Description Title of Invention: METHOD FOR PRODUCI NG ANTI FOULI NG COATI NG
RESI N DI SPERSI ON 5 Techni cal Field [0001] The present invention
relates to a nethod for producing an antifouling coating resin dispersion
using a water dispersion type netal-containing resin. 10In particular, the
present invention relates to a nmethod for producing an antifouling coating
resin dispersion which can forma coating film preventing adhesi on of
underwat er organi sns and seaweeds to underwater structures, fishing nets,
and ship bottoms. 15Background ArtndL@8dbn A coating filmformed of an
antifouling coating exhibits an antifouling effect caused by elution of an
antifouling chem cal conponent contained in the coating filminto sea. \Wen
a coating filmformed of a collapsible 20antifouling coating using a

r osi n- bas@dlecafripeantibn; 81k THEOEEOR ARSEACNCAN IR PeNGE@ATINGe the p
roporhon of an elution conponent decreases sr n Therefore, the surface of

t he coat i RESINI IASERRGEINUNneven, which significantly reduces an effect of
preventi ng adhesi on of organi sms such as mari ne organi sns. [000. 3]

On theb ot her hand, the surface of a coating filmfornmed of a self-polishing
type antifouling coating is gradually renewed (self-polished), and an

anti f oul i A§CRIAPIOTIEIE i s constantly exposed on the surface of the coating
film Cbnﬁﬁﬁﬂﬁntly’ an antifouling effect is exhibited for a | ong period of
time. 5Ho , these coatings contain a |arge amount of various organic

solvents such s SRS IR SR8k B AR SOV HIBRETLIIP 0 S5
Organi o Comm il PERBLAMN LOAIY wARASiShes BRI soMldahigaRraRt | foul i ng

coati ng, € an an I'Ng coatlng conposition ~contains a
resi W,&OWHPE?&JbBF&r,Ctﬂgtpﬁé@é InGerfted BIEY Y ietBHIbr HoattHGHmAI Ni ng group
in atermnal part of 'a side chain as a vehicle is describéd in Patent

Li ter at ur andfoulify cOHtind@ Rshir Bispefsile aMidHPesh Riint eoaBi@iiinabaiventihg 0005]
An aqueous antifouling coating conposition which contains a resin

cont ai ni ngdReglon @ @RterRital orgamiens afd basiveedenponddiwatadstanctatesphol - based
conpound is proposed in Patent Literature 2. As the divalent netal, ammonia

and ami nefigiag thess randeshiado@omszn, My, Ca, and a basic 20conpound. Patent
Literature 2 describes that a resin containing a divalent netal is obtained
Dv poiynerizino a nononmer mxture contain ii polyneriZable [9006] In
Patent Literature 3, aOUl dispersion liquid having a unit having a dival ent
met al 1 ‘and Backgrioundéit ved froma reactive emulsifier is As the dival ent
metal, Cu, Zn, My, and Ca are described. The resin aqueous dispersion
liquidisl¥8ribed, which is obtained by subjecting a m xed sol ution which

O P R e AU S TR o Rt
Lhe o Y refbac Qb at olfofl 87 b Gt B ph s RMTEAY cdrlp R E £8RRINea AT M X1 N9
the coating film into sea. When a coating film formed of a collapsible
20  antifouling coating using a rosin-based compound is immersed in sea for a
long pertod of time. the proportion of an elution component dscreases
graguaily, and the proporion of non-eluling component increases,
Therefore, the surface of the coating film becomes uneven, which

significantly reduces an effect of preventing adhesion of organisms such as

25 maring organisms.,



In Patent Literature 4, an aqueous antifouling coating is proposed, which
contai ns an aqueous resin enul sion containing a carboxyl group and/or a
nmetal carboxylate group in a resin nolecule and having a resin acid 10val ue
of 10 to 300 ngKOH g obtai ned by enul sion pol ynerization, and an agueous
met al conpl ex having carboxylic acid and a netal of a bivalence or nore if
necessary. As this netal, Cu, Zn, Ca, My, Zr, and Fe are descri bed. [0008]
In Patent Literature 5, an aqueous antifouling resin conposition is

15pr oposed, "‘"@r?fhepé’t%?hﬁﬁdatﬂe%‘ﬂz%@é%f%%dﬁn@%%ﬁﬁe&@iQ's@ﬁ‘d by di spersing

aresinin water using an enulsifier as a binder having antifouling

properti e?ohéﬂ]ﬁg s antlfasliiy é@étﬁh'g i§ YraPxlyabaentlyssippeliddyeangant hat the

equi val ent ratio of a carboxyl group and a divalent netal in a base resin
havi ng an aﬁﬂfodllmgbump@ﬁweﬂaﬂlst(ﬁbﬁﬂﬂtﬂwgd io% taetsutface ol tHeoc&ativig hi n a

nol ecul e and/ or 20between nol ecules. As this divalent netal, Cu, Zn, Ca,
and My ar élndebGbnsdmeerliyt abisohifduliagy dfeceistexhiltiedaionadosy pep@@@@]iw@at ent
Literature 1 P132-57464A Patent Literature 2: JP2003-49123A Pat ent

Li t er at ur &loSvev@P20063e 282¢%ays Fanteinta ldrge emand of vaiereoomanopyAvanPat ent
Literature 5: JP11-172159A Summary of | nvention Technl cal Pr obI em [0010]
However, &Heh agiyfend anthalcobel ﬁgdmltquha@d:qaﬁﬂ%héh% BED¥PHPUS 1 is 10used
in a state where the antl;oull , ztl ng i s di ﬁg/gé/g\? a%commnly used
or gani ¢ s§P0@H?*’edﬂﬁé3’%<PﬁP O SHRIngB A G BeE 9‘@% 999 ueous

nodi fication rece desired in environnental sanitation. [0011] Because
the aqueotOTRRY glﬂanboatl ng of Patent Literature 2 contains 15 a | arge
amount of @?q%éc corrpound coordinated with the divalent netal, the basic

corrpound | n a coating film which causes | ow water resi stance and
an adhesi vene ; Auseadthsungact i ve
enul gjlnfl er e aqu uﬁs%'fnér(f{@P ?'Pd&glggzﬁoﬁaég@;gk%%ent Liter atr@?e 3is

used as ag sagﬁ LbblogfiBh WlES ceﬁta%@rp@émr&hpdmwrp@amémmg@ré@nsuch as an
XI erive

al kyi ene o romthe enulsifier are coaui Ala te long-termtest.

