tunnels, harbor'fécilities,
canals and waterways; and marine vessels and fishing
B ‘materials (e.g., rope, fishing net, fishing gear, float and
' buoy) once or multiple times'according'to_the customary .
technique. As a result, there can be obtained,.for'example,

10 . marine vessels and underwater structures covered with
anﬁifouling Coating film which is excellent in éntifouling
propertiesandcanslowlyréleaseantifoulantcomponentsfor
a ppolonged period of time and which, despité the thick
Coating,lhas appropriate flexibility and is excellent in

15 = crack resistance.

The antifouling coating film obtained by applying the
abd?é antifouliné coating'cbmpositidn of the present |
"_invéntion to'tﬁe surface’of varioﬁs'shéped items-and'
fhafdéning the same is e#cellent.in antifquling properties
'-f.ZO -"and, for example, can continuously inhibit attachment of
aq@atic-oréénisms.such as sea lettuces( bafnables,:greén'
laVets, serpulas, oysﬁers and Bugula for'a'pfolénged}périod .
: 6f time. |

In particular, when the materials for marine vessels,



oo-sa0 10CCOSi I 00+ a SaJdJba) V I -r10S1> a) (U4
Sa NM-i ++0. -1 . -.-1d (n-1-1W (UO'Oa) 1~004-) .,.{ CC
LI. 4 (Uo X .-i 04C 1 (aUao o0Osi -.~000CIli si - EWOE
-1 O4 Na 66 Production Exanples 17 to 29 (Production of

nmet al - cont ai ni ng copolyners A-11 to A=23) In a four-necked flask equi pped
with a condenser, a 5 thernoneter, a dropping funnel and an agitator, 30
parts of PGM (propyl ene glycol nmethyl ether) and 40 parts of xylene were
charged and heated to 100C under agitation. From'the dropping funnel,
each mixture consisting of nonomers an#f polynerization initiators as
specified in Table 3 was 10 dropped at a constant rate over a period 6f 3
hr. After ¢he. soepFBP ontedl droppd ngan labarinwt allaw pinddtscilddtee and 10
parts of xyl ene were further dropped over a period of 2 hr. Thus, -there
wer e. obt ai prd 5’&@&-Ufb@ﬂ-$ngafﬁaadMm@omﬁemwmisﬁ@mmm&ebl to

A- 23 which had 15 properties specified in Table 3. t1 NNtO a P Oto NO
L .--1 N réofihé Alrtade E the@é MAtNMNaDs. Luibht fesp&&O o Q Istddd rl In |

a u Xawr
boat or an aluminum boat, the appllcatlon of the antlfoullng
R 'cQating.composition of the present invention 1is generally
Cérried.outix)a éubstrate sufface haﬁingkﬁ¥n1éequeﬁtially
coated with a primer, an anficorrosive paint.and, accordihg
td_pecéssity,_a binder_bainﬁﬁ, Fu;théf,_this antifouling
éoating composition may be applied as an 0vercoét to the

10 ' surface of any existing antifouling cpating films.

| Moreover; er'example; the appliéation of the
'antifduling coating compositibn tq_the sﬁrface of undersea
-structures enables inhibiting the attachment of sea lives
.so tﬁat the capability of the undersea structures can be
i5 . maintained foreiprolonged.period of time. The application
ﬁf?  1 ~of the antifpuling coating composition to the surface of
.'fishinq nets ehableé ayoidiﬁg the.clogging-of the meshes of
thé, fishing nets whiie lessening the danger of é'nvironméntal

pbllution.

'_20:. . The antifouling coating composition.of the present;“
3ihvehtion may be directly applied.tolfishiﬁg nets, of may.'
be applied to the sufface of mariné_vésséls, underwaté;f "
struétures and the like which has been furni-shéd-wit’h"'_<";1f1.:_-'-'~':=

. undercoat such as a rust preventive agent or a primer.
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antifoulingpaint;whichantifoulimgcdétihgé6ﬁpritioniéﬁf”

'capable_of forming an.antifouling'coating film ¢§qellin§;inﬂ o

47

quthermoré,'the antifouling coating composition of the

present invention may be applied as an overcoat for repair

© to the surface of marine vessels, especially FRP ships,

underwater structures and the like which has already been

coated with conventional antifouling paints or the

.antifouling coating_compositioh*df the present invention}

The thickness_Qf the antifouling coa;ing'film £hu$_ermed
Qﬁ the sugfaCé'of_the matine_véssels, underwéter strﬁctures
énd_the.like,Ialthdugh:noﬁ partiqﬁlarly limited, is, for.
example, inlfhe iange 6f}about'30tx)150 unyber'abplicétioni
Tﬁg thus obtaiﬁed antifoulihg ébéting filﬁ,'or'qoating_
film on the surface of pari:s of marine vessels and-ﬁride’rwater
structures brought into coﬁtact with water, according to the
present invénfion is'formed from the above ahtifouling

coating composition, lessens the danger of environmental

' pollution and excels in the long-termantifouling capability

against a wide variety of organisms which attach to marine

- vessels and underwater structures.

According to the present invention, there_ban~be

obtained-an antifouling coating compositi¢n ¢f'wide.

applicability enabling_even'productiOn of a whife

long—termfantifouling performance and exhibiting-variOUSTﬂ5é 
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excellént_;haracteristics, such as realizing of excellenﬁ
antifouling éctivity thle reducing burdené-on the -

‘envirdnment, unifdrm wasting of coating film ét constant
‘rate for a prolOnged period of timé so as to exCei in the

5 : uniform Wastabiliﬁy of coatinngiim, @aihtaining of
'eﬁdellentimntifouling performance fér'a prolonéed.period of
"time so as to excel in the long-term antifbuling_capability
maintaining performance of coating £ilm, beiné-sﬁitable'to_ 
oceén;goiﬁg vessels, ;esistanée_to éracking and peeling,

10 " increased édhesiOn aé COmparea with that df.a coating film.
bésed on pyridiﬁe—triphenylbOrahe, etc_g-sharp:hﬁe and
reducingcﬁfdiscolorationaftérwéteriﬂmersion<n:epréﬁfe;
Furthermore, there can be provided an antifouling coating

.film'formed_fgqm the'antifouling coéting composition and,

15 '~ covered with the antiféuling'coating'filhb a mariné vessel,

{T) - ”uﬁderﬁatér structure, fiShiqg"gear Or.fishing net.

When the_surfacé'of.coating édbstrate,-sucheﬁsé mariné
'veéséi( a marine structure.at.ité'part immersed_ihiwatérg-
a fiéhing.gear or_a_fiéhing'net iétéqated/impregnétéé;gith  -

.20._  theantifoulingCOatingéompdsitﬁﬁTOfﬁhepréséhtiﬁvégﬁidhf 3h
and a coating fiinFis.férmed Qn thé'suifécé,-thé.fOuling éﬁd.

damaging thereof cén.be.réadééafﬁb73'Strikihg-eitéﬁﬁjféﬁdf'ﬂf?""

* the service_life'théreofﬁxﬂ{bérsﬁfikih91YHextéﬁdedl?{ihftﬁé  ;37

use of antifouling coating ¢émposition loaded Qithié?ébigii
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-I'(aocaoOro0J1of .-1A UC-'10C- N68 Exanples 1 .,to 65
and Conparative Exanples 1 to 44 -Antu$ouling coating conpositions of
formul ations specified in Tables 4 to 12 were prepared according to

customary progedire fromthegr £sin 60MpRapi Bog cant dleniohgaimed.
“met al -contai ning copolyners A-1 to A-23 obtained .in the above Production

Exanples 7 to 285300 1 RLAS LR Soael bl Akpd SR b EMmAeNSEdsEnt0 cm

MAch x 0.32 cm kness) hailng anti‘corrosive paints, . nanely, shop .
Tespect i ve ITHRRIHELSES B o prAp B L e o e Sai th ¢ he
12 50 as U Rl Eceb§ L Eoki FRGTLRNERACBE Sr T00 pmand dried. theroby
obtai ning test plates. 15 The test plates were Ief% i Mmerse ihn Hgggshina'
Bay df - Hiroshi hepmaréeeuresesl . 19NAeRVASSIdiFFHG - WiFeh™ the' dPed ™ 25t
~attachment of organisnms (o}, etc. were inspected every » 3
: and fishing net according to rhe_ present. 1nve,nt:r9n are
_ obtained with the rlse of the antifouling coating cémposition
) of thé present invention, and ex’e'rt‘excell_ént ant'rfoulj__ng
performance over a prolonged .peric')d of time.
10
EXAMPLE
-The_present' in_vention will further be illustrated below
with reference to tﬁe following Examples, which however in .
no way limit the scope of the invention.
15 : In the following Examples and Complara.tive Examples,
‘ﬂ) N _ .parts refer to -[.)art's by weight.
| Production Example 1 |
(Production of--metal-;conta,inir_lg monomer al-1)
“In a four-_rlecked_ flask equipped with-'-'a_ conderrsé'r_,_' a .. PP
20 K -_.thermometer, a'.dr'op.pin._g funnel and an "aéi:téror, 85. 4 parts

