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4,5-di chl oro-2-n-octyl-4-isothiazolin-3-one, and (C) a netal N pyrithione

conmpound. The invention provides an ;:f.—_\\ i ng paint conposition which is
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.(57) A_bstract: An antifouling paint composition substantially free from copper suboxide and organotin, characterized by contain-
ing (A) a metalcontaining copolymer obtained by copolymerizing a metal -containing polymerizable unsaturated monomer (al)
with a metal-free radical-polymerizable nnsaturated monomer {a2), (B) 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one, and {C) 2 metal
ol ?yrithionc corepound. The invention provides an antifouling paint composition which is reduced in load on the environment and
O is excellent in antifouling properties, uniformity of wastage of paint film, and long-tenm relention of antifouling properties of paint

~ film; antifouling paint flms; and ships, underwater siructures, fishing gear and fishing nets, covered with the films.
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SF-898 2 BACKGROUND ART Ship bottomnms, underwater structures, fishing nets

and the like, when exposed to water for a prolonged period of 5 tine, are
likely to have their appearance and functions damaged by the attachment to

surface and propagation thereon of various aquatic organisns including

ani el s such 2 _oysye) sGaHAER9387%, b IRHIEANL RGN APIARRAEEIE

attaches to a ship's bottom and propagates thereon, it nmay occur that the
surface roughness of the ship as a whole is increased ‘to thereby |ower the
speed of the ship and increase the fuel consuned by the ship. Renoving of
‘the aquatic organismfrom 15 the ship bottom necessitates spendi ng of
extensive | abor and working time. Al so, when bacteria attach to, for
exanpl e, an underwater structure and propagate thereon and, further,

slime (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 provided on the underwater
structure, there is the danger that damages such as deterioration of the
strength and functions of the underwater structure and sF-898 3 thus
marked shortening of the life thereof are invited. For preventing such
damages, it is comon practice to apply various antifouling paints to ship
bottonms, etc. For exanple, the follow ng antifouling paints have been 5
proposed. (1) Japanese Patent Lai d-open Publication No. 63(1988)-128084
«discloses an antifouling paint conprising as a vehicle a netal-containing
resin conposition obtained by heating a base resin contalnlng an acid

: group, a netal
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10 salt of .1 ow boiling-point organic basic acid (provided that the netal

is a bivalent or higher valence netal having | ower ionization tendency
than those of alkali netals) and a high-boiling-point nonobasic acid while
renovi ng | ow boiling-point organic basic acids fromthe systemso as 15 to
effect reaétr®¥s thereof. In Exanple 42 of this publication, there is

di scl osed an antifouling paint conprising a varnish of naphthenatocopper
(met h) acryl at e/ MMV 2- et hyl hexyl acrylate copol yner mxed with- a

t et raphenyl borane 20 pyridi ni um conplex. Further, in Exanple 43 of this
publication, there is disclosed an antifouling palnt conprising.a varnish

of ol eatozinc (meth)acryl at e/ MV BEBZRIPATON| at e copol yner mixed with
cuprous oxide.-(2) The present applicant in Japanese Patent Laid-open

- SF-998 4 Publication No. 11(1999)-323209 proposed an antifouling coating

conposition conprising (a) a (meth) acrylic acid netal salt based

‘copol yner %ﬂ?l@?hﬂw@%bﬂt?ﬁd ?bﬂb@ﬁi’r?@f\lonm@fFéBLEN@nQ‘b@@m@ afdne

N conpl ex of or mul a: int formula, R H, an alkyl,having 3 to
30 carbon ,ghoMRoyBREHDRLIr RS RY TR iy Oyt 1 rpubsti tuted
or unsubsti fed aronatic group thermoré, an ant’ i'ng paint

amin havi KGSEHGr C@%%%%T&%%&%@gﬁ%ﬁ% GEahRAT ?ﬁgﬁﬁ&%ﬂiﬁ”d "

di scl.osed, and as the hydrol yzable resin, there is. nentioned a resin
conprising a (neth)acrylic resin having at side chain ends thereof the
formula: (CH2).-COOMLn 15 (wherein m integer of O to 2, n: atomc valence -
of metal ..TECHMICER, FTELDetc. and L: al kyl, carboxyl, etc.) (see, Japanese
. Bat ent Lald open. Publ i cation No. Il . (1999) - 302572) Fbmever all the '
-antifouling coalhmgresm@bsurtveam!smrmlemraltbedtm Nt aatalﬁouélpgtxtoa:tamg)ns (1)
to (3) contain
comp081tlon, an antlfoullng coating film and, covered Wlth.
10 ‘the antlfoullng coating film, a marine vessel, underwater
structure and fishing gear or fishing net, and further
felates to a method.of fouling prevention therewith. More
particularly, the present invention relates to an
antifouling coating composition from which an antifouling
.15 cecating £ilm, which can reduce burdens on the environment,
) | realizing uniform wasting of coating film at a constant rate
for a prblonged period of time and Which can maintain
excellent antifouling performance for a prolonged period of
 time, being applicable to even chan—gding vessels, can be’
formed. Furthermore, the present invention relates to such
"an antifouling coating film and, covered with the
'antifduling coétihé'film,ﬁa marine vessel, uhderwater
structure and fishing gear or fishing net and to a method

of fouling prevention therewith.




20 antifoul ants, such as cuprous oxide, causing relatively heavy burdens on
t he environnment. Accordingly, there has been roomfor further inprovenent
to the obtained coating SF-898 5 filns fromthe viewpoint of, for exanple,
reducing burdens on the environnment. Moreover, Japanese Patent Laid-open
Publ i cati onsiN@og 11(1999)-35877 and Japanese Patent Lai d-open Publication
No. .5 2002-12630 describe antifouling paints conprising netal-containing
“resin conpositions. However, the devel opnent of antifouling paints of
further enhanced perfornmance has been glemanded. As apparent fromthe
above, there is a demand for the 10 devel opnment of an antifouling coating
conposition capable of formng a superior antifouling coating filmwhich
is wasted at constant rate irrespective of the coating location for a.

. prol onged p§§&§§héﬁNéi£§Tand whi ch can maintain excellent antifouling
"performance for a prolonged period of 15 tine, being applicable to
~ocean-goi ng vessgls., Ip this situation, the inventor_has. condycted -
extensive -and ?ﬁ%@n@?ggogFud?% STt (U ETUT S hak? gfﬁﬁﬁﬂagﬁﬁt ‘the
.use of specified copolymer (A) containing a metal as a resin conponent and
the 'si nul t af¥dUs kfse BieREHR I AN 66X Adedy Replisiast #2818l 2L one (B)
conbined with a nmetal pyrithione conpound (C) as an antifoul ant enable
real i%i ng exidesd exte ahtk¢bul iqghaes fidrerencerreenanisehand fuhet bgesof -

. cuprous oxide and an organotin. It has further been found that the coating
filmfrom tdmmagsst biyngue SE-£828wmentant isfuadldargandat i opgonpesithiaroexhi bit's
vari ous " -advant ageous characteristics, such as reducing of burdens on the
_envi ronmentef wasticig ofqeneid ngrddniBmd GofBia@Dhgrahemal 1 espIRCisve of the
:anting-location for a prolonged period 5 of .tine, maintaining of

- excellent anjddau,i NI fOTdRNAGrnacles, plants such as seaweeds

~{laver) and bacteria.
'~‘16 ’ ‘In paffiéu;ar, when‘such_an”aquétic Qfgénism éttaqhes
£caé ship's bottontandfpropagatés ﬁhereéﬁ, itzﬁay'oécurrthat
- the surfacerroughness of the éhip as a Qhole'is increased
to thereby lower thg speed.of the ship aﬁdligcrease the fuel
Aconsumed]oy'the ship. -Rembvihg'of the aquétic:organisnlfrom
_1‘5-' . the ship bottom necessitates spending of extensive labor and"
| '%&3 o | :workipg time. Also, when bac£eria_attach to, for example,
.,1 an.ﬁnderﬁaterlstructuré and]propagatetheréon'and? further,
slime(5ludg§nmtter)attachesthe;eto1xncauséputrefacﬁion,-
- . or when a large stiCky oiganism attéches to thé:surface of
Aj26 van'ﬁnderwater étructure, for example, steei.sﬁtucture_and
propégatég‘théreon to'théfeby-damage the.cqating for -
ébrrosioﬁ‘preVéntioh provided.bn ﬁhe undérwater étrﬁcture;'
tﬁere is‘thé danger that damages éuch as deterioration of

" the strength and functions of the underwater structure and



for a prolonged period-of tine, being applicable to ocean-going vessels,
resi stance to cracking and. peeling, increased adhesion as conpared with
that of a coating film based on pyridine-triphenyiborane, etc., sharp hue
and 10 reducing of discoloration after water inmersion or exposure. The
present invanigiben has been conpl eted on the basis of these findings. The
present invention has been made with a view toward solving the above
probl ens of the prior art. It is an object 15 of the present invention to
provi de an antifouling coating conposition fromwhich an.excellent
antifouling coating film which can reduce burdens on the envi ronment ,

realizing wiid ondmnest sngrofn coatdnochil M2k aneeBstanter ahe ifieia
pr ol onged perlod of time (unifarmwasting perfornmance of 20 coating film

and yhi'ch can Lot g exeehhe c@mrﬁgag!agngltpfgf%m SuLle Ao pra) onged

“period of tinme term a ouling performance naintaining capabil'ity),
“bei ng appllc bIe ta even ng.ve se s,.can _be formed. It _is other
obj ect s of RUiT: 3{) YEgent > Fﬂgéﬁ 2) ngog%%%v de° Sﬁlclﬂo geﬁg%s S5R- anftf oul | ng
. coating filmand, covered with the % ulln coatin f|| ' a marine
‘vessel , undEramREs- %@?Léﬁ%&%ﬁ%ﬂ&l?qgh b@ﬁr gAnte; B %Vﬁg RET and to
'prOV|de a nethod of fouling prevention therewith. 5 , D SCLOSURE OF THE

| NVENTI ON DXsgsT#fithg in one aspect, there is prOV|ded an antifouling
.coating conposition substantially not containing cuprous oxide and
organhotins, chafattefapegedy Pdilrdonpzridragen( Rublaceetah- Yont ai ni ng

copol ymer obtained by copolynerization of a polynerizable unsaturated
-nmononer (&3 (18 d ot Td 8B A dietdlosarrd san.antisEdul aie daionomen(rad)ingapabl e
‘ofy -radi cal pol ynmerization having no netals, obtained by reacting an 75
ihorgani ¢ net al vepArpoWNg né 41 {dBHdn Bei N1 o 80h hoitayiad b e ttradd

by heating é base resin contéining an ééid '.‘group‘, a metal
"10 1éa1t of low—boiling—pqint;orgénic:basic-acid.(provided'that
‘the metal is_r a bivaleﬁt c.).r-hig-hel.t valenée metal having lower
ionization teﬁdency than tho;se of alkali metais) and a'-l
' high—boilingmpoint monobasic acid while removing
low-boiling—-point organic basic acids from the Systenlso:as

15 " to effect reaction thereof.

In Example 42 of.this publication, there is_disclosed
an antifo.uling paint comprising a ‘va.lrnivsh of
napﬁthenatdcopper (meth) acfylate/MMA/Z—ethylhexyl

7‘ ;cr-yla;te 'cqp.c-alymer' 'rﬁixéd with a ‘tetraphenylborane

., 207 pyridinium complex. Furthef, in Example 43 of this
‘publication, theré is'disélosed an antiféuliﬁg,péint
'-comprisiﬁg.a varnish of olee;tézin;: _(meth) acrylate/MMA/éthyl
aéryiate cdpolymei’ ﬁixéd with cuprous oxide.-

{2) The present applicant in Japanese Patent 'L'aid—open-



conmpound is an oxide, hydroxide or chloride of a netal selected fromthe
group consisting of zinc, copper and magnesium (B)

4, 5-di chl oro-2-n-octyl -4-isothiazolin-3-one; and (C) a nmetal pyrithione
conpound, wherein the conponent (B) in amount of 0.5 to 100 parts by

wei ght and gshgggonponent (C) in anobunt of 1 to 90 parts by 20 weight are-
cont ai ned based on. 100 parts by wei ght of netal-containing copolyner (A);
- wherein the nmetal -containing copolyner (A) is a copolyner conprising 2 to
50% by wei ght of conponent units derived fromthe polynerizable '
unsat urated nononer (al) containing a netal and 50 to 98% by wei ght of

conponent s il . derdyad, f rom 1w insatun gt 6 pooogesy (82) cBapsnbe of

radi cal polynerlzatlon contai hing no net is preferre hat
.substantlall none of trinphen Iborane and phen oran nds be
conta ned. IPANE S AT T T GRT TG S opobTL| o UGt Sody - Frornd
anti fouling coating conposition disclosed, preferably 0.5 to 100 parts by
wei ght, st M9ty gF£ﬁ%ﬁﬁFPB°§@ﬂ%ﬁF§ bQ’ |Rﬁﬁ14ﬁnetrlphe“ylboron
4, 5-di-chl oro- 2 n- octyl 4-isot hi azol i n- 3-one i's SF-898 8 ..contained .
per 100 pats Wyt R igHtb ofo et ne opeaP hé nget c@@%l@@ﬁﬁu¥¢§ Further, in the
antifouling coating conposition disclosed, preferably 0.1 to 40 parts by

melght 5 sti -_ably 0.5 to 20 parts by wei-ght of
' '\ 4 sothlazolln 3-one (B) is contained per 100,

. Ihy'. t\ g ﬁ? ] ition. Still further, :
pr‘ef‘erably 1t 90 par Dy ﬁig NHZ 10 eferably S to 55 parts by,

‘ y conmpound (C) is contai-ned per 100 parts by -
'fmglggt of ne aI ¥ng copolyner (A) Still.further, preferably 0.2 to
: parts by weight, still preferably 1 to 20 parts by melght of netal
pyrithione 15 compnd ofe@a lias Rombamneﬂ1@amyﬂeﬁapanQSBUyDWEighmb@h.

atom-s, a substltuted or unsubstltu_tec_i pyridyl or a
7 substituted'or‘uhSubstituted aromatic g;oupj.
| {3} -Fﬁfthermore}lan antifouling paint .comprising a
. 10 . cdmplex, the complex cbmposed of triphenylborané'and an
- amine having 6 or more carbon atoms, and a hydrolyzable resin
_is disclosed, and aé the hydrolyzabie resin, there is.'
'ﬁeﬁtibned a resin comﬁrisiné a (meth)éérylic resin having
at side chain ends'thereof thelformuia; (CHg)m-COO-MjLn
'f_.15' "(Qhe;eiﬁ m: integer of 0 to 2, n: étomic‘valence-of metal
;i, M: Zn, éu,_etc. and L: alkyl, carboxyl, etc,) (seé.
japaneséPatEntLaid;épenPublicationNo;11(1999);302572).
| ‘However,-ail fﬁe éntifouling.coafingrcompositions
déscfibed in fhe above publications (1) to (3) containl
20 antlfoﬁlants, such és cuprous oxxde, cau51ng relatlvely
ﬁeavy burdens on the environment.-:Accordingly, there has

been room for further improvement to the obtained coating



antifouling coating conposition. Mreover, it is preferred that the
antifouling coating conposition disclosed be | oaded with zinc oxide (D).
Still pre.ferabl.y,.-5 to 100 parts by' weight of 20 zinc oxide (D) is.
contai ned per 100 parts by wei ght of netal-containing copolynmer (A).

Pr ef er abl y,srapgext ender (E) selected fromthe group consisting of talc,’
silica, mca, clay, calciumcarbonate and kaolin is further contained in
the antifouling. coating SF-898 9 conposition disclosed. Furthernore, the
antifouling coating conposition discloged is preferably |oaded with an
organic antifoulant (F) (excluding the 5 ' :

4, 5-di-chl org-1dranteehythé-+ 58k pbarel 0; rdne B 1and rebigic imet ah: righist hi one
compound (C€)). In the disclosure, it Is preferred that the polymnerizable
unsat-ur at edy, HPONBL,(@lhmegontaining a metal be at |east one nononer

sel ected fromthe group consisting 10 of metal (meth) acrylates, netal

O T, igr@lfied OV BOh IR baRLER 1heheRber BubiScdi3phoRure.

pref erably, the po?ymarl zabT e ~“unsaturated, no contai ning a netal

is a polyneri | e oun bt ai ned by reactjng an inorganic, 15 netal
conmpound- wir]TTElI‘F 1?’%2%”0@%5& ?Bga%‘%ﬁf?%e FRE SPtekdhicerBEn Pa\J(r)P “hoit °or gani ¢
solvent and water. Still preferably t he inorganic metal conpound is an
oxi d8, hydr&¥i2dd 2530 crissriike G tel s king Qaidtied $9wM tHENGroup consi sti ng
of zinc, copper and nmagnesium 20 Further, in the disclosure, it is
preferred tiedr litvengeliyred 2z i reepes dtiedhsondieeie veal,) tdent ai ni ng a

‘met al conprise a netal di(neth).acryiate (all) and a netal-containing
nmononer ( ati2yedfopiea tf efmana:i R FGEO-Mint { Yf SkeB838r enhanced ~

'i"J perf&rmaﬁce has been demaﬁded.'

As apbarent from the'above, there is é deﬁand for the

.10 .:development of an aﬁtiféuliﬁg coating,cbmposition éapable
Tof.forming a superior;antifouling coating‘film which is

wast_ea at @_onstant rate irrespective of the coating lécation
for a prolonged peridd‘of tiﬁe and which can maintaiﬁ‘
excellent antifouling performance for a prolonged pe;iod of

15 \7 -time, being appiicable fo ocean—going-vessels.

ﬁ%ﬁ o "In this sitﬁationr the inVentor'hés conductediéxtensive
~.and intensive studies.. AS é result, it has been:found'that'
~the use of specified coﬁoiymér (A)_gonﬁaihing‘a-metal és-a
. resin qompqnentrand the‘éimultaﬁeoué use of -

20 4,5—di¢hl§ro—2—n—oc£yl—4—iséﬁhiézolin—ﬁ—one (B).Combined_;.
with a‘metal,pryrit‘hi-one- compound (C) as an antifoulant én_abie
realizing excéllent éntifouling pefformance even wi£hout:
tﬁe use of c&préus Qxide and an organotin. It’ﬁas further -

" been found that the coating film frofu the. obtained - - .



10 wherein Rl represents an organi c group having unsaturated bond,

sel ected fromthe group consisting of CH2=C(CH3) - CH2=CH, HOOC- CH=CH
~and HOOC-CH=C (CH3) -, provided that -COOH may form a rretal salt or an
“ester; 5 Mrepresents.a netal atom L is an organic acid residue
representedmyss OCOR 2 (wherein R2 represents an alkyl, a cycloal kyl, a
substituted or unsubstituted aromatic hydrocarbon group or anaral kyl);
and 10 n is the nunmber equal to the val ence nunber of nmetal M1. In the
di scl osure, preferably, the polynerizald e unsaturated nononer (al)
-containing a metal contains a netal selected fromthe group consi sting of

zi nc, " coppefn tanthy 14 JBANesi M cHMRHESYEL on | @xhbslessgh%&r&@ i's
preferred t hat the unsaturated nononer (a2) capabl e of radl cal

pol yneri zat qgr& 1of r (a21)
sel ected fra{ocgn%trh eg%r%gup%qlca{c}gs%%ﬂ&f tah% acr Eg'%gr%;ﬁ%( met h)

.acrylic esters, represent ed e. fornul a: R400 2) wher ei n
R 1 epr eserftls t4° G?ryar%%fgﬁe% b HATE T Ryl SoBtr R lrfb#e%%m%afﬁ'n ateyl,
cycloal kyl or an aryl. SF-898 11 In the di scI osure, the unsaturated

nononer (azi)rr@égéjﬁﬂtewcﬁ ofalil & aFo ol HHeracedtlih foant R ERIRNIRS RECArS

preferably consists of at |east one nononer (a2l) of the above fornula (2) -

and & | easif dAgenomedertaladz)y off ereefldemil antifoR1REY0OECHCRBRECH? (3)

‘(wherein R5 represents a hydrogen-atomor nethyl, R6 .represents an ‘

al kyl ene, dayd galdydrayesl greaiodryf enine anckeilRy: a;eples@}mls Bo hydr oxyl, an

.al koxyl, a cycl oal koxyl or an aryloxyl). -
" ocean-going vessels, resistance to cracking and peeling,

559'5 increasedradhesion'as compareakwith'thet of a.coating'film
based on~pyridine?triphenylborane, etc., sharplhue ahd
;0 ” reducingtﬁfdisceloratioeafterwate;immereioncn;exposure.
'Thepiesentinventionﬁas5een¢ompletadontﬁeeasisofthese
findings. |
Tbe present invention has been made with a view toward
solirihg the abe‘re probleme of the pri_or art. It isan object
15 ‘of the preSent‘inveﬁtion.tO previdé an antifouling coating
) _ composition from which an excéllent .an_tifouling"coating £ilm,
which“ean reduce bﬁrdenslon'the enviroﬁmeﬁt, realizing
uniform wasﬁing'of coating film-at‘a constant rate for-a.
prolonged period‘of_time_(unifOIm Wasting performanee Oﬁ
 20.‘ _COafing film) and which can.maintain e%cellent antifouling
performance fer a'pfolOnged_peridd of time {long-term
antifouling perferﬁeneelmaintaining capébilifﬁ)r being.
,applicable to even ocean—-going vessels, ean be.formed; It

is-other objects of the present invention to previde'such



10 In the antifouling coating conposition disclosed, the netal -containing
copolymer (A) is preferably a copolynmer conprising 2 to 50% by wei ght of
conponent units derived fromthe pol ynerizabl e unsaturated nononer (al)
-containing armeé@l and 50 to 98% by wei ght of conponent units- 15 derived
fromthe unsaturated nononmer (a2) capable of radical polynerization
containing no netals. In the disclosure, it is preferred that the

nmet al - cont ai ni ng copol yner (A) be a copgl yner conprising 0.1 to 49.9% by

wei ght of conponent units derived fromthe metal 20 .. di(nmeth)acrylate
(all), 0.1 b 48:3%M1 148 fnf FFPGNEIt g UNL b i yed, fLom the

et al -cont ai ni ng mnoné\?ﬁj( ggll%ﬁnréépreseﬁ{%%’ B%/é‘t?%gg# o%?r‘%l‘ a{l?éin) ..and 50 to
98% by wei g 0 t..units derived fromthe upsaturated nononer (a2)
capabi e of- rggagtggluﬁq% %%r’e%ﬁlzn ifgLnl“},’dnéf A MY no~ et s‘?“%%?%%eiz In the
di scl osure, _al so B, ef er%bl ¥ t he netal -cont ai ni ng- copol yner (A) is a

copol ymer cBHpPFEMRG 8t TE5hA8Y 995 byothet HFR1RT fO. BROVd dedi ved

fromthe nmetal .di (meth) acrylate (all), 0.1 to 49.9% by wei ght of
conponent ~ 5MgRPe @ér ifped i mneyentddl -thwmed Hilhg nonomer (al t) :
represented-by the formula (1), 0.1 to-97.9% by weight-of conponent units
. derived fromat |east one nononer (a2l) selected fromthe group consisting
of (meth)-acrylic.acids..and (nmeth) acrylic esters represented by the,
formul a (2)DESILASURELIOFOTHE. IW/BENTWENght of conponent units derived from
.the nononer.(a22) represented by the fornula .(3). In another aspect,
~.there is provi dédcemirgnini dreuhspegt, thers is grévidied pr oduced from the
antifouling coating conposition as defined above. In yet another aspect,

“there ‘i.s .prgyided: . gqE hQe - er ruGt.ur cterized b
bei 'ng"-éov'g'r% %ﬁ?ﬁ%@%g i ﬁggﬁﬁ% %E’fggﬁggﬁ‘i?m%ug) %ga“%é%alﬁﬁ;iz Pica)cf}fi ng coati n)g;
conpositio j ned ove, In.still .another aspect, there is provided a
fi shi ng gea%r&gcréjlferlgislﬂ n%&%e- 'usc%}élrg%taerfcfl z%%g%@o%%?gg %%?%%ewgﬁgabgoati ng

fil P’ odu%ed fromthe antifouling coating conposition as defi ned above.

omprlslng.