rnni 01 t‘Hvagrh H&ata&@ﬁp@@m@mﬁmg grdupnie £eatimg paft &al side chilressbure 4, a
basi ¢ conpoun in a coating filmwhen the aqueous netal corrpAex of

the car bQéMiclecls&ms@nbébm Patet th@miutdﬁdé baaj Cucangdermeidescobgbaaded in
order to conpensate |ack of the dival ent netal -contai ning nononer conponent

i ntroducethea ntadattdterrr,esin in the enul sion polynerization, which causes |ow
wat er resistance of the coating film low long-termantifouling properties,
and 5ah afl@E¥ijveness problem of the coating film [0014]

An aqueous antifouling coating composition which contains a resin
containing a divalent metal, water, a basic compound, and an alcohol-based
compound is proposed in Patent Literature 2. As the divalent metal,
ammonia and amine are described as Cu, Zn, Mg, Ca, and a basic

20 compound. Patent Literature 2 describes that a resin containing a divalent
metal is oblained by polvimerizing & monomer mixlure contalning a
solvmerizabie monomer contalning a divalent metal,

1000863
3, a resin agqueous dispersion liguid having a unit
25 having a divalent metal and a unit derived from a reactive emulsifier is

croposed  As the divalent metal, Cu, Zn, Mg, and Ca are described. The



The aqueous antifouling resin conposition of Patent Literature 5 is
obt ai ned by conpoundi ng and adding the emulsifier to the resin dissolved in
organi ¢ sol vents such as xylene and butyl acetate, subjecting the resin to
10wat er dilution, and subjecting the resin to forcible enulsification. The
aqueous antifouling resin conposition causes a storage stability probl em of
the enul sion because a resin conponent is easily precipitated, and the
aqueous antifouling resin conposition is separated to a water |ayer and a
resi n- contajimiafdeb@y 8ispantors b iidiid Hescribad, Mhidh Bsatvatl @y subiAngS) _

It is an object of the present invention to provide an antifouling coating
resin di spenixkorowhiontwihials cextatd epolstenadde siainhertgondaidinged er resi st ance
in sea water, can exhibit an antifouling effect over a |ong period of tineg,
and has sdivbigminethi, magepcipeemiutsiion shd excepbrictscdding$s selvées. 20 So ution
to Probiern [00101 A method for producing an antifouling coating resin
di sper si opolyferizatipn esdiectingvidatriatymeniesdialiect teedegabipsiopitreginedudi ng a

pol yner (A) containing a divalent netal; and dispersing the polynmer (A) in
a di sper sNeRESHRAY.[ARCHHtiRg Hismpolmesized obiect Mt WAt of wat er and” an organic
sol vent, wherein the polynmer (A) containing a divalent netal is

obt ai ned B%poglllbj ecting 1 to 40% by nmass of a dival ent-netal-containing

hyl eni cal | I 10.8% by..
Eér boxy1 - gr oﬁﬁﬁ‘g%?ﬁtnﬁ{tﬁﬁe%u%%‘ﬁ@”f B & 99Wh§%¥9851{?8¥t%®a%3°ﬁ§&r%$ed('azé 0 to 40%
(o) ana s 30 RSP aRME Yo BE 3 rononer

(a4) to Sghi@k%%@%%%dé@@e%@@awm% P&Qiﬁimo?é?.gé Al edvind g lrdglR®cigwo or nore

stages. 1 ageous ( I Invention 017] The present
i nventd on,gag @reViIR) BT 0B thM@daRaEMBiSrepbRNTErRE6S | ot afi ch has
excellent storage stability and water resistance in sea water, can exhibit

an ant i f oghi88uLHRSIcRNSIEX DahPRLRBOXIE fid bhie metd ohasiddieetd epol i shi ng
properties with excellent adhesiveness. Description of Enbodi ments [0018]

A met hod tedrept eshesisag, amaiis el 0o, ZoaCaniy, &5) andiFeEee siesorilugd.t he
20present invention includes the steps of: containing a diva | cnsnersing
the a m x{@0@)of water and an organi c sol vent, whereinpolyner (A)
containing a divalent nmetal is obtained by 25subjecting 1 to 40% by nass of
a di val ent - metimPatenitidienatuge 8t Ay leaneous Eyliipwdiag uesit SOrmasHiIRES(al ), 0 to 8%
by mass of a carboxyl - group-contai ning ethyleni cany ucﬂ at,ur at ed nononer
(h2) 1D { OrarmYRy WHEsCONBHSTAIRGNSO U Gl EGHEPT PRIRENGY AIPELTNY

unsat urated npnoner (a3), and 99 ,fto 22% b m?%s. of awotlher et hxl enically
unsat ur at 8deFEnaEte] HaNota SHU i"%fr?sp%i)y%@rri NI RVHGRICPF! S Page whi ch

i ncl ud . t ..5[ 0019 i t - Met al - i

ity en; ol By o R 21ad FRGRART Srygture TofNarhre gt R b PagH

di val ent - net al ; t.ai ni th i. L) d

dnd of 1 e SERUERAAD G LA enmEBT I dRte PRI 7 abid 00 B° 3

to 40% b d Q . f ot th

(a1 o IR B RS RY 5B 30 B 1S ufiPhEle mOHRERIHnRer Lhe monorer s
20  between molecules.  As this divalent metal, Cu, Zn, Ca, and Mg are
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(A). The amount is set to 1% by mass or nore, to apply better