Of pr.pp.Ylene gl.YCOl methyl.eth.e_r (P_GM) ;—;{nd 40 ] 7-part_sﬂ'.of_ zlnC Telans e

oxide were charged and heated to 75°C .\iﬁdér"}égitatior’x_;l From S
rthe'dropping'funnel,'afmixtureiéf'43:1:pérts_of methécﬁylic9’:

. acid (MAR),. 36.1 parts of acrylic acid (BA) and 5 pafi_'_:_'__s':_(_‘)f o




nmonth. The results are also listed in.Tables 4 to 12. 20 In Tables 4 to 12,
as conponents of the fornulations; use was nmade of the follow ng
comercial products. Chlorinated' . paraffin: trade name "Toyoparax 150" .
(average ..nunber of carbon atons: 14. 5, chlorine content (wt.).:
50% . V|3005|ty .12 .69 poisel/ 25C, speC|f|c gravity: 1.25/25C, produced
by Tosoh Cbrporatlon ) Zinc oxide: trade nane "Zinc Flower No.3" (produced
by Kyushu 5 Hakusui K K ) Talc: trade name "TTK Tal ¢c" (produced by
" Takehara Kagaku Kogyo ) K. K. ‘Red iron oxide: 10 trade nane "Bengara Cekko
BB* (produced by N ppon Bengara Kogyo5QGo., Ltd.) Titaniumwhite: trade
nanme "Titanium Wiite R-5N' (produced by Sakai Chem cal Industry Co.

Ltd.) 15 Coppeir m@dambggedpé@dymwaﬁtpm& Kkagaka Sargya 6. 3 bid.  Zinc
dlnethyldlthlocarbanate "Sancel er PZ" (produced by Sanshin. Chem cal

| ndustry ) y ut . 2 o s
triazine: 6%Oé]eLt%{?iern?c&%'Fg %‘f‘h#ﬁ%gﬁﬁ?é%ﬁd %}l}@gr Eg?gl?éyswl%%@

6- Tetrachl grai s halo " ro

imited) : ARt REATHBCHSY WhEke. oF SoAbsrRrroey™ DEtEFfeBY SLeAPRER

rodogaya Qg Caa'rﬁoed outtd f> %Fgﬁ_-',-ugagdaghg)g;;egegpy' tohmgrbé gl g
5 _methyl ether was added, ;hereby-obtaining transparent

" mixture solution (A) containing metal-containing monomer

al-1. The amount of solid contents (metal-containing

monomer el-—l’) in the th_ained mixture solution wé_s 14 . 8wt.%.
Production Example'Z
10 | (_Prc)duction. of' rﬁété‘l-_—cﬁo_ntaining monomer al-2)

Ih a four;necked-fleek eqhipbedjﬁith a Condeﬁsep, e
thermometer, a dreppingffunnel and-eﬁ agitator, 24.3 parts
of n-butanol (nBuOH), .61.1 parts of xylene and 40.7 parts
ofzincoxidewerechargedandheatedto75°cundefagitatioﬁt

ﬂ'i5. Froin the dropping.funpel; ajmixture of 43.1 pafte of

-f?) _ .methacfylie acid, 36.1 paiﬁs;of.acrylic_acid and 5 parts of
water wee dropped at“aICOnstaﬁt rafe over a berioa of 3 hr.
.Upon the completioneofedroﬁping, the'reection solution
'tdrnédfromndlkahitetx>fransparency. Fﬁrthef,agitation

20 Qés carried out:fot_é-hf,'énd Bé,pafés of X?lege.ﬁéé added,
thereby obtaining trénspereﬁﬁ mixture:eeiﬁﬁiahifBX' |
'eentaining metal—cohteiﬁihﬁfﬁeﬂdmer!ai;é;'f%%efeaeﬁht.of.
'Selid-contents (météiiéSﬁéaiﬁing ﬁéﬁbmefléi;é)fiﬁefhe

-obtained mixture soldﬁidﬁJWaS'44,9hWt.%.,,fﬁe:s



"Preventol A-3" (produced by Bayer Japan) 5

N, N - di nmet hyl - N - phenyl - (N-f | uor odi chl oronmet hyl t hi o) - sul fam de: "Prevent ol
-4S" (produced by Bayer Japan) Tetranethylthiuramdisulfide: Sanceler TT"
(produced by Sanshin Chem cal Industry 10 Co., Ltd.)

2,4,6-Trichl orophenyl mal ei mde: "IT-354" (produced by |hara Chem cal

| ndustry Co., Ltd.) 2,3,5,6-Te.trachl oro-4-(nethyl sul fonyl)pyridine: 15.

“Densi| S100". (produced by Avecia Co., Ltd.) 3-lodo-.2-propynyl butyl

carbamate: "Troysan Pol yphase P100" (produced by Troy)

Di i odonet hyl -p-tolyl sulfone: "Am cal 48" (produced by Abbott) 20.

Bi sdi net hyl di ti ocar banoyl zi nc et hyl enebi sdi t hi ocar bamat e: " TOC- 3204"

(produced by Tokyed&rgaohCELhmpileal3: Industries, Ltd.) Zinc

‘et hyl enebi sdi t hi ocarbamate: r1 trade name "Zi.neb" (proj~uced by Tokyo

Organi ¢ Chen calprbadugibhess kieda)l Ronitdingnly mphemdiborom) trade name
"PK. Boron" (produced by Hokko Cheni cal 5 I ndustry Co.;, Ltd.) Zinc salt of_

~2-pyri di net hi ol ng gokgsr aégiiedn%rr%sw | HoROUEa Pyeoasdidon] i ne

- Chem cal, Ltd. pper salt of.2-pyri nethloI-I-OX|de 10 trade name
"Copper Pyr.ithione" rod ced by a 4 85. 4 t
- 4,5-Di chl ortc;‘ezn?] Y 'é If:u%r% oﬁ)e}d AR LAt oE  &at e S211"

' E“p;(r)rg?g?dgb%ﬁggggagg%ﬁé%aﬁh@%yf et rroal'lr§d 2>él parés ?%g‘g% &?{ééc' €
| were charged and heated to 75 C under agltatlon From the
dropplng funnel, a mlxture of 46 1 parts of methacryllc acid,
36.1 parts of acrylic.acid and 5 parts of water was'dropped
at a constant rate over a period of 3 hr. .Upon t.he completion:
10 of dro'pping., t'h-e'react.ion 'so.]-;atic.)n'.turned from milky w.h.it.e
" to s'e.mitranspar'ency. 'E‘urther, agitation was carried out for
4. hr, .and 43.5 parts of propylene glycol methyl ether was
added, thereby obtaining slightly turbid mixture solution
(C) containing metal-containing monomer al-3. The amount

15 ~ of solid contents (-metal—containing monomer al-3) in the

>
[

obtained mixture solution was 44.-9'_%'.-.

Production Example 4

.-(P-roduc.tio_n of-‘ metal—containi’ng monomer al—4)

In a four.'—necke_d' fla'sk equippe'd':'wi'th a'condenser, a

20 thermometer,. a dropplng funnel and an agltator, 70 parts of

_propylene glycol methyl ether, 15. 4 parts of water and 40 7
- ..parts of 21nc ox1de were charged and heated to 75 C under
: a_gita_tlon k f‘rom the dropplng funnel 'a mlxture of 43 1 parts-

__:of m‘ethacrylic acid, 36.1 parts_ _o_f agryllc acid and 20.6 parts



(produced by N ppon Chem cal Industries Co.., Ltd.) Polyethylene oxide
wax: trade nane "Disparlon 4200-20 (D spal 4200-20X) (produced

- b.y. Kusunoto Chenmicals, Ltd.) 20% xyl ene paste 20 Aliphatic am de wax:
trade nane "Disparlon. A63. 0-20X .. (D spal A630-20X)" (produced by Kusunoto
~Chem cals, Ltd.) 200 xylene paste Propylene glycol nononethyl. ether: trade
“nanme "Kuraray PGV (produced by Kuraray Co. , Ltd.), 72 solvent. The
evaluation criteria are as follows- Evaluation criteria <Eval uation
criteria on area of attachment of undersea 5 organisnms (evaluation criteria
~on stationary antifouling performancéf> 5 marks ..... the area of
~attachment of undersea organisns is.0% 4 marks ..... the area of

at t achment o bf vairrie s driapradyati ansonstendr red%eh veford gesaredr ofthdn 5% 3
marks ..... the area of attachnment of undersea organisnms is over 5% but
not great ehrt haipddD¥he2compkstion. ¢ helrapgd raf, atteackaent oof sohdeiena

organi sns i s over 10% but not greater than 25% 15 . 1 mark ...... t he area
of attachmeained rtodah SERy WwhlidNE S K anSpateindb% lpuir thedr, g§eadeiohhan 50%
and O mark...... the area of attachment. of undersea organisns is over
50% <Adheggpces b0 deberd ehat2th @nhhhopd | NG L0808 'd]‘gpfrbb%ene281¥a9§