(R). a metal-coritaining 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
'15 inorganic metal compound with (meth)acrylic acid, wherein the metal
compound is an oxide, hydroxide or chloride of a metal selected from the

) o . group consisting of zinc, copper and magnesium;
(B) 4;S—dichloro—Z—n—dctyl—d—isothiazolin—3—one; and
(C) a metal pyrithiohe Cbmpound, wherein the compdnent (B) in amount of 0.5
to 100 parts by weight and the component (C) in amount of 1 to 90 parts by
-.20A weight are contained based on.-100 parts. by weight of metal-containing
o 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 (a1) containing a metal and 50 to 98%
by weight of components units derived from the unsaturated monomer (a2)
| capabig of radical polymerization containing no metals. o



In yet another aspect, there is provided a nethod of rendering a marine
vessel or underwater structure antifouling, 20 SF-898 13 characterized by
covering a surface of marine vessel or wunderwater structure with a coating
filmproduced fromthe antifouling coating conposition as defined above. 5
In still another aspect, there is provided a nethod of rendering a fishing
gear or fishing net antifouling, characterized by covering a surface of
fishing gear or fishing net with a coating film produced fromthe
antifouling coating conposition as defined above. 10 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The present invention will be described in
detail below That is, the antifouling cgating conposition, antifouling
coating film and, covered with the antifouling 15 coatlng film. marine

I d t t di t
represent i Y P E AR hndt o SeLa Oy %sfh*%v”vgf%im outing °

et o B RGP M ARy B S B Bng™ o %

organotins, which conprises (A) a metal -containjn copolyner .(B)
4, 5- di chl oragrtaineddn $he antifgyling fa@aﬂngwf:@n@ﬂ@tlandiis(cggseai met al . pyrithi one
conpound, J SP-898 14° (A) Metal -containing copolynmer In'the present
i nvention, the netal-containing copolyner (A not only functions as a
substrate for coating filmformation but also exhibits antifouling

capability. 5 Thg et alacoiM ALILRY EORPLLABH didiobsd, HferaBlyt 0% & so@nt
| parts by weight, still

preferably 1 to 50 paits by welight of

4,5~dichlorp—2—n*octyl“4~isothiazolin4340ne (B) is



invention is obtained by. copolynerization of a polynerizable wunsaturated
nmononmer (al) containing a netal and an. wunsaturated nononer (a2) capable
of radical polynerization containing no netals.. 10 Pol yneri zabl e
unsaturated nononer (al) containing a netal Although the polynerizable
unsat ur at ed SfoR6%er (al) .containing a netal is not limted as long as it
contains a nmetal and acts as a pol yneri zati on nononer, there can be
mentioned, for exanple, a netal di(neth)acrylate (all) or 15 a netal
(nmeth)acrylate.. Further, there can be méntioned a |ow pol ymerizate, such
as a dimer or trinmer, thereof which has polynerization activity. At |east
one of thes€amdmdmeds payay Ofe pagdds doreeioght mitomdialat¢ontabeioon,
(meth)acryl means acryl and/or nethaeryl, and (meth)acryl ate neans 20
acryl at e -andbpio ivetchrao®yl.at e. As the rret-al di (nmeth)acrylate (all), there
can.be nentioned, for exanple, magnesium acryl ate of the formul a

( CH2=CHCO00) 2My, esi_um met hacryl at e of t he, forrrula

zinc acryl ate of If'm @r'f‘BEE’T?JIaQt'%’fﬂ-"\@S; opding CEOIBRASKissle egl R%% yI at e
of the formy ag glgl%es-q, } COO) 2Zn, copper acrylate of the formul a

( CH2=CHCOO) 2Cu, |:)(é‘opp t hacryl at e of the for mula (CH2=C(CH3) 000) 2Cu or

the |4 ke. h d ed. Wth respect
T ta thdese rretgia_ih'e@L F{%e%t% 3&31& ?at e[sE%y%ro (S pref rregq?ﬁc uis menber sel ected
fromthe gr | Lstin of z Qp cal.cium alu m and magnesi um
be cont ai neg §s * ﬁ%oﬁ& gl kry(si_ ﬁpec ? n?aé])ne{% sel ect ed
from the gro consisting_10 of zi nc, copper and magnesi_um be cont ai ned.

Furt her, PﬁE%BP ananéBPePaﬁeét G’r)’at‘“@d%né’r?eran(télf)o‘ﬂc’dm Forbgnd netal ,
it here can be nmentioned a pol ynerizabl e conpound obtained by reacting an

i horganic n‘é@lapoééﬁfﬁ@!}nd with a carboxyl ated conpound. This conponent (al)

- can he 15 obtained.by reacting an inorganic netal conpound with a
Still further, preferablyl1x390partstnrwe1ght still

10 ..preferably 5 to 55 parts by_weight of metal pyrithione
| -'coﬁpound (C) is contained per:loo parts by weight of
metalncontaining copolymér_(A}. |
Still further, preferably 0.2 to 40 parts by weight,
ll still prefel_:ably 1 to 20 parts byA weight of metal pyrithione
15- 'cbmpound (C) is_contained‘per 100'parts by weight of
fﬁ.'_ . -ahtifodling coating composition.
Moreover,'it'is preferied that the antifouling‘coéﬁing
composition disclosed be loaded with zinc
oxide D). Still preferaply;AS'to 160 parts Syfweight of -
'20 - zinc oxide (D) is. contained per’ 100 parts’ by weight of
metal—centaininq copolfmer (Aj. |

Preferably, an exténder (E) selected ffomTthéﬂgrbgp_.

1.consiSting of talc, silica, mica, clay, caldiumfcétbdnate

- and kaolin is further contained in the antifddlinqteoating



car boxyl at ed conpound preferably in the presence of water, stil

preferably in the presence of an al coholic organic solvent and water.

Al t hough the process for producing this polymerizable 20. unsaturated
nononer (al) containing a nmetal is not particularly limted, for exanple,
the conponeff£3%) can be obtained by heating under agitation an inorganic
metal conmpound and a carboxyl ated conmpound in the presence of an organic
sol vent and water at tenperature not hr%her than the SF-898 16

deconposi tion point of netal salt. e i norgani ¢ netal compound, use can
be nade of a % compounds which react with carboxyl ated conpounds to

t her eby forﬁwﬁ89§'°§9ﬁ¥§bs anpl es thereof include netal 5 oxides such as
zinc oxide, alum num oxide, calciumoxide, cupric oxide, nagnesiun1oxide

and manganese oxi.de. netal d j k

hydr oxi de, } cal EPﬁH?H%"reo}h%é E@HB%@%@S élsgﬁ’ r}}fngé%ﬁ%ésqjun?'% é'gb xi de:
~and netal ciyRfdeith aHohigasiczi nc chloride, 10 alum num chloride, calcium

chl oride, cupric chloride, magnesiumchloride and nanganese chl oride. The

metal of thgpkReLeaAnE q@gm(é%gﬂuai IS, selected fromanong, for exanple

-the netals of Goups Ib, Ila, Ilb, 1I11la, Illb, IVa, Vb, Va, Vb, VIb, VIIb
and wgll °f4t@edl§hﬁ8%b°§' t%g! TQ%&H%¥§¥% Lgﬁ cggpoun stﬂay be
-.used " .al one or, according to ne 55|ty, i n yihat i on t hia i norgani c

_metal conpou referred use i s nmad f. an OXIde _hydroxi de or chloride
of a netal 8?3% HrfﬁéﬁP“thoﬁgﬁﬁﬁmgdﬁglstlng of zinc, copper, calcium

~alum num and 20 magnesium Still preferred use is. nadeof an oxi de,
- hydroxi de or chilmtheldisclosureydt islprefaresct thdt theom t he group consi sting of
zik'nc, copper and magnesi um Wien a- conpound of Cu is used as the inorganic
et al conpﬁahmmerilzab%epﬂd@ﬁétﬂé‘étﬁd meBOrRE safd contaibiimgt comewaih S
F- 898 be at least one monomer selected from the group consisting
:  10 o of metal (meth)acrylétes, metal‘di(ﬁeth)acrylates and low
polymerizates‘theréof. | |
in the disclosure, preferably, the po[ymefizable
unsaturated mondémer (al)-containing a metal is a
polymerizable compound obtained by_reactihg an inorganic
15 Vmétai compound with (meth)acrylic acid in the presence of
jf? a an alcoholic organic solvent and.watef-  Still preferably,
the iﬁorganic'metal compound is an oﬁide, hYdroxidé'ér
, chloride_of a-metai selécﬁed‘from the group copsisting of
zinc,-copper and magnesium. | ‘
' ' 26 .. Further, in the disclosure, it is preferred that
the polymetiz%blé unsaturatéd mgnpﬁéri(al) contéining a
metal coﬁprigéa metal di(methlaé?Yiéﬁév(éll) and a
metal—contéiﬁing monomer (a12’2§f thé;forﬁula: |

R'-CO0-M-L, (1)



monomer  (al ) cont3i
- preferred that the organic. solvent contain an_ alcoholic 5 conpound. The
" al cohot i ¢ dukgEEAR R's TeParEeaiisy2amHtbhel FEclealiedr , a swdistdd-uirethnol |
' -i’sopropanol, butanol or propylene ‘glycol nononethyl ether. The organic

~1i  a conpound of Zn. fromthe viewpoint that the copolynerizability with

an acrylic nononmer can be increased. The use of a conpound of Zn, My, Ca or
Al is preferred fromthe viewoint that the obtained resin tends to have

5. enhanced transparency. It is especially preferred to use a bivalent Zn

or My conpotiitd®®rom the 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 obtained netal-containing 10

copol.ymer (A) would be high and the toA® of coating filmwould tend to be
beautiful.. Further, favorably, the solubility of such a conpound in
cust omari | ywhenptioydd oegaeisesal ventesrgandid @ dreihitgiv g turesetbyrdead to

i nprove workability. The wuse of a compound of Zn is especially preferred
fromthe Xondewsdiaitddatréhetat @rohipstshanseiat ot @med (CHs) -,

met al - cont ai ni ng copol yner (A) can be high. As the carboxyl ated conpound,

-there can haprenti opede-diricrexX MY iodtdIact Yt O -acighoRrdyd itha¢i d,
itaconic acid, nmaleic acid (anhydride), a nonoalkyl (e.g., nethyl, ethyl, .

20 butyl, '&@d@ylﬂgﬁx?@hoﬂﬁ 4 t}ge{%]fe%a#aggn eesgeggnoal kyl (e.g., nethyl,
etny e [l

ethyl, butyl,.2- exyl or t e) maleate of the |like. These can be
used.al one or inﬁ‘ ré:opg_éna isog. Agorig g&ges,e car boxyl at ed conpounds, (neth)
ac,ryPi c acid is pre‘?era%?y uSed -8nd® fr-lhacryl ic acid SF-898 18 is
especi ally pref er,abl‘%_/In used 1n the preparation of polynerizabl e unsaturated
f g G Faf kit RePREUGs & B SR shie SHYUent, it is

sol vent - f oprugestlpsobtat adt deonawpokemrqeadjbon group or an aralkyl):
o and |
10 : | | n‘is_thé number équal_té the vaience number of métal
| M-1. - . |
In the disclosure, preferably, the polymerizable
unsaturated monomer (al) coﬁtaining ametal contains a metal
selectéd f;gm'thé grouﬁ consisting of zinc, copper and |
15 mégnesium- |
Moreover, in the disclosure, it is preferred that
the ﬁnéaturated MONomexr (a2)‘éapablé of radical
‘,péiymerizatioqAéontaining'HOInetalS consisf of at least'oﬁe
moﬁdmer (a21) selécted.frqm the group consisting of‘
_20 - (ﬁe'th)acr_ylic-ac’ids’ and "(nié_th) acrylic esters represented by
_thg formula: -
| -R“OC_:O-CH (R%)=CH, (2)
*f'wh"erein R3 représ"ég£; .é'.;hydr.ogén atom or methy.l, and R

"'r“e'pr'esents an al'_kyl,— a cycloalkyl or an aryl.



may contain, according to necessity, an organic solvent 10 other than the
above al coholic conpound.in conbination with the al coholic conpound. As the
organi ¢ solvent other than the al coholic conpound, there can be nentioned,
for exanple, an aliphatic hydrocarbon solvent such as pentane, hexane or
hept ane; arskrtdt¥ati ¢ hydrocarbon sol vent such as benzene, 15 tol uene or
Xyl ene; an ester solvent such as ethyl acetate, butyl acetate or isoebutyl
~acetate; or.a ketone solvent such as nethyl ethyl ketone, nethyl isobutyl
ket one or cycl ohexanone. Wen the orgahic solvent other than the
al coholic conmpound is used in conbination with the alcoholic 20 conpound,
the ratio of al poimeldisclesueothtduhsatifRged m@owag of organic solvent is
preferably 5% by weight or nore, still preferably 25% by wei ght or nore.
When the orgapablsoby¥enkdieant pbhiyig riibe waldrohd e Gammou wéchls ratio
"is used, favorably, the solubility of polynerizable unsaturated SF-898 19
. mononer .(a'QréQ@t:ébﬂ]%(%r%i%saéf'aQ 18858 UNERbRRBLA B8 ) LRYHASBE VO
thereby inhibit crystal formation, resulting 1n enhanced storage:
“stability. 2t al L. ca - 'qf,_pal ri e u rated no r.,.5 (al)

containingjgﬂﬁggg ,k%fgﬁ%ﬁgﬁ:3§8§%d¥ﬁ§’gﬁggﬁgatgégbgfg%ng?gl?8?§H%Féferably
in the range of _9 0% i ght, i1l preferably 3 to 25% by wei ght.
The r_r%gt al conter%tRi%éc?"ng% %&:“?g 60% k@ weight is preferred fromthe
“viewpoint that - the npnoner is soluble in an organic solvent and can be
m xed 10 wi YHSFCHR Y1 inCRAGTEHES shd poroaer 2680 oh PRENBEReR hand, the
metal content of 0. 1% by weight or nore is preferred from the vi ewoint
“that 't he néleRERYPRESs Mmgléogenpren CXrload kydensy odusedaeyiesieenahyd. In
t he production of polynerizable unsaturated nmononer 15 (al) containing a
~netal in-tke abpvreseatiser, hpfithpugh &healkakiyd, betwpehocahkoggii ornehal
conpound and carboxyl ated conpound is not particularly limted, it is
preferred whatlogyike) rati o of inorganic nmetal conpound per no
of . car boxy. | at ed : '

10

In the antifouling coating composition disclosed, the metal-containing
copolymer (A) is preferably |
a cépolymef cémprising 2 to 50% by weight of component units
.derived from the polymerizable unsaturated monomer (al)
containing a metal and 50 to 98% Ey weight“‘o_f compqnent units

15 _ derived from t_he unsaturated monomer (a2) capable of radical

polymerization containing no metals.

\J

In the disclosure, it is preferred that the
-metal—conﬁaini_ng copol'ymef (A) bea copol@é_r comprising 0.1
“to 49. .9.% -by weight of _com'pox}ent. uﬁits derived from the metal
' _26_' T '_di"(meth):‘ac.:rylate (all), 0.1 to 49.9% bf weight of component
‘units deriired from_thé metal--c"pnta'in'in'g monomer (all) |
- repre'sen_'te_:d' by the for"mula“(l)-,‘ and 50 to 98% by weight of
componeht units derived frorﬁ the unsatufated monollner (a2)

" .capable of radical polymerization containing no metals.



. conpound be.0.6 nmol or less fromthe viewoint that the 20 obtai ned
met al - cont ai ni ng copol yner (A) can have high transparency. On the other
hand, it is preferred that the ratio of inorganic netal conpound per nol
of carboxylated conpound be 0.1 nol or nore fromthe viewpoint that the
coating fil arf&8red by obtained antifouling paint can excel SF-898 20 in
wat er resistance. In the production of polynerizabl e unsaturated nononer
(al) containing a netal through reaction between an inorganic netal
caonpound and a carboxyl at ed conpound, a¥ 5 aforenentioned, it is preferred
to heat under agitation an inorganic nmetal conpound and a carboxyl ated

- conpound in the |NihesRstiesh, aRBoQrefstallystlevent and water. In this
reaction, the ratio of water to the.total amount of -i norgani c net al

conpound, casbaxykahedi AONYAHIL]L GREANAG £8 Vo Pyl MWeldap rkQ i(Rx 6! udi ng

the amount of water forned. during reaction) is- preferably in the range of

0.01 to 30%85/49/\/89%3'%2( wéi bht o P AR Qn%t%od%xf"/{}é)% ng'ﬁ&ug,l Aé\gﬁglwater

is present in ther aCtI n systemi h an .anpunt t or nore,

t he pol yner n e oner, (al pt.ai ni:n 1 al a

resulot aﬁt I’%é@?l glrllv%(rs’g ?&. g fg{]alrEﬁe CC| nl?hg bo‘lf r’ﬁle g’fhat %o?u?‘?%ﬂegif her eby
' bl ffi t I _ f th I bi t ted :
ﬁﬂﬁoﬁe”%§|enﬁ%%{‘a?%?ﬁ%dy%f%fwé&%ﬁ%&n ARt A R or (1) capabl o

- of radical polynerization contai-ning no netals. 20 Upon the production.
of pol ymeriSebFesented hutder Forewbe (A)) Cohtte nfi”hg9ﬁ %t‘a*?—lglﬁ?o‘a@h
reaction between an inorganic netal conpound and a carboxyl ated conmpound
in the . prewgeperent enits cdhoiivedofgani etsdkaett oardmonatrer, (agdneral |y, .
f‘a;mxture of conponent (al), organic solvent and SF-8 98 21 water is

~ Subjected ts:ab@qnmq(nﬁmmaihe)rgmﬁmMmmWﬁm@rbf lxrm%ﬁru)rmﬁjzllimmjads(aZ)

capabl e of radical polynerization .

and (meth)acrylic esters represented by the formula (2) and
10 1'0i1'ﬁo 97.9% by weight of component units derived from the.

monomer {a2Z) fepresented 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
o structure characterized by being covered with a coating film produced from the
. 15 antifouling coating composition as defined above.
) , In still another aspect, there is provided a fishing gear or fishing .net
i 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



containing no netals. In the copolynerization with the conponent (a2), it
is preferred that the conponent (al) 5 m xture contain water in an anount

of 0.01 to 30% by weight, especially 0.2 to 15% by wei ght. Wen the
amount: of water is 30%by weight or less, the mscibility with the

~unsat ur at edsF-#8Romer (a2) capabl e of radical polynerization containing no

~metals, such as an acrylic nononer, organic solvent, etc. 10 woul d be high
so -as to enable efficient copolynerization of conponents (al) and (a2)

The water contained in the m xture coA8aining the polynerizable

unsaturated nononer (al) containing a netal may be only water added to the

reacti on systmnfarigadepayi ogvéhengoapsuneficd ab¥ maeineayeissellude water 15

.further added after the preparation of conponent (al). It is preferred '
t hat the anpdreiterisenreania RedH 8 I:B.thlérjtﬂiﬁm SeGHaE8H Ngréhecreonponent

(al) -be i.n the range of 0.01 to 5, especially 0.05 to 3 tinmes the nolar

. amount- of ié}.ﬂ&g@m&c‘fﬁ corﬁﬁ%ﬂ%gsg%ﬁﬂeg%lo%. rati o) fromthe viewoint

of operation 1 Cl ency. ove, polymerizabl eunsat urated nononer
(al) ..containing a netal, there can be nentioned,. for exanple, a conpound
(alt) of the fornula: R-COOMLn (1) SF-898 99 wherein Rl represents an

orgapi ¢ group having unsaturated bond, selected fromthe group consisting

of CPR=C(CH3) -, In Gt aRbtHIPAEpELE Grbresis riiilcH GHRE(HI)F roptierig edishite
-COCH may forma netal salt _or an ester; 5 Mrepresents a nmetal atom L is
an organi c 981 ar fisking et afifasdieg: ed by - OCOOR2  (wherein R2 represents an
al-kyl, a cycloal kyl, a substituted or unsubstituted aromatic hydrocarbon
group, an ahadagterdrzed ty sureeid cswriage i hgshhsdt aeare@rbond as 10
“reepresented by the above Rl); and n is the nunber equal to the val ence
nunber of fighigg net-with a coating film produced from the antifouling coating

composition as defined above.
10
'BEST MODE FOR CARRYING OUT THE INVENTIO[\‘I'V
Thepresentinventiohwillbedescribedledetailbelow.
That‘is, the antifouling coating composition,
‘antifouling cgating film and, covered with the antifouling
15 .coatiné filmg_marine-veséel, underwater struéturé and
) ' fishing gear oxr fishing net according to the present
inyentioﬁ will be dgscribed'in'detail‘below.
'{Antifoulidg coating_composition>
rihe antifouling Coatiﬁg composition of thé-present.
20 inventiiulis.one-substantiallyguﬁ:Confaining‘cuﬁfous oxide
-and1organotins,'which'comprises (A) a metal~containing
ébpbiymer,.(B) |
' .4,s—aichl'oro—z—n—'oct-yl—:;—isothiazél;;n—3—one and ('C} a

metal pyrithione compound.

T



In the above formula (1), Mpreferably represents My, Zn or Cu, and
_especially preferably represents Zn. As the 15 L representing an organic
acid residue., there can be mentioned a residue derived froma nonoval ent
organi ¢ acid, = such as nonochl oroacetic acid, nonofl uoroacetic acid,

- propioni c agjgqgoctylic acid, versatic acid, isostearic acid, palnmtic
acid, cresotic acid, a-naphthoic acid, (3-naphthoic 20 acid, benzoic acid,
2,4,5-trichl orophenoxyacetic, acid, 2,4-dichlorophenoxyacetic

aci d, qui nol i necarboxylic acid, nitrobggpzoic acid, . :

ni t-r onapht hal enecarboxylic acid or pulvic acid. Arong these, fatty acid
resi dues are I red, - | es of the conpounds represented
bythegabong)ﬁg$%§{a8?33§|%§$§d%g§%l c%?groacetatonagnesium
‘(meth)acryl ate, _nonochl or oacet at ozi n¢c (et hyacryl ate, .

' nDnochIoroaceta?BcSBﬁePrFﬁgpﬁ)é“H?VFéPg: §h%bﬁé%%}i9ﬁﬂﬁﬁ¥&%ﬁhgnesium-
(et h)acryl ate, nonofl uoroacet at ozi nc (et h)acryl ate, ' S _

- monof | uor oateRat BEdHPEY ficét ARAE el OnHEgpitoRaPsRBghesi UmMcoating
.(meth)acrylate, propionatozinc (neth)acrylate, propionatocopper

- (meth)acryl &ty Aormeztidatorbghnbst wprli{vethy asnyliaoel ivgt ghpabziaty-
(rmet'h)acryl ate, octyl atocopper (meth)acrylate, versatatonagnesium

(et g acr yl Bt mevies Sad @i tozi ming (amgddi)yacry | @ e, foensst atrocdpperesent _
- (meth)acrylate, isostearatomagnesium (nmeth)acrylate,.isostearatozinc 15
(et h) acr yl adesnt SO5H easst ALORPBE. A0S WYREF Vi 2t Bon TRk Mol FneragnRasiaim
(met'h)acryl ate; 'pal mtatozinc (meth)acrylate, pal mtatocopper

- (meth) acryl gl €t uSd @SQUALPHREPEE UM Lot D) RERY! At Ber 1 €8RKAEAZI NC _
«(meth)acrylate, cresotatocopper.(neth)acrylate, -20 a-naphthoatomagnesi um

(et hyacry! 38 A NARMNOAAZ! 062, (SBLOM AT Alty: A RRLRARL OGARRE!
(meth)acrylate,” . (3-nap oat onagnesi um ( net h)acrylate, p- naphthoat ozi nc
dontaining no metals. .
_ld *Polymerizable unsaturated monomer (al) containing'a metal
Although'the polymerizable‘unsaturated‘monomér‘(al)
‘containing a metal is not limited as long as it contains. a
metal and acts. as a polymerization monomer, there can be -

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

.15~ ametal (meth)acrylate. Further, there can be mentioned a

Y

'low_polymerizate, such as a dimer or_trimer, thereof which
-has pelymerization 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)acryléte (all), fherelcan‘be
meﬁtionéd, for example, magnesium écrylatelof the'fbrmgla
'(CHZ:CHCOO)ZMg,'magnesium methacrylate of the.formula

- (CH=C (CH3) COQ) 2Mg, zinc acrylate c¢f the formula



nmet h) acryl ate, (3-naphthoat ocopper (neth)acrylate, benzoatomagnesi um
met h) acryl ate, benzoatozinc SF-898 24 (neth)acryl ate, benzoatocopper

meth)acrylate, 2,4,5-trichlorophenoxyacetatomagnesi um (et h)acryl ate,
,4,5-trichl orophenoxyacet at ozi nc (neth)acrylate, '

, 4, 5-trichiprophenoxyacet at ocopper (meth).acrylate, 5

, 4- di chl or ophenoxyacet at omagnesi um (net h) acryl at e,

, 4- di chl or ophenoxyacet at ozi nc (neth)acryl ate, '

2, 4-di chl or ophenoxyacet at ocopper (neth)acrylate, '. |

gui nol i necar boxyl at omagnesi um (et h) acryl ate, qui nol i necar boxyl at ozi nc

‘(met h) acryl . i nol i ne , r h) a¢ e,- s
nitrobenzoa?%ﬁﬁé%%gﬁgkg?ﬂet%§§£%%%ﬂ%gfﬁﬁ%f%b%%2€%$o§?%%&?%neth)acrylate,
ni t robenzoat gcop “(neth)acrylate, nitrangpht hal enecarboxyl at omagnesi um
(et ) acr y1 Las e RSk Ra) GRBERE: Bt o ihe (ROt Ryt at e, 95
ni t r onapht hal enecar boxyl at ocopper (neth)acryl ate pul vat onagnesi um
(et h) acr yI AEB=GEYRY 521 nEonpRet meddtafay b2 teuphatleR of Rt fet h) acryl at e
and the |ike. The conmpounds of the above fornmula (1) nay be those obtained
by reacting{Chs=Qf Gi8R)i-6nedr Bhei hokgani Btnbeast Qe cohpbindeandya '
- car boxyl at ed conpound, such as (neth) acrylic acid, in the presence of an
al cohdl i ¢ obganetesokdenhdandedwatet thandspkst, may thestéhos&adbt ai ned by
other processes. These pol ynerizabl e unsaturated nonomers (al) containing
a netal maygbemdsafaakonates, i dtcpgbhpareened! BhSE- 8%febert el preseant.
invention, it is especlially preferred to use the netal di(nmeth)acrylate
(al'ly in coppiRatd O, Wibheddie: s iR lrconhal, NkdpdPnener i (al2d 16hihhe above
wfqrnula‘(l) as the polynerizabl e unsaturated nononmer (al) containing a 5
net al . :