sel f-polishing properties to a coating filmto be fornmed. The anmount is
preferably 5% by mass or nore, and nore preferably 10% by mass or nore. The
anount is set to 40% by nmass or |ess, to produce excellent bal ance of
adhesi veness 15 and hydrolysis properties, to maintain | ong-period

sel f-polishing properties, and to further inprove an antifouling effect.
The amount is preferably 25% by nass or |ess, and nore preferably 20% by

mass or | pgent LRO28lreld: e ophefer-apl e that the dival ent-netal -containi ng
et hyl eni cal |y 20unsat urated nononer (al), which is a nononmer haying a

car boxyl paRuwe!terad@de-TQmPaiorLIRR4gshy| enktaily ;Jr; havng two unsat ur at eci
and/ or a dival ent-netal -containing ethylenically unsaturated nononer (alb)

r epr esent Pdtdy L ithetdrel 4. dM2090ge08s28IA fornul a (!). CH2=C(W-000-M R2 (1)
(wherein, I\A representsrepresents hydrogen atomor a nmnethyl group; and R2
r epr esent Batamt bitganire SaciFd k€82t [ 0021] At | east one netal selected
fromthe group consisting of My, Ca, Zn, and Cu as the dival ent netal
contaitned in the dival ent-netal -containing 5ethyl enically unsaturated
nononer (al) is preferably used fromthe viewpoint of solubility of the
netal to wefERary§ mEptioand zn are nore preferable fromthe vi ewpoi nt of
transparency of the obtained polymer (A), and Zn is still nore preferable.
The net al Ee‘ﬁ"é{yc@ Q8@ singly or in conmbinations of two or nore. 10[ 0022]
Exanpl esn@)f bze nononer (al a) include (neth)acrylate divalent netal salts
such as &1 ium acryl ate [ (CH2=CHCO0) 2My], nmgnesi um net hacryl ate

e OB MM MBI
e Y R QR T

sel ect ed bigNRCERIENY, TRl édl@om@(wmg(cﬂiesa)ot@ﬁis@eamsqdeomng them zinc
(meth)acrylate 1s preferably used because transparency of the polyner (A

obt ai ned RhdARsEbY réeshtgalesiredi iE &invbonimentbl ghnitatieh.hue of a coating film of
an antifouling coating tends to be beautiful, Herein,

"(rne, 11- )acirtgansryl ate" or "rnethacrylate", [00231 The nononer ,a) is
obtai ned by n nmethod for reacting an inorganic netal conpound and a

car boxyl - gr oupecansaiiv aguetusydrifocing goatingeefiurateatiLikeRbirer ¢eainéxanpl e,
acrylic acid and nethacrylic acid) in a diluent such as  an qr&gni C
sol verit, edargerameuntvaf tdisiveemphund cgowlipyed vath thavalgRsRe# at6d group and
the like. A reaction product containing a nonomer (@I&@g‘% com?onent obt ai ned
by the nebhsig cospsusdds daft B eealiag liinhavhigh CaLsRs |9 RS | ent
conpatibility with the org)a i C so% ent @gr g.not her 5nononer, and can be

easi |y poPPH&N SIVERESE RARRIPBHOT WeH0SIBE ANy performed in the presence of
wat er . ThEOCﬁ ntent of the water in the reaction product is preferably set
to a rang 10.01 to 30% by mass. [0024] Exanples of R2 (organic acid

residue) of t nononer ... D) i . tgﬂﬁ | fr ; val ent
organic acidsQgﬁ@HS%gh%ﬁ%%%Wg5WQg§@g?§1%%i ) g%%%?ﬁmggglaggﬁgggﬁid, acetic
aci d,., pr opi.oni,q yacid . 861 L1 -ac] dh NRKSAL) 6 AGK o RARhEAN SrRGHE,

pal m A1 ¢ E‘g?ﬁ*ﬁ%t%@g%m %ﬁ%ﬁggéﬁ?&g L EondiRi e SR B PR BT R TPy |
benzoi ¢ aglfy oheidn2 T HERELALORNERNOXYACLL |G BEIGau2idr a6tk Gl iar-ophenoxyaceti ¢
aci d, quinolinecarboxylic acid, nitrobenzoic acid,

15ni tronaphthal enecarboxyl ks ackger andsiputyibnbigeachidhoTheseg éan ibe
appropriately selected if necessary. Fatty acid (aliphatic nonocarboxylic
aci d) - basedhg-gsirdees such as fatty acid-based residues having 1 to 20
carbon atons are preferable fromthe viewpoint of obtaining a coating film
capabl e ofpradventing cracking and peeling over a |long period of tine and

25 in the aqueous antifouling coating of Patent Literature 4, a basic

compound is left in 2 coating film when the aqueous metal complex of the



20havi ng high durability. R2 (organic acid residue) in the formula (1) is a
remai ni ng portion except'froma earboxvi group of an organic acid and is
ionicaliy bonof the proton [0025] Speci fi ¢ exanpl es of the nononer
(al b) include magnesi um 25nmonochl oroacetate (meth)acrylate, cal cium
nonochi or oacetate (rneth)acryiate, zinc nonochioroacetata (neth)acryl ate,
copper nonochl oroacetate (neth)acryl ate; magnesi um nonof | uor oacet at e
(meth)acryl ate, cal ci um nonof | uoroacetate (nmeth)acrylate, zinc

monof | uor eaaRkafiECalilBink) ALY | HdPtheARRREELMBOOA UOENASELRdE (M&dB) acryl at e;
magnesi um acetate (neth)acrylate, calciumacetate (neth)acrylate, zinc