- adherence to deteriorated antlfoullng coating filns  wasS evaltuated in the

fol oW g HBORGT - eefLESkas! B8asH! f BAELeBl BRER S fJ] %etﬁuno;ﬁ?g&q\tant' fouling

~coating f resul ting fron1abp ylng the-1ol'l omnng M/avallable
aints o t est ates test ' ates in.

f |
oo B <ParE Sl %a%é@ cbarea R Pl Beriar e Mg st coat i ng

:conp05|t|ons descrlbed in the Exanples and
.~ al-4. The amount of solid contents: (metal—contalm_ng

. monomer al-4) in the obtained,mixture solution was 44.2%?
Production Examplé 5
10 : _  " (Production Qf metél—confaining monomer aifS)

.Ih'a four—necked flésk equipped.with a condenser, a
thérhOﬁefe;, a dropping_funnel_and an agitator, 85.4 parts

.of propylene glycol methyl ether and 20.2 parts of magnesium

__§xide were charged and heated to 75°C under agitati_on. From

15 . the dropping funnel, a mixture of 43.1 parts of methac#ylic
) o ...a.ci'd, 3_6._.1 parts lof_'a_cry.l.i'c acid"anc.lWS parts of water was
Ardpped at a_ co'nsjta.nt fat_e over. a éer;ibd_of‘ 3 hr: Upon the
-gcompletion of dropping, the::eaction solgtion turned ffom

B .-m-iiky white to transpafe_ncy._ - ,E"urther.,_ _acji_tation was carried

o 2_() I_ _l:o'ut for .2 hr, .;c’md 11 parts of pfoPYlé_ne .gl'yc.:o'l methyl ether
| ’waé added, thérebyfébﬁéiﬁiﬁg ﬁrahspéféhf mixtpre'sqluﬁion'

'. (E) 'COhtaininq metal—contalnlng monomera1—5 The almount.

' of éoi_id coﬁtents (Iﬁe't_:iél.'—c:b.r:i_i::"a.l.i'.ni.n'.g'“'mo'n"dm.er.'a1—5) in the

S "'g'jb'téined mixture -__'__sp_l-litio_h'. _'Wa"s' 44.6%.



Conpar ati ve Exanples, thereby formng antifouling coating filns of 100 pm
dry filmthickness. The test plates with 5.the antifouling coating filns
were inmrersed in seawater, and upon the passage of 6 nonths, the adherence
was evaluated in accordance with the "JI'S K-5400X cut tape met hod”. The
now avail able -antifouling paints used in the test were "Chugoku AF",
"Ravax AF", "Vinyl AF', "Marine Star 10 Kai", 10 "AF -Sea Flo Z-100 LEHS",

" Sea C}andprix 500", " Sea. Grandprix 700" and "Sea Grandprix 1000" (al
produced by Chugoku Marine Paints, Ltd.). <Method of neasuring coating
filmwasting rate> Iron plates mnth a §3ze of 170 mm (length) x 70 mm
(width) 15 x 4.5 mm (thickness) were provided, and curved in the )

| ongi t udi nal di Pecdizoninnt ExBmp06' m (radi us of curvature). Threaded hol es
for mounting on a.rotary drumwere formed at four corners of each of the
pl ates, and sangpbbastedonTbe mandlbkasted nimen nrainesr: ol téde. curved
protrudent 20 surfaces were sequentially. spray coated with a .shop

primer, = a tar. IﬁpgxyoaﬁL%cﬁed 21¥5RY bqRal ggsed andH hereafdaisepatgd with
vari ous test palntS' (dry filmthickness: m The thus obtained test

pl ates werg Idﬁr%&)%l%fgegml%lf LX8TahOagi L QLBEY 6€4 paftsplaced

in Kure Bay o |ros cture. The test”"plates were rotated at a-

rotaggonal ee%@g@é%%agﬁoa§ﬂ_ ?agkﬂg f||61gaégggg Late | Xggéermned

by - dramnng hé -Seavtat er measurTng the coating
'.'.L_I l\/vma; hl'gk.rla(re\sgls t ?[raggfa e%{ﬂecgérﬂcggggaﬁde%l Q\#ged and Megtle\zlthy 'PSE% 00 U
- | 'underagitation.cFromthedroppingfunnel,andxtumaof43.1
parts of.méthacfylic acid, 36.1 pérts of acrylic acid and
5'par-t-s of wate_c was dropped at .a.constant rate over a period
10 l_of 3 hr. Upon. tﬁ_e completion of dfoéping-, the reaction
solution turned-green- Furfher, agitation was carried.Qut
. fof 2 hr, and 11 parts:of propylene glycol methyl ether wés
_ added, thereby obtaining transparent mixture solution (%)
_ containing métal—contaihing:monomer al-6. The amount .of
f15 solid Conﬁents'(metalfcontaining monomer al-6) in the
"y - obtained mixture solution was.44.9%.
| Production Exampie 7
(Pro&uction_df metal-containing cOpolYmer'A—l)'
In.a'four—necked;flaSk équipped'with a condenser, a
C90 _tﬁefmdmefér, a dfcﬁbiﬁg fﬁéneiiénd ac agitator, 15 parts of
,l.'p'ropyler'_léf'gl.:yccl methyl _'eth'e‘r-, ﬂ_STpafté of xylene and 4 pa._.r"c_s
q}cf'ecﬂjliéc£y1acécﬁéfé'Chérged acd:heatcd'to 100°C under
'ffcégitégiah;:?Ffoﬁiﬁﬁ?décppingcfunhelq a transparent mixture

'. pénsiéting- of 1 part of methyl methacrylate, 66.2 parts of



toOr Nt7 MCo NMN N (D

ONMNNO Q1 r1l

ethyl acrylate, 5.4 parts of 2—methokyethyl acrylate, 52

'-parts'of the mixture solution (A) obtained in Production

Example 1, 10 parts of xylene, 1 part of chain transfer agent

:(Nofmer MSD produced by Nippon 0il & Fats Co., Ltd.), 2.5

- 15

20

parts of AIBN (azobisisobutyronitrile produced by Japan

Hydrazine Company, Inc.) and 7 parts of AMBN

(azobismethylbutonnitrile produced by Japan Hydrazine

" Company, Inc.) was dropped at a constant rate over a period

6f 6 hr. After the completion of dropping, 0.5 part of.

:.t—butylperoctoateandf7partsofxylenewerefurtherdropped
ovei a period of 30 min. Further, agitatibn was carried out
.fdr 1'h; 30 min, and 4.4 parts of xylene was added. Thus,

there was obtained a.light~yellow transparent resin

composition of 45.6% heating residue and Gardner viscosity-Y

not containing any insoluble matter and containing

metal~containing copolymer A-1.
Production Example 8
(Production of metal—coqtainingfcopolymex A-2)

S In a four-necked flask equipped with a condenéer, a

_ thermometér( a-dropping_funnel.ahd an agitator, 15 parts of

. propylene glycol methyl ether, 60 parts of xylene and 4 parts

' of ethyl acrylaté weré charged and heated to 100°C under

'  agitatibn.- chm1jmzdropping funnel, a transparent mixture

densisting of 10 parts of methyl methacrylate, 62.6 parts

ptoC r NCMO NMNNOTrlI O xU C r- NvVv. MC NMNNO CAC

WU cor- (NC MONMNNO CT Vri ri r-i O x U Or- NV . MO

NNOr ari .-aC r-1 x WtoUlL Or- NvV MONMNNOGCo '-1 x U

Na MONMNNO r-i -21-40 r-( WX .--1W .0roU Or- N+

NMNNO O ri U NV MC (NMNr MNO. Cr-1r-1.-f O.-I
O xU Or Nc' M

X
N M
Or
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N
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5 - parts of AIBN and 5.5 parts of AMBN was dropped at a constant

UE—'OQ*O

| rate.e_ver aperiod of 6 hr. After the completion of drepping, .
'O'..5 part of .t-butyl peroctqate'and 7 parts of xylene were .
.fﬁrther dropped over a period of 30 min. Further, ‘agitation
- was carried out for 1 hr 30 mi'n, and 8 parts O.f }rylene was
10 | ) 'added; Tﬁus, there was obtaineda light—-yeliow transparent
reSin con'lpo"sition of 46.1% heating residue alnd. Gardner
viscosity+v--hot containing any insoluble nratter and
’ cont'aining metal—containing copolymer A-2.
Production Example 9