(
(
(
2
2
2
2

and magnesium be contained as the metal. It is still
preferred that a metal selected from the group consistiﬁg
10 of zinc, copper and magnesium-be contained. |
"_Eﬂur.ther, as ﬁhe _péllymerizable' unsatdrated mon‘ome-r {al)
céntainiﬁg a .metal, _th'e:t:e can be mentioned a p;olymerizable
© . compound obtainéd 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

,\

j - carboxylated comg;ound preferably in the presence of water, N
still preferably in 1Il:he pre'se‘nce of aﬁ alcoholic érgéni&:
. ‘solvent and w_ate;r.
'Although the proceés for prod_ucincj this polymerizaiale'
: '2{): - unsaturated monomer (al)' cchtaining a .inetal is not
.pérticularly Jimited, for example, 'tlﬂ'le component (al) ;can
'be obtained by heati_ng'under agitation an inorganic metal
compound and a carboxylated compound in the presence of an

organic solvent and water at temperature not higher than-the



. Unsaturated nononer (a2) capable of radical polynerization containing no
nmetal s As the unsaturated nononer (a2) capable of radical  polynerization:
containing no netals that is copolynerized 10 with the above conponent
(al), use may be nmade of, for exanple: a (nmeth)acrylic ester nonomer, such
as methyl = gth)acryl ate, ethyl (neth)acrylate,.2-nmethoxyethyl
(nmeth)acryl ate, 2-ethoxyethyl (neth) acrylate,.phenoxyethyl 15
(meth)acryl ate, 2-(2-ethyl hexaoxy)ethyl (neth)acryl ate,
~1-nethyl - 2-net.hoxyet hyl (neth)acryl at ejg3-nmet hoxybutyl . (neth)acryl ate,

3- et hyl - 3- met hoxybutyl (neth)acrylate, mnethoxyphenyl (neth)acrylate,

th t t | et hyl (et h); | ate, .20
p- met hoxy pheny ﬁ gﬁ@&ﬂ ighe O TR OoXVRhepyl eyl (ot ) acr vl at e

n}nethoxyphen acrylate, p-net oxyphenylethyl (meth)acryl ate,

n- propyl (rmneth) | at.e, p (met h acr Iate buty ) ylate
Ci-butyl . (et h)§ E‘atlé“‘-’ffi‘ag‘&t y?(‘e{tﬁ%t ﬁ%é?yi‘ e%tnn%l h}gaggecgp et |
(meth)acrylate, lauryl (neth)acrylate, stear% SF- 5 neth)acr | at e,
benzyl (metH) £INBAHIAS sl T gamet hy Bk yFatieox %%B% n§P PRBP %ylate
cyclohexyl (neth)acrylate or glycidyl (neth)acrylate a. hydroxylated
mononer . sudtezab - Ty ewfetlhya ! { mBrkadeyl. sherepthy al
(neth)acrylate 3- hydr oxypropyl (meth)acrylate, 2- hydroxybutyl
(et ) acr yleatieday hdiy disoxybot pikideet @laoriyluat exige addiltdiom grodifot f rom
2-hydroxyethyl (nmeth) acrylate -and ethyl ene oxide, propylene oxide,
y-but yr ol agdypieic bk idCap=Qjraciione ofiddeanhd keangadéser ogideri metadf
2- hydroxyethyl (neth)acrylate, 2-hydroxypropyl (meth)acrylate or the like; -

_-a nmonomer *}f%f&f&&é'ﬁi& hedroxyd 199 @EPSi dSHCAL @8inGhyBQHRbxide,
O ?eth)acrylate a vinyl nmonomer having a primary 15 or secondary amino
group, Sgcfbaal ﬂﬂﬁyﬂﬁmcﬂgﬂehylcuprlc hydroxide and magnresrl,um :
- ‘hydroxide; ‘and metal chlorides 'such.as‘ zinc chloride,
10 aluminum chloride, caici;lm chloride, cupric chloride,
magnesium' chloride and It‘lan'gan-ese lchl,oride.
Thé metal _of' the inofganic metal ‘compound is selected
from among, for example, the metals of Groups Ib, IIa, IIb,
411_Ia, 1lIb, IVa, IVb, Va, Vb, VIb, VIIb and VIII of the
15 o periodié table. The inorganic metal compounds.may be. used
7} . élone or, according to necessity, in combinatio'n.
As the ino.rganic metal compouhd, prefeﬁred use is made
of an dxi.de, hydroz%:ide or éhloride éf a metal selg—zctéd from -
 the grbup‘ consi_sting of zinc, coi:iper, calcium, aluminum and
20 . magnesium. S‘t.ill preferred use is made of an .oxi'de, i
ﬁYdroxide or chloride of a metgl selected from the group
Cr;‘)nsistir;g of zinc, copper aﬁd magnesium. |
When a compound of Cu is used as the inorganic metal

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



(meth)acrylate.or (neth)acrylamde; a vinyl nonomer having a tertiary am no
group, such as dinmethyl am noethyl (neth)acryl ate, diethylam noet hyl
(meth)acryl ate, dinethylam nopropyl (meth)acrylate, 20 di net hyl am nobutyl
-(met h).acryl ate, dibutyl am noet hyl :

(- et h)acrydatsgg’ di met hyl ami noet hyl (et h) acryl ami de or

di met hyl am nopr opyl (net h) acryl ani de; a heterocyclic basic nononer, such as
vi nyl pyrrolidone, vinylpyridine or V|ylcarbazole or SF-898 27 a vinyl
monorer, such as styrene, vinyltoluene, ; a-nethylstyrene,
(meth)acrylonitrile, vinyl acetate or vinyl propionate. Anong these

| unsaturateq? % (@2)y cap dgg ?E §ﬁ§Q§B§ﬁk pelymegi.zation containing no

-metals, pre err use 1s m I'c acid or (meth)acrylic ester

?‘;gfgigitéa%mr@f“%%a ﬁé?h%ﬁra%‘i' Fieonguo G B ey B

cycl oal kyl or an aryl. Al so, the unsaturated nononer éaZ) capabl e of
" radical pol yne?b%a‘f%%rP%cﬁlt‘%ﬂ“Fﬁ%ﬁl%@fw@f‘al Yo orause £h thesisserd

. invention can preferably be nononer (a22). of the fornul a:

R7R6000- CH(IRB)=CHe (Biewi® {whetleih FBerebtesents rashpdtegds &pohlﬁ@ﬁ met hyl ,
- R6 represents an al kyl ene, a cycloal kylene or an.arylene, and R .

repr ésent s enlhyrdraak ydraregpatdoxy! , & dyclesaidaal Lyompmferarad dxyluseAs t.he
- nmononer (a22) of the above fornula (3), there 20 can be nentioned, for

exanpl e, 2-avedhaxyeithyin 4aid)ashybahe, Bronhoxyetvrhylpbibthihat the
acryl ate, . phenoxyethyl (neth)acrylate, 2-(2-ethyl hexaoxy) et hyl (neth)l (

acryl ate, drdmidly 2 mtdoxyelfiyke 865 VhAb&ucB1BRL. Bgzsyi@et ¥bgaghykate,
{31nethyl 3- nethoxybutyl acrylate, mnet oxyphenyl SF- 898

In partlcular, when a compound of Zn or Mg is used,
favorably, the transparéncy of obtained metal—containing
10 copolyﬁer (A) would be high and the tone o‘f.coating filmwould
‘tend toAbelloeautif‘ul.. Further, favorably, the solubilitay
of such a compound in customarily employ-éd organic solvents
" would be high to theréby tend to improve workability.‘ The
" use ofa compouod of Zn is especiall.y' preferred from the
15 viewpoint that the water resi‘s“tance of obtained
“\J . '_ ‘metal-containing-co_polymer (VA) can bo high.

As the caiboxflated compound, there can be mentioned,
for example, | methacrylic acid, acrylic aoid itaconic acid,
maleic acid. (anhydrlde) ;o a monoalkyl (e g., methyl, -ethyl,

20-- _ -butyl 2 ethylhexyl or the 1like) J.taconate, a monoalkyl
(e.g., methyl, ethyl, butyl, .2—=gthylhexyl or the like-).
maleate or the like. Theae can. be uséd alone or in:.
oombination- .Among these carboxylated oompounds,

(meth)acrylic acid is preferably used, and methacrylic acid



28 (neth)acryl ate, p-nethoxyphenyl (meth)acrylate, o-nethoxyphenyl ethyl
(et h)acryl ate, m nethoxyphenyl ethyl (neth) acrylate or
p- met hoxyphenyl et hyl (neth)acrylate. At [|east one of these can
appropriately be selected and used. 5 Anong these nononers (a22).,
2-nmet hoxyetdwyeks@acryl ate, 3-net hoxybutyl acrylate or the like.is preferred.
These unsaturated nononers (a2) capable of radical polynerization
containing no netals nay be used-alone or in conbination. In the present
invention, it is especially 10 preferngd to use the nononer (all) of the
above formula (2) in conmbination with the nononer (a22) of the above
formula ( e t a2) capabl e of radical
pol ymer i za’?lison %%a#ﬁg%%f%?%%@édwét al - cont ai ni ng. copol ynmer (A) 15
The met al - cont aj ni_.ng copol . I e..i.n.the i i is
obt ai ned by cop%?frlrl%rP%a??%%%%?gﬁ%ggég%\%glﬁo b}%etrl?%a '?Ig%%dsgl;éﬁ@aegﬁg '
mononmer (al) containing a netal wft h{]“e unsat l,rlrat ed nononer l(,aZ) capabl e-
of radical (Fdl FRBFAIEHTSh 2cBREAL W h etta 85 AP ATHSUGR RIS -
- nmetal -contai ning copolyner (A) is not particularly limted, it is
preferably J_ctohm@:@fpetﬁrezd thasove By oaeilghs Ol et ICOptaferabPy-c8hed 1609 by
wei ght of units derived fromthe conponent (al) and 50 to 98% by wei ght,
stills prefcompisiands0 T e00he dlyo Wet giompofunghi. & $redieinadd viaoml chEoSEC898 29
unsat ur at ed nononer (a2) capable of radical polynerization containing no
met al s. - Al s@] vt ,metah- sontdiarialy depelnpremold) bhibanosen propglepeesent
. invention is preferably conposed of 0.1to 49.9% 5 by.weight, still ;
pref erabl y g ic@ 14@06rdmaei ghtettHetini ts derived from the netal ,
~diy(meth)acrylate (all), 0.1 to 49.9% by weight, still preferably 1 to 40%
by weight of Ungs o Qp1dMedoh Laftt Aer MRIAL oG AINLRE JBMQURInG 343) of the.
above fornula (1) and 50 to 98% by weight, still preferably 60 to

may contain, according to ngcessity, an organic solvent
10 ". bthér_thanlthe above alcoholic compounq:nfcombination with
'the alcohqlic compound. As the organic éolvent octher than
the alcoholic'compouhd, there can be mentioned, for example,
an aliphétic hydrocarbon solventrsuch as pentane, hexane or
heptaﬁé; an'aréﬁatié hydrocarbon solvent suchdas benzene,
15 toluene or xylene; an ester solvent such as ethyl acetate,
{Ej butyl acetate or isobﬁtyl acetate; or a ketdne.561vent such-
.as méthyl ethyl ketone; méthyl isobutyl kétdne or
dyclohexanone. When the organic ;olvent‘other tﬁan the
- ,alcoholi-c ,compoﬁnd is used in cbmbiﬁéti-on with the alcoﬁolic
20 - compound, the ratié of aicoholic compound to the.ﬁotal amount
éf organic solvent is preferably 5% by;weight'orlnore, still
lpreferab;y'25% by weight or‘more; When ﬁhe orgénic solvent
. COntaining the alcoholiclcémpound at ﬁhis ratio is used,

favorably, the solubility of polymerizable unsaturated



For exanpl e,

O

10 90% by wei ght of units derived fromthe unsaturated nonomer (a2)
capabl e of radical polynerization containing no netals. Further, the

nmet al - cont ai ni ng copol yner (A) for use in the present invention is _
preferably conposed of 0.1 to 49.9% by weight, still preferably 1 to 40%
by wei ght ofrunjgts 15 derived fromthe netal di(meth)acrylate (all), 0.1

10 49.9% by weight, still preferably 1 to 40% by weight of units derived

fromthe netal -containing nmononer (alt) of the.above formula (1), 0.1 to

97. 9% by wei ght of units derived from jghe nononmer, (a2l) of- the above

fornula (2) , and 0.1 to 97.9% 20 by weight, still preferably 1 to 90% by

wei ght of UpLLenefe LY 2dchhPOL hiE,TNATREL (3524 ndl shhG.AROYB LRl BY @ (3).
pol'y e“conp 0

en a nmeri za oun tal ne y reacting an

. inorganic -netal conmpound. Wi t met.h). acrylic,_ aci in the presence of an
'alcogolic ot JaRFESEdI ventlan é%&?ﬁggﬁﬂE%%V%ﬁf iiéﬁﬂékf%ﬁfE%ﬁ?{%)@%%rizable

“unsaturated nononer. (al) containing_a netal, preferably, a mixture of

reacti on pibdeehapgpy stpgadtcsEdlPydiAtYand water and an unsaturated

- mononer (a2) capable of radical polynerization containing 5 no netals are
. subj ected to cofdleymetipiatémienth ofuphlameeiighbleratsatehated QPIHTL part s
“ by weight, preferably 40 to 90 parts by weight, and still preferably 60 to

80 pasts by(ak) ghdnidiniegpomentzl(,a2)ltiuwgedependloq partikebyymeight of

the total of the mixture and conponent (a2) 10. The netal - contai ni ng -

copol ymer (#dth0r USepidrdRebl prieseaite imntend benocant oredernaplye hehopt ai ned

.by .copolynerization of the, copolynerization conponents in the above

ratio. The gpjal-SonEdinhng £OBOLYTBEy (M1t ai Red mbyataksyiagt Mbt t he

:cgpol-yneri zation in the above ratio, Wwhen 15 forned into a coating film .

‘edhibi s ARLOBLITLS IR B L B SLANERARY SALLACHE s Bydsohyzabid [ ty for

a prolonged perro excels in-a ance between coating film

: -g;gg}fy;rgf;-.g%gggqe{g%aoggeggg;w@é Ly ¥ S4RHILL DE TN L a0 be mixed

10 .with an agrylic monomer and po;ymerized. ‘On the other hand,r
the metal confént of 0 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 o ‘(al) containing a metal in the ébove manner, 'althOI:IQ'h tﬁe 7
3‘:atio between inorganic metal compound and cérb_oxylated
compou_nd _is‘ ﬁot particularly limited, it i's preferred that
the r'at.io:of inorganic metal compound per mol of_ca;:b'oxy.l'ated
.'compound be. 0 .6 mol or less from the. viewpoint that the -

20 obtained metal;containing- copolymer (A) can hawve high

transpérency. On the-othér hand, it is‘preferred.that- the -
ratio of inorganic mefal compound per mol _o.f carbbxi,rlai.:edf‘""'_'
compound be 0.1 mol or more from tﬁe viewpéin‘t'that the =

" coating film formedAby obtained antifouling paint can lexce.l"_‘ o



20 the netal -containing copolyner (A) is not particularly Ilimted, for
exanpl e, the netal -containing copolyner (A can be produced by reacting a
‘m xture of the polynerizable unsaturated nononmer (al) containing a netal ‘
and. the wunsaturated nmonomer (a2) capable of radical polynerization sF-898
31 contai ymgeno nmetals in the presence of a radical initiator at about
60 to 180C for about 5 to 14 hr. In this copolynerization reaction, a
chain transfer agent can preferably be used. It is preferred to use a
‘chain transfer 5 agent other than nercaptan as this chain transfer agent
fron1‘the viempoint of mscibility with the polynerizable unsaturated

. nononer. d) Q% g & Jktal . For exanple, a styrene diner or the |ike
can be used as chain transfer agent. 10 Wth respect to the method of

COpOI ymsrl Zat I Of'l’l tl‘flseg%%ﬁuc%%omg% chl ! heerlssga!ll:%jf u%s%%%’r%q:ré&}%to'n% ‘er
suspensi on polynerlz tion,” éenul si ynerization nong ése, the
solution polynerization conducte e use of q%? eneral organic

‘solvent is {ef SITER G theSh Y Qﬁ?ﬁ” reactigh Goeti 9'ty. As the

. organic solvent, there can be.nentioned: an aronatic hydrocarbon, such as
xyl ene or tldlqj%??éllc &FtA AR QU it at bons Petick Bed h‘é&‘&ﬁ‘é‘%iﬂ h@%t ane;
~an .ester, such as ethyl acetate or butyl acetate; 20 an al cohol, such as

. i sopbopy| &fcotelerdridngd,l il @-éhprefeanemmme@um% digdstarte oy adi et hyl
ether; a ketone, such as nmethyl ethyl ketone or nethyl isobutyl ketone; or .
the |ike.  lindmyarief epted ¢hapotihe avel ghtarhveybgeedoteopdand vei ghie. SF- 898
32 (Mn), neasured by GPC (gel perneation chromatography), of the - o
met al - cont g 0P8l 3B ghfif 961 UeRtidhd hetREeSent tHJ_rB/Q@tab@iohel

{gynerally in the range of about 1000 to 20, 000,"

" the ratio of water to the total amount of - 1norgan1c metal
cdmpour_xd, carboxyla_ted Compound, organic solvent and water

10 {excluding the émbu_nt of water formed during reaction) .is
'pr'e‘fer'ably in the raﬁgé of 0.01 to 30% by wéight,‘ still
_pr_éferably 0'.2't§ 15% by weight, When watér is prese'nt in

the reéction system in an amount of 0.013 by‘weig_ht or more,

" the polymerizabl‘e unsaturated monomer (al) éontaini_ng a

15 ' metal as resultant reaction product is obtained in the form

e

Yy of a solution, 'therebylenabling efficieﬁt c0po.lymeri'za‘ti.on
of the polymerizaﬁle unéafurated -mbfldmer ' (E'll)‘ éonﬁaining‘ a
metal with an unsaturated mohomer (a2) capable of radical.

. p"ol-.ymerization contaiﬁing .no metals.
20 : ~ Upon the productiéﬁ of polyrﬁeriéablé- run'slaturated
A fndnomef {al) conta.inihg a metal through ;ea;:t'ion b.etn.ae'en an. -
'inbrganic metal compound and a carboxylated"(':éﬁmﬁ)ound in the
.presénce of an alcoholic érganicl-sol've-nt -'and_W%Lter,

generally,.a mixture of component (al), organic solvent and




especially 3000 to 10, 000. The wei ght average nol ecul ar 5 wei ght of 20, 000
or less is preferred fromthe viewpoint that the extrene increase of the
viscosity of copolyner solution can be prevented and that gel ation of the
resin by nmetal crosslinking in the copolyner resin can be prevented. -On
t he ot her handost he nol ecul ar wei ght of 1000 or over is 10 preferred from
the viewpoint that upon formation of a coating film it exhibits crack
resistance. Al though the anobunt of netal-containing copolyner (A) in the
antifouling coating conposition of the qguresent invention is not - |
particularly limted, it can be, for exanple, 15 in the range of about 15

"to 30% by wehght, iprefigrablkyald %og%iwi%itgmn hased iom me;rarmynt of
antifouling coating conposition. ( )

4.,5-d hi t £¢§§ t :
20 4, 5I-_dicch‘?lrcl)$%g aggiydl?nmlﬂ?goﬁl azda‘&b g??‘i‘@?(’%mg‘? (tgﬁel glr)]ove
tal - t . A .th d (C
doseri bed | GPBF TEBAEE: Pl BE TP anbi £ 61 THGS LEBF A6 EanBot °Eﬂsf(t%e
present’ invention. The coating filmfromthis antifoul.ing coatin :

conposi ti onCYEPBYENE3(aghn Léddce PERFEERIeRTAI (s CHPORSR texid
‘excel l ent. antifouling performance and excel l ent adherence to the surface
of aghng deméxieratehicoat g <1 Fmsan|amquntppdf @r P &d-q FALR bmvsew%onent :
(B) be generally 5 contained in an ambunt of 0.1 to 40 parts by wei ght,
especi al |y €spécial2p Pa?tiso bysherghteiggrt .108hpar thebympenghef witehe
~antifouling coating conposition of the present _invention. \Wen the

‘conponent ’ (B} 3i0s sphtdightdot Nelshs ahowa scabBlit viw thehantidatliagedoat i ng
ﬁcgnp05|t|on of. the present 10 invention., the obtained coating filmtends

excel I%oﬂaﬁéiowzﬁ%@@%pénaﬁcga@%ﬁlﬁﬂﬁeﬁﬁmmnP@ntmﬂ@gts by .
wei ght -of netal'-contai ni ng copol yner (A)," i's preferred that the

,comoonent () ke iesabhya o ab@%tcnn&rb[@g@ur&trgamc solvent, etc.

.‘ 10 - would be ‘high so as to-enable efficient copolymerization of
| comporiehts"(al) énd .7(a-12.) - The Qatéfcontained in-the mixt'uife "
containing the polymerizable unsaturated monomer (al)
Containing a metal maly be only water added to the reaction
system fqr preparing the cdmponent (al}, 'o r may include water
' 15 further added after thé preparation of component (.aljl. It
| Fj : is preferred that the amount of water contained in the mix_tgr_e L
‘containing the c‘oﬁponent (al_)-'].oe in thev ra_ﬁge of 0.01 to 5,
'. _é—:speéially 0. 05 to 3 times the mola_x:-amoun;c:o-f inorganic meta‘l
compound us.ed (r-noilar ratio_) from ‘the. .ﬁf‘iewpc—)iﬁt of operatié’r‘i‘. '
20 ‘efficiency.
As the above polymerizable 'ﬁﬁ'saturated mon"omer. (al) -
contalnlng a metal there can be mentlonedv for e:;:ample, a ‘_
.(;ompound (al2) of the f‘ormu.'_La:.‘. | o

R-C0O0-M-1, . A1)




of 0.5 to 100 parts by weight, especially 1 to 50 parts. by 15 weight from
. the viewpoint of coating filmproperties. (C Metal pyrithione conmpound As
the nmetal pyrithione conpound (C) for use in the present invention, there
can be. nentioned conmpounds of the -formula: RO . RIn"S_ M+R11 N n (4)

20 SF-898 34-gwherein each of R8 to Rl1l independently represents a hydrogen
atom an. al kyl group, an al koxy group or a hal ogenated al kyl group. M can
represent a nmetal such as Cu, Na, My, Ca, Ba, Pb, 5 Fe or Al, but it is
preferred that Mrepresent Zn fromthesg vi ewpoint of durability of coating
filmwasting. nis the valence of netal M The netal pyrithione conpounds

can be used,ql,Qne, o E@Fr@%ﬂk@aghoargéﬁil:ngfé:%%l)ﬁ)h%%@ﬂg hﬂ¥§|@hir%'?:’edt I's

preferred that the neta pyrithione conpou e génerally contained in

an amount  of to .90 ts b ight, especially 5 r by wei ght
per 100 parbtoslfl , y,S\A‘?e]ieg%tPe%{)ftsﬁ%% % gqr-dcucg)nt a?%?ﬁ%t%%%o(%ﬁn(g%:a(é 552 )_( solid
contents) in the antifoulingﬁ?o%%bngoconpOSit'on 15 of thgg resent

it Ar'on

€
i nvent i on. QRkERMTne HREEAL G OEaipBuridHedy < i BreBhtarn&d &t t he
~above amount-in the antifouling coating conposition of the present
i nvention, ~Ga%%t &4% SUEh aal@%trﬂ%lerﬁ@;ltt HEt h @REF¥oul i ng coating film
excelling in antifouling performance can be obtained. 20 Further, it is
pref&rred that ¥hispresahtpyai nataheatewapound (C) be contained in an ,
amount of ‘0.2 to 40 parts by weight, especially 1 to 20 parts by wei ght
. per 100 parts byiseaghtrginibeaandi fouidng ceptringntedpbsgi +0GORSf t he
present invention. Wien the netal pyrithione conpound (C)
' (whereinIF represents an alkyl, a cycloalkyl, a substituted
- - or unsubstituted aromatic hyd:ocarhmmxgroup, an aralkyl, or
the same organic group having unsaturated bond as
10 - represented by the above RY) ; and
n is the number 'éqlial to the valenbehu.mber of m.etal.
M- 1.
‘In the above formula (1}, M preferably represents Mg,
- .Zn or Cu, and especially pre'ferably represents Zn. As the
15 L rep‘resenting an organic acid residue, there can be
rﬁfﬁ .. mentioned a residue derived from a monovalent organic acid,
-‘.such as monochloroacetic acid,vmonofluoroacetic écid,‘
prdpionicacid,OCtylicééid;versaticacid;isoétéariéécid,:
palmitic acid, cresotic at_:id, a—naphthoic acid; f-naphthoic .
20  a§id, benzoic acid, 2,4,S—trichlorophénquéCetic acid,
2,Q—dichld:Ophehoxyacetic acid,_quinolinéca;bbxylic_acid,
',nitrobenzoic aCid; nitrdnaphthaleneéafbéﬁylié'écid'Or
pulvic acid. BAmong these, fatty acid residdesﬁére.