Sacet ate (dethpassateaick ofdtppRRVal@sEhat=t-coOnelifihaenyiaher; coragoesitum

propi onate (nmeth)acrylate, calcium propionate (neth)acrylate, zinc

pr opi onat ét{oueichd acto thatesin dofheesmplsipi polgnerigatom)velicly lcatiees lgnesi um
octylate (neth)acrylate, calciumoctylate (neth)acrylate, zinc octylate
(et h) acr waktreesistpperofdoe ghatieg (lhmtlbgvdomgl%manmmgiﬂ@Pmﬁam@%aﬁf@t e
10(neth)acryl ate, calciumversatate (nmeth)acrylate, zinc versatate
(nethﬁhcryh&m@eswepﬁeapmﬁ%@nuﬁﬁ@eGﬂ@@mgwﬁiylate magnesi um i sost ear at e
(meth)acrylate, calciumisostearate (neth)acrylate, zinc isostearate
(neth)acrﬁ? copper isostearate (neth)acrylate; magnesiumpalmtate

SE?%E% Py acryl dte Caa%éb;g‘@@gqq@qggg@ ?’?q#@e;:%e S P LBl B esotace
(et 1y acr pPReEe B85REPOPAER RS ER hh%%fﬂﬁs*ﬁ‘ér%&éé PR oat e
ot 1) 2T Y sGRE RS IR AR A2L Ry GIRN MBEIY] lfoctiitfedosAnb! 0ot o

(meth)acry copper a-na )acry nesi um ft-naphtoat e

tz)gl( m&;) i‘g&{é@&uﬁgnw %ga@ecgaggmeo@ésﬁq {d%w%@%rﬁh@tf@atuéh NcTRe napht eat e shim

zoate (neth)acryl atemagnesi um 2, 4, 5-

trichl oroghgeexy ﬁﬁ@fb@ﬁﬁ‘g Eém hyapbkltidheausab & dtBradestability problem of
trichl orophenoxyacetate (nmeth)acrylate, zinc 2,4,5-trichl ocophenoxyacet ate

(met h) acr m@émum@@@@éa@geo@h@mm&qﬁr@he:she)mwraecapztatedagnemmm
2, 4-di chl or ophenoxyacet at e (neth)acrylate cal cium 2, 4-

di chl or opheguesyaaatifatiing retih caspsiion, is separa?ed ialaoviter Byheaos gacet at e
(neth)acrylate, copper 2,4-dichlorophenoxyacetate (nmeth)acrylate; magnesium
qui nol i nea:esabmoyltaamieg(kﬂw#e)mhmﬂda‘te@l dwiigpesebqiionol i necar boxyl at e
(meth)acryl ate, zinc quinolinecarboxylate (neth)acrylate, copper

qui nol% ne¢@PYdxyl ate (neth)acryl at e; nagnesiun1nitrobenzoate

(neth)actylate caIC|un1n|trobenzoater%§mth)a ﬁlateiﬂéiqc nltrobenzoate
(met h) acryl at et iscppaectplithepepsenitiavaitenipaipyig s antighig rating

ni tronapht hal e ecarboxyl net h acr | ate, ,ca

10ni tr ona;ﬁ?ﬁ‘ﬁ ‘QF‘W&" g?é e(xpr@%q{}t Qr@ggtséé:b htlyr?@rg water resistance in

2!??%2282?%%: %E%%%%q an%ﬁﬁ i Pgﬁavern%&%ﬁspemﬁdp%ﬂflfv@%a%d
(et ) acr P Fse oty RREEREANaPEnes ", "o o1 more,

155w;¢bly selected if necessary, of these nononers (alb) can be used.
Among them the zinc-containing nononers are preferably used because

t ranspar engy, ﬁ@f”?t“h;eﬂ ht.ai ned resin conponent is high, and hue of a coating
filmis beautlfu Furtherm)re fatty acid zinc (nmeth)acrylate (M of the
formul a (IQ,{A@ Zi nc and R2 is a fatty acid residue) is nore preferably used
from 20t he vi ewpoint of durability of the coating film Herein,

" (met h) acryl ate'ndteanso:"sonfibiat e antifb mitdacatiicatesi{ 08R6lsiAThef ionomer (al b)
i s obtained by a met hod for reacting an inorganic

G IS !‘wvnmhmn uﬁ.r\l zr-lr'\f" 'H"\{‘\ z"-%.a\pr.‘“ r\’F

F

25 producing a polymer (A) containing a divalent metal, and

dispersing the polymer (A} in a dispersion medium containing water or



meta conpound a carboxyLgroupconta! ning ethytenicaliy unsaturated nononer,
and a non-pol yneri zabi e organi c acid corresponding to the organic acid
residue R2 in the formula (I) in a diluent such as an organic solvent, or
a reactive diluent having a polynerizable unsaturated group and the I|ike.

[ 0027] Combi nation of the nononer (al a) and the nonomer (al b) as the
di val ent -net al -contai ning ethylenically unsaturated nononer (al) is
preferable fromthe viewpoint of maintaining self-polishing properties of a
coating filfhhiRelf JREME bRbrganieRENRAET 0d of time, and sufficiently
wasting the coating filmto obtain good antifouling properties. In

particul ar, cedrgatthehoBfiméi (A9 coredifihger yivalket artalilie obtavaseby (al a) with
fatty acid zinc 10(neth)acrylate (Mof the formula (I) is zinc and RR is a
fatty aci dupjestitya)toa®% be namoniex divaldmt-netaicortamingf ethglenecally 0028]