15 (Production of metal-containing copolymer A-3)

£,
7

NG L ' In a four-necked flask equipped. wi.th_a'cond_enser,- a -
thertﬁometer, a dr‘opping'fu'nnel' and an agitator, 15 parts of
:propylene glycol methyl ether, 57 parts of xylene and 4 parts |

: ._of ethyl acrylate were charged and heated to 100°C under :
| 20 3 lagltatlon. From the dropplng funne_l a transparent mlxture'
I con51st1ng of 14.6 parts of methyl methacrylate, 52.6 parts

of ethyl acrylate 7.5 parts of n- butyl acrylate, 47.4 parts

'.'-'--'pf _th_e mixture solution (A) obtained in Production Example

_ 1, 10 parts of xylene, 1 part of chain transfer agent (Nofmer
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- 56
MSDlproduced by Nippon 0il & Fats Co., Ltd.),.2.5 parts of
'AIBN and 8.5 parts of'AMBN was dropped at a conétant rate
over a period of 6.hf. After the completion of dropping,
0!5 part of t-butyl peroctoate and 7 parbs of xylene were
5 - further dropped over a period of 30 miﬁ. Further, agitation
was'carried out for 1 hr 30 min, and 6.9 parts of Xylene Qas
.added.' Thgs,'theré waé obtained a.light—yellow transparent
_resin composition of 45.8% heating_r?sidue and Gardner
_Viscosity—ZZ not éontaining any insoluble métter and
.le”' _Containing metal—containihg copolymer A;B. |
~ Production Examble 10 |
(Production.éf metal—containing copolymer A-4)
In a four-neckeéed flask equipped with a condenser, a
thermometer, a dropéing funnel and an agitator, 15 parts of

| 15 'propylene glycol methyl ether, 61 parts of xylené and 4 parts

of ethyl ‘acrylate were charged énd heated to 100°C under -

-agitation. ‘From the drdppihg funnel, a franspareﬁt mixtUré

. cohsistiﬁg Qf 18 parts of.methyl methacrylate, 61:par£s 6f
ethyl acrylate, 37.8 parts of the mixture solution (A)

20 obtginédjjlProduction:Exémple]q 10 parts of.xylepe,].part

of chain tranéfer agent.(Nofmer Msb produced by Nippon 0il

& Fats Co., Ltd.), 25 parts of AIBN a_nd 7 parts of AMBN was

--dropped.at alconstant rate over a périod_of 6 hr. After the

"completion of dropping, 0.5 part of t-butyl peroctoate and
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7 parts of xylene were further dropped over a period of 30
min. Further, agitation was carried out for 1 hr 30 min,

and 8.2 parts of xylene was added. Thus, there was obtained

" a -light—yellow transparent resin composition of 46.0%

heating residue and Gaidner viscosity+T not containing any
'ir_lsolub_le m.atter_ and containing metal-coﬁtaining cbpo'lymer
A-4. |

Production Example 11-

(Production of meta-l'——c_ontaini.ng copolymer A—S).

In a. four—-necked flask equipped with a condenser, a

. -thérm'ometer_, a dropping funnel and an agitator, 15 parts of

propylene glycol methyl ether, 57 parts of xylene and 4 parts

of ethyl acrylate were charged and heated to 100°C under

~agitation. From the dropping funnel, a transparent mixture

consiéting of 5 parts of methyl methacrylate, 64.9 parts of

ethyl acrylate, 5.4 parts of 2—-metho-xyét-hy1 acrylate, 40

'.'parts- of the mixture solution (A) obtained in Production

Example 1, 6 parts of the mixture solution (E) obtained in

-Produétion Example 5, 10 parts of xylene, 1 part of cha.in-

transfer agent (Nofmer MSD produced by Nippon Oil & Fats Co.,

Ltd.), 2.5'parts of AIBN and 6 parts of AMBN was dropped at
L la (':o.nst'ant rate over a period of 6 hr. After the completion
of dropping, 0.5 part of t-butyl peroctoate and 7 parts of

xylene were further dropped over a pe;iod of 30 min. Further,
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agitation was carried out for 1 hr 30 min, and 7.7 parts of

xylene was added. Thus, there was obtained a light-yellow

-i-tr__am'Spa're_n't're_'si.n composition of 46.2% heating residue and .

Gardner viscosity+U not containing any insoluble matter and

‘containing metal-containing copolymer A-5.°

Production Example 12

(Production.of metal-containing copolymer A-6)

In a four—.r_lecked' flask equipped with a condenser, a -

- thermometer, a dropping funnel and an agitator, 15 parts of

propylene glycol methyl ether, 57 parts of xylene and 4 parts

' of ethyl acrylate were charged and heated to 100°C under

agitation. From the dropping funnel, a green mixture

‘consisting of 1 part of methyl methacrylate, 66.2 parts of

. ethyl acrylate, 5.4 parts of 2-methoxyethyl acrylate, 52

pa'rts of the mixture solution (F) obtained in Production

Example 6, 10 parts of xylene, 1 part of chain transfer agent

(Nofmer MSD produced by Nippon Oil & Fats Co., Ltd.), 2.5

' .parts of AIBN and 7 parts of AMBN was dropped at a constant

.rate over-a period of 6 hr. After the completion of dropping,

0.5 part of t'—-b_utyl_.-peroc-toate and 7 parts of xylene were

further dropped ox_fer a period of 30 min. Further, agitation

N was_c’a'r.r_ied.-out for 1 hr 30 min, and 4,4'parts of xylene was

added. Thus, there was obtained a green resin composition

of 45.2% heating residue and Gardner-viscosity+V not
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containing any insoluble matter and containing

metal-containing copolYmer A-6. -

~ Production EXample__ 13
(Production of metal—cohtaining copolymer A-T7)
In a four-necked flask equipped with a condenser, a-

thermometer, a dropping'funnel and an agitator, 15 parts of

.propylene glycol methyl ether and 61 partS'of xylene were

- charged and heated to 100°C under agitétion. From the

dropping funnel, a transparent mixture cohsisting of 49.55

parts of methyl methacrylate, 50 parts of ethyl acrylate,

1 part of the mixture solution (A) obtained in Production

Example 1, 2.5 parts of AIBN and 21@arts of AMBN was dropped

at a constant rate over a periodof 4 hr. A.ft-er the completion
of dropping, 0.5 part of t-butyl peroctoate and 7 parts of

-kylé_né were further dropped over a period of 30 min. Further,

'_agitation was carried out for 1 hr 30 min, and 38.45 parts

' of xylene was.added. Thus, there was obtained a transparent,

" resin composition of 44.7% heating residue and Gardner

-7VisCosity+B not contaihing.any insoluble matter and

':codtaining'metal—cdntaining copolymer A=7._

.Production Example 14
(Production of metal-containing copolymer A-8)
In a four-necked flask equipped with a condenser, a

fhermometer, a dropping funnel and an agitator, 15 parts of-
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5 - ethyl acrylate, -37.8 parts of the mixture solution (B)
"obtained in Productien Examp’le 2, 10 parts of xylene, 1 part
-o.fl chain transfer agent _(Nofmer MSD produced by Nippon 0il
& Fats Co., Ltd.), 2.5 parts of AIBN and 7 parts of AMBN was -
dropped at a con-s.ta.nt rate over a period of. 6 hr. After the
_ ".10' eempletion of d.ro'ppir_l.g, 0.5 part of t-butyl 'peroetoate and
| E 7 parts of xylene Qere.further dropped over a period of 30
'min; Further, ag'i'tation was c_arried-out for 1 hr 30 min,
and .8-2 parts of xylene was added. Tpus, there was obtained
-a light—yellow-transp’arerit resin composition of 46..2.%
15 heating re.sidue and Gardner .viscosity+Y not Con_tainihcj any
"}) . insoluble matter and containing metal-containing copolymer
"_A-a.
Proddétibn Example'15.
(Pro,du_.ctl_ion’or 'metal—co-ntain_'ing copolymer A-9)

'- :-20. T In a four-necked f'lask.e'quipped'wi-th a Condeneer,' a.
thermometer, a drepping funnel :and an agitator, 15 parts of :
propylene gl-YCo'l met.ﬁyi ether, 57 parts of xylene and 4 parts'-'.‘:

'.-_of ethyl acrylate were charged and heated to 100°C under

. .agit_ati_on. From the dropping funnel, a transp_arent mixture
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consiétin—‘g-of- l part of methyl methacrylate, 64.9 parts of

ethyl acrylate, 5.4 parts of 2- methoxyethyl acrylate, 55
- parts of the mixture solutlon (C) obtained 1n Productlon

. Example 3, 10 parts of xylene, 1 part of chain transfer agent

(Nofmer MSD produced by Nippon 0il & Fats Co., Ltd.), 2.5

parts of AIBN and 7.5 parts of AMBN was dfopped at a constant

rate over a period of 6 hr. - After the completion of dropping,

0.5 part of t-butyl peroctoate and 7 parts of xylene were

further dropped over a period of 30 min.  Further, agitation

‘was carried out for 1 hr 30 min, and 3.1 parts of xylene w.as

added. .'I"hus, thér_e was obtained a slightly turbid
li'ght;—yell'ow resin composition of 46.3% he‘ating residue and
Gardner viscosity+W not co.ntaining any insoluble matter and
containing metal—éontaining copo'lymer _A-_9.