preferred. -



SF-898 35 is contained in the above anmount in the antifouling coating
conposi tion of the present invention, the obtained coating filmtends to,
excel in antifouling perfornmance. The netal pyrithione conmpound (C),
different from5 cuprous oxide, exhibits reduced environnental |oad. The
antifoul i ngsgogdd ng conposition resulting fromconbination of this neta
pyrithione conpound. (C) with 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one
(B) excels in the penetrability into a substrate to be coated. The thus 10
obt ai ned coating filmexcels in the lomggtermantifouling performance

mai ntai ning capability and the long-term coating filmuniformwastability,

'S0 that it can he . APRIORIE AltRl Yo ARRhi el teb PRGe €5 5ONE hBUGKS HSES Such

as. ocean-goi ng vessels. Further., the coating filmis resistant 15 to

cracking and.pagh g, ) and e CaatENG LIS QLIRG o5 Uit having hi gh

adherence as conpar t realmzedn

yridine-triph | b th Lke. Thys, th tifquli ti
Comosi 11 on e TEAPEREI A CRs. BRRRCLEGRRITY S5a IR QPRI WEadl < and

“underwater .20 structures or as an antifouling paint for fishing gear.or

fishing netMopgrhdRaP266HASRERPESEN (R BSH H . % he. above essenti al
conponents consisting of netal -containing copolynmer (A), SF-898 36

4, 5- db chl oroopofilgorpbcstiosonhpagsiivn Ineid)@Brydmdenetal pyrithione
conpound (:€), the antifouling coating conposition of the present invention

“may. be optmonalfliyorbeaededtwizthcvdmeths acoypanents as comonly nmixed in 5

antifouling paints, for exanple, plasticizers such as chlorinated
paraffin, cababrpuegreAtetsEeRoppsr ZimdEhQXicds lakzi,nc fl.ower) (D) extenders

;sﬂch as talc (E) inorganic dehydrating agents, ‘antifoul ants, especially
o A

gani c ‘ -._propionatomagnesium (meth)acrylate, propionatozinc
(ﬁethfacrylate, prbpionatocdpper (méth)acrylaﬁe,'

10 octylatomégnesium_(meth)acrylaté;'octylatozinc‘
(ﬁétﬁ)acrylafe; octylétocoppér {meth)acrylate,
versatatomagnesium (meth) acrylate, versatatozinc
(meth)acrylate, vefsétatoéopper {meth)acrylate,

~ isostearatomagnesium (meth)acryléte,,isostearatozinc

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

£

g;) t palmitatomagnesium (meth)yacrylate, palmitatozinc -

(meth)aérylaté,'palmitatocopper (méth)acryléte,
. cresotatomagnesium (metﬁ)acrylate, cresotatozinc
5 (méth)acrylate, étesbtafocopper‘(meth)acrylate,‘-
:iéd | a—naphthoatomagnesiﬁm.(méth)acrylafe,.a—naphthoatoziﬁc
Imeth)écrYIa?e, aénaphthoatécopper (méth)écrYlate;
_B;naphthéatomagnesium (meth)acrylate, ﬁ%naphthbdtéziﬁg
fmeth)acrylate; Bfnaﬁhthoétocbépé£ (ﬁeth)acryiéte,'

'benzoatbmagnesium (meth)acrylaté, benzoatozinc



antifoulants (F) other than the above itens (A) to (C, 10 plasticizers,

anti saggi ng/ antisetting agents, coating film form ng conponents other than

t he 'above copol ynmer (A), solvents, etc. . <Color pignment> As the col or

" pignent, use can be made of various-conmon 15 organic and inorganic

pi gnents. E¢amgpkes of the organic pignents include carbon bl ack,

Pht hal ocyani ne Bl ue, Prussian Blue and the |ike. Exanples of the inorganic

. pignments include those which are neutral and nonreactive, such as titanium
white, red-iron 20 oxide, baryta powdegs, chal k and iron oxi de powder; and

“those - (active pignents) which are basic and react with acidic substances

S in the pai NtpeSYCh 351 HdNC B OVELt LB 2l R OX) Sedylavbjte lead, red l-ead,
-zinc powder and | ead suboxi de powder. ~Dyes and. ot her various col orants may

be_cont ainefl | i 116 Sy 89630 o) SEBRL Sond PELuh Hhatn) FLpg1 g (D) 1

pref erabl y-"Us¢ en i1t s int ed to add zinc

preferred Eag zjing i de be added generally in an amount of 5 to 100
parts 5-by %tﬁntfﬁﬁéﬁéﬁPRﬁﬁ?%x%?Cﬁg?g%fl%ﬁ Fﬂﬁ%ﬁf%ﬁﬁ¥g?ﬁ?hg copol yner:
(A) and 0.1 to 40% by wei ght based on the anmount of antifouling coating
conposi ti orf A4 o ERe A SN FROBY 2 CHRR EPREPRRF abT ¢ F Y2 GRhYl Altfer ence of .
-‘obtai ned coating film <Extender (E)> 10 The extender (E) is a pignent
whi ¢t exhi B t5-diowlerighanoxgadatrikonpaneni eh (Wehhbrerdedtith an oil or
a varnish, is transparent and does not -mask a coating. surface. As-the
-extender, theredian dsptentdopedetdoozexanphethatcylaseélica, mca or clay;
al.so used. as an antisetting agent, 15 cal cium carbonate, kaolin or alum na
whi te; al s@ used @sldrodiaidt ygcagendcop t e (et boscral aé pum hydr oxi de,
.magnesi um carbonate, - bari um carbonate or. bari umsul fate; bentonite " also
used as an ANt Setdd A RNaPL 4t Siadhes] ke mévmng: £ hEsee, '

‘ | qﬁinolinecarboﬁYlatozinc (meth)acrylate,

.10 - quinolinecarboxylatocopper (meth)acrylate,
hitrobenzoatomaghesium,(methiacrylatef'hitrobenzdatozinc'
(meth)acrylate, nitrobénzoatocopper‘(meth)acrylate,
nitronaphthalenecarboxylatomagnesium (meth)acrylate,

' nitronaphthalenegarboxylatozinc {meth)acrylate,

15 nitronaphthalenecarboxylatocopper (methiaqrylate,
if? ' pulvatomagnésium‘{meth)acrylate, pulvatqzinc

‘1(meth5acrylate, pulvatbcoppér,(meth)acrylate and the-like.
The compounds of the above formula (1) may be those
obtained by reacting, as aforementioned, an inorganic metal
20 compound and acarboxylated compound, such as (meth)acrylic
acid,'iﬁ the'preseﬁce'of an alccholic.drganic solvent and
water, and aiéo‘may be'thoée obtained by other processes.

. These polymerizable unéaturéted'mOnomers {al)

j containinggimetal may be used alone or in combination. In



talc, silica, mca, clay, calciumcarbonate and kaolin are 20 preferred.
These extenders (E) can be used al one 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 SF-898 .38 effect for obtained paint
and the tragspagency and thickness |evel for obtained coating film the
extender may generally be contained in the antifouling coating conposition
in an ‘amount of O to 50% by weight,. preferably O to 30% by weight. 5

. <l norgani c dehydrating agent (stabilizgy)> The inorganic dehydrating agent
(stabilizer) enables enhancing the storage stability of the final

antifoulingy Bg%hggtquaﬁn»@é _&%i@lf;{‘%r@@%&géai@o%es@/gﬁéting

agent s i ncl ude rous gypsum (CaSO4), synthetic zeolite 10 adsorbents

(trade nane; | ecul ar_,Si-eve tc. rt.hoest er su Jhyl :
tga/%d dc%frﬁ;ﬁh Sr it c}*aagteet a%a[el,:B ort r?ocbmebfnatlé:[{] »?fttgﬁ%}?%at es,

ort hof or mat & oric eéesters,

i socyanates (trade nanme:. Additive Tl) _and_the |ike. t hese, _anhydrous
" gypsum and-m%léemn&@lﬁléxﬂem&f@mﬁrre#éﬁamf ufgé%.abﬁve%g%rﬁbﬁ aiid 915
dehydrating agents can be used al one or_in conbination. <Qher organic
ant i f oul anttHeF)pe Iyee rdfeirlsulunfg ldbamtiath meyaisss t 1dh M ot dih,2as the
antifoul ant, those other than the above netal -containing copolynmer (A),
- 20. 4, 5-di adterlo- 2- n-octyl -4-isot hiazolin-3-one (B) and netal pyrithione
conpound (C), especially organic antifoulants (F)_ Exanples of the organic
~ant i f oul ant-$in(da) uracleddaonbaé ratet )hybphbleantiradifdadepo tpnbaimas eipoi sons
(e.g., zinc SF-898 39 dinethyldithiocarbanmate and nanganese
2- et hyl enekicy@iihiioeahkamRie)ls
o , _

o

As ﬁhe.uhsatufated monomer {(a2) cépable of radical
polymerization containing no metals that is_copolymerized
10 S  with the above component -(al), use ﬁay be made of, for

: éXample: | |
'a‘(metﬁ)acrylic éster'monomer,-sﬁch'as methyl
- {meth)acrylate, ethyl (meth)acrylate,.2—methoxyethyl
:(meth)acrylate,2—ethoxyethyl(meth)acrylate,phenoxyethyl
15. '(meth)acrylate, 2—(2—ethylhexaoxy)ethyl (méth)acrylgtg,
gi}- 1- 1—methyl-2~methoiyethyl (meth)acrylate, 3fme£hoxybutyl
o ‘kméthjécrylate, 3—methyl—3fmetﬁoxybutyl (meth)aérylate,
.m~methoxyph¢ny1 (ﬁeth)écrylate,rpAmethoxyphepyl' |
‘(meth)acrylate,Jmeeth0xyphenylethyl (meth)acrylate,
20 ,.memethoxyphenyleEHYl (meﬁh)acry;aﬁe, pfmethdxyphenylethyl
-fmeth)acrylate, h—propyl»(meth)acrylate, i-propyl
".j'(lméi:h)acrﬁlate:,- ﬁ—b.utylt_(n’ieth)acrfylate, i-_but.yl
- imeth)acrylate;t;bﬁéyl'(ﬁeth)aérylate, Z—ethylhexyl

) f(meth)aqrylatef lauryl (meth)acrylate, stearyl



2,4,5,6-tetrachl oroi sophthalonitrile, N;N-dinethyldichlorophenylurea, 5 2,
4, 6-trichlorophenyl nal ei m de,

~ 2-net hyl t hi 0-4-t-butyl am no-6-cycl opropyl am no-s-triazin e, basic copper

. acetate and the like_ These other organic antifoulants (F) can be used
general ly igp_gygh an anount that the sumof antifoulants 10 (B)+(C)+(F) is
in the range of 1 to 70% by weight, preferably 5 to 50% by wei ght based on
t he amount of antifouling coating conposition. In the present invention,
it is preferred that substantially nopg of borane conpounds, such as 15
pyri di ne-tri phenyl borane and other triphenyl borane conpounds and

t et raphenyl %ggggggd 19§§Pr.$5¥5.£b ppapesgyRat.ent Publication No.
54 (1979) =@@#§n§% one b?bec prots ox%der%s inbrgani% antifoulant are
cont ai ned i

t.h antj foul i ng ,coating,co ition, 20 < ichzer
(ChLorinaté&%&ﬂ%ﬁ?ﬁ' %ﬁ%k; %ﬁf%#lgﬂﬁe€$§§yf¥.%g?s v %ﬁﬁﬁ%kggé (tricresyl

phosphate) ;chlarinated paraffjn, polyvinyl eth # ether and the Iike.
These pl astiMGHERCIOAR He s of™§ )%Sﬁ%'ﬁﬁ?ron._SF-998 40 These
pl asticizers contribute to enhancenent of the crack resistance of the

" coating filmfranhpBrariéatedntpheutEr ngSE6at ffg ZodnsesrtiedhYeher ei n al so
‘referred to as "antifouling coating film'). Anmong the plasticizers, 5

chl ord nat ed meertafdad my athd oropaydddiypromy pr efethbhgrusetde, The chlorinated
paraffin (chloroparaffin) may be |linear or branched. The chlorinated

paraf fin at3-reeind:emessiur ee tteyadeyldige d2ehydsbkgbapeidery). The average'
nunber of carbon atons thereof is generally in the range of 8 to 30, 10

preferably o 26-yvidtd SoPrefigfd etk Joutise nebhpabpalgde; paraffin having
~a, nunber average nolecul ar weight of generally 200 to 1200, especially 300
&?6 11005_a Viscgﬁhg&ﬁitipwiproduct frdnp2—hydroxyethyl.(meth)acrylate
énd ethylene oxide, propylene oxide, y-butyrolactone,
10 “é—caprolactone.or the like; |
‘a dimer ért;imer'of 2—hydrokyethyi fmeth)acrylate,
2~hyd£oxypropyl (meth)acrYlate or tﬁe like;
a monomer having multiple hydroxyl groups, such as
gifcerol_(meth)acrylate; a vinyl monoﬁer having a primary

;15 . or secondary amino group, such as butylaminoethyl

_ {meth}acrylate or (meth)aérylamide;

L

a viny1 m6nomer having é tertiéry.aminp group,.éuch as
dimethylaminoethyl (meth)écr&laté,.diethylaﬁinoéthyl
{meth)aér?late, dimetyylaminopropyl'(meth)acrylate,

.20 : dimethyla@inobufyl (meth)acrylate, dibutylaminéethyl
(méth)acrxiate,"dimethyléminoéthyl(mefh)ad;ylamidé or
diﬁethyléﬁiﬁbprépyl(mefﬂ)acrylamide;

-aheté#d&ydiiqbasicmonomer,suchasxdﬂyipyrrolidone,

Zvinylpyri&iﬁé_or'viylcarbazole;-or



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.
When the chlorinated paraffin of the above nunber of carbon atons is

used, the obtained antifouling coating conposition enables formng a
“coating filgnghat is resistant to cracking and peeling. Wen 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 chlorinatedeparaffin exceeds 30,.the surface of
- obtained coating filmmay exhibit poor wasting performance (renewability)

and poor antifoyl yagypernbapRBAcesubh ks SEv8%Be4lviBrekenieddhat the
chl orination ratl 0 (chI orine content) of chlorinated paraffin be generally

.in the ran 8 % ofL.nat ed
paraffin o %ﬁyéghwul§ﬁ£€§3§%%¥lgﬁéggl§éhévo guﬁgﬁtgﬁ%u gullng
coating 5.co S|t|on en bles formng a coating filmthat is resistant to

cracki ng aﬁwﬁiiﬂﬁ?ﬁpl9%? SUch a chlorinated paraffin, there can be

menti oned, for exanple, "Toyoparax 150" or "Toyogparax A- g" prooduced by
‘Tosoh Cbrporat|6ﬁ0nQAﬁb?§§gBPﬁ@Fﬁﬁ? §Qtppﬁﬁm§§§nﬂa@9hpﬁ8ﬁp 5i @fagent) > 10
The antisaggi ng/antisetting agent (thixotropic agent) may be added to the
ant i Boul i ngasbiatad h@odomsadizeitdwn FOaka 1adRi%t Rrarme Eictn Praficessed ses not
one detrinental to the storage stability of the antifouling coating
-conposi tio,s msukh @S awedr)gam cl ot aycidxanplestibfathel 16, eaners

aggi ng/anti setting agents i'nclude organic clay salts such as stearate,

| eci t hi nat groraiket sulfnatesmaddeantodd Aby tiia sothZg : and further include

_g?Iyethylene wax, am de wax, hydrogenated castor oil wax, polyam de wax, a

xture of hydgqggmaﬁgﬁf@agﬁgr oil ywax and pol yam de wax, synthetic 20
partlculate silica and polyethyl ene oxide wax. O these, polyan de wax,

SAPLUELL S B A S ool B R AT O
'10. represents an alkyl, a cycloalkyl or an aryl.
Alsd,.the unsaturéted monomer (52) ca?able of radical
"polymerization céntaining no metals for use in the present
invention can preferably be monomer (a22f of the formula:.
R'R°0CO-CH(R®)=CHz ‘(3)

15 . (wherein R°® represents a hydrogen atom or methyl, R®

\..,/i .

'fepresents an alkylene, a cycléalkylene or én‘arylene, and
:RT represents é hydroxyl, an,alkoxyl, a cycloélkoxyl or an
i-aryloxyl |
" As the monomer (a22) of the above formula (3)‘ there
2U T.  can:be mentioned; fér'éxample, 2~methoxye£hyl
' (ﬁeﬁh)acryiate,Q—éthoxyethyl(meth)acfyiaﬁepphehOXYethyl
~L?(méth)acrylate,'2f(2-éthylhéxaoxy)ethyl (méth)acrylaté;
1'.ii—methylfz—méthoxyetﬁylacrylaté,3—methoxybutylactylate;

”3\}j'35méthyl*3;methoxybutyl acrylate, m-methoxyphenyl



As the.anti saggi ng/antisetting agents, use can also be nmade of those
commercially available, for exanple, by the trade SF-898 42 nanes

"Di sparlon 305", "Disparlon 4200-20" and "Di sparlon A632-20X", al

products of Kusunoto Chem cals, Ltd. <O her coating f|In1forn1ng
conponent > dhegqnti foul i ng coati ng conposition of the present 5 invention
~may contain, as coating filmform ng conponents, resins other than the
.above netal -contai ning copolyner (A) as.long as these are not detrinental
to the object of the ) present inventisgn. Exanples of these "other coating
fil.m form ng conmponents” include sparingly water-soluble or 10

non- Water'S%H'Eh‘?aE%?!LQ%eéhgiﬁbﬂ%&?;ah%gq (GEERY %‘érltﬁa%%

"sparingl y/ non-wat er-sol u resins as an acrylic reS|n

acrylic S|I|conﬁh5§§él?hggsgg¥ug GQJQQaX %%%ahres'%%o ?r Slfyan]de

polybutene velr ne e re5|n

resins; vinyl chloride 15 copol resins, a._chlorina ed r bber (resin),
chi or i nat ed (GEB RREVERFRET B gﬁgﬁgpﬁﬁw& FER L OPBHYHBFEYEEFR, ant
ethyl-enelvinyl acetate copolyner resin, a vinyl chloride rtesin,, an alkyd
resin, a cuﬁﬁ@éﬁeoﬁ%SQEIthﬁsﬁepﬁﬁléHﬁﬁP@§1ﬁteéﬁdbﬁh%elﬁﬁEedZ@nﬁnU%%?t|cuIar
specifpc exanpl es of the above vinyl chloride copolyner, resins include
a_vinyl chldmnpdg/ thayt navenare ée@énynérmEEQbﬁyeahwﬂn@hrwﬁwdﬁhde/vinyl
“acetate/vinyl alcohol copolynmer resin, a vinyl chloride/vinyl i-butyl

“et her copol yrmRethesiybutal vaayl;15E«888 4Be thker idepvwiedylr rardopi onat e

‘copol yner resin and a chloride of ethylene/vinyl acetate copolynmer. In the

present inventi ahesheseatesneRRbIRRL S(£AN cApavredal ml@éll n
.€gnbi nation. In the present invention, 5 the above

__Sparl ngl y/ nﬁ@l%%fizﬁ@ib‘r@'&ﬁﬁi%&% R%t'éi%%é? be used alone or in
‘combination. In the present 1nventlon, it is especially
10‘_ ' preferred.to use the monomer (a21j of the above formula (2)
in combinafionlwith_the monomer {a22) of the above formula
{3} aé the unsaturated monomer (a2) capable of‘radical
polymerization containing no metals.
‘;Metalfcontaining.copolymer (B)
15 A ' The.metal—containing copolymer (A) for use in the
5j> - present invention is obtained 5y copolymerization of the
abbve polymerizéble uﬁéaturétea monomer {al) containing a
metal with the unsaﬁﬁrated monomer (a25lcapable Qf radical
' ,polymérization‘containing no.metais. |
"20 - A Although this metal—confaining copoiyﬁer (&) is not
pérticuiarly limited,.it is preferably‘compésed of 2 to 508
”'bY'Weight,.still preferably S'to 40% by weilght of units
' deriffed frorﬁ the corﬁponent' {al) and 50 to 98% by weight, still

lipréferably 60 to 90%“by weight of units derived from thei



conbi nation with the follow ng water soluble resins. Exanples of the water
soluble resins include rosin (e.g., trade nane "rosin WV), a

nmonocar boxylic acid and salts thereof. As the nonocarboxylic aci d, there
can be nentioned, 10 for exanple, a naphthenic acid or fatty acid having
about . 9 t@rl@sgarbon atons. Exanples of the salts of nonocarboxylic acids
i nclude 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. Thege water soluble resins can be used
al one or,in conbination. <Solvent> In the antifouling coating conposition

“of the preggnt, tu'ra%%atmeﬂomwe é@PV éya%lé)ldﬁf 9@@1&%@”b§l?ﬁ@rﬂ%§§§?bﬁed or 20

-di spersed in solvents. Use can e of various solven comonl y added

. to antlfougd% agéxg s%%Qa allphatlc, aromatic, ketonic, ester and
et her sol vents ﬁppes of e aromati c sol vents include xylene and
tol uene. Exanpl es oni ¢, sol vents i ncl ude | e of t he
ether SF-898 441%Qy \‘}E‘ﬁt@eFﬁirﬁaﬁthbWe%%P%f%%F % Eﬁéﬁ*ﬁ/ & REF and

propyl ene gl ycol nononethyl ether acetate (PMAC Productlon 8
-antlfoulln@r@@épﬁngngéﬁﬁé§Pt#@np¥ﬁée§ﬁplﬂb&PWﬁﬁ”%%%ﬁ? ¢ <conpBsFPi8A of the
present 5 invention can be produced fromthe above netal -containi ng’
copobyner (&) wed ghtdi shiiddoprafearbily: 4- itsot4itaey i ve Bilher { By dht net al
pyri:t hi one conpound (C) together with optional conponents according to
necessity @ﬁr&hedahpnmmhmahetakehdMHﬂhhHmrﬁIbmethdds Foi dxafpl 8% the
productlon can be perforned by adding in given proportion sinultaneously

or in-arbi byakyightguerae.l agidfatrdrg/ymixivey 40w 8 sperghngf nuaitsol vent the
met al - cont ai ni ng "copol yner (A), 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one

:"(..B) and -_freh%lrivéé PYdh t'tftlli'eofﬂ@tgweeﬁegiﬁ@lgtm@@f (\MltZ'],',oﬁ?c@Lé aseoeding to

formula (1} and 50 to 98% by weight, still preferably 60 to
10 90% by weight bf,un‘its derived from the unsaturated mo.nomei:.
© (a2) capable of radical polymerization com?aining no metals.
Further, the metalméontaining copolymer (A) for use in -’
the present invention is preferably composedof 0.1 to49.9%
.~ by weight, still preferébly 1 Eo 40%“byl weight of units

15 - derived from the metal di (meth)acrylate (all), 0.1 to49.9%

_ '\} : by welght still preferab’ly 1 to 40% by weight of units

: derlved from the metal contalnlng monomer (a12) of the above

formula (1) ;, 0.1 to 97.9% by weight of units derived from

'thé monomer (la2'1) of the abové formula (2), and 0.1 to 97.9%
. 20 by weight, still bfgferably 1 to 90% by weight of units
dérived fr§m- the monomer (a22) of the above foﬁnula (3}).