In the case of conbination of the nononmer (al a) and the nmononer (alb) b)
as the di vabenratedtrabraoat @] Gitp 8Vhy erdssalflaycarhesthgravedondisigr 15 (al ),
the nolar ratio (ala/al b) of the nonomer (al a) and the nmononer (alb) is
pr ef erabl ptydenicalyaunsatgatest moowoeri(a2p 6/ tect0% iy masae! a AydwXyhl a/al b) is
preferably set to 90/10 or | ess because a coati n% fil mij&%vi %%30}) tter

cracki ng gexiscontemingathvipnicalyarsaiurpedBeaPRsd (298 oEP %P0y i s

preferably set to 10/90 or nore because sufficient, self-polishing
properti e§as %f%‘?‘?r@hyiﬁf‘}?@%Uf‘%atHéatPSrrP@?Pm@r {‘]?éj’l)rstu? §P[H§§”for a | ong

iod of time. The nolar ratjio is.no f.or ahl /8e to 80/20, and
CE1 17 ori mevriebpan ¢ e imtagy WhiTbobisd pg stare ABbE O L0 TS &

m xture containing the nononmer (ala) and the nononmer (alb) can be obtained
by reacting an inorganic netal conpound, a carboxyl 2.5group-containing
et hyl eni ca| f v @anNd a non- pol yrnerizable organic acid
correggon%dﬁén@{ﬁﬁg Eﬁeggsn?ﬁ%g |l:|10n the formula (1) in a diluent such as an
organic s%%p;r]t, or a reactive diluent having a polynerizabl e unsaturated
group and'the’like. [0030] In this case, the anount of the
non- pol yner i zatHeep RaainGeaGdtlcas Bebiide BRE@titrabycosthg tesia range of 0.01
to 3-fold nol based on the inorganic netal conpound, and nore preferably a
range of Qidpkréioniabh hak éxoeilent Bheragestatiilitpfancheateo repsibpoein sebl e or gani c
acid used is preferably 0.01-fold nol or nore because solid deposition in a
nononer mivdter, eapreodhiti ag astiepling effeppows selong aediodaftting1dansthaty properti es
and cracking resistance of a 10coating fil m becone better. The anount is
pr ef et abl wel-gaiistingmroperticeygtibexcalleat apnes wNGSSg properties of the coating
filmis maintained for a | onger period of tinme. The amount of the
non- pol ynmeri zabl e organic acid used is nore preferably 0.1 to 0.7-fold nol.
[ 0031] 13As descri b?%&% ater, agn when t he dival ent-netal -containing
et hyl eni cH9SErRHIRY "W&RBer (al) is not used for a raw materi al
during sy%&e@]i s of the polynmer (A), a unit corresponding to (al) may be
cont ai ned ! he polynmer (A) by sequentially performng the following itens
(i) to (iii): (i ubj.ect nNo e
car boxyl - gr oup{g E%%Eaﬁqﬁ?rn‘a"%gmﬁmg%ﬁ‘%?w g%éstgﬁjrre aﬁg@@ﬁgﬁ%@ 22) as a
first .sta . I, ; i St.s naled ON; r ohta "ecin
the tfat gﬁggg‘%wéﬁ%g@&dﬁb%lhgﬁé tlﬁr%%%%pstaéc‘)c' introduce a divalent metal into the
pol ymer of t heii}i{f)l(i[léétl"‘s{'iésc}f 896mAangy Lhkkiauhard 8- FORRERY zid xture (h3)
cont ai ni ng the carboxyl -group-contai ning ethylenically unsaturated nononer
(a2) as a second,stagetawmaterial J @is@@%ﬁkﬂdwﬁz&;ﬁge cpolymerivzati on in the
presence of the react’ion product.” [0032] [ Carboxyl -G oup-Containing
Et hyl eni cal hyviunsat waat edaNonemenid aaydnt, The amount of the
car boxyl - group-cont ai ni ng ethylenically unsaturated nononer (a2) used as a
kind of raw makesiat twhenlypreepal togattiey paliyatent hjalsi sbiséedtoy a range of 0
to 8% by mass based on 100% by mass of the total . ,

25 subjecting 1 to 40% by mass of a divalent-metal-containing ethylenically

unsaturated monomer (a1}, 0 fo 8% by mass of a carboxyl-group-containing



anount of the nonomers (al) to (a4) used as raw materials of the pol yner
(A). The anount is preferably 1% by mass or nore fromthe viewpoi nt of
excel l ent storage stability, and nore preferably 2% by mass or nore. \Wen
the amount is nore than 8% by mass, viscosity of the polyner is extrenely
10i ncreased, and water resistance and adhesi veness of a coating filmare
reduced. The anmount is preferably 7% by mass or |ess, and nore preferably
6% by mass or | ess. The carboxyl - group-contai ni ng et hyl enically unsaturated
nmononer ( L S ' ﬁgﬂ% oy [PR38]

carboxyl-g%éﬁ%@géit%ﬁ%ﬁﬁgﬁ%g yleﬂﬁggkﬁb unsatﬁr teggﬁgﬁ%ggén%gg) i ncl ude
MONONEr S Qo RRBORGTHifg @6HyAksniQAllydadl Gt i oRitadp amBtdRRr 3% byaci d,
acrylic acid, crotonic acid, vinylbenzoic acid, fumaric acid, itaconic

aci d, mal ehgsP6i shotaardetbllehRedpiudsatirgiedandndmpogst)es sobftiodi basi ¢ aci d or
aci d anhydri de nononers represented by nononet hyl mal eate, 20nonoet hyl

mal eat e, mpohoberiadtionnalaeatiti-stapaeditlyinchrlesdtve, ormpoenstbhgs. it acon ate. non
cm by taco natetutyl it aeon ate rrionoodiyi itaconate rilOnQtFria rate,
cc onoét hl[0@1f]nar at e nonobutyl |umarate, nonoocty fumarate, nonoet hyl
citraconate, nonohydroxyethyl tetrahydrophthalate ""droxyprb' py!