Production Example 16

(Production of metal-containing copolymér A-—'lO_)

In a four-necked fi'ask eQui'pped with a cohdenser, a

thermometer, a dropping fqnnel and an agitator, 46.8 parts

- of prdpylene glycbl methyl ether, 25.2 parts of Xyiene and
4 parts of ethyl acrylate were charged-and heated to 90°C

under agitation. From the dropping funnel, a transparent

mixture consisting of 1 part of méthyl. methacrylate, 66.2

pérts of ethyl acr'ylat':e, 5.4 parts of 2_—methoi<Yéthyl

'aCr_ylate, 52 parts of the mixture soltii__:ion (D) obtained in



totou) occal O ONCI11 N W1, Mtn totoOMO1-i . NA |. '
DC. XU 14 2. O0b) f 1 b) cobt . (0-.-i (Ar-1r-i w C
1W$ -,A-rl '~1Nri a -140NwwO x E.XE - E

I—Zz(_,

1 0% - 40f-a) -1-i CC wd . 4-1Db V-1rt: (

O 44-J ...: N4-J NJam) a) OO) Nm41l ... r -L
4-4 . a) d) 3a) N4b) 3r-i .-1a) > oa) (a> U

COw OO OtoS$4 (1) S1CS4 (1) 31 )~ " a) -.-(1) O 4-3
(a ( O(n(a(oOU-| (n0OO0O (DCr OCr uUCr o C
O$( (n°

7

-
I
)

-1

EZ

n

~

a , ..
( OS—(_d)-OS4(nOa) @2 C Cdo +, to--00-.i 0: 0-rl
woO-ri --10 4-w'-1E4w. -14) w- 1a)-r| 43 0 4-) O (Y I
C

>

$(
a . - Pfaddcthon~Ekampik 4--10Npéit@nom1NkoﬁyléhéXQlQCblChetﬂyJ ) a)
tDro rd SaoaoC4J

ether, 1 part of chain transfer agent (Nofmer MSD produced

. ﬂ/\ol

. 1 —

'.A.m,l
— A0

by..Ni_ppo'n 0il & Fats Co., Ltd.), 2.5 parts of AIBN a-nd 8 parts
of AMBN was drqpped at.aléonstanﬁ rate over a period of 6
.'. 5 . hr. After the completion of droppingk.0~5 part of t-butyl
péroctoate'and_7-pa£ts of xylene were furthef dropped ovér
a perioq.of 30 min and heaféd to 100°C. Furﬁher,'agitation
was carried out for 1 hr, and 4.4 pa;ts of xylene was added.
'Thus, there was obtained a slightly turbid light—Yellow
10 resin composition of 45.9% heating.residue aﬁd Gardner
viscosity+V not containing any insoluble matter and
containing metalfcohtaining copoiymer A-10.
| Table 1 lists, with respect to Production Examples 1
to 6, the cﬁarged amounts (molar ratio) for obtaining
-:15 : ;eaction_products and the Solveﬁt aﬁounté, water contents
63 : (Wwt.%) and.éolid contents of mixture solutions containing
reaction producﬁs{ |
Table é lists, with respect ﬁo Pfoduction'Exampies 7
:to 16, the cha;ged_amountsl(weight ratio).for prodﬁCing_.
'320'  ﬁetal—containing copdlymers_and the viscosities (Gardﬁérﬂ'
. viscosity), solid contents (%) and resin molécULar weights

(MW) of obtained resin compositions.

_The molecular weight of each of the resins was.méasured r€f ﬂfuL

by the use of HLC—8120'GPC wherein use was maderof two:f"
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separation columns of TSK-gel a type (a-M) and further, as
'éh eluent, DMF (dimethylformamide) containing 20 mM LiBr.
The weight average molecular weight was determined ih terms.

of polystyrehe.
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Production Examples 17 to 29
(Production of metal-containing cbpolymers A-11 to
A=-23)
Ih a four-necked flask equipped with a condenser, a
5 thermométer, a dropping funnel and an agitator, 30 parts of

- PGM (propylene glycol methyl ether) and 40 parts of'xylené'

were charged and heated to 100°C under agitation.' From the '

N

'dropping funnel, each mi#ture'coﬁsisting-of monomers and
_pblymeriiation initiatérs-as specified-in Table 3 was
10 dropped at a cdnstént raﬁe Qverva'period.éf'3'hr. After the
.completion ofﬂdfopping, 1-p$rt of't%butyl peroctéate and 10
parts of xylehe were further dropped.évér a period of 2 hr.
Thus, there were obtained solutions containing
metal-containing copolymers A-11 ﬁo A-23 which had

15 properties specified in Table 3.
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E#ampléé'l_tO_GS ana.Coméarative Exémples i to 44
_'Antifouling.coéting compositioné of formulations
SpeCified in.Tableg 4 to 12 were prepared according to
.customary procedﬁfe from thé resin_éompositiohs containing
5 fmetal—¢ontaining cppolymers A-1 to A—23 obtained in the
above Production Exémpleé-7 to 29;:
Sand biasted steel plates (each.30 cm léﬁgéh x 10 cm
.widtﬁ X 0.32-§m thiCkness)_having-éﬁficorrosive paints,
namely, shop primer, tar époxy paint and vi’nyl baiht applied
10 ~in advance thé;eto in respective_thickhessgs of 20um, 150
pm and 75 um we#e coatgd*wifh the aﬁtifduling coating
compositions Of'formulations'spécified.in.Tébles 4 to 12 so
as to have a dry coating thickness of 100 pm and dried, thereby
:obtaihing test plates.
‘15 The test plates were left immersed in Hiroshima Bay of -
{i): o Hiroshiﬁa Prefecture for 12 months, . during which the area
| 6f attachment of organisms (%), etc. weré-inspecﬁed_évery
,monthi |
The resuits are also iisted“in_Tablés_4 #é 12.
20 . o In Tables 4 to 12, as componenté.oﬁ_tﬁeffotmulatiods,

~use was made of the following comméECial §r6dﬁcts.

Chlorinatediparaffin:
trade name “Toyoparax 1507 (aﬁéfé@éfnﬁmber pf:Céfbéh 

atoms: 14.5, chlorine content (wt.f;f50%(;Vis¢osity}g12'5
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Red iron oxide:
100 - . ﬁrade hamé “Bengara Gekko-BB”t(producedsby Nippbn.
Bengara Kogyo-Coi,'Ltd.)
Titanium white:
trade name “Titanium White R-5N” (produced by Sakai
Chemical IndustryICo., Ltd.)
15 Coppér rhodanide:
{?) . | produced by Nippon Kagaku Sangyo Co., Ltd.

-'s'Zinc_dimethyldithiocarbamatei
“Sanceler PZ” (produced by SanShin.Chemical indus#ry
. Co., Ltd.)

"20 oo 24Méthylthio—4—t—butylaminb—6—¢yClqpr0py13minb¥s35‘”wm

ftriazine'

trade name “Irgarol #105”.(produced by Clba Gelg'
2, 4 5,6~ Tetrachlor01sophthalon1trlle

“Mar1nc1de c” (produced by San’ Nopco lelted
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N;N—dimethyidichlordphenylurea:
: :“DCMU4 (produced by_Hddogaya:Chemical.Co., Ltd.j
N—(fluorodichloromethylthio)phthalimide:
| © “Preventol A-3” (éroduced by Bayer Japan)
5 1N;N’—dimethyl—N’—phenyl—(N—fluorodichloromethylthio)—
SUlfamide: | |

“Preventol A—4S” (produced by Bayer Japan)

o : ’

Tetramethylthiuram disulfide;
| “Sancelef TT" ‘pro&uced'by Sanshin Chemical'Industry
16' . Co., Ltd.)
_2,4,6;Trichldﬁophenylmaleimide:
“IT-354" (produced'by Thara Chemical Industry Co.,’
Ltd.)
2,3,5,6—Tetrachlofo—4—(meth?lSulfonyl)pyridine:
15 “Densil élOO”_(producéd by Avecia Co., Ltd.)-
;33._ 3—Iodo—2—propynylbutyi;carbamate: |

-“Tréysah Polyphase PlOb” (produced by Troyy
Diiodometﬁyi—p;tolyi éﬁlfone:.
“Amical 48 (produced by Abbott)
26. -Bisdiméthylditioéarbaﬁpylzipé |
ethylenebisdithiocéfbémate:'

“70C-3204” (produced by Tokyo Organic Chemical -« = =

Industries, Ltd.)