‘For eXamialé, | when a pdlymeriéabl_e compouhd'obtai.ned bj

reacting an .ino-rganic metal compound .with {meth)acrylic acid

in the presence of an alcoholic organic solvent and water



necessity, a color pigment, especially extender (E) such as zinc oxide
(D)., talc, silica, mca, clay, calciumcarbonate or kaolin, an inorganic
dehydrating agent (stabilizer), an antifoul ant, especially organic
antifoulant (F), a 20 plasticizer, an antisaggi ng/antisetting agent, other
coating filgp-gegm ng conponents, a solvent (e.g.., xylene), etc. The
antif.ouling. .coating conposition of the present invention can be applied
to the surface of various shaped SF-898 45 itens such as underwater
structures, for exanple, supply watersgnlets and waste water outlets for
thermal, power plants and nucl ear power plants; sludge diffusion

preventive ; Angs {HédHé?y&aé‘ri’%}SPé'SuH%it[ﬁa%éﬂ! hogB@LPeLing works 5
such as coastal roads, undersea tunnels, harbor facilities, <canals and

wat erways; and marine vessels a | shi ma i o . , fishing.
net, fishiﬁﬁnbé%%?l??o%tm%ﬁﬁf’Hﬂ%@%é%%%ggbranhﬁgkgké %?nggagégggding to the
customary.. technique. As a result, there can be obtained,.for exanple, 10
meri ne v aEERC BntR UrderRETE SPIIERTT 8B BRLFERNE A UERATBATTY
coating filmwhich is excellent in antifouling properties and can slowy
rel ease antigrsiiant (Fohpoiaite O Tagi5ed| afetisierdadd o8 O idhidiShi ch,
despite the thick coating, has appropriate flexibility and is excellent in
15 .. &rack mresesedscare B b ubi rgpebanengzatiandlt aiabd ke iagdpl yi ng _
the above antifouling coating conposition of the present invention to the
surface of mari®tshathbpecd BT ens-tandy Weargten pgetfeeaddyeld soeXCqldmg . in
antifouling properties 20 and, for exanple;. can continuously inhibit
attachment Wof weaQad,i Gnor ganl $NBrSEEhaBy S8R 1R Bloupa st s Ry RAc] @st «F een

I'gvers,  serpul as, oysters and Bugula for a prolonged period of tine. . In
"pa.rt' cular,csthd e (BlenisaliselOfe FBId NS MASS 8)ySwe DEnBISE the total
' ..‘of the mixture and component (az}. | |
10 ) The metal—coﬁtgining copolymer- {A) for use in the
| present invention canr'prekferably be obtained by
_éopolymerization oF the.cop’olymerization' components in t'he‘
above ratio. The metal'—coﬁtaining copolymer (A) obtained
b‘y carrying out the copolymerization in the above ratio, when
15 formed into a coating film, exhibits appropriéte water
3 | resistance 'and s;z\tisfactory hyd;olyéability for a prolonged
| period of 1':imel and excels in a balance getween coating‘.film
crack resistance and hydfolyzability- |
| Although the method of clop'o‘lymerizatibn"for obtaining
20 the méfal—containing c:_opoiymér (A) is n;t particularly
limited, for example, the-metal-—éon'tain'ing copolymer (A) can
b-e produced by reacting a mi:'{turé‘ of the polymerizable
_unsaturated monomer (é_l) containing a meta‘i and . the

:uns_aturated monomer (a2) capable of radical polymerization



46 etc. .are FRP, steel, wood, an alum numalloy and the like, the
antifouling coating conposition satisfactorily adheres to the surface of
these materials. Wth respect to a steel boat or an al um num boat, the
application of the antifouling 5 coating conposition of the present
invention iss-gegerally carried out to a substrate surface having been
sequentially coated with a priner, an anticorrosive paint and, according
‘to necessity, a binder paint.. Further, this antifouling coating :
conposition .nmay be applied as an overcgat to the 10 surface of any
‘existing antifouling coating films. Mreover, for exanple; the application
- of the antddaWilith ¢ et h8ga LONMPOSItd Prdsedecsus fraes ©f1 underisfar
. structures enables inhibiting the attachnment of sea lives so that the
~capabi 11ty of JgdindPised sfictd egpoap becdS preiptaified oL a prolonged
period of tine. The application o tlﬁe ant|¥ou}| ng coating conposition to
t he surface oﬂ) fishin 'Qﬁfﬁfﬁngieﬁ ayoi ing #pgngkggggn' fcgge meshes of
t he, fismlﬁfguﬁ¥?%ﬁﬁ% 18556 I "y The daRger™ of “eAVT YonRent al pol | ution
20 The antifouling coatin onposi.tion of the present. invention may be
directly appiST&rad-% PENisR net's; l&rpﬁagersﬁda%wﬁ&daﬁ%% HETHEE of
marine vessels, underwater “structures and the |ike which has been
furnPshed WastapthgaddrbRe rsaEt s a8 Fubt Prdvehtrvelggetcnr & iner .
SF-858 47 Furthernore, the antifouling coating conposition of the present
i nventi on e beleapplingd ofs s over tbay ¥othrepaipolywerheablef ace of
marine_vessels, especially FRP ships, wunderwater structures and the |ike
. whi ch has algseadydieehmohomeat ¢d1w tbneaanenti amadtzaint i frmd iexgupdient s or
tﬂe antifouling coating conposition of the present invention. The ..
- thickness of sthecantdfmant bRgegoati pg ddr Betisisd ber trd crain ke siyHface of
the mari ne vessels, underwater structures and the |ike, although not
particul arlydjymted, is, for '

10 With respect to the method of copolymerizat'ion, use can
| 'bé- made of the solution poly‘mer_izatiori,~_suspensi‘on
polymerization,: emuléion polymerization, etc. Among these,
the solution polymerization conducted with the use of an.
general organic solvei’ﬁ: is preférred from the vieﬁpoint lof-.
15 high productivity.
‘) - . As’ the organic solvent, there can be mentioned: '
aﬁ aromatic hydrocarbon, such és xylene or toluené;
an aliphatic hydrocarbon, such as hexane or heptane;
- an ester, sx_llch‘ as ethyl acetate or butyl ace‘tatle; |
20 - . én alcohol, such as isoprop}l,élcoho_l or butyl alcohol; |
anAeth.er,. such as diO}.cane or diethyl"ether;
a ketone, suc;h as methyl ethyl ketone or methyi iéobutyl S
k’etone;‘. or: the _like.

It is preferred that the weight-average molecular weight. -



10 exanple, in the range of about 30 to 150 pm per application. The thus
obtained antifouling coating film or coating filmon the surface of parts
of marine vessels and underwater structures brought into contact with
water, according to the present invention is forned fromthe above

anti foul i ngrlBogoati ng conposition, |essens the danger of environnental

pol lution and excels in the long-termantifouling capability against a

wi de variety of organisns which attach to marine vessels and underwater
structures. According to the present iggention, there can be 20 obtained
an antifouling coating conposition of wide applicability enabling even

production @fy,)a \ﬁ@afs%re@nblyf eld NGepailrmadtiioh aMdd@tddiaeeat,i rg

conposi tion |s capabl e of “form ng an antifouling coating filmexcelling in

| ong-term gntifayling perf.ory Q§¥%¥?f|2|aitl ouys Ple §98 A8

excellent c aracterlstlcs suc ng o excé%lent antlfoullng

activity while reduci burd on t environ 0, inng of

Coating 1 R*RE (g6t ARO° et oL %Hfﬁﬁ?oﬁa&wgeea Sary g 10O E RO, O

excel in the 5 unlforn1mastab| g of coatlng film nalntal

excel l.ent SRR %QQQ(ﬁQW%Qe ﬁﬁwﬂQiﬁﬂﬁiiﬁﬁ¥?ﬁF éh&?%o as to

excel in the |ong- tern1ant|foullng capablllty mai nt ai ni ng perfornance of

coat bng fi [Maidhdi af 2uiddbps tess deenrc§orngdvesyetse YEaVRe e &ed
~cracking and peeling, 10 increased adhesion as conpared-with that .of a
..coating filahe ebaseMeanupyeadermithhepheﬂybb@tan@f @nmplyﬂﬁmaﬁplwﬁeoand
~reduci ng of discoloration after water inmersion or exposure. - Furthernore,
there can Q%dmuangkaiawtdﬂnaﬁdnﬁm@@ gopdthgn 6flthéoraednfbgmehel
-ntlfoullng coating conposition and, 15 covered with the antifouling

coating fildposa1mBding vestele dmdwrwg& e Sid Usdige fiSPdmggeannor
fishing net. When the surface of coating substrate, such as a narine

vessel, & B{J QR UELW © e I9108E ol WELSFE bE YBDEM ox BubkSENg gear

or a f|sh|ng net  I's coated/ |Inpregnated w i

.10 preferred from the viewpoint that upon formation of a coating
film, it éihib;ts_cracklreéistance;
Alfﬁough the amoﬁnt of metal¥containing copolymer (A)
in the antifouling coating compositibn of the present

- invention is not particularly limited, it canbe, for example, -

15 in the range of about 15 to 30% by weight, preferably 15 to
553 25% by weight based on the amount of antifouling coating
- composition.

(B) 4454digh10r0—2—n—éctyl—d—isothiazolin—3<one
In the present inventién, |
20 4,s—dichloro—z—n~qéty1~4nisothiaiclin—3—one‘(B) together
| 'wit‘h the above metal-—contéining-. éopolyme_r (A} and the metal -
pyrithione compound (C) déscribed létér.consfitutesthé
antifquling coating compoéition of the pxésent invéntibn.

 The coating film from this antifouling coating composition



20 the antifouling coating conposition of the present invention and a
coating filmis forned on the surface, the fouling and damagi ng ther eof
~can be reduced to a striking extent, and the service life thereof can be
strikingly extended. In the wuse of antifouling coating conposition |oaded’
with a col ofr_-§65898 49 pignment, a coating filmof sharp hue can be
obtained. The antifouling coating conposition of the present invention is
soluble in organic solvents, so that it excels in applicability to fishing
nets, etc. 5 . The marine vessel, undemwater structure, fishing gear and
fishing net according to the present invention are obtained with the use
of the ant'c}%'fg&éfaéwﬂrsmefz?h&' 29adOhnkNBaRr 838AL:kN¥EREL10A and
exert excellent antifouling performance over a prolonged period of tinme.
10 . EXAMNPLE The present invention_ wll _further illustrate elow wth
reterense (BTN E o R EREADrSo P ER O TP ey Pt Trhe
scope of the invention. 15 | the_follomﬁng Exanpl_es and Conparative
Exanpl es, ?ﬁﬁﬁ%??eﬂ%ra?bnﬁaa?§85§oﬁ%F§ﬂt? PFABEcEEIRS - Exanpl e 1
(Production of netal-containing nmononer al-1) In a four-necked. flask
‘equi pped wi th alkoh8eRseferaeRdbefethdfecompopediopdiin®s @emeraand an
agitator, 85.4 parts of propylene glycol nethyl ether (PGW and 40.7 parts
“of zinc oxdaEaderard char gedamadnheaf ed- t ot #5€0upndeicsayivt aeiight, From the
droppi-ng funnel, a mxture of 43.1 parts of nethacrylic acid-(MA), 36.1
parts of acsapddi =i SALoand ey by ©fiShE898r W0 patres asedrgdpped at  a
- constant rate over .a period of 3 hr. ~Upon the conpletion of dropping, the"
T e.atct it'_on s utdn adti Aed1 {hgneaht kilgWBbhgob ot bansparaacyrekunther,
;agitation - : -

invention. When the component (B) is contained in the above

amount in the antifouling coatihg compositioﬁ of the present
.10 invéntionf.the obtained coating film tends to excel in

antifouling performance and also adherence; Per 100 parts

byweightcﬂfﬁetalmcontainingcbpolymer(A),ii:iépreferred

that the coﬁponent (B)Ibe generally contained in an amount

‘of 0.5 to 100 parts by weight, especially 1 to 50 parts by
15 A'weight‘from the viewpoint of coating.film propérties.
eny | (C)lMetal pyrithiohe.compouna

. As the metal pyrithionejcompound'(C) for use in.the‘

| _prééent ipVention, there‘can;be.mentioﬁéd compounds of the

. formula:

- (4)

.20



was carried out for 2 hr, and 36 parts of propylene glycol 5 nmethyl ether
was added, thereby obtaining transparent. m xture solution (A) contalnlng
met al - cont ai ning nononer al-1. The anmpbunt-of solid contents
(metal -containing nononer al-1) in the obtained m xture solution was 44.8
w. % Pragugibkon Exanple 2 10 (Production. of netal -containing nononer
al-2) In a four-necked flask equi pped wwth a condenser, a thernoneter, a
droppi ng funnel and an agitator, 24.3 parts of n-butanol (nBuOH),.61.1
parts of xylene and 40.7 parts of zinggoxi de were charged and heated to
75C under agitation. 15 Fromthe drOpping funnel, a mxture of 43.1 parts
of methacr I 3 YL 81 g r er was
dropped at %{éc%%%?g%t(:hr giféR o%rRsa peﬁ.acl%f)é/ d(%,@(?yl gegggsgﬁegh%%gg{nﬁﬁ% on of
dr oppi ng, t e reactl qutlon ed. from m te lo.tra rency.
P her > agl ot o 38 AR 8 Bhrors SSOW o hd e STt G R Mere was
added, thereby obt ai ni ng transparent m xture solutlon (B) cont ai ni ng
met al - cont #4'¥Y: nmonomer al -2. The amobunt of solid contents

. (et al -containing nonomer al-2) in the obtained m xture solution was 44.9
Wt. SF- 898 51 Hreductepre By aetal ppshuesi@h R nlFal CRonfai Mg
© nonomner -3) In.a four-necked flask equi pped with a condenser, a

t her rﬁ)mat erFe adrrdppiong: fianael panfieanedgihat oM, r @5 ls qraly t4n 5 agk Yreopyl ene
gl ycol .methyl ether. and 46.8 parts of zinc oxide were charged and heated
‘to 75C underieaghdbit onf dioapihety dsoppbagihynieln @agtkhgre of 46. 1 parts.
~of nethacrylic.acid, 36.1 parts of acrylic acid and 5 parts of water was

dropped at a cgngga@heragqeggerog_ﬁ@&@gdmgf 3- hr. Upon the conpletion 10
fof dropping, the reaction solution turned fronlnilky white to s emt :

‘ranspar ency. F%k@%ﬁﬂ%pﬂ%d@é SHSSEHOWL S 8L ndeliraidnd 3.5 parts
-of propyl ene glycol neth ether was added, thereby obtaining slightly -

HMbIdIﬂXtUﬁ%%%&Hégn

10 : In the present invention, if is breferree that the metal ‘
_pyrithione compound (C) be generally contained in an amount
of 1 to 90 parts by -w_eight, especially 5 to 55 parts by weight
:per 100 parts by weight of the metal-containing copolymer
(A) (solid 'conte.nts}'.in -the‘ahtifoulihg coaieing comp;osi.ﬁ'ion ‘
15 .-'of the present invention. When the metal pyrithione
£ ' compound (C) is contained in the above amount in the
aﬁtifouling .coatirng eompesitlien ef the preseet ilfl;irention,-
there is 'euch a tendeh_cy.th_at an aetifouling c'oating filrh
excelling in az.lt'ifou'ling-performanee'"'cen be obtained. -

'. 20 : | Further, it is preferred .that thls me_i:al Apyrithione”
compoﬁnd (C.) be cOn-’eained -in.-a—rl _emou'nt of 0.2 to 40 parts: s
by weight, especially 1 to 20 ba'rte by i_}Jei'ght '.per 100 par'i%;._s; SECy
by weight of the antifouling ‘coating COm:positi'on of the e

‘present invention. When the metal pyrithione comipound (C)‘.‘_";;.:_“




(O containing netal -containing nononer al-3. The anount 15 of solid
contents (netal -containing nononer al-3) in the obtained mxture solution
was 44.9 Production Exanple 4 (Production of netal-contai-ning nononer al -4)
I.n a four-necked flask equi pped with a condenser, a 20 thernoneter, a
droppi ng fugpelggand an agitator, 70 parts of- propylene glycol nethyl

ether, 15.4 parts of water and 40.7 parts of zinc oxi de were charged and
heated to 75C under agitation. Fromthe dropping funnel, a m xture of 43.
1 parts .:of methacrylic acid, 36. 1 pgrts of acrylic acid and 20. 6 parts
SF-898 52 of water was dropped at a constant rate over a period of 3 hr.

Upon the compl et o 00 50PALNG ot B 6ot 101 B8l ld Rou L uAgeb gy m | Ky

white to transparency. , agltatlon was carried out and

20. 4 parts of . ene neth et her added, . t hereb obtalnlng
transparent” WB 3¥é gd?ﬁtlonpfﬁfegbn¥§Wﬁ“ndoﬁet§V g% %%?%j“ﬁ%ho
~al -4. The anpunt- of solid contents (et al --.contai ni_n nononer al -4) in t he

obt ai ned ni kttfetsBrat FoncHast 4&“2@Pt1§P8&&@91BﬁrEQEWﬁPEEB 10 (Production
of netal -containing nononer al-5) In a four-necked flask e U|Pped with a

‘condenser, a tH&ERERdr pyaidhgepiengampmiend atfd asiddiaza 8B4 parts

of propylene gl ycol nethyl ether and 20.2 parts. of nagne5|un1 oxi de 'were

. char ged andchpated ¢vid6C erdiébiagi ratiiord Ensirébmehsadr dppidng Thanel , a
‘m xture of 43.1 parts of nethacrylic acid; 36.1 parts of. acrylic aC|d and

5 parts of asaterowasngdanpaty aompaonsiantesateinyefrom dquedd athafor3 hr .
Upon the conpletion of dropping, the reaction solution turned from m.lKky

white to trapspRLgNGa¥eaFUsyPefi8dkt abin@Bunas (ear wieg 20 out for 2 hr, and
;1} parts of propylene glycol nmethyl ether was-added, thereby obtalnlng

nane snazhaiemsELURLo0ect L SPRLEL SRS bl M gengpoorer -5
. the penetrability into a substrate to be coated. The thus
10 obtainea coating film excels in the 10ng;term antifouling
performance .maintaining capability and t*'.he‘ long—termr
coating film_uniform nastability, so that it can be
appropriately applied to long—term continuous uses.such as
: ocean—goingvessele.‘ Fnrthef,thecoatingfilmjg;resistant
-'15 to;cracking and peeling, and the coating film formed is one
.{iﬁ | ‘having high adherence das compared with that realized in the
' _uee of ﬁyridine—triphenylborane or the like. Thus, the
' antifouling coeting compesition is suitabie_as an
‘ anﬁifonling ?aint for_merine vessels and unaerweter
20 : .si:.'ructures or as an an'tj_-..f'ouling paint for fish.ing'.g‘ear or
fishing net. |
Cptional comp0nents
In addition to'the_ebove.essenfial compenenfs .

‘consisting of metal-containing copolymer (A),



obt ai ned m xture solution was 44..6 SF-898 53 Production Exanple 6
(Production of netal-containing nononer al-6) 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, 40.5 parts of

zi nc oxide &n@qh. 2 part of cupric oxide were charged and heated to 75C
under agi-tation. Fromthe dropping funnel, a mxture of 43.1 parts of

met hacrylic acid, 36.1 parts of acrylic acid and 5 parts of water was
“dropped at a constant rate over a periggl 10 of 3 hr. Upon the conpletion of
‘dropping, the reaction solution turned green. Further, agitation was
~carried outy, 055 & 1¥ro-2th 14 PRI L 5. Do Pk OPYS ENE 9l Yol gmetamd mether was

- added, thereby obtaining transparent m xture sol ution cont ai ni ng

net al - contaln|r§h{gggng%r§g$§%)ﬁée éug a1ned§§¢ ?Ogggﬁ nts

(et al cont’z Al Ng nonone ure s Iution was

44. 9% Productlon Exa Productlon of net al - contalnl co ner A-1)
'’ a four - FECRSE %ﬁ&%%eerwe% G Rbr Y 550 OR et A

' dropplng funnel and an agitator, 15 parts of propylene gl ycol nethyl
ether, 57 pRadedivwis)) o bRiEs ACPBPERENGY 2% I5ATRRR LY afbXGRr &% char ged and
heated to 100C under agitation. Fromthe dropping funnel, a transparent

m xt § e cosisiongad teipars, othe@*@mplﬁﬁfﬁ%ﬁ%ﬂ%@é@esﬁ.iuﬁbrﬁé of SF-898
.54 ethyl acrylate, 5.4 parts of 2-nethoxyethyl acrylate, 52 parts. of the
“m Xt ur e solah i@ (R)edtatanetin n &sbotichiomenttExaptle. 4s. idnpacksdef xyl ene,
1 part of chain transfer agent (Nofrmer MSD produced by N ppon Ol & Fats

Co., Ltd.), (Zirk Smardy ofD)p) B eaabisi solitag onilei (B) prodoegdnby Japan

. Hydr azi ne Conpany, Inc.) and 7 parts of AMBN (azoblsnethylbutyronltrlIe

‘p OdUCEd bMﬂékﬁE%bﬁiﬁHfﬁaéﬁ%s, antifoulants, especially organic
antifoulants (F'} other than the above'items {(A) to (C},

10 plasticizers,lanﬁisagging/antisettingvageﬁts{ coating f£film
forming components other than the above copolymer (A),
solvents, etc.. _ : ' ' I

. <Color pigment>

As the color pigment, use can be made ¢f various common

15 - organic and inorganic pigments.

AT

S

‘Examples‘of the organic pigments include earbon black,
Phthalocyanine Blue, Prussian‘Blue‘and the.like;i

‘Examples of the inerganic pigments.include those which
areneufraland;ﬁwﬁeadtive{suchastitanimnwhite,rediren
20 - oxide, baryta powder, 'c;haik and ii:oe oxide poWdet-; and:‘those
(active pigments) which are basic and react_with_acidie '
' sulesterices in thé paint, such as z-i_nc_._fl.ower (an,‘ ".einc dx’ilde)',”
white lead, red lead, zinc powdérfAﬁé ieaﬁ'sﬁboXidepewdef.'

Dyes and other various colorants may be contained in the -



Company, Inc.) was dropped at a constant, rate over a period of 6 hr.

After the conpletion of dropping, 0.5 part of 10 , . t-butyl peroctoate and. -

- 7 parts of xylene were further dropped over a period of 30 mn. Further,
~agitation was carried out for 1 hr 30 mn, and 4.4 parts of xylene was
added. Thussr-sbhere was obtained a |light-yellow transparent resin
conposition of 45. 6% heating residue and Gardner viscosity-Y. 15 not
contai ning any insoluble matter and containing netal-containing copolyner
A-i. Production Exanple 8 (Production &f netal -containing copolynmer A-2) In
a four-necked flask equipped .with a condenser, a 20 thernoneter, a
droppi ng f yinglerand an agi tator, 15 parts of propyl ene glycol nethyl

et her, '60 parts.of xylene and 4 parts of et hyl acryl ate' were charged and

heated to 100C 4 gﬂ + alﬂjolta%_“ %@nc':&?{%% gpﬁkggff:&'ﬂf?luseﬁi trampar ent

m xture consisti arts of rret hacryl ate parts SF-898
55 . of et hyI acr parts_of 2- ho eth parts of
the nixture sdfu | (jﬁ)%1 5Bt 3dﬁe%jl?% Cﬁ?oé uc{(]g J\YtExlSrng’lxéeaftf‘rrf(sioparatts of

xyl ene, 1 part of ch ntr fer a Nof mer MSD produced by Ni ppon Q|
' & Fats Co. ,*¥@o5: ?658956?5%‘?@ AR B ARO YT o gf AN Ra< v opped
at a constant rate over eri od of 6 hr. After the.conpletion of
_drop@i ng, R srgattt giexn Wﬁfﬁalﬁéﬁd@t St do 7 rb%f?aé]s ePnkyieheIwer e.
““further dr..ppped over a period of.30 min. Further, agitation was carried
out for 1 momMmerr (@1d agdpér ﬂstof4&?ylkanevamhuoamwn Thgs amphigrite was
obt.ained a light-yellow transparent resin conposition of 46.1% heating
“resi due andfGarrdngtouMirge asidtyindg natmpeentai o nfranythasol elpbei mat b€r and
~/€gnt ai ni ng netal -contai ning copol ymer A-2. Production Exanple 9 .15 '
? Product i e safi iphakagantiaiynhne Sonetam®s & Ipddyded Ma‘t&@@keﬁﬂd ask

‘equi pped with a condenser, a
: {Extender (E)>
10 . " The extender (E) ié a pigment which exhibitsAlow
Airefractive index and which when blended with aﬁ oil or a
varnish, is traﬁsparent and(iaes not mask a coating surface.
As the extender, there can‘beinentioned, for example, talc,
silica, mica or cléy; also used“aslan antisetting agenf,
.15 calcium carbonate, kaolin or alﬁmina whifej also used as a

flatting agent, white carbon, aluminum hydroxide, magnesium

carbonéte, barium‘carbonate or-barium_suifate; bentonite‘
~also used as an arit-ise’tting ageﬁt; or ,tl_lé_ like. . Among these, ..
' talc, éiliCa, mica,.clay, caléium'éarbpnéte énd kaolin arel_
20 _‘ ‘ﬁreferred;.
' i‘hese éxtendefs (E) -;:a’n _be fusé;d a.lone'_ér"in combination.
The level of wa.'stimﬁ' éan'bé r’egulaﬂtedﬁby the type'bf extender
eﬁployed_ : R : . R

."_I_’akj,ng‘ into account the cost ".J;fhe.d'ué:ticﬁh and buildup



t hernmoneter, a dropping funnel and an agitator, 15 parts of propyl ene
gl ycol methyl ether, 57 parts of xylene and 4 parts of ethyl acrylate were
charged and heated to 100C under 20 agitation. Fromthe dropping funnel, a
transparent m xture consisting of 14. 6 parts of nethyl nethacrylate, 52.6
parts of efgglsgacrylate, 7.5 parts of n-butyl acrylate, 47.4 parts of the
m xture solution (A) obtained in Production Exanple 1, 10 parts of xyl ene,
1 part of chain transfer agent (Nofner SF-898 56 MSD produced by N ppon
Ol & Fats Co., Ltd.), 2.5 parts of - Alg8N and 8.5 parts of AMBN was dropped
at a constant rate over a period of 6 hr. After the conpletion of

- droppi ng, @f@e@@%r%b%a?%&{'pa%{toﬁhaaﬁﬁe%nsp%aﬁetn%yoin&wkﬁ@rv@ﬁ 5

further dropped over a period 30 mn. Further, agitfation was carrled

IO L 5 LR R M

.-obt ai ned a oW transparent” rtesih conposi |on

resi due an Gﬁrdner VI, SCOSI Z2 n ontalnln an |nsoluble natter and
10 cont ai ni 9&9%@1%%$tﬁ?ﬁ#H%Qﬂﬁﬁﬁ) g? R Bhpt® 4 -

(Productlon of netal -cont ai ni ng copol ner A— In a four-necked flask

equi pped widtPuwesfdénsers? ‘abYt‘ﬁ%%ﬁBﬁ’et@FefﬁraPéidpQ G PURASY Y Hn
agitator, 15 parts of 15 propylene glycol nethyl ether, 61 parts of xylene
and 4 part5<13101eg¢lyica(é@lyif@r@ti/m-ea‘@ﬁatgéétahdlﬁéaﬁéa to 100C under
agitation. Fromthe dropping funnel, -a transparent m xture consisting of"
18 parts of etk webhaenykatiehyBtapdrigs aafentet (ytabddriyleat)e er@hleds parts
of the m xture solution (A 20 obtained.in Production Exanple 1, 10 parts

_of xyl ene, enipaidingf cebasrotagnsiesbageny oRotheeriNbD ghodgeediby N ppon
;'9 & Fats Co., Ltd.) , 2.5 parts of AIBN and 7 parts of AMBN was dropped
at a |

const %Baﬂﬂxf c%}f@)ros@ntﬁ%rn' 0dpRfimP 18k o Afther ﬂ@ﬁga&mleﬁtyc% fng
: dropplng par -butyl peroctoate and SF-8

agents include anhydrous gypsum (CaSO4) , synthetic zeolite
10 adsorbents (trade name: Molecular éieve, etc.), orthoesters
such as methyl orthoférmate‘ and'rﬁe'thyl qr_thoacetate,
: v.o'rthoboric esters, silicates, isocyanateé (trade name:
- Additive TI) and t_he like. Of these, anhydrous gypsum and
_ Molec.ular Sieve are preferably used. These inorganic

15 ‘dehydrating agents can be used alone or in combination.