t et r ahydr ¢dRhveleitddetal-Gentyiniog Hiaylenicalywnealyated phergmet éﬂﬁhhydr opht hal at e
(meth)acryl ate, nonohydroxyethyl phthalate (nmeth

f i inin %ﬂur%l Et ot r :
B ety derd &L TPl e f SRR TEcl ot
?Dn?ﬂydroi?%?%@?pﬁaﬁﬁé??ﬁ@ﬁgkﬁﬁégﬁ?WéP@?naﬁﬂgﬁBﬁ% .Fﬁwﬁﬁﬁ%ﬁypeﬁgzeQEe

met h) acry| ate _an e e e or or. S ed i

necessar y,}'lS 8?tett°hae58é19<?a?1f Jbgo %J%(%)(}Jy %@6%%%@—@%@% %&rﬁ%%é %foﬁt% é?ﬁ ng
Et hyl eni ca) .
hyd?/o;g: ?%rﬁ%upaggﬁ%ﬁﬁnﬁgj%ﬁgﬁ% @%f?"%’/e%ﬁgar?ﬁpg?%g@%féﬁ%ﬁmﬁr used as a
i nd of T .MBHRE bRloUN R BNaE b)GnadieoPRlrimb doply betedeioighignge of 0

to 40% by ss based on 100% by ss of the total IO0anpbunt of the nononers
(al) to (gfdpiisied tda doaingBlarth deSofhed heTRE yi®Int (Fprefdiadly 5% by

hydr oxyl - gr oup- cont ai ni ng et hyl eni cal | y unsat urated nononer (a3) is
optional c¢esgooemore HIRI oR Btefesabdet 0%obyatdsbyormasie. o Neemaourttier eby wat er
resistance of a coating filmtends to i nprove and excel |l ent adhesiveness is
provi ded. sEhé 4%y misssprades, abpyoR Q% dycetiastsbaantesbadhdsiangssor e
preferably 20% by mass or |ess. [0035] Exanpl es of the |

hydr ox§| - gmeluprcoolysisi propgrtieshid mairdain! lgngrnesiod selfapigbNgrsPPe sy, i ncl ude
hydroxyl group-containing (meth)acrylate ester nononmers such as

2- hydr oxyétiyie furbenierroye anantiouigrefigntr ophe apt U ihprederpblt 5%

3- hydroxypropyl (neth)acrylate, 2-hydro utyl (meth)acrylate, and

4- hydr ox. WWYUT@FS Oriass) and ragrietere |&Q@%%¥Ir¥a§9n°1 '@ﬁé oxi de, propyl ene

capr ol act 5§ nd the like; dimers or trinmers such as 2-hydroxyet hyi
(nPth)acrj £& and 2- hydr nxypropyl (neth)acrylate, a nononer having

25plurality of, hydrox rOURS. SuUc s glycer.ol . C ate; and

term nal hydr o'§<&ﬁy%ﬁe?‘%/%h{eg‘é‘aEﬁW@y@%’ﬂ%Pg%%%%%(%@g’é‘{f@g@?@e@?‘%\yﬂPene gl ycol allyl
ether, . propylene gl yc [l _ether., . , nyl ene IC ‘. et her,
poIyp?8pyﬁg§§h§?§%gW%§3hV%(éiLégvaéﬁﬁggﬁ*ﬁﬁ%ﬂ;&%ﬁggglégg#ggé#¥gropylene
glycol ally...ether..One or. two .or npre, sutablyseleetied i f necessary, of
t hese m)no%{r%ﬁggEgﬁﬁ%?ﬁ\sgc{?“}%68@%@[%%0?%&{Qﬁ%§%gn?1§%ﬁﬁ§/ unsat ur at ed
Mononer  Unick 684kl unsaturated monomer (ata) having two unsaturated groups

and/or a divalent-metal-containing ethvlenically unsaturated monomer (a'h)

epresented by the following general formula (1),

R



The amount of another ethylenically unsaturated nononer (a4) used as a kind
of raw material when preparing the polynmer (A is set to a range of 99 to
22% by nmass based on 100% by nass of the total anmount of the 10nononers
(al) to (a4) used as raw materials of the polymer (A). [0037] Anot her
ethylenically unsaturated nononer (a4) is not particularly restricted as

| ong as anot her ethylenically unsaturated nononer (a4) is a nononer having
a polynerizable (C=C) doubl e bond, unlike the divalent- netal-containing

et hyl eni cahbihyneabubad &8 rEPRRBATLs d@blgarfi®acigaebigxyl gr oup- contai ning

et hyl eni cal | y unsat urated nononer (a2), and the hydroxyl group-contai ni ng

et hyl eni cappy1junsaturated nononer (a3). The polyner (A) has a unit derived
from anot her ethyl enically unsaturated nononer (a4), and thereby excellent
bal ance of fl extilbastidng meta satictad fost teogpupeehsisgng of Mgy, dlsceln, 20and

| ong-period self-polishing properties of a coating filmto be formed can be
produced [0038 as the divBlentphetsl obnfamerhsrthe divaleniineetal-goniadstdr at ed nononer
(a4) include (nmoth)acrylate ester nononmers such as nethyl (neth)arrylate,
et hyl Pretathdenighbit ensaturaiehoxgnsrngi (a(inig preferebly uged frandba yigyrat iyl
(meth)acryl ate, butoxyet h%/I (meth)acryl ate, butoxy diet hé%onﬁégl col
(r nei Nacr Af spbibilitygf Hisiypre qut‘éW@}@fené\n@’lc}@oﬁnth@taﬁ%éﬂﬂrﬁlpé raie Xy

S?Lﬁié?ﬁ'yﬁﬁéx 'yc‘?r'éttq(fg%n%%‘? r éai‘c%fﬁhat%g,ar?ﬁ?%frﬁ%%ergﬁﬁé%‘%iéi% A |
(et ) acr JTAEreT B0 YA RS ey Bl o MRelndidlR gty

(met h) acr y(%r%é:’r'e o- met hoxyphenyl et hyl (rmeth)acryl ate, m nmet hoxyphenyl et hyl
(et h)acryl ate,” p- net hoxyphenyet hyl (meth)acryl ate, n-propyl