Zinc ethylenebisdithiocarbamate:
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trade name “Zineb” (pnguced.by Tokyo Organie Chemical
'Industries, Ltd.) |
PYridine—triphenylboron:
trade name fPK.Boronf (produced by Hokko Chemicai
~5. Indusfry Co., Ltd.)
’"-'-Zinc.salt of 2—pyridinethidl-l;oxide:
trade name ."‘A’E‘—Z” (produCed_by Yoshitomi Fine Chemical,
- Ltd.)) |
Copper salt of Z—pyridinethiol—l—oxide:
‘trade name.“Coppef Pypifhione”.(producedanOlin Ltd.)
4,5—Di¢hloro—2~n—o¢fyl—4—isethieiolin—B—ene:
trade name “Sea-Nine 211” (produeed by Rohm ahd.Haas
Company)
Cuprous oxide:
15 .average particle diameter 8 um; trade name “NC-801“
"(produced by Nippoh Chemical. Industries Co,,'Ltq;)
" Polyethylene oxide wax:
trade naﬁe “Disparlon 4200-20 (ﬁispal-4200—20Xf”l
kproduced by Kusumoto Chemibals;*Lﬁded; 20% xylene paste'
20 Aliphatic amiae wax: |

trade name “Dlsparlon A630 20X (Dlspal A630 20X)”.

'(produced by Kusumoto Chemlcals, Ltd ), 20 xylene paste "

Propylene glycol monomethyl ether.

trade name “Kuraray PGM” (produced-by Kuraray Co ’ Ltd ) p
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Evalﬁation criteria
<Evaluation criteria on area of attachment of undersea
5 -.- organisms fevaluatioh criteria on stationary antifouling-
pefformance)>
S5 marks..... the area of attachment of unde;sea

.organisms is 0%;

4 marks.....the areé of attachment of undersea
10 - ofgénisms-is-over:O% but not greater than 5%;
3 marks.....the area of éttéchment of undersea

 organismS is over 5% but not greater than 10%;
2 marks.....the area of attachment of undersea
~organisms is over 10% but not greater than 25%;

15 . 1 mark...... the area of attachment of undersea

.organisms 'is over_25% but not. greater than 50%; and
0 ma:k.;.,..the area of attachment of undersea
beanisms is over 50%. |
,<Adherencefto.detefiorated'antifoulihg coétihg:fi1ﬁ>pfi
.20 ._ - The ad_héfehce'té deteriorafé'a_:aln't'i'fou-.ling coa't':'i_'ng_' fllms .
was é?alﬁatéd in tﬁe_follpWing'ﬁéhﬁer: -Fifét} thé $urfécé
o.'f.' eé_ch '_Sf' dete'rio;fa-téd-ér_l"'c'.i'f.d_uii'ri(:;: ééafiﬁg fllms resultlng :

'from.applying of the-folloﬂihgynoﬁ évaiiabieféﬁtifégiidg“

‘paints to test plates.and immérsih§1§f'thélﬁés }plgtééﬁiﬁj.'
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_seawater for one year was coated with each of the antifouling

coating compositions described 1in the Examples and

Comparative Examples, thereby fdrming antifouling coating

films of 100 um dry film thickness.. The test plates with

the antifouling coating films were immersed in seawater, and

upon the passage of 6 mohths', the adherence was -evaluated

in accordance with the “-JI_S K-5400X cut tape method”. The

now available antifouling paints used in the :test were

“Chugoku AE‘”, “Ravax AF”, “Vinyl AE‘”', “Marine Star 10 Kai”,

- - “AF Sea Flo 2-100 LEHS”, “Sea Grandprix 500”, “Sea Grandprix
700”7 and “Sea Grandprix 1000~ (ali'produced by Chdgoku Marine

Paints, Ltd.).

<Method of measuring coating film wasting rate>
. Iron plates with a size of 170 mm (len'gth) %x 70 mm (width)
x 4.5 mm (thickness) were provided, and curved in the

_lOngit'udinal direction with R=500 mm (rédiu_s of curvature) .

“Threaded holes for mounting on .a _rotary drum were formed at

"four éorners of éach of the .plates,' and sand blasted.

The sand blasted _'iron plates on t_he._'c_u'rv'ed"prdtrudent .

' surfaces were sequentially spray éb_ét’ed"ﬁithl'-é._.éhop primer,

a tar épbxy paint.and a vinyl paint, andthereafter coated

‘with various testpalnts '.':(dry. fllmthlckness 200 pm) .

' The thus obtained test plates were mountedon a rotary

drum fixed to a..'rot'ary test 'raftT.p_laiéed_-' in"Kure Bay of
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* - 30% xylene soln.

of 4,5-dichloro-2-n-octyl-isothiazolin-3-one

01_4CHOlV\/$4CE:.-1baJHlCON4-JW4-I wil- .-1-.49 + C Ux
O+ > HtowE: O-.4.-4-0-.1w4 W.41roEH WCOro'OmC4.i w
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Oln-,4."401Hrorotoud ,C'0ro'0O-.1.-1140wC.CWCrouUBO
roUw 4 $41W.COwWH_ V0,00'O> 00H> w0, 4-' wLl. 1 m
'-1 0 A4J) C..iONCEUvuZ4J20iuI'I'W.iHimC'CCpi'A
w-.-1row-.i 0.i 143 -.-1-"-1 OO0 UE N4 HJUNUNCZZZWm
1 NNmU-OAwWNNNO 0. X al 0 W00 dUEO na- 00 Eaco
O? UW.nmolInN . c-0 Oxaco UWm.na(nomm .-¢c !L~o0oEvr
oxv.wr.na_cnOC|'r-P mmmC. , tO OxUWou)achoan P m
o as OxUW.n)() ao OOn a "' th _
Table 12
Comp. Comp . Comp . Comp. °
. Ex. 41 |Ex. 42 |Ex. 43 | Ex. 44
| Recipe of antifouling coating.compsn. ' ’
(pts.wt) : :
metal-contg. Copolymer A-1 45 45 45 45
zinc oxide 10 10 10 10
T talc 10 10 i0 10
L) red iron oxide 2 2 2 2
' titanium white 4 4 4 4
zinc dimethyldithiocarbamate
‘2-methylthio-4-t-butylamino-6-
. L 5 5 5 5
cyclopropylamino-s-triazine :
2,4,5, 6-tetrachloroisophthalonitrile 5
N, N—-dimethyldichlorophenylurea ‘5
N, N’ -dimethyl-N’-phenyl- (N~ 5
fluorodichloromethylthio)sulfamide
zinc ethylenebisdithiocarbamate 5
cuprous oxide
polyethylene oxide wax, 20% xylene paste | 2 2 2 2
aliphatic amide wax, 20% xylene paste ' 3 3 3 3
xylene 12 12 12 12
. propylene glycol monomethyl ether 2 2 2 2
Total 100 100 100 100
Properties of antifouling coatlng '
. stationary antifouling performance/S _
o marks full score 5 5 5 5
f*j (3 mo. seawater immersion)
e stationary antifouling performance/S
marks full score 3 3 3 3
(6 mo. seawater immersion).
stationary antifouling performance/5
"marks full score 1 1 1 1
(12 mo. seawater immersion) '
adherence to deteriorated antifouling :
coating film : 10 10 10 10
(6 mo. seawater immersion) ) o
wasting of coating film 3 mo. total 35.5 34.2 40.4 .3
wasting of coating film 6 mo. total 60.2 67.6 74.8 .3
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CLAIMS

1. An antifouling coating composition substantially not containing cuprous oxide

and organotins, characterized by comprising:

(A) a metal-containing copolymer obtained by copolymerization of a
polymerizable unsaturated monomer (al) containing a metal and an
unsaturated monomer (a2) capable of radical polymerization having no
metals, obtained by reacting an inorganic metal compound with
(meth)acrylic acid, wherein the metal compound is an oxide, hydroxide or

chloride of a metal selected from the group consisting of zinc, copper and

magnesium;

(B)  4,5-dichloro-2-n-octyl-4-isothiazolin-3-one; and

(C)  a metal pyrithione compound, wherein the component (B) in amount of
0.5 to 100 parts by weight and the component (C) in amount of 1 to 90
parts by weight are contained based on 100 parts by weight of metal-
containing copolymer (A), wherein the metal-containing copolymer (A) is
a copolymer comprising 2 to 50% by weight of component units derived
from the polymerizable unsaturated monomer (al) containing a metal and
50 to 98% by weight of componenis units derived from the unsaturated

monomer (a2) capable of radical polymerization containing no metals.