<QOther organic antifoulant (E‘)>
" The antifouling C'oating corlnpositrion' may gontain, as the
E;Int.ifou-lani:, -thqse other t';han the above 'me-talﬁ-containing
coPQiymer (7).,
om0 4,5~d'ichlorq—2~n~octyl—ééis§thiazclinu3-one (B) and metal
. ‘ »pyr'ithione compbund (C) , _és.ée'ciéily _organ;Lc anti‘foplant_s
- Examples of the organlc ‘a.nt_ifoulants (F) include

.. --tét‘rémethylthiuram ‘disﬁlfide;" carbamate poisons (e.g., zinc



7 parts of xylene were further dropped over a period of 30 mn. Further,
agitation was carried out for 1 hr 30 mn, and 8.2 parts of xylene was
added. Thus, ‘there was obtained a light-yellow transparent resin

conposi tion of 46.0%5 heating residue and Gardner viscosity+T not
cont ai ni ng @B ssi nsol ubl e matter and contai ni ng netal - contai ning copol yner
A-4. Production. Exanple 11 (Production of netal-containing copolyner A-5)°
10 In a four-necked flask equipped with a condenser, a thernoneter, a
droppi ng funnel and an agitator, 15 pamvs of propyl ene glycol methyl
ether, 57 parts of xylene and 4 parts of ethyl acrylate were charged and
.heated to 190R&-ypdelthagtd abdmaceFRAM hBAgHnepei Nng funnel, a.transparent
m xture .15 consisting of 5 parts of nethy? nmet hacryl ate, 64.9 parts of

et hyl acryI@l@thé%g?g@£g§l@ﬁlgcgfggﬁ ¥g§hyl acrylate,, 40 parts of the

m xture sol ution talned 1 n Produc |on Exanple 1, 6 parts of the

m xture soluytjo ed in ctl anple 5, 10 parts of xyl ene,
1 part of a%hQZéE%?aE% erogﬁﬁﬁﬁpgﬁg Br pfoduced by Ni ppon G | & Fats

Co., Ltd ) arts IBN nd 6. rts of AMBN was dropped at a

const ant rd%eNoé ehh %%5?%%? ﬁ?y EFF@r the conpletion of dropping, 0.5
- part of t-butyl peroctoate and 7 parts of xylene were further dropped over
a pefi od of23br frhricykeRepherleobetpidagitation was carried out for 1 hr
.30 mmn, and 7.7 parts of - xylene was added. Thus, there was obtained a
light- yeI | v methyhblspar &t kmeisyham@npoérwohomozz%lal%heasrhglﬂesndue and.
Gar dner viscosity+U not containing any insoluble matter and 5 cont.aining
met al - cont & nilngs topobyper AedtaBeodndt tha Exkeapl e 12 (Production of
>”,ta|-containing copolyner A-6) In a four-necked flask equi pped with a

ndenser, .a theegeMBtaes 3rdnapRi G tfiwdalnaad (@ agin &orsekb parts of
10 propylene gl ycol methyl ether; 57 parts of xylene and 4 parts
generally in such an amount that the sum of antifoulants
10 "(B)+(C)+(F)'isjj}the.range of]_tol70%tnrweight,-preferably‘
- 5 to 50% by weight based on the amount of antifeuling coating
composition. |
In the present invention, it is preferred that
substantially nene of borane eompounds, such as
15 pyridinthﬁiphenylborane and other triphenylborane
{ij o "~ compounds and tetraphenylborane compounds, described‘in
_Japanese_Patent Publlcatlon No. 54(1979 1571 and none of
‘cuprous_oXide as inorganic antifoqlant are contained in the .
.antifouling.cbating composition. -
:20 _ <Piasticizer (Chierinated paraffin)>
| | Examples of the blasticizers include TCP (tricresyl
: phosphate) ; chlorlnated paraffln, polyv1nyl ethyl ether and

. the llke. These plastl01zers can be used alone or in

:Qombidat;on.



of ethyl acrylate were charged and heated to 100C under agitation. From
the dropping funnel, a green mxture consisting of 1 part of nethyl

met hacryl ate, 66.2 parts of ethyl acrylate, 5.4 parts of 2-nethoxyethyl
acrylate, 52 15 parts of the mixture solution (F) obtained in Production
Exanpl e 6, d@gparts of xylene, 1 part of chain transfer agent (Nofmer MSD
produced by N ppon G1 & 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

conpl etion of dropping, 20 0.5 part of 4b-butyl.peroctoate and 7 parts of

- xylene were further dropped over a period of 30 mn. Further; agitation

was carried OUtTB@Ee1pm£s§@cﬂb@rsa@6n4r4bﬁﬂét%oo%dﬁﬂﬂ%@ﬁéﬁﬁ5oﬁﬂﬂﬁﬂ Thus,
there was obtained a green resin conposition of 45.2% heating residue and

Gar dner vi S&P&éﬁyfesﬂoéar%e 898 ér? &99{?1'1% f‘ﬂlrﬁmi’rbnﬂSQEHQiﬁe tter and
cont ai ni ng mef al - contai ni ng copo yrrer A- Production Exanple 13

(Producti on r- negked f | ask

t cont i.ni ng_copol. 0
equi pped W%‘Cﬁ%ﬁl R PREPREREEEr. Bt aled FRRRERSENE &
agitator, ar pro Jene ol rret hyl et her. and 61 arts of xyl ene
- were charg %lrf‘itno %CFC‘E% 190 h%gl r A | eraiﬁﬁjtﬁezgﬂ?'oppl ng

funnel, a transparent m xture consisting of 49. 55 10 parts of nethyl

met hdcr y| at@l w0l prdrad refradihiyl @@riarars rafl igdr th P refe nabitureesol uti on
(A) obtained in Production Exanple 1, 2.5 parts of AIBN and 2 parts of

- AMBN was dr oppeﬂheathl@mmwgl@i\pamaﬁéiovmh]@mamlfﬁin)4mlanf.beB\ﬂtLaleatrhe
conpl etion of dropping,” 0.5 part of t-butyl .peroctoate and 7 parts of 15
~ ‘xyI ene: wer eif lrtdnethedr.opped @Nmrmaeedqcbﬁfﬁnq Min.rdo theperaggirkat i on
vas carried-out for 1 hr 30 mn, and 38.45 parts  of xylene was added.

Thus, ther %ﬁ%@@l&jﬂl@:ﬂ & tgcﬁIﬁcDa(wderyF)eSI T HeO RS ddeOhadoAd . % heat i ng
resi due and rdner viscosity+B not containing any insoluble nmatter and 20

Conta'n'ngfﬂfﬁﬁﬂn(§¥3ﬁ§ @h@&e%QPQQVE@ﬁeéa11y in the range of 8 to 30,
| 10 préferébly 10 to 26. It iS‘preferred tb use a cHlorinated

;péfaffin having a number average molecular Weigﬁt of
generally 200 to 1200, especially 300 to 1100;'a viscosity
of generally 1 dr‘higher (poise/25°C), especiaily 1.2 or

higher (poise/25°C) and a specific gravit? of 1.05 to

15 1.30/25°c, éSpecially 1.10 to 1.70/25°C. When the

ii} _qhiorinated pafaffin_of the above number_of‘carbon atoms is
ﬁsed, the obtgined.antifouling~coating'composition enables
: forming.a coating film that is resistant to cracking and
‘peelingyr'When the'numbef‘of qarbon atoms of chlorinated
a0 ‘paraffin -ils' less than 8, the crack i'nhibitiné éffect may be
_uns'f:-lt.i___s_"factory; On the other hand, when the number of carbon |
iiéﬁaﬁéfsf chlbfinated paraffin éxceedé 30,_the‘éuffa¢é'of'
';dﬁﬁéinédcoéting film may exhibit pobf wasting performance

;l(rénéwability) and péor antifouling performance. It is



Production Exanple 14 (Production of netal-containing copolynmer A-8) In a
four-necked fl ask equi pped with a condenser, a thernometer, a dropping
funnel and an agitator, 15 parts of SF-898 60 propyl ene egcoI nmet hyl
ether -61 parts of xylene and 4 parts of ethyl acrylate were charged and
heated to %$00£aunder agitation. Fromthe dropping funnel, a transparent

m xture consisting of 18 parts of methyl methacrylate, 61 parts of 5 ethyl
acrylate, 37.8 parts of the mixture solution (B) obtained in Production
Example 2, 10 parts of xylene, 1 part 41f chain transfer agent (Nofner MSD
pr oduced by Ni ppon- G| } & Fats Co., Ltd.), 2.5 parts of AIBN and 7 parts

of "AMBN m@re@é?ﬁ?@@dtﬁét%}?@%tl%@tln'é%ﬁ%noi_/ﬁﬁl@ Rafiooi i BnRentAf ber the
10 conpl etion -of dropping, 0.5 part of t-butyl peroctoate and 7 parts of

~.xyl ene wer Ou%&gﬁke% ﬁQngf%%e %eﬂg@gﬁgyoﬂn%e aIPl;’Z]l eFYEthiet, qgitation

was carrle parts o ene Was addedl. Thus,
t here was obtainei hé yell wtr ent r S|n co Sltl of 46.2.%
15 heat | ng PREFAaLHnE® G Bt e RO ne ERU A TEf hy' ™ TRES! ubi o
~matter and containing netal-containin copol mer A-8. Productlon Exanpl e
15 (Pr oducFPéﬁréPaﬁfé%’Ir%*bh‘?&lsnlﬂ?%%(gg@l%%"?‘“Ae@)a“féfloh‘lamﬁo%‘?aﬁé’&ﬂed f1 ask
equi pped with a condenser, a. thernmometer, a dropping funnel and an
agi t8tor, ¢5mpastsien efp@’@b% &@éﬂwr@c@lcmlﬁw fédherhatsispag3sseankyl ene
and 4 parts of ethyl acrylate were charged and heated to 100C under
agi tation. tbr omethéndr eppi pgeflungel , As astclng paln et ima kedirpaSFE 898, 61
consisting .of 1 part. of nmethyl nethacrylate, 64.9 parts of ethyl acrylate,
5.4 parts eheZenetahoméehl&yﬂtiweyﬂ,atfea,r B ampdrd,s “dfo yidpa X tiEe” sof ution (C)
obtained in Production Exanple 3, 10 parts of xylene, 1 part of chain
‘transfer ag@B&oparax A-70” produced by Tosoh Corporation. :
' <Antlsagg1ng/antlsett1ng agent (thlxotroplc agent) >
0 The antisaggihg/antisetting agent (thixotropic agent)
may be added to the antifouling coating composition in an
arbitrary amount unless it is not one detrimental to the
storage stability of the antifouling coating composition,
'such as an organic clay. Examples of the
15, ‘ éntiségging/antisetting agents include organic clay salts
{i} . such as stearate, lecithinate, a;kylsulfonaté salts of Al,
‘Ca and Zn, and further include polyethylene wax, amide wax,
hydrogenated-castor 0il wax, polyamide wax,_é mixture of
hydrogenated castor oil wax and polyamide wax, synthetic
"720_ "partiCuléte silica and poljethylene oxide wax. Of these,
"~ polyamide wax, synthetig particulate silica, polyethylene
l'dxideiwax and organic clay salts'are preferably employed;

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

- of those commercially availablé, for example, by the trade



5 (Nof mer 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 mn. Further,
agitation 18rwa38 carried out for 1 hr 30 mn, and 3.1 parts of xylene was
-added. Thus, there was obtained a slightly turbid I|ight-yellow resin
conmposi tion of 46. 3% heating residue and Gardner viscosity+W not
cont ai ning any insoluble nmatter and co4tt ai ni ng netal - contai ni ng copol yner
A-9. 15 Production Exanple 16 (Production of netal-containing copolyner
A-10) in a hewesneckepafhask3equi ppedsphi-hoa aondepseranad "bhepapmeher, a
-droppi ng funnel and an agitator, 46.8 parts of propylene glycol nethyl

~ether, 25.2pants @i xyhane g 20 %qu{listﬁhngﬂ(tﬁtmmi%%rlﬂ,atlr Jere. char ged

and heated to 90C wunder agitation. From oppt ng funnel, a transparent

m Xxture consigti f .1 pard. of | . net hacryl.ate, 66.2 parts of ethyl -
acryl ate, S%Q%pae;}?gggftjlflgnefﬁl%gleg?:h@%g acryla e\eﬁ,ta)SZ parts of the m xture

solution (D) obtained in.SF-898 62 Production Exanple_4, 10 parts of
pr opyl ene glycofﬁﬁ%tﬁﬁﬁlf%ﬂ%ﬁﬂq PCHar I oFORRATHE? n%?é?h%gﬁg?s?ﬂﬁfjner NBD
produced by N ppon G| & Fats Co. , Ltd.) , 2.5 parts of AIBN and 8 parts
of AMBN was BVEHSe@TalaY COHsIHM Faredidd 41par Fegning @mPaReNASter the
conpletion of dropping, 0..5 part of t-butyl peroctoate and 7 parts of
Xyl ene wer erRgirgeptdesppean der abgvgenetd lofos0aknangndopedymdrt 6A100C.
_Further, agitation was carried out for 1 hr, and 4.4 parts of xylene was
‘added. - Thuss flbegeawashebtabnednat stieghihgntaibid thghtbyettonflbheesin
-conposi tion of 45.9% heating residue and Gardner .viscosity+V not - =
-cont ai ni.ng plgsensoliubkatidht erEantbleonbal thege Meddthe € A 2t thgr copol yner
‘A-10. Table 1 lists, with respect to Production Exanples 1 to 6, the
charged anogBimingPafpbAkhl f 9hcehb@ RiAGingly water-soluble or
10  non—water~soluble resins (hereinafter also referred to as
"sparingly/non-water-soluble resins"}, such as an aérylic
resin, an acﬁylic silicone resin, unsaturated polyester
r_esins, a fluororesin, a polybutene resin, a silicene rubber,
. a urethane resin.(rubber),‘polyamide resins, vinyl chloride
15 :¢opolymerresins,acﬁdorinatedxubber(resin),chlorinated
4ﬁ3 _ olefin resins, a styrene/butadiene-copolymef resin, an
ethylene/vinyl acetate copolymer ;esin, a vinyl chloride
: resin, an alkyd resin, a cumarone resin, a petroleum resin
and, the like.
- 20 _ _‘In:partiCular, specific_examples of the above wvinyl
3-chloride.copolymer;resihs-include a vinyl chloride/vinyl
acetate copolymer fesin, a vihyl chloride/vinyl

acetate/vinyl alcohol copélymer resin, a vinyl

chloride/vinyl i-butyl ether copolymer resin, a vinyl



15 reaction products and the solvent anmounts, water contents (wt.% and
solid contents of m xture 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

vi scositiexsp(@agdner viscosity), solid contents (9% and resin nol ecul ar

wei ghts (MA of obtained resin conpositions. The nol ecul ar wei ght of each
of ‘'the resins was neasured by the use of HLC- 8120 GPC wherein use was nade-
"of two SF-898 63 separation colums ofi3gTSK-gel a type (a-M and further,
as an eluent, DWVF (dinethylformam de) containing 20 nM LiBr. The weight

aver age nol r f r f Y, ul -
wa O N |°3H‘$ﬁrdéwlgﬁ‘lcw§§8%%t@ a8 o!&?mé? B 1P an(%P!a étt(xw%ﬂge 8%0) O N

O $i :] EOEtWﬁ(e%eNéndy&) acjgégtea)cégblﬁngr 41 H aEOUS4ACvovIim

In the present 1nventlon these resins and rubbers can
be used alone or_in combination. In the present invention,.
'5 : the above sparingly/nonwwater*solubie resins can be used in
cdmbination with the folloQing;water‘sdluble,resiné.
Exémplesof{ﬂmawatersolublexesinsihcluderosin(e.g.,
trédé:namg'“rosin'WW"), é ﬁonocarboxylic aéid‘and-salts
thereof. Asthéﬁonocérboxylicacid,themacanbenﬁntioned,
10 for example, a naphthenic acid or fatty acid having about
59 to 19 carbon atoms.: Exaﬁples of the salts-of
monocarboxylic acids includelCu,,Zn and.Ca.salts. _Examples
'of the rosins inclﬁde gum rosin, wood rosin, tall oil ioéin

and the like. These without exception can be used in the

15 present invention. These water soluble resins can be used
oy : alone or .in combination.
<Solvent>

In the antifouliﬁg coating composition of the present
inﬁentibn, the abdve vapioqs components are dissolved or'
126 . .disperéedkin solvents. Use can be made of various solvents
.Commonly added to antifouling paints, such as aliphatic,
'éromatic, kefonic, eSter-aﬁd ether solvents. Examplés.of
'.the aromatic solvents include xylene and toluene. Egampleé

of the ketonic solvents include MIBK. - Examples of the ether
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solvents include peryléne glycbl monomethyl ether and
propylene glycol monomethyl ether acetate (PMAC) .
Production of antiféuling coating composition
The antifouling coating éomposition of the presenﬁ

invention can be produced from the above metal-containing

- éopolymet (R),

4,5-dichloro"2fpmoctyl~4misothiazolin~3-one {B) and metal

1
-
O

pyrithione compound.-(C) .together with optional components

according to necessity by the appropriate use of common

10

15

methods. For example} the production can be performed by
‘adding in'given pfobortion_simuitaneously or in arbitrary
sequence, agitating/mixing and dispersing in a solvent the
metal—contaiﬁing copolymer (A},

4;5—dichloro~2vn“oétyl~4~isothiazolin~3—one (B) and metal

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

nedessity;'a-cblor pignment, especialiy extender (E)} such as

zinc oxide (D), talc, silica, mica, clay, calcium carbonate

‘or kaolin, an inorganic dehydrating agent tstabilizer),‘an

”  antifouléntr eSpeCially orgénic antifoulant (F), a

.20

plasticizer, an antisagging/antisetting agent, other

coating film forming componerits, a solvent (e.qg.., xyléne),'

etc.
The antifouling coating composition of the present

invention can be applied to the surface of various shaped

N N
Y]
uUu

N
Y
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items such as underwater structures, for example, supply

_waterinletsandwastewateroutletsforthermalpowerplants

and nucléar power plants; sludge diffusion'preventive
membranes for use in various marihe.civii engineering works
such as coastal roads, undersea tunnels, harbor'faci;ities,
éénals énd wéterways; and marine vesSels.and fishing

materials (e.g., rope, fishing net, fishing gear, float and

buoy) once or multipie times according to the customary-

‘technique. As a result, there can be obtained, for example,

marine vessels and underwaﬁer structures covered with
anﬁifouling coating filmAwhich is excellent in antifouling
propertiesandcanslowlyréleaseantifoulahtcomponéntsfor
a p;blonged period of time and which, despite the thick

coating, has appropriate flexibility and is excellent in

" crack resistance.

The antifouling coating film obtained by applying the

above antifouling coating cbmposition of the present

.invention to the surface of various shaped items-and’

hafdening the same is excellent in antifouling properties

and, for example, can continuously inhibit attachment of

agquatic organisms .such as sea lettuces, barnacles, green

lavers, serpulas, oysters‘and Bugula for a prolonged period

. of time.

In particular, when the materials for marine vessels,
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' etc. are FRP, steel, wood, an aluminum alloy and the Iike,

tﬁerihtifouling coating composition séﬁisfactérily adheres
to the surface of these materials. With fespect to a steel
boat or an aluminum boat, the ap‘plic‘éti:dn'of' the antifouling
5 cqating‘composition df the présent invention is generally
dérried out to a éubstraﬁe suffacerhaﬁing'béen éequehtially
coated with a primer, aﬁ'anficorrosive paint'and; according
h td_pgcéssity,_a binder,ﬁaint,_ Further, this antifouiing
‘éoating composition may-be appliea as an 6vercoét to fhe

10 Surface of any existing antifouling coating films.

Moreovér; for exampie; the application of the
Aantifduling coating compeosition tp the sufface of undersea
. structures enables inhibiting the attachment of sea lives
tso tﬁat the capability of the undersea structures can be
i5 . maintained for a prolonged period of time. The application
ffﬁ o of the antifouling coating composition to the surface of
-fishing nets enableé ayoidiﬁg the‘clogging'of the meshes of
thé, f—ishing_ nets whiie lessening the danger of éhvironmenﬁal

pollution.

' 20:‘ L The antifouling éoating compositionrof the preéent_.
uihvention may be directly applied tolfishiﬂg nets, or may
be applied to the sufface of marine_véssels, underwater
Struétures and the like which has been furnished with‘aﬁlb

undercoat such as a rust preventive agent or a primer.
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a SF-898 66 Production Exanples 17 to 29 (Production of netal-containing
copolynmers & Ihgto A-23) In a four-necked flask equipped with a condenser
a 5 thernoneter, a dropping funnel and an agitator, 30 parts of PGV
(propyl ene glycol nmethyl ether) and 40 parts of xylene were charged and
heated to 100C under agitation. Fromthg i dropping funnel, each m xture
consi sting-of nonomers and polynerization initiators as specified in Table
3 was 10 dr co a - r |.O che  Af te he

conpl etion ggfgﬁ%g%?%aj ?ﬁ%agétggbg}gégyfgsggéétggﬁkogﬁngB_Ega?P% of

xyl ene were_further. dropped over .a peri.od of 2 hr.. Thus,_.there were

obt ai ned SOPHETONE HORTAT FIARELH HBH RN PAG R oBEFyTeF & 01 PRk 23
whi ch had. 15 groperties specified in Table 3. L7 s M '"UNNIO mOOm
O -i N __itca] henpyyfage| f waripe vessels, especially FRP ships,

underwater structures and the like which has already been
5 coated with conventional antifouling paints or the
'antifouling coating compositioﬁ'- of the present invention.

The thickness of the antifouling coating 'filfnlthu'_s formed

Co—

pﬁ the SL;.l?;.:‘faC-E' of the mai’in.e_ vessels, under_water structures
and_the.like, .alt-ho‘ugh'rnot‘ partiqﬁ-larl_y limite&, is, for.
- 10 - example, in-i.:he fange o.f_about 30 to 150 ym ée_r applicétion.
Tﬁ‘e thus obtai—ﬂed antifouling ébéting film, or coating
film on the surface of parts of marine vessels and uﬁderwater
.struétures brought into contéct with water, according to the
present invént.ion i_s' formed from the above aﬁtifou]_.ing
15 coating composition, lessens the danger of .environmental
*wj' o pollution and excels in the long~termantifouling cépability
égéinst a wide varietj,.r‘of orgénisms which attach to marine
- vessels and .underwater structures.
According to the present invenfcior‘i, there can be
_2O | obtained -an anti.f;ouling coating composition of wide.
applif:ability enabling even -produActiOn lof. a white

antifouling paint, which antifouling coating 'Cdmpositioﬁ' is

| capable of forming an antifouling coating film exqelling in

long~term .a'ntifouling performance and exhibiting wvarious S
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excellent characteristics, such as realizing of-excellenf
antifouling activity while reducing burdens on the
‘environment, uniform wasting of coating film at constant
‘rate for a prolonged period of time so as to excel in the
5 uniform wastability of coating film, maintaining of

excellent antifouling performance for a prolonged period of

‘time so as to excel in the Iong—term.antifoulingvcapability

Q') -

maintaining performance of coating film, being suitable to

oceén;goiﬂg vessels, resistance to cracking and peeling,
‘inCreased édhesiOn aé comparea with that of a coating film.
bésed on pyfidiﬁe~triphenylb0rane, etc.g‘sharprhﬁe and
reducingofcﬁscolorationafterwaterimmershm1orexp65ufe.

Furthermore, there can be provided an antifouling coating

.film formed from the antifouling coating composition and,

15

covered with the antifouling coating film, a marine vessel,

‘underwater structure, fishing gear or fishing net.

When the surface of coating Substrate,-such.as'atmarine

“vessel, a marine structure at its part immersed in water,

- 20

a fishing gear or a fishing net is coated/impregnated with

theantifoulingcoatingcompositioncﬁftheprésehtinventioh—

and a coating film.is fdrmedfon the sufface,-thé fouling aﬁd

damaging thereof can be reduced to a strlklng extent and"'}“:¢“”'”d

- the service_life_thereof<xn1be strik;ngly'extended.a In'the;

use of antifouling coating composition loaded with a”colorz'ﬂ'
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invention is soluble in organic solvents, so that it excels
in applicability to fishing nets, etc.
5

10

15

L2000

‘The marlne vessel, underwater structure, fishing gear
~and flshlng net accordlng to the present invention are
 obtained with t‘heruse of the antifouling coating cqmposz_tl-on

of the present invention, and exert excellent antifouling

performance over a prolonged period of time.