(et h%@m {)@@% i -propyl (nmeth)acrylate, n-butyl (neth)acrylate, i-butyl
(meth acry ate, t-butyl (neth)acrylate, 2-ethylhexyl (neth)acrylate, |auryl
(et h) acryl at ez x£hBRE Y thdBidhorsdaabpinchekRemydthRiyatediagient afetal benzyl
(meth)acryl ate, phenyl (meth)acrylate, isobornyl (nmeth) acrylate,

cycl ohexylsa{tsriuibhagrathgtéesiugl yaydye [(CrtOHCOP) Mg, nagresiuon oet hy
(meth)acrylate, and perfluorooctyl (meth)acrylate; primary and secondary
ani no gr oupethanhdatei [(QH QI HHOODRMY] seadtiuasadiviaie HRiHheEtHKyDO):Cal,
(meth)acrylate and (neth)acrylam de; tertiary am no g%r oup- cont ai ni ng vi nyl
15nonomer sadaicin rasthdicnpa ey G PO ET Hy) C Qe adng peryiate di et hyl ani nnoet hyl
(meth)acryl ate, dinet h%l am nopr opyl (net hgacrgql&at e, di met hyl am nobut yl

(et h) acr J(Glle=CHCRR pY ahizinsengshaqryleten) @t 7t He 'd:) CH el Ay I CORPRD et hy |

(et h)acryl am de, and_di met hyl am nopr opy! é t h) acryl am de; heterocyclic
basi ¢ monctEy'atesiiehl2a8 HE AP and GBH&% PERACH®®di ne, and vi nyl car bazol e;

éfcfil ont 1 ﬁ?ﬁ%%”ﬁ@ﬁ?@@ﬁﬁgﬁa -J%é%ﬁ@o&%@%ﬁ’%ﬁfﬁﬁﬁﬁ%{ﬁ%?%i"%b%%%ﬁ%@ﬁ’ ferm;
et Lgiigﬁi’%ﬁéﬁwr&?@%f@iéi ki %[ueséefdﬁe%ﬁ%@ﬂ"@f&%ﬁ@@k*ﬂé}hé%%%&?E:So| allyl
ol yeol - pol ARy SREeJRgsE AT FoeRriokro AR oo S R RS P ot y ol -
pol yprapyl.&y nocﬁj. %@?x‘neﬁ%ﬁf&nﬁ@géé a@?‘ﬂu@ﬁfﬂé&%b%ﬁ'odffﬁ?ﬂé’zﬁ‘f%@n@%h as

et hyl ene gl'yc e acr et hyl ene gl yco i (meth)acryl ate,
triethyl erlé%:nﬂtn%’;(%@@!mfg@k( nethhasty! atigsipolyethytengcohyeok "difmrthyacryl ate,

1, 4- butanedi ol di (neth)acrylate, 1,6-hexanediol di(meth)acrylate,

neopentyl -glygol-gi:fmeth)acryl ate, 1,9-nonanedi ol di(nmeth)acrylate,

1310- decanedi ol gdi (meth)acrylate, trinethylol propane tri(neth)acryl ate,
pentaeryt Hoopsl tetra(nmeth)acrylate, dipentaerythritol hexa(neth)acrylate,
allyl methacrylate, triallyl cyanurate, diallyl naleate, and pol ypropyl ene
gl ycol diaryl &nhercnoOne (orlah wooloeinmt ey asubthabilfyr welctog e nfronetessary, of
these can be used. [0039] 10A reactive emulsifier functioning as an

enul si2bi ermdis icngippoiny neerd z atitenyr-gati-om)tapdppEiaricel wiseh!ratesononer ,
and formng a constitutional unit of the obtained copol ymer can al so be
used as andtheicelivyeningdt. |acrdivsatidratedehenofeac@4y & YhEr! tHE facti ve
enmul sifier is introduced into the polymer (A), a unit derived fromthe
reactive enulsifier contributes to 15i nprovenent in dispersibility. [0040]
As such a reactive ermulsifier, a surface active agent having a radical

pol ynmeri zabl e doubl e bond (C=C) between carbons can be used. Preferably, a
noni oni ¢ surface active agent or an anBonic surface active agent 20having a
radi cal pol ynerizabl e doubl e bond (C=C) between carbons can be



Used Exanpl es of the reactive enmulsifier include anionic reactive
emul sifiers such as "Antnx Vi RRO' manufactured by Ni ppon Nyukazai Co.,
Ltd.: "Aguaron HS-05", "Aquaron HS-10", and "Aquaron HS-20" manufactured by
Dai -ichi Kouyo Seiyaku Co Ltd "Adekaria Soap , SE10", "Adekaria Soap 5210",
and "Adekaria Soap SR20" manufactured by ADEKA CORPORATI ON; and "El em nol
JS2" manufactured by Sanyo Chem cal Industries, Ltd., and nonionic reactive
enul sifiers such as "Aguaron RN-10", "Aquaron RN-20", and "Aquaron RN- 30"
manuf act ut, Dai . Lhi Sei ; (v T ga Soa

1Y KOGVOPEIBKR King Bigblymanthbl® unddekaed p
NE1lO", " 5‘@%}8[ %ig'lg?gapeq'ﬁlE%O", ! Rdekarlga Soapg leg)d( and "Adekaria Soap ER10"
manuf act uiyeel, DY ndRR K CORERATOIMbrofNe @inthinhgos nitoerergaitapbl y sel ected i f

necessary, of these reactive emulsifiers can be used. [0042] 10Anobng the
hydr 0Xy|'%ﬁﬂﬁm@ﬂﬂb@iaﬂié@ﬂbﬁﬂb\/h@md‘cﬁis?tefﬁﬁ@lbttr@taaéemmioﬁaB) or anot her
et hyl enically unsaturated nononers (a4), an allylated pol yether nononer
havi ng pogredudt ddis e faityomhp it g wiprtoperyams sbhant bhatotber a