2. The antifouling coating composition as claimed in claim 1, characterized in that

‘substantially none of triphenylborane and tetraphenylborane compounds is contained

therein.

3. The antifouling coating composition as claimed in claim 1 or 2, characterized in

that 1 to 50 parts by weight of 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (B) is

contained per 100 parts by weight of metal-containing copolymer (A).
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characterized in that the 0.1 to 40 parts by weight of 4,5-dichloro-2-n-octyl-4-
isothiazolin-3-one (B) is contained per 100 parts by weight of antifouling coating

composition.

5. The antifouling coating composition as claimed in any of claim 1 to 3,
characterized in that 0.5 to 20 parts by weight of 4,5-dichloro-2-n-octyl-4-isothiazolin-3-

one (B) is contained per 100 parts by weight of antifouling coating composition.

6. The antifouling coating composition as claimed in any of claims 1 to 5,
characterized in that 5 to 55 parts by weight of metal pyrithione compound (C) is
contained per 100 parts by weight of metal-containing copolymer (A).

7. The antifouling coating composition as claimed in any of claims 1 to 6,
characterized in that 0.2 to 40 parts by weight of the metal pyrithione compound (C) is

contained per 100 parts by weight of antifouling coating composition.

8. The antifouling coating composition as claimed in any of claims 1 to 6,
characterized in that 1 to 20 parts by weight of metal pyrithione compound (C) is

contained per 100 parts by weight of antifouling coating composition.

9. The antifouling coating composition as claimed in any of claims 1 to 8§,

characterized in that zinc oxide (D) is contained therein.

10.  The antifouling coating composition as claimed in claim 9, characterized in that 5
to 100 parts by weight of zinc oxide (D) is contained per 100 parts by weight of metal-
containing copolymer (A).



sa a Table 12 Conp. Conp. Conmp. Conp. Ex. 41 Ex. 42 Ex. 43 Ex. 44 Recipe
of antifouling coating.conpsn. (pts.w) netal-contg. Copolynmer A-1 45 45
45 45. zinc oxide 10 10 10 10 talc 10 10 10 10 red iron oxide 2 2 2 2
titaniumwhite 4 4 4 4 zinc dinethyldithiocarbamate

2-methyl thio-4-t-butylam no-6- 5 5 5 5 cycl opropyl am no-s-triazine 2, 4,

5, 6- tetrachl oroisophthalonit rile %4 N, N-di nethyl di chl.-or ophenyl urea 5

N, N -di net hyl - N - phenyl -(N- 5 fluorodichl oronet hylthio)sul fam de zinc

et hyl enebi sdi t hi ocarbamate 5 cuprous oxi de pol yet hyl ene oxi de wax, 20%

xyl ene paste 2 2 2 2 aliphatic am de wax, 20% xyl ene paste 3 3 3 3 xylene
12 12 12 12 propylene glycol nononethyl ether 2 2 2 2 Total 100 100 100
100 Properties of antifouling coating stationary antifouling perfornmance/5
mar ks fulll. sciieearttifbulingd codtihgnoompasitiomt es claimed shomy of afdnnsal woalfi,i f oul i ng

erformance/5 mayks full score 333 6 . ter. i '
Dt | OnegrsieP R iyt SRSl riacti fiodh I 9r08E Bpsroting Of . G v
seawat ermicHEHys cABnAISIRRcAd kaokeisbh@mal @strént | foul i ng

12. The antifouling coating composition as claimed in any of claims 1 to 11,
characterized in that an organic antifoulant agent (F) (excluding the 4,5-dichloro-2-n-
octyl-4-isothiazolin-3-one (B) and the metal pyrithione compound (C) is contained

therein.

13.  The antifouling coating composition as claimed in any of claims 1 to 12,
characterized in that polymerizable unsaturated monomer (al) containing a metal is at
least one monomer selected from the group consisting of metal(meth)acrylates, metal

di(meth)acrylates, and low polymerizates thereof.

14.  The antifouling coating composition as claimed in any of claims 1 to 12,
characterized in that the polymerizable unsaturated monomer (al) containing a metal is a
polymerizable compound obtained by reacting an inorganic metal compound with

(meth)acrylic acid in the presence of an alcoholic organic solvent and water.

15. The antifouling coating composition as claimed in any of claims 1 to 14,
characterized in that the polymerizable unsaturated monomer (al) containing a metal
comprises a metal di(meth)acrylate (all) and a metal-containing monomer (al2) of the

formula;

R!-COO-M-L, (1)



coating film210 10 10 .10 (6 no. seawater inmmersion) wasting ..of coating
film3 no. total 35.5 34.2 40.4 37.3 wasting of coating film®6 no. total
60.2 67.6 74.8 79.3 30% xyl ene sol n. of

4,5-di chloro-2-n-octyl -isothiazolin-3-one 92 CLAIM5 1. An antifouling
coating conposition substantially not containing cuprous oxide and
organotins, characterized by conprisi®hg: (A a netal -containing copol yner
obt ai ned by copol yneri zation of a polynerizable unsaturated nononer (al)
containing a netal and an unsaturated nononer (a2) capable of radical

pol yneri zation having no netals, obtained by reacting an inorganic netal
conpound with (nmeth)acrylic acid, wherein the netal conmpound is an oxide,
hydroxi de or chloride of a netal selected fromthe group consisting of

zi nc, COpRGEinR PeproRAR2S iokghnid Bbup having unsaturated bond selected from the grou;?1
4, 5- di chl or o- 2- n- octyl -4-isothrazolin-3-one; and (C) a netal pyrithione

conpouncponﬁbﬁt@r@frﬂﬂh@(@&bp&fézﬂcﬂﬂﬁqqp -G Hpo@o\ﬂﬂcﬁ@b pravided py

wei ght of 1 to 90 parts by weight are
containg‘ﬁg‘basedﬁon318@“%5&%%%&@%?ég {* of metal - cont ai ni ng copol yner (A),

wherein the nmetal -containing copolyner (A) is a copolyner conprising 2 to
50% by wei ght, .of conpone nits derived fromthe polynerizable
unsat ur at ed mgAERFESR éV?QEB#WBInlng a nmetal and 50 to 98% by wei ght of
conmponents units derived fromthe unsaturated nmononer (a2) capable of

radi cal ﬁolynerlzatlon contai nin no metals, 2. The,antifouling coating
conposi tl énhamereanigagidresiue represented éha‘pgtg%rﬁ“ﬂ‘éﬂsl? R’ repIesents Ahst %é)ﬂt fally

none of .é;%lo&hﬁi‘ x'shegt@na? msaﬁgtmwﬁmﬁlaa@ﬁ?&sca%mgw&% dnSarIR§2ned

t herein. e anti ing coating composition as claimed in"claim1 or 2,
characterized in that 1 to 50 parts by wei ght of

4,5-di chl oro- iLazal in 2 contalned per 100 parts
by wei ght of r’rﬁ'?léﬁnu(%br?{gﬁ“ha?ﬁogt gélalSPcenum% f&g%le The antifouling coating

conposition as. claimed in any of claiml to 3, characterlzed in that the

0.1 to 40 parts by weight of 4, 5-dichloro-2-n-octyl-4- isothi azol 3-one
(B) is cdbtai MHQPUIEWOC%WESCW%‘P%"ES elfimagch fnrammgcl%lat ts)”

C F rrpos: t(ilﬁfhgteﬁzed-rhﬁ AR ithd pollyinRBzaa uhsehraedRASIoied Ta r:)sC(fhltaamEiECh dtakny of
claim o]
contains a metal selected from the group consisting of zinc, copper and magnesium

17. The antifouling coating composition as claimed in any of claims 1 to 16,
characterized in that the unsaturated monomer (a2) capable of radical polymerization
containing no metals consists of at least one monomer (a21) selected from the group

consisting of (meth)acrylic acids and (meth)acrylic esters represented by the formula:
R*OCO-CH(R*)=CH, )

“wherein R? represents a hydrogen atom or methyl, and R* represents an alkyl, a

cycloalkyl or an aryl.