EXAMPLE
The present iﬁventicw1will further'be‘illustratedlaelow
with reference to the following Examples, which however in
no way limit the scope of the invention;
In the following Examples and Comﬁarafive Examples,
'parts fefer to.parts by weight.
Production Example 1 |
(Prodﬁction of-metal;containing monomer élul)
“In a fourfnecked,flask equipped with-a condenset; a;f
‘-:thermometer,.a aropping‘funnel and an agitafor, 85. 4 ﬁarté:r
ofpropyleneglycoln@thylether(PGM)&ﬂKi4O Tpartscﬁ521nc;if“” 
,ox1de were charggdzuuiheatedxto;?S.C under.agltathn Froﬁ i’;‘7"' '
_the dropping.funnel, a mixture;éf 43;i'§é££s_of'methécrylic:%L .?.

- acid (MAA), 36.1 parts Of.a0ryli¢ acid (AA) and S_parts_of'fﬁf"




10 --l v--vva-vvIiHTITItCE.-l EEVEYE-.l v q,-14400TIA
Cof C--10.. HM E 0 mOOO 4 0 SF-898 68 Exanples 1 to 65 and

. Conparative Exanples 1 to 44 Antifouling coating conpositions of

~ fornul ations specified in Tables 4 to 12 were prepared according to
customary pgegagure fromthe resin conpositions containing 5

met al - cont ai ni ng copol yners A-i to A-23 obtained in the: above Production
Exanples 7 to 29. Sand bl asted steel plates (each 30 cmlength x 10 cm
width x 0.32 cmthickness), having antigprrosive paints, nanely, shop
prinmer, tar epoxy paint and vinyl paint applied 10 in advance thereto in
respective thig ”ﬁ&ée&o‘rﬁ?ezoo%@ 2128 s?ﬁ‘n%” gé AR NS ?% ‘M.}ttg'!he

- antifouling coating 51 tions of ~torm |ons spe Ified Irn fes 4 to
12 so as to have a dr% i ating thlckness of m and drlg_ thereby = -

,obt ai ni ng YRSF pP&t €8TPIELTRB PEsHIpPRLSS E F&F‘Ftﬁﬁﬂeﬁ ¢G4 r oshi ma

Bay of H roshima Prefecture for 12 nonths,. during which the area of _
attachnment erBegdmaiel{by vhdte, t QUi N STSFERat egEFyheﬁmrﬁWtﬂéo?esul ts
are also listed in Tables 4-to 12. 20 In Tables 4 to 12, as conponents of
the fornul atdonsarrisd orls frdé: bfr,t aeck 816l pakhg @E)mmmylaﬂmw@bha@@é
Chlorinated . paraffin: trade nane "Toyoparax 150" (average nunber of
carbom at ansthgd. Bthehl eabnadded} enhefrwby) obt3@%ingi scasispprer SF- 898 69
poi se/ 25C, “specific gravity: 1.25/25C, produced by Tosoh Corporation) Zinc.
oxi de: ' mixture solution (A) containing metal-containing monomer ‘

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

° ;\-'._/’ /

monomer al—l’) in the c_nbt.ained mixture solution Qas 44.8wt.%.
Production Example 2
10 | (PrOduction‘of_-r'ﬁétal—_co_ﬁtaiﬁing monomer al-2)

Ira a four-necked Aflask eq"uip'pxed. w1th a condeﬁse_r, al
'thermomete‘r, a dropping "f-unnal and'an agitator, 24.3 parts
of n-butanol (nBuOH), 61.1 parts of xylene and 40.7 parts
of zinc oxide‘were charged and heated to 75°C un_def agitatio.n. ‘

-15 . From the droppingl 'fun_nel,. a.. ﬁixture of 43.1 pafta of

f\;’ methacfyli(; acid, 36.1 pai:ﬁs ofv acrylic acid and 5 parts.of
water was dropped at a'constan_t rafe over a period of 3 hr.
Upon the completion-.of_dropping, the reaction solution
tu"rne‘d frommilky white to ﬁransparen.cy. Farthe]a, agitation

20 ‘wa.s carried out for 2 hr, and 3é.parts of xyleﬁe was added,
thereby obtaining transpa-rer.)t m—ixﬂt‘u're s.olluti_on‘ .(B)_
containing m-etal—containtirlig.inonomér al_';';‘Z; The ,’éfﬁaunt_ of
solid contents _(métal;caht-aiﬁing manomerai—-Z) J_n t_ﬁé

‘obtained mixture soluticn ‘was ‘44.9 wt.$.



trade nane "Zinc Flower No.3" (produced by Kyushu 5 Hakusui K K') Talc:
trade nane "TTK Tal c" (produced by Takehara Kagaku Kogyo K K. ) Red iron
oxide: 10 trade nane "Bengara Gekko BB" (produced by N ppon Bengara Kogyo
. Co., Ltd.) . Titaniumwhite: trade nanme "Titanium- Wiite R-5N' (produced by
Sakai  Chenigalygl ndustry Co., Ltd.) 15 Copper rhodani de: produced by N ppon
Kagaku Sangyo Co., Ltd. Zinc dinethyldithiocarbamate: "Sanceler PZ"
“(produced by Sanshin Chem cal Industry Co., Ltd.) 20

2- Met hyl t hi 0- 4-t-but yl am no- 6-cycl oprogyl am no-s triazine: trade name
"Irgarol #105" (produced by G ba-Geigy) 2, 4, 5,

6- Tetrachl or oi sgpht nitrile: ;“Marincide C' (produced by San Nopco
Limted) SF- 898%'78(1*&%,&&]& %%ﬁ?llﬁwgghl ordphenyl urea: "DCWMJ' (produced by
Hodogaya Chem cal Co.,  Ltd.) N-(flyorodichl aronethylthio)phfhalimde:
"Preventol A-3" f&’ﬁPS‘HGEéB“b?fBH%élaLij‘éEﬁéﬁ)al@mg Rorbmie FP0h"e!

"N, N -di met hyl - N' - phenyl - (N-f1 uor odi chl oronet hyl t hi-o)- sul fam de: "Preventol.
. A-4S" (produced Ipy 2BAPEE-DEFERY [Heskamsitiprer Widh & SAnddeer sdhcel er
“ TT" (produced by Sanshin Chem cal Industry 10 Co., Ltd.) , .
.2, 4, 6- Tri chtloe opbreatyd nalse idrioger i ng' FTN8%84" atgr aa ieid- o ¥ hat 2. Orati el

I ndustry Co., Ltd.) _

' 5 . of propylene glycol methyl ether and 46.8 parts of zinc oxide

were charged and heated to 75°C 'u-_ndelri agitation. !é'"rom the
dropping funnel; a mixturg of 46 1 parts of me_:tlhacrylic acid,
36.1 parts of ac_rylic-acid and 5 parts of water was dropped
at a éonstant rate over a period of 3 hr. "[Ipon tlhe completion
10 of drdpping, the'react'ion éoiﬁtién' turned from mj,lky whit‘e
“to sémi;c‘ransparency- Furthér, agitation was carriedout for
47 hr, and 43.5 parts of propylen.e 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%:

pProduction Example 4
.-(Productio‘n of- metal—containing monomer a1—4)
In a four;necked flask equipped with a'condenfser‘, a
20 thermometer, a dropp’in'c_:.;' funnel arid. 'a.n_ égitato;:, 79 parts. of
propylene glycol methyl ether, 154 parts of,'water. and 40.7
'_ '_par.ts-of zinc OXidé were chargéd and heéﬁed Ito 75°C under
aéitation. -."E'J;om thé dropping funngélj,'d':a inix_tﬁre of 43 .Il parts-

.of methacrylic acid, 36.1 parts of éér’ylic_ acidand 20.6 parts



2,-3,5,6-Tetrachl oro-4- (net hyl sul fonyl )pyridine: 15 "Densil S100". _
(produced by Avecia Co., Ltd.) 3-lodo-2-propynylbutyl carbamate: "Troysan
Pol yphase P100" (produced by Troy) Diiodonethyl-p-tolyl sulfone: "Anm cal
48" (produced by Abbott) 20 Bisdimethylditiocarbanoyl zinc 7

et hyl enebi sgh-tsbgocar bamat e: " TOC- 3204" (produced by Tokyo Organi ¢ Chemi cal
I ndustries, Ltd.) Zinc ethyl enebisdithiocarbamate: SF-898 71 trade nane
"Zineb" (produced by Tokyo Organic Chemical |Industries, Ltd.)

Pyridi ne-tri phenyl boron: trade name "BK Boron" (produced by Hokko Chemi cal
.5 Industry Co., Ltd.) Zinc salt of 2-pyridinethiol-I-oxide: trade nane

" AF- Z" (prQQHQ&QnywX%SB&bg@eth@eaCB§H5§§ht ratbldoyer ORREF: sAldf of
2- pyrldlnethloI-I-OX|de trade nane "Copper Pyrithione" (produced by

Qinltd. ) ArLRL %= 13 gr 18801 LA Sré) 415348080
" Sea- Ni ne fyi“ Pgb duce JQBQ% m an Ha8§B gé e Cﬁgﬁg%SSOXI L 15
average_partlcl glanet nanme_ " é roduce g Nippon
Chom al | it BEORG Ly P te gt P EPRor SRENSX T deFWé LPAYGET o)
"Exsparlon 4200 20 (Dispal 4200-20X)" é)Tgﬂproduced by Kusunpt o Chem cal s,
Ltd.), 20%Y3F %rﬁﬁgt%utz@w% BRat?ed £H-dePR&%s aﬁl”eo%*r%”@@l ¥HaM on
- AB30- 20X (D spal A630- 20X)"G@§produced by Kusunoto Chem cals, Ltd.),20%
xyl edfe pastreetirbomfiteate iy cotdembnoree PPy eplhierining transparent
mixture solution (D) containing'metal—containing monomer -
- al-4. The amount of églid contents (metal-containing
monomexr al-4) in the obtained mixture solution was 44.2%.
Production Example 5
10 = = {Production of metal-containing monomer al-5)
In a four-necked flask equippéd with a condenser, a
thermdmefer, a dropping funnel and an agitator, 85.4 parts
of propylene glycol methyl ether and 20.2 parts of magnesium
~oxide were charged and heated to 75°C under agitation. From

15 . the dropping funnel, a mixture of 43.1 parts of methacrylic

acid, 36.1 parts of ‘acrylic acid and 5 parts of water was

ardppe& at élconsfant‘rate over.a éeribd of 3 hr. Upon the
'}Completion of dropping, the.reaction solgtion turned ffom
_milkywhite1x)transpafencyﬁ‘Furthef,agitationwascarried

ZC:- out for 2 hr, and 11 pafté of propylene glycol methyl ether
| waé added, thereby_obtaining‘transpérent miXturelsqlution'
CAE) containing_metal—éoﬁtaiﬁing_@dﬁémer351—5. The amount

"Lof solid coﬁtents (ﬁetélucoﬁtéiﬁiﬂg.moﬂbmer.a1—5) in'the

obtained miﬁturefsplution,was 44.6%.



trade nane "Kuraray PGM' (produced by Kuraray Co., Ltd.), SF-898 72
solvent. The evaluation criteria are as follows. Evaluation criteria
<Evaluation criteria on area of attachnent of undersea 5 organisns
(evaluation criteria on stationary antifouling performance)> 5 marks .....
t he area ofgpagtgachnment of undersea organisns is 0% 4 marks ..... the area
of attachnent of undersea 10 organisns is over 0% but not greater than 5%
3 marks..... the area of attachment of undersea organisns is over 5% but
not greater than 10% 2 marks.....the ggea of attachment of undersea

organi snms ‘i s, over 10% but not greater than 25% 15 . 1 mark...... the area.
of attachnment o I ganisns i s over 25% but not greater than
50% .and O mrEFgag.Eﬁﬁt%%eEg?gg?%f @attachmant of undersea organisns is
over 50% <Adherence to.deteriorated antifouling coating.fikn>. - 20 The
adherence to d.et(gﬁoglf’lgf%ét&naﬁtfi F‘Sg ?ﬁﬁog%gﬁn%él i Oﬁlg’%e\flagleéél uated in the
foll owing manner. First, the surface, 'of each of .deteriorated antifouling
coating films ré&BuPt ERYX PFEGHE pﬁﬁ?FHgQHPlPﬁ@df-a’lllt ' n§°H§®“§\‘?§m &bl e
antifouling paints to test plates and imersing of the test plates in
SF-898 73 Heaueaestenr o OpPANIWAINESaAt BdwrE R EHeH Bt BRe aRBISul i ng
coating conpositions described in the Exanples and Conparative Exanpl es,
t her éby forafi mgcantlidrouldlngeodoacthyl €fhas, of0180pprtsinf Eilng thildkness.
The test plates with'5 the antifouling coating filnms were i mersed in
‘seawat er, afiti cupopatrheopasgade okifenmpatdsshdheeddhariesceeaes SvdlCuat ed
in-accordance with the "JI'S K-5400X cut tape nethod". The

‘under agitation. Fromthe dropping funnel, amixture of 43.1

N,

parts of met_hacfylic acid, 36.1 p'artAs of acrylic acid and -
5‘par‘t.s of water. was dropped at a constant rate over a period -
'10 A'of 3 hr. Upor.*l- tﬁg completion of dfobping-, the reaction
solution turned-green. E‘ur.ther., agitation was carried Qut
. for 2 hr, and 11 p‘arts- of propylene glycol methyl ether wés
‘ added, thereby obtaining transparent mixture solution (F)
containing métal-containing'monomer al-6. The ainount_ of
_“.15 solid contents '(metal%cont'ai-ning menometr al-6) in the
> o obtainea'mixtdre solution was 44.9%.
Production Exampie 7
(Production of metal-containing CopolYmer 'A—l)_
In a four-necked flask e.quipped' _with a condenser, a
20 - | ‘th_é'rmome‘tAér, a droppiﬁg funnel and aﬁ agitator, 15 parts of
_ propylene 'glgfcbl methyl ethe;ﬁ, 57-pafté of xylene and 4 parts
of etlr'i_\jl.acrylat'é .:Q:e'ré' charged a'rzlld' heated to 100°C under
: agit'é_t'.i'oh.;' --_;From ‘the‘d.r‘op'ping ‘funnel, a transparent mixture

| chsi'sting‘ of 1 pa;ft of methyl methacrylate, 66.2 parts of



now avail abl e-antifouling paints used in the test were "Chugoku AF",
"Ravax AF", "Vinyl AF", "Marine Star 10 Kai", 10 "AF Sea Fl o Z-100 LEHS",
"Sea Grandprix 500", "Sea Grandprix 700" and "Sea G andprix 1000" (al
produced by Chugoku Marine Paints, Ltd.). <Method of neasuring coating

fil mwastingrtatse> Iron plates with a size of 170 nm (length) x 70 nm
(wdth) 15 x 4.5 mm (thickness) were provided, and curved in the
‘longitudinal direction with R=500 nm (radi us of curvature). Threaded hol es
for. mounting on a.rotary drumwere formad at four corners of each of the
pl ates, and sand bl asted. The sand bl asted iron plates on the curved

_protrudent =20ysUstagescuer e seguenti akl y 5aeaY.Goaned ks shoppri mer,

a tar epoxy paint. and a vinyl paint, and thereaffer coated™ with various

test paints (dry Ll ppLhpekpess: <200.00) ANebbus,0ft angd Lest it es
y &"a ‘Fo y d

were nounted on a rotar) rumfrxe tar est raft placed in Kure
Bay of-SF-8§8"4 i roghi Prefecture. .The esﬁﬁllates were rotated at a
ot ati onal KpaBAL61 18 D CFeY bUALT HPrFI i wabe gt FARE S heS Het er i ned
by drawing up the test plates fromthe seawater _and nmea-suring the coating
fi1mthi cknE8eTRaErEeP RYRyCed Rt PRI PN N dats §3r 1FEId N PN O A
N U XWW - L) NOhRhNCNONP) NOO .-1G"'" N.--1 ri OE xy W
Ov) Or Npam® of MRNN(@robigisobutyronfitygfile produced by Japan
' Hydrazine Company, Inc.) and 7 parts of AMBN
.(azobismethYlbutytonitrile produced by Japan Hydrazine
- Cbmpany, Inc.) was dropped at a constant rate over a period
of 6 hr. After the completion of dropping, 0.5 part of
. 10 . t-butyl peroctoate an‘d‘"l parts of xylene were further dropped
_over a period of 30 min. Further, agitation was carried out
for 1 'hr_ 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

15 ‘not containing any insoluble matter and containing

inetal—containing copolymer A—l._

oo
N

Production Example 8
(Production of metal.—con_taining copolymer A'—Z)
- In a four-necked flask equipped with a condenéer, a
20 o thermometér,_ a dropping funnel and an agitatoi‘, lsrparts of
. fprc)pylen.e glycol met.hy.l ether, 60 parté of xy'lene_ and 4 parts
" of ethyl acrylaté We‘r_e'. charged and heated to 100°C under
' ag’itation. from the dropping fgnnel, a'trénsparent mixture

‘-consisting of 10 parts of methyl methacrylate, 62.6 parts
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of‘ethyl acrylate, 5.4 parts of 2—methoxyethyi acrylate, 40

parts of thermixture solution (A) obtained in Production
Elxample 1, 10 parts of xylene, 1 part of chain transfer agent
(Nofmer MSD produced by Nippon 0il & Fats Co., Ltd.), 2.5
.palllrts of AIBN and 5.5 parts of AMBR was dropped 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 8 parts of xylene was

added. Thus, there was obtéined'a‘ light-vyellow transparent
resin composition of 46.1% heating residue and Gardner

viscosity-wr-not containing any insoluble matter and

- containing metal-containing copolymer A-2.

Production Example 9

{Production of metal-~containing copolymer A-3)

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

i:herfnometer_:, a _dropping'fujnnel and an agitator, 15 parts of

propylene giycol-methyl ether, 57 parts of xylene and 4 parts

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

ag_j_tatiqn. From the _dropping funne_i, a transparent nixture
- éon‘s‘isting' of 14. 6-parts of mef:hyl methacrylate, 52.6 parts
of étﬁyl acrylate, 7 .5 parts of n~butyl acrylate, 47.4 parts

' -‘-‘-" of the mixture solution (A) obtained in Production Example

v 1, 10 parts of xylene, 1 part of chain transfer agent (Nofmer
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was carried out for 1 hr 30 min, and 6.9 parts of xylene was
Aadded.' Th_us, ‘there; was obtained a light—yellow transparent
resin composj;t-ion of 45.8% heating AJ;_f:a’siduel and Gardner
“-riscosit'y~z2 not containing any insoluble métter and
10 containing metal—containing copolymer A--;B. |
- Production Examﬁle 10
- {Production .of metal—conﬁaining copolymer A-4)
In a four-necked flask equipped with a condenser, a
thermometer, a 'drop?ing funnel and an agitatoer, 15 parts of
15 ‘propylene glycol methyl ether, 61 parts of xylene and 4 parts
f) of ethyl ‘acrylate were charged and heated to 1006° C under -
| agltatlon. From the dropplng funnel, a transparent mixture
- cohsistiﬁg of 18 parts of_methyl methacrylate, 61 parts of
ethyl acrylate, 37.8 parts of t‘hg mixture solution (A)
20 obt_ainéd in Productionn Exlample 1, 10 .parts of xylene, 1 part
of chain transfer agent- (Nofmer MS_-D produced by Nippon Oil
& Fats Co., Ltd.}, 25 parts of ATIBN and 7 parts of BAMBN was

dropped at a constant rate over a period 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

T a rlightwyellow transparent resin composition of 46.0%

heating residue and Gardner viscosity+T not containing any

insoluble matter and containing metal-containing copolymer

A-4.

Production Example 11°
{Production of metal¥cOntainingAcopolymer A-5)

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

. thetmbmeter_, 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'xyéthyl acrylate, 40

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

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

Production Example 5, 10 parts. of xylene, 1 part of chain

transfer agent {Nofmer MSD produced by Nippon 0il & Fats Co., _l

‘Ltd.) ' 2.5'parts of AIBN and 6 part‘s of AMBN was dropped at

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

of ‘dropp,ing, 0.5 part of t-butyl peroctoate and 7 parts of

xylene were further dropped over a period of 30 min. Further,
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xXylene was added. Thus, there was obtained a light~yellow
Ltranépafent're&in~composition of 46.2% heating residue and:
Gardner viscosity+U not containingany insoluble matter and
5 cpntaining metal~containing copolymer AwS.
Production Example 12
(Production of metal—containing copolymer A-6)
In a four-necked flask equipped with a condenéer,ra
- thermometer, a dropping funnel and an agitator, 15 parts of
10 propylene glycol methyl ether, 57 parts of xylene and 4 parts
of éthyl acrylate were charged and heated to 100°C undef
agitation. From the dropping funnel, a green mixture
'consistingrof 1 part of methyl methacrylate, 66.2 parts of
 ethyl acrylate, 5.4 parts of 2-methoxyethyl acrylate, 52
i5 ‘ patts of the mixture solution (F) obtained in Production
Example 6, 10 parts of xylene, 1 part of chain transfer agent
(Nofmer MSD_pfoduced by Nippon 0il & Fats'CO., Ltd.), 2.5
' parts of AIBN and 7 parts of BMBN was dropped at a constant |
.rate over a period of 6 hr. After the completion of dropping,
20 0.5 part of t-butyl peroctoate and 7 parts of xylene were
further dropped over a period of 30 min. Further, agitation
. was carriedfout for 1 - hr 30 min, and.4,4.parts of xy1ene was

added. Thus, there was obtained a green resin composition

of 45.2% heating residue and Gardner. viscosity+V not
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‘conta_ining any insoluble matter‘ and containing- -
‘metal-—containin'g copolymer A-6.
__P;:oduction Ex_ample i3

(Production of. metal—coﬁtaining copolymer A-T)

In a fbur_-nec_ked flask .equi.pped with a concienser, a
thermometer, a dropping fimnél and ‘aln agitator, 15 parts of
propylene glycol methyl ether and 61_part5' of xylene were |

. .charged and heated to’ 100°C under agitation.- From the
-..c:'li?‘opping funnel, a transparent mixture cohsisting of 49.55
parts of mgthyl methacrylate, 50 parts of.ethyl acrylatg,
1 part .of the mixturel_. solution (A) obtained in Prédu’ction
| Example 1, 2.5 parts of AIBN and 2 parts of AMBN was dropped
ata con;tant rate over a periodof 4 hr. After the completion
of dropping, 0.5 b"art of t-butyl peroctoate and 7 parts Of
7 -Xyléné were furthver dropped over a periéd of 30 min. Further,
" agitation was carried out for 1 hr 30 min, and 38.45 parts
of xyléné was added. Thus, there was 'ébtained a transparent,
_reSin composition of 44.7-% heating £esidue aﬁd .Gardnez_:‘
"viscosity+B not containing any insoluble matter and
':-containing rt_letal-—co*ntain_ing copolymer a-7. ,

Production Example 14

(Production of metal-containing ‘copolymer A'—-S)

In é four-necked flask equipped w:_Lth a condenser, a

f.hermometer, 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 Production Example 2, 10 parts of }éylene, 1 part
.orf‘ chain transfer agent {Nbfmer MSD produced by Nipi::on 0il
& 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
, :.10‘ cémpletion of dropping, 0.5 part of t-butyl peroctoate and
- 7 parts of xylene v-aere‘further dropped over a period of 30
min. Further, ag'iltation was carried.out for 1 hr 30 min,
and _8.2 parts of xylene was added. Ti&us, there was obtained
'a light-yellow transparent resin composition of 46.2%
15 heating residue and Gardner viscosityﬂ( not Containing any

insoluble matter and containing metal-containing copolymer

A-8.
Prodﬁcti'on Example .15
(Produ_ct.ion"o;‘:' 'metal—ccsntaining copolymer A-9)
| '-201 s : in a four-necked flask equipped'with a condenéer, al.
thermometer, a drbéping funnel 1and an agitator, 15 parts of
propylene gl.yco'l met‘l'llyi ether, 57 parts of xylene and 4 part's'fl"
cof ethyl acrylate were charged and heated to IOOé’C‘undrer.

- agitation. From the dropping funnel, a transparent mixture
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consisting of 1 part of methyl methacrylate, 04.9 parts of

etﬁyl acrylate, 5.4 parts of 2-methoxyethyl acry;_L‘a-te_, 35

- parts of the mixture solution (C) obtained in Production

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

(Nofmer MSD produced by Nippon 01l & Fats Co., Ltd.}, 2.5

parts of AIBN and 7.5 parts of BMBN 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 wlas

" added. Thus, there was obtained a slightly turbid

l_i'ght—-yellow resin composition of 46.3% he_ating residue and
Gardner viscosity+W not co.ntaining any insoluble matter and
éontaining metal~containing copolymer A-3.