characterized in that 0.5 to 20 parts by wei ght of

4,5-di chl oro-2-n-octyl-4-isothiazolin-3- one (B) is contained per 100 parts
‘by wei ght of antifouling coating conposition. 6. The antifouling coating
conposition as clained in any of clainms | to 5, <characterized in that 5to
55 parts by weight of netal pyrithione conpound (C) is contained per 100
parts by wei ght of netal-containing 8polymer (A). 7. The antifouling
coating conposition as clainmed in any of clainms 1 to 6, ‘characterized in
that 0.2 to 40 parts by weight of the nmetal pyrithione conpound (C) is
cont ai ned per 100 parts by weight of antifouling coating conposition. 8.
The antifouling coating conposition as clained in any of clains 1 to 6,
characterized in that | to 20 parts by weight of netal pyrithione conpound
(O is e¢ant atheeshtifenlink0Coadiag t onipositien odst clafmeinin fagyl dthdadwal itag 16,

conposition. 9. The antifoulin oatin ouposition as. clainmed i.n any of
cl ai ms rhegeignized pahat the patyrte maem% %@%&P@i@ e%_)raqslgal OHFBFFaER her ei n.
10. The Qpfaidimphd Hlﬁtaﬁ%ﬁéiﬁg of XTRRBbAd IHBn(ﬁﬁerf{bﬁl BBheifBm@liai M 9,

characterized in that 5 to 100 parts by weig of zinc oxide (D) is
cont ai ned per 100 parts by weight of netal- containing copolyner (A). 94
11. The antif Rl i} conpositi,en as clained in any of clains 1 to
10, characté??ggg@%ﬁﬁﬁhb an extendQ$ (E) selected fromthe group
consisting of talc, silica, mca, clay, calciumcarbonate and kaolin is
contained therein. 12. The antifouling coati co sition as clainmed in
Sy of ol ai miWESIER KL iePresiiis ACYUPEFLAOM R feh g AP E R Rt agent
(F) (excydidhimg é ofylH-adil 6fle@t 8n@mbnoét (M22)4f edbRh@go! i n- 3-one (B) and the
metal pyrithione conmpound (C) is contained therein. 13. The antifouling
coating conposition as clainmed in any of clains 1 to 12, <characterized in
t hat pol yneri zabl e unsaturated nononer (al) containing a netal is at |east
one nmononer selected fromthe group consisting of netal (neth)acryl ates,
netal di (metR)RIOGO-GHER])=6Hd | ow pol y@®ri zates thereof. 14. The
antifouling coating conposition as clainmed in any of clains 1 to 12,
characterized in that the polynerizabl e unsaturated nononer (a 1)
cont ai ni ng a (whtreln RSrepresnd y Mpdiogab honconmettinl RShemeseas day alkgkatjng an

i nergani c e conmpound wi t Ameth)acrylic acid in the presence of an
al cohol icacla?léjgllﬁ%og e@fﬁﬂeaﬂg %&ee'ie.sgnifs? hygrednen 7 oY cvdeplkary! or

conposi tiQpyagylp! ained in any of claims | to 14, characterized in that the
pol ymeri zabl e 'unsat urat ed nononmer (al) containing a netal conprises a
netal di(neth)acrylate (all) and a netal -containing nononmer (a 12) of the
formula: R -COO-ML" (1)

: 19; The antifouling coating composition as claimed in claim 15, characterized in that
the metal-containing copolymer (A) is a copolymer comprising 0.1 to 49.9% by weight of
component units derived from the metal di(meth)acrylate (all), 0.1 to 49.9% by weight
of component units derived from the metal-containing monomer (al2) represented by the
formula (1), and 50 to 98% by weight of component units derived from the unsaturated

monomer (a2) capable of radical polymerization containing no metals.



95 wherein R represents an organi c group having unsaturated bond,
selected fromthe group consisting of CH2=C(CH3)-, CH2=CH , HOOC- CH=CH ,
HOOC- CH=C(CH3) -, provided that -COOH may forma netal salt or an ester; M
represents a nmetal atom L is an organic acid residue represented by - OCOR2
(wherein R2 represents an alkyl, a .cycloalkyl, a substituted or
unsubstituted aromatic hydrocarbon gPbup or an aralkyl);-and n is the
nunber equal to the val ence nunber of netal M- 1. 16. The antifouling
coating conposition as clainmed in any of clains 1 to 15, <characterized in
that the polynerizable unsaturated nononer (al) containing a netal

contains a netal selected fromthe group consisting of zinc, copper and
magnesi um 17. The antifouling coating conposition as clained in any of
clainms 1200 Ifhe antifaliag tedting@dmipbsitittads dliithed i llalii 213 charaviarived if @) capabl e
of radical polynerjization containing no netals. consist rs?é’;)h at .| east one
mononmer themeta)-campiamesepelyBsT (ANds g coRflymerseapsising Q- oo 49nke RY R8N PE aci ds
and (rretg%ﬂ,g W& 1 : 1 18460 g—l@,@%},FCI—IZ (2)
wherein R3 rg%r&telguetﬁ? Eﬁ‘g&h@ﬁ?ﬁﬁﬁﬁg‘&ﬁg@%ﬁﬁgFé,mg’ﬁ%lFe4 re?r esent’s an

al kyl , eof compbueiit kyits drrivag frgmthe ngtal-cogtainirgemennmerdal?) mepressated by the

conposi tj on .as,\Chai b . i . . ' i hat the
unsat ur aépreraulﬁgl otr)rgrtg?g“g)(ﬁpgg’égﬁfeo oAtOﬂ{rp gh%légﬁn%%riyﬁg ?Ll%grg@% %Eldn%glgﬁtégil ing no
met al s cepebaital f thatfolnmas (2)oad 0rbiw AR.OY( 2 WEight of bempamentuhmsts derived

R40O0O- R3)=CH2 (2 erein represents .a hydrogen atomor nethyl, and
R4 repr ‘Hﬂlﬂ?.‘Eﬂ“‘g’i"%@&w&mWE@HYarefo’a?“q%&)ar yl), and at |east one nonomer
(a22) of the fornmula: R R6000 CH(R5)=CH2 (3) (wherein R5 represents a

hydrogen atomor nethyl, R6 represents an al kyl ene, a _cycl oal kyl ene or an
aryl ene, 2knd 4Ry antifpulengcgopting filyy grodugad from the qagfguling sorUpe|CORPREKON abr  an

aryl oxyl ). . | isag coating conposition as clained in claim15,
char act e%l?"znél:gull %ﬂf%%!glﬁltgﬁgé) njgf al - contai ning copolynmer (A) is a copolymner
conprising 0.1 to 49.9% by wei ght of conponent units derived fromthe
met al di thyacrylate (all 0.1 to 49 9% by weight, .of co nent

units. de% 'vedlf?%%ﬁetvﬁése féf}“?%ﬁ‘teéfﬁw%‘ge r?gﬂrgg‘@?ze(dglﬁ?elfl%ﬁ%%gcﬁfvéﬁ by the

f ormul a dodfing @ind POdiced IHih lhe weifglilingodoatingpompaditienag slaiteed iredny bOHM t he
unsaturated nongonmer (a2) capable of radical polynerization containing no

metal s. W3mMSIA30 2Phe antifoul i ng coating conposition as clainmed in claim 18,
characterized in that

23. A fishing gear or fishing net characterized by being covered with a coating film

produced from the antifouling coating composition as claimed in any of claims 1 to 20.



t he netal -containing copolynmer (A) is a copolyner conprising 0.1 to 49. 9%
by wei ght of conponent units derived fromthe netal di(nmeth)acrylate
(all), 0.1 to 49.9% by wei ght of conponent units derived fromthe

met al - cont ai ni ng nononer (a 12) represented by the fornula (1), 0.1 to
97.9% by wei ght of conponent units derived fromthe nononer (a2l)
represented by the formula (2) and 0.9 to 97. 9% by wei ght of conponent
units derived fromthe nononmer (a22) represented by the fornula (3). 21.
An antifouling coating filmproduced fromthe antifouling coating
conposition as <claimed in any of clains 1 to 20. 22. A marine vessel or
underwat er structure characterized by being covered with a coating film
produced fromthe antifouling coating conposition as clainmed in any of

cl ai msdl 2_t4oh2& mthodAof ;Icrt_ﬁildhll‘i@ gegaariﬁ)eg vtfeisshioﬂgmﬂatva_&?ast?@h@é ianGbuliyig.bei ng
covere th a.cqating film produce romthe antjfouling coating
conposi t F acterizefl el ering a?n?ﬂfﬂce cﬂfamﬁ‘?s““i"?ségz‘lf. unglsrwatar stRuchire it o
renderi n%é%ingﬂﬁlh{‘ﬁro\dﬁ&?lefroﬂrﬂlé' Rl foWRAE CostgUsdmpPRitdR tdsf @MhleBYn any of
characterized by covering a surface of marine vessel or underwateér

st ruct ur elaighs htea20coating fil m produced fromthe antifouling coating
conposition as clainmed in any of <clains 1 to 20. 25. A nethod of rendering

a fishing gear or fishing net antifouling, characterized by covering a
surface dfS.fi @ghmethodefirenderiig s fisligg pedr onifishing nevaitifoging ciarpntadueddy from -

the ant I(:(];\Qelililnig I11gsuc agé Iop gshcn?g gasrlotrlfgﬂingsne? lw?t'l'nrzlegoaltirqg %li% p?f)ducclegufrr(r)sm élhet o 20.

antifouling coating composition as claimed in any of claims 1 to 20.