Production Example 16

(Production of metal-containing copolymér A-10)

Tn a Four-necked flask equipped with a condenser, a

thermometer, a dropping fqnnel and an agitator, 46.8 parts

~ of propylene glycol methyl ether, 25.2 parts of xylene 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 methyl methacrylate, 66.2

parts of ethyl acrAylai-:e, 5.4 parts of 2—methoxyéthyl

,'acrylate, 52 parts of the mixture soltition (D) ob_tained in
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ether, 1 part of chain transfer agent (Nofmer MSD producgd
by Nippon 0il & Fats Co., Ltd.), 2.5 parts of AIBN alt'nd 8 parts
of AMBN was dropped at.a.ﬁonstant rate over a period of 6
.5 ~ hr. After the completion of dropping,‘OaSIpart of tmbutyl
péroctoate'and_?rpafts of xyiene were furthef dropped over
a period of 30 min and heaféd to 100°C. Furfher,'agitaﬁion
was carried out foxr 1 hr, and 4.4 parts of xylene was added.
'Thus, there was obtained a slightly turbid light—jellow
10 resin composition of 45.9% heating residue and Gardner
viscosity+V not containing any insoluble matter and
containing metalfcontaining copoiymer A-10.
| Table 1 lists, with respect to Production Examples 1
to 6, the Charged amounts (molar ratiof for obtaining
";15 : reaction products and the solvent aﬁounté, water contents
fj {wt.%) and solid contents of mixture solutions containing
reaction producﬁs, |
Table é lists, with respect to Pfoduction'Exampies 7
‘to 16, the cha;ged amounts'(weight ratio) for prbdﬁcing
20  ﬁetal—containing copolymers and the viscosities (Gardﬁer‘
. viscosity), solid contents (%) and resin.molécularlweights
(MW) of obtained resih composiﬁioné.
_The moiecular‘weight of each_qf the pésins was measured |

by the use of HLC-8120 GPC wherein use was made of two.
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separation columns of TSK-gel o type (a=~M) and further, as

éh eluent, DMF (dimethylformamide) containing 20 mM LiBr.

The weight average molecular weight was determined in terms.

-of polystyrehe.
5
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Production Exampies 17 to 29
(Production of metal-coritaining copolymers A-11 to
A=-23)
Iﬁ a four-necked flask equipped with a condenser, a
5 thermometer, a dropping funnel and an agitator, 30 parts of

- PGM (propylene glycol methyl etherY and 40 parts of‘xylené

were charged‘and'heatedfto 100°C under agitation.' From the

e

'dropping funnel, each mixture consisting. of monomers and
polymerization initiators as specified in Table 3 was

10 dropped at a constant rate over a period.df'3 hr. After the
.complétion of‘dfopping, 1 pért of{tfbutyl_peroct;ate and 1O
parts of xylene were further dropped.évér a period of 2 hr..
Thus, there were obtained sélutions containing
‘metal-containing copolymers A-11 to A-23 which had

15 properties specified in Table 3.
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Examples 1 to 65 and Comparative Examples 1 to 44
'Ahtifouling coating compositions of formulations

Specified in Tables 4 to 12 were prepared according to

customary procedure from the resin compositions containing

‘metal-containing copolymers A-1 to A-23 obtained in the

above Production Examples 7 to 29.

Sand blasted steel plates (each 30 cm length x 10 cm

width x 0.32 cm thickness) having anticorrosive paints,

namely, shop primer, tar epoxy paint and;vinyl.ﬁaiﬁt applied
in advance théreto in respective thicknesses of ZOpm, 150
pum and 75 pm were coatedquth the aﬁtifouling coating

compositions of formulations specified in Tables 4 to 12 so

as to have a dry coating thickness of 100 ym and dried, thereby

obtaining test plates.

The test plates were left immersed in Hiroshima Bay of
Hiroshima Prefecture for 12 months, .during which the area

of attachment of organisms (%), etc. were inspected every

month.

The results are also listed in Tables 4 to 12.

In Tables 4 to 12, as components ofrthe'foﬁmulations,

‘use was made of the following commercial products.

Chlorinated paraffin:

trade name “Toyoparax 1507 (aVeragé number of'carbén_L

atoms: 14.5, chlorine content (wt.): 50%,-viscosity;,12j




Vv
W
w

4
A
3
E
WO
3
Y
T
O
1
+
0
1
H
i

C -
4
e
-1
G
O
4
T
dd
X
Y
C
C
4 .
A ' 4
o
GA
W
P
1
DAWNNNUNYVY -

V.HW”Hv.i_NnUmwch”Y a S
— e — vl o) —
v DO0O. .0 OzZzaAO0
ou N10AO.%Vi..ND1W>C s
o_Z<na ow@i_. /0= ™M Tz ‘Y
_oZ0 o) <z z < .
N.NTY1Y911A4NUNY YW.M
2 027 o< 221 =
- N >
O «doZ2 I o, . .
AT 0oE AW$, czZ
Law] ._T C 10/ ED
<t X . N4m %ﬁY. W Z . —
= ! .00 O ~_® .
o ¥ O 10220« wld 2z
o< .2 xO" - ; )
3 <O L zxP>z2 +1@WUM-

oZ2<Z2Z2 - ! Hml 0z _ —_
. 1_W 1 O < _“IO%mW(N._

I
.1
-1

N

Z WWY

N $0 &0 (9r@8ud@d by Takehara Kagaku Kogyo

oz _ . i ~ i
DOOYMA4NU WWMMM@N.YCZ@
o0 ZozoZ =] “g-5zoNX
=2, _"%22 L &EZr.58%%0<q0.5
W4 = &) T..W < 0

O s :
—_02_&83« .24 <
Cu<>2% o_ z3c <2 T o

] %0 MDm_v._WpYW_H._m~MNWL

ZZo (_« . 20" FRlE D_anMMﬁL B2 —

2w T T T TS B
2200 To-_TL 7t - o5z
O - < = .
W.4NCMVOMIN.WWMHA@4EQN”
XGTCM.NlC:NlO+ O . <®0 " >~
Oz_ XN_4CN=AAHE4WWL4NU

.YwmmWwamnw T2h-E0tz®

K.K.)

i 1 : .
Za . FZ<y . >0<>3w2 00D 0wz

Red iron oxide:

trade name “Bengara Gekko BB” (produced by Nippon

10

Bengara Kogyo Co., Ltd.)

Titanium white:

trade name “Titanium White R-5N”

(produced by Sakai

Ltd.)

Chemical Industry Co.,

Copper rhodanide:

15

produced by Nippon Kagaku Sangyo Co., Ltd.

zinc dimethyldithiocarbamate:

?Sanceler PZ” (produced by Sanshin Chemicallindustry

, Ltd.)

. Co.

_ 24Méthylthi0~4-t—bufylamino—GFcyclopropylaminofs.'.

20

-triazine:

“trade name “Irgarol 4#105” (broduced by CibaiGéigyy -3'

'2,4,5,6~TetrachloroisophthalpnitriIeﬁ

“Marincide C” (prOduced by San Noch:Limitéd)fﬁffﬂ“"fz
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N;N—dimethyldichlordphenylurea:
: 7“DCMU” (produced by_Hédogaya-Chemical-CO., Ltd.j
NF(fluorodichloromethylthio)phthalimide:

- “Preventol A-3” (produced by Bayer dJapan)

N, N’ ~dimethyl-N’-phenyl-(N-fluorodichloromethylthio) -

sulfamide:

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

Tetramethylthiuram disulfide:

“Sanceler TT“ (produced by Sanshin Chemical Industry

Co., Ltd.)

.2,4,6—Trichlorophenylmaleimide:

“IT-3547 (produced by Ihara Chemical Industry Co.,’
Ltd.) |
2,3,5,6—Tetrachlo£o—4—(methylsulfonyl)pyridine:

“Densil élOO”_(producéd by Avecia Co., Ltd.}r
3-Iodo—2—pr0pynylbutyl'carbamate: |

-“Tréysan Polyphése Pl0o0” (ptoduCed by Troy)

. Diiodomethyl—p—tolyi sulfone:

“Amical 48”7 (produced by Abbott)

rBisdimethylditiodarbampylzinc

ethylenebisdithiocarbamate:
“TOC-3204" (pfodUced by Tokyo Organic ¢heﬁicélf'~
Industries, Ltd.)

Zinc ethylenebisdithiocarbamate:

WP m
~~\ NP
[ m\n

N. O r cflN
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trade name “ZLQéb” (praguced.by Tokyo Organic Chemical
" Industries, Ltd.) |
: Pyridine-triphenylboron:
trade name fPK_Boronf (produced by Hokko Chemicai
'-5 Industry Co., Ltd.)
:.Zinc-salt of 2-pyridinethicl-l-oxide:
trade name “AF-7" (produced_by Yoshitomi Fine Chemical,
© . Ltd)) |
Copper salt of 2—pyridinethiol—1—oxide:
ld - ‘trade name “Copper Pyrithione” (produced by Olin Ltd.)
| 4,SHDichloro—Z*n;GC£ylm4~isothiazolin—3—one:
trade name “Sea-Nine 211" (produced by Rohm ahd Haas
Company)
Cuprous oxide:
15 . average particle diameter 8 um; trade name “NC-8017
{?D“ : .(produced by Nippoﬁ Cheﬁical Iridustries Co., Ltg.)
" Polyethylene oxide wax:
trade naﬁe “Dispaflon 4200-20 (Dispél-4200—20X)W'_
{producéd by Kusumoto Chemibals; Ltd.), 20%.xylene paste'
©920.  BAliphatic amide wax:
trade name “Disparldn'ﬁéso;zox(bispal 3630—20X)”;j
'(produced by Kdﬁﬁmbto Chemicélg;tha:);"Zb%ﬁ?léne péstev'
Propylene glycol mondméth§l ethér: B =

trade name “Kuraray PGM” (produced by Kurara'leo:. , Ltd.),
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- The evaluation criteria are as follows.

Evalﬁation criteria

<Evaluation criteria on area of attachment of undersea
5. o;ganisms fevaluation criteria on stationary antifouling-

performance) >

5 marks..... the area of attachment of undersea
.prganisms is

4 marks.....the area of attachment of undersea

10 - organisms- is

15 . 1 mark..

W
0
&

L)

o
=
'..J.
"
=
7
o
)]

organisms is

over .0% but not greater than 5%;

e...the area of attachment of uﬁdersea

over 5% but not greater than 10%;

. ...the area of attachment of undersea
~over 10% but not greater than 25%;

....the area of attachment of undersea

over 25% but not. greater than 50%; and

....the area of attachment of undersea

over 50%.

KAdherencefto detefiorated antifouling coéting filﬁ>,

.20 ‘ " The ad_héreﬁce‘to deteriorated antifouling coating £ilms ‘
was e&aldatéd in the follbwing manner. First, thé,sﬁrface
of each of dete-riora-tédaﬂtiféulin'g: coating films'_ resﬁlfing ‘
from applying of the<follo§iﬂg‘noﬁ évaiiéﬁléJéﬁ£ifbﬁiiﬁg'

paints to test plates.and_immgxsing=§fjﬁh§ﬁﬁé§tibl§6§$fin;
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. sea\;\rater for one year‘was.coated with each of the an-ti_foﬁlincj
coating compositions‘ described in the Examﬁ_les and
Comparative E‘.,xamples., thereby forming antifouling coating
films of 100 pm dry film thickness.. The test plates with
- 5 R "_che ar}tifq'uling éoating films were immersed in se;awater, and
upon the éassage of 6 mdhths, the adherence was evaluated
in accordance with the “JIS K—SéOOX cut tape method';. The
' r@w available-antifouling paints used in the test were
“Chugoku E—‘.a'F”, “f{avax AF”, “Viﬁyl AE”,I “Marine Star 10 Kai”,
10 ' o “AF Sea Flo Z—l.OO LEHS”, "*S'éa Grandprix 5007, “Sea Grandprix
700”_and “Sea Graﬁdprix 1000” (all producéd bi{ (fhﬁgoku Marine
Paints, Ltd.).
-<Method' of measuring coating film wasting rate>
. Ironplates with a size of 170 mm (length) %70 mm (width)
-,15l ' x 4.5 mm.(thickness) were provided, and curved in the
longitudinal di.rectiqn v_aith R=500'm:1 (rédius of curva_ture)_ .
Threaded holes for mounting on a .roi:afﬁ drum weré férrﬁed at
"four Corners .of' each of the plates,' and _sah_d blasted.
The sand blasted iron plates on tlhe curved protrudent
20 sﬁr:facesrwere seq'uenti‘a'lly_spray COafed'Wiﬁh a éhop primer,
a tar eploxy paint-éﬁd'a"vinyi paiﬁt,a}nd. tiﬁe}réa‘fter coated
'with. various test palnts '(_ci-ry film thlckness 200 um) .
* The thus 'obtaiﬁ:éd."ﬁe"st 'plat.e's. wéré mounted 61’1 a rotary

drum fixed to a rotary test raft placed in Kure Bay of
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Table 12
Comp. Comp . Comp. Comp.
1Ex. 41 |Ex. 42 {Ex. 43 | Ex. 44
| Recipe of antifouling coatlng compsn. 1 '
(pts.wt} ) :
metal-contg. Copolymer A-1 45 45 45 45
zinc oxide 10 10 10 10
talc 10 10 10 10
red iron oxide 2 2 2 2
titanium white 4 4 4 4
zinc dimethyldithiocarbamate
2-methylthio-4-t~butylamino-6- 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 coating
stationary antifouling performance/5 )
marks full score 5 5 5 5
{3 mo. seawater immersion)
stationary antifouling performance/5
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 io 16 10
(6 mo. seawater immersion)
wasting of coating film 3 mo. total 35.5 34.2 40.4 37.3
wasting of coating film 6 mo. total 60.2 67.6 74.8 79.3

* - 30% xylene soln. ofv4,5wdichloro#Eﬂn%octylfisothiazolin—B—one
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rovi [L~ NO Wa"" Nb 3 Mgio HMTable 12 Conp. Conp. Conp. Conp.
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 componenfs 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).



Ex. 41 Ex. 42 Ex. 43 Ex. 44 Recipe of antifouling coating conpsn. (pts.w)
net al -contg. Copolymer 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

di et hyl di t hi ocar bamate 2-nethylthio-4-t-butylamno-6- 55 55

cycl opropyl am no-s-triazine 2,4,5, 6-tggtrachl oroi sophthalonitrile 5

N, N- di net hyl di chl orophenylurea 5 N, N -di nethyl-N -phenyl-(N 5

fl uorodi chl oronmet hyl t hi o) sul fam de zi nc et hyl enebi sdit hi ocarbanate 5
cuprous oxi de pol yet hyl ene oxi de wax, 20% xyl ene paste 2 2 2 2 aliphatic
am de wax, 20% xylene paste 3 3 3 3 xylene 12 12 12 12 propylene glycol
nmononmet hyl ether 2 2 2 2 Total |loo 100 100 100 Properties of antifouling

Coot L aa it ar ! e AR Xdalflf ARLALIROSSLmIRY K9 ) be 98801 o0 ad B | (3

no. seawat er inmersion nar fou I'ng perfo mance narks ful
score 3 SharackerZed (fa thmt theavat &r 4|Orr1mt$ |b§m);vegﬂ1atofonﬁpqlclamm2‘ nokiyhg-

per f or manc S score 2 .no. awat e rsion
adher enc&° ﬁ’éazﬂgaérqn&&)e’ﬁ gy P?rné&%(?é‘ft? Y yvggﬁ{ Vf% g cpgting gy
seawat er chfipditfinon) wasting of coating film3 nmo. total 35.5 34.2 40.4 37.3

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).



wasting of coating film6 no. total 60.2 67.6 74.8 79.3 30% xyl ene sol n.
of 4,5-dichloro-2-n-octyl-isothiazolin-3-one 92 CLAIMS 1. An antifouling
coating conposition substantially not containing cuprous oxide and
organotins, characterized by conprising: (A) a netal-containing copolyner
obt ai ned by copol yneri zation of a palgynerizabl e unsaturated nononer (al)
containing a netal and an unsaturated nononer (a2) capable of radical

pol ymeri zation having no netals, obtained by reacting an inorganic netal
conmpound with (nmeth)acrylic acid, wherein the netal conpound is_an oxide,
hydroxi de or chloride of a nmetal selected fromthe group consisting of
zinc, copper and nmagnesium (B)

4, 5-di chl,or o- - =4 i i.n- 3- - ( L pyrit-hi one
compound, Twher 8 Ao fobling coaf oA i af W @Tihn b B TR DX v

wei ght anbhridterizedipdment okEhdér(Earelacted dfoni tHeogr®p cqmsisting loy talei gihda, ar e
cont ai ned .based op.100 parts by i ght of tal.- containing copolyner (A,
wher ei n FW@*W@%éPﬂﬁﬁﬁfﬂ'Wﬁﬁbmgéﬁgﬁ@%éPm@Kf M€ copol yner conprising 2 to
50% by wei ght of conponent units derived fromthe polynerizable

unsat urat ed nononer,_(al) containing a netal and 50 to 98% by wei ght of
conmponent3 unfhs agbtoulieg cpptsiy corapesitivat ay slamed dpnayeel cliips dapabdile of

r adi cal ' [ o) j; i . ik foulidng £oating
Compogi ¢ PardiBlief 3h (60 GBI WA RGMTRIA) T bt W HHUBRERR 1)
none of btetylpheottidrolis3eonan{B)t aid dpheardl ordiene ocoppounds (C)s isc omitainedbd
therein. 3. .The antifouling coating conposition as clainmed in claim1l or 2,
characteP*¥¥4 in that 1 to 50 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 netal -containing copolynmer (A). 93 4. The antifouling coating
conposi t 1dn akhe paiferlng somp egmpasyiom as chpimed i payaet elaimed i 12hat t he
0.1to 4 ' . =i = 2-1- | =4 i S0t hi i,h- 3- one
(B) i comaichabin 16} BhlvaitliphiouiabbaRd Siiofiel B cpfairkihoh kg 4l

conposi t least.on§. mdtweneaarseletiod | frang thxo gtoup goosistpgseft instal(asthydaylates, metabny of

claim1 t. characterized in.that, 0.5 to 20 parts by wei ght of
4,5-dich@@?%yﬁyﬁd%%¥9?-gyﬂ§’ ?gfgfhﬁ! ? one (B) is contained per 100 parts
by wei ght of antifouling coating composition.

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)



6. The antifouling coating conposition as clained in any of clains 1 to 5,
characterized in that 5 to 55 parts by wei ght of nmetal pyrithione conpound
(© is contained per 100 parts by wei ght of netal-containing copolyner
(A). 7. The antifouling coating conposition as clainmed in any of clains 1
to 6, characterized in that 0.2 to 43 parts by weight of the netal
pyrithione conmpound (C) is contained per 100 parts by weight of |
antifouling coating conposition. 8. The antifouling coating conposition as
claimed in any of clainms 1 to 6, <characterized in that 1 to 20 parts by
wei ght of netal pyrithione conpound (C) is contained per 100 parts by

wei ght of antifouling coating conposition. 9. The antifouling coating

conposi tion as.clai nme of c ai.nms 1 har act d in that zinc
i B ( DPHRSTER eRieRE rhupe Sroud hYRE b Pt borilp LS R BBl 1T on” e
cl ai med cons@kiag 6T QH-a@IBY! €HL-ZE, HOOO@H-CH, HO@Q(}BEIU(SH@)!, pieviged of zinc
oxi de (D) i s contained per 100 parts by weight of netal- containing

copol ynefhat 260 Oﬁﬁnaﬂ@mﬁﬁﬁe@rﬁﬁtf’bﬁﬂi’% coating conposition as clainmed in
any of clainms 1 to 10, characterized in that an extender (E) selected from
t he group consisting of talc, silica, mca, clay, calciumcarbonate and
kaol i n i s conMuieprssentsremetahatom2. The antifoul ing coating conposition as
claimed in any of clainms 1 to 11, characterized in that an organic
antifoul ant agent (F) (excluding the 4,5-dichloro-2-n-

octyl -4- Iass)hhloagmicl achreelﬂae (‘dﬁ)resat?téd lbyeromfﬂél (wiereiirt RE mpeesemﬁun@l €9) 11 S
cont ai ne erein tifouling.co conposition a imed in
any of cleW@(Yi at%lbatéuted elhlg}sa o R RY a%zﬂnﬁﬁ@m s g3l bﬁkafl rat ed
nmononer (al) containing a netal is at |east one nononer selected fromthe
group consisting of netal (meth)acrylates, netal di(nmeth)acrylates, and | ow
pol ymer i zat esn istby eughber equal meé{aipncfeommhﬁgoﬁmettalhﬂg- Lonposition as cl ai med
inany of clains 1 to 12, characterized in that the polynerizable

unsat urated nononer (al) containing a netal is a polynerizable conpound
obt ai ned 1By r”é]aa:hhﬂfgularg couving agtingpositibal ascelnfpednih wayt bf clai®s hl) aer Mbj ¢ acid
in the presence co ol i gani ¢ sol vent angzr ter 15. The

anti f oul ?WC&&&# ﬂ@%@a SRZaLE Bpssiraid FHPORGT G11) CoRToIRiAR 2Bty

char act egdngfgk 4 zaeﬁahﬁlecteh@omm @%ﬂg&h&@:ﬂgw%ﬂér azgpﬁ& ARNPREsit@l ) containing
a metal conprises a netal di(neth)acrylate (al and a retal - contai ni ng
nononer (alt) of the formula: R -COO M L. (1) 95

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, (2)

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

cycloalkyl or an aryl.



wherein RL 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 -COON 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 al kyl, a agcloal kyl, a substituted or
unsubstituted aromati c hydrocarbon group or an aralkyl); -and n-rs the
nunber equal to the val ence nunber of nmetal M- 1. 16. The antifouling
coating conposition as clainmed in any of clains 1 to 15, <characterized in
that the polynerizabl e unsaturated nononer (al) containing a netal

contains a netal selected fromthe group consisting of zinc, copper and

magnesi umgl?. i-foul oat | c sition as iLmed in y of

cl ai s 1WF0 1%@9%%ﬁ§%g£ 3??9%6&¥ﬁ5#ﬁ§P %ﬂggﬁﬁgaﬁhFQYé%I%ﬁﬁ%ﬁe?’(ggj capabl e
of radi caharpddrimestrin 2kdt i the unedrhtad MoPnre (§X)ta@absble ofisidita plyndrizhg@st one
nmononer (a2l). selected fromthe grou consi sting of (nmeth)acrylic acids
Tna( et R ERiRE P TSP Clsi ST B ORG (Foh R/ forilech. o R3) = (2)
wherein R3 represents a hydrogen atomor nmethyl, and R4 represents an

al kyl, .a cyclpalkyl or an aryl. 96 18. The antifouling coating

conposi tion aB QEGGRE ) eny of claf?h 1 to 16, characterized in that the
unsat urat ed nononer (a2) capable of radical polynerization containing no
metal s consists of at |east one nonomer (a2 1) of the formnul a:

R OCO CH( R3) =GHigreii? R’ (apinesersts m hiRdrogep atlesemt methylhystt Rg eepraentnanralkyitayl , and
R4 represents.an al kyl , | oal kl'y or ryl), and at | east one nononer
(a22) ofC?ﬂﬁaﬂ%Pﬁﬂ1%%Dﬁpﬁﬁ%@%%ﬁ&?ﬁﬁgégeﬁziﬁ§§ﬂ%ﬂ%@? Pn R5 represents a
hydrogen atom or nmethyl, R6 represents an al kyl ene, a cycloal kyl ene or an
aryl ene, and R7 represents a hydroxyl, an al koxyl, a cycl oal koxyl or an
aryloxyl). 19. The antifouling coating conposition as clainmed in claiml15,
characteri zedyi | ;kg& t al - cont at.ni ng copol yner (A) is a copol ynmer
conpri sing 09% ?%Rngg%o ycagight of a%@nponent units derived fromthe
metal di (neth)acrylate (all), 0.1 to 49.9% by weight of conponent units

derived fromthe metal -containi nononer 2).¢srepresented. by the
formira (1 GlreBER® cobaen S hylel AGM GrahaRE RS rERFERS ey Pt dom t he
unsat ur a¢yethalkytne B kn e EneCaiaR! Rprkbertas hidbx POy MRE M bRoal@RYPéMNI Ng NO

metals. 97 i, 20. The antifouling coating conposition as clained in claim
18, char@c¥¥PX¥dd in t hat

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.



the 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

nmet al - cont ai ni ng nononer (al2) represented by the forrmula (1), 0.1 to
97. 9% by wei ght of conponent units de7 ved fromthe nononer (a2l)
represented by the fornula (2) and 0.1 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 <clainmed in any of clains 1 to 20. 22. A marine vessel or
underwat er structure characterized by being covered with a coating film

pr oduced o] ; i: j - i:fion a i i of

ol ai e 1 1% 20r FuObadpbilc R of ORAT h cBlin? s EhBuBiet b B 01 g
cover ed ietthetal-aootainingcdpolymer 0A bid ucepolymontdnyeisanet 0. tudd. g by ceighn gf
conposition as clajned in.any, of clains tq 20..98 4. A net hod. of
Fender i ngonpdief Wil TELuR] "SRR mef A @R el DeB e Tand i 4o Sty welen?

char act ebf z@tbdaynta@wie demgddrdi teat@alon iRl RoNSH&Eh 1 D reprogatedal ke
structur? mnggja coatin flln1froduced fromthe antifouling coating
conposi t FHY 13104} 10 -1 by i ggF of eqmpongnt pngty derved Srpm thempanier 21} ender i ng
a fishi nga8afieOby HeRMGaNe] affh.1 199 ovPpy GRALRGE s&g&?@ DinitsCRieEd N9 2
surface of fishing gear or fi1shing net Wlt¥‘| a coatin |flm produced from
t he ant fbouthe mgneren (p?22) repessotsid by dre fasmdh &)red in any of clains 1 to 20.

21.  An antifouling coating film produced from the antifouling coating composition as

claimed in any of claims 1 to 20.

22. A marine vessel or underwater structure characterized by being covered with a
coating film produced from the antifouling coating composition as claimed in any of

claims 1 to 20.

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.
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24. A method of rendering a marine vessel or underwater structure antifouling,
characterized by covering a surface of marine vessel or underwater structure with a
coating film produced from the antifouling coating composition as claimed in any of

claims 1 to 20.

25. A method of rendering a fishing gear or fishing net antifouling, characterized by
covering a surface of fishing gear or fishing net with a coating film produced from the

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