(meth)acryl ate nononmer can al so be used as the reactive diluent when

synt hesi zinmgnhdrher, dindadaarite easisl palpmeaized ngTee adiondalrsfel®uyisat ur at ed
mononer (al), and when synthesizing the polynmer (A). Wen synthesizing the
di val ent - metfarmedrin dimpregesce of wiateral |Thaemieretee WiseoRdhe (adstiodr when
synt hesi zing the polyner (A), it is necessargﬂto charge a diluent such as
an or gani eredyciénprafarabhaseldad raswevddsal 1ad0% PLa®™SFon nedi um However,
the allyl ated polyether nononmer is used as 20 sone or all of the organic
sol vent, &#eE4lher eby the required anount of the organic solvent can be

reduced. and e suoauneelah by can he) et Low malyner () T
(ol y °18°( 9% RERET g ERaaPal GioBh o53h f6eh B¢ locRfibaLa, e, Tonomers
obt ai ned W?ridf[ug)tr?§&@{c%é%egic%ﬁ rp‘?BpitoHﬁ: é@@,%ﬁ‘%{/lﬁ:l A ) vdreafi@ddidused as

raw materi a irst stage polynmerization in a diluent for dissolving the

pol ymer ( '?Qo%’g@artié‘ﬁci_@,r B3RNGCalH, BrdaRhPAdid alin@Bhindid A6itiop-naphthdit her eaf t er
subj ecting the remai nder of the nononers (al) to (a4) to polynerization of

the seconGcNthesibrESMIGN 4F-aREOropROYSIyathtic poldy@sy- (A) is preferably

obt ai ned through solution polynerization in a nmulti-stage which includes
two or norecibRpEenbredadicngid heissleesadioxils abjde oitiabgnzhie andhomer mi xture
(bl') containing at | east one carboxyl-group- containing ethylenically
unsat ubat ediromeythtealeqalarboaygohciti and polymeeiciktat i ldwseaam Buibj ecting t he
nmonomer m xture (b2) containing no carboxyl -groupcaontai ning ethylenically
unsat ur at exppropiostely edegted ifnadessany alfaity. e éai'm@ﬁlairﬂ?wag?w"eni cal l'y
unsat urated nononer (al) to solution polynerization, 15f romn%d;e Vi ewpoi nt

of st or ageacid)adpagac kesistiesHiaIchAS iaty acitreased AEhvesHBRYUNY 1ok ni ng

Cal by Tieran BERYF oGt BlCRRIE Bert By FyPP coaRR s ARG OB yer by

T oduct i ekl Risv 0B G G5B B seand Pey ol MR nce of o
or der dar ey SibrLeSPut) *dha et i BT R EUE M YRR ne vi owpo nt

of excell chh "g!l& E?R"}irﬁ%@rﬂ@%@rt?li LY, 9k bhe polyie Eé"‘fm!f} br & %?ﬁ'"& abig,
preferable at” t'he nonomer m Xture f)l) i's polynerized, and the nonomer

m xture (brﬁ)w SohRen, pakyaerd zed.-\en tihe. appeBLIm xture (32) is first
pol yneri zed and the nonomer m xture (bl) is then polymerized, a generated
metal estepopgrtion is partially subjected to ester exchange under the
action of ‘the ‘carboxyl group, and is dissociated, which may reduce
stability. Specific examples of the monomer (a1b) include magnesium

25 monochloroacetate {meth)acrylate, calcium monochioroacetate

{methyacrylate, zinc monochloroaceiate (methjacrylate, copper



[0047] 5The polynmer (A) can be obtained by multi-stage sol ution

pol yneri zation including at |east first stage polynerization for subjecting
a nonormer m xture (bl) containing at |east one carboxyl -group-containing

et hyl enical ly unsaturated nononer (a2) to solution polynerization, a step
of reacting a polyner obtained in the first stage pol ynerization and a

di val ent netal 10conpound, and second stage polynerization for polynerizing
a nononmer m xture (b3) containing at |east one carboxyl -group-containing

t hyl eni ) i D h ti
product of M Bae Bl TR i TR B AR B ele o of the
pol yrrer ol ahiednistet BRGKHS SonbfisbasReRabYRANERKIAB, ARG the dival ent metal

conpound are r'ea en the dival ent-netal-containing ethylenically
unsat ur at eoREMRIBACctale) (M&hRRyIHESdobeér MmohausRbesiatd (mattatiyteby t he
unit of the dival ent-netal contalning ethylenically unsaturated nononer (al)
can be i nthaghssiemi dbctateiamciolay Midte, 29CR04 atelatd radithacrymbé dého a neta to
the carboxyl group t stagecan be perlom ed accor known nethods described in
j P62- 53464k ctatd (HRUBDa208M85E0p faoracetateihrexth)8padate] owldngsiunhe net hod can be
perforned by heating and stirring the 25pol ynmer obtained in the first stage
pol yrer i zatropionate @neth)amyiatecalciwripdepioaati (ragtémcnwatealzingydr oxi de or a

di val ent netal chloride, and a nonoval ent orgaqic ?Cid or water at a

t enper at urgopiPnalfe(rarbirfIvate iconPeeRisPIanale e PRY'HEI YN ess. [ 0050]

Srestri of ey s AIA AR EE M SRR (el LS MBI R Bra ) Hltbohol s such as
a cobol - EuBbiEsaRCaRBre: Terel PR Mare e SN e onor s 2
e e L T T
2,4-heptaAﬁ“%ﬁ%?%w%ﬁ%?ﬁgﬁ%ﬁ%ﬂggég%p?ggﬁ%@g%%%gﬁgbg%?ggvﬁogg?g?ﬁyIene

glycol, ang ghefhhfeeea ﬁ{}rﬁmt%{’é BRcRISEORE:, /MRS Ryktelrlyl ketone, and

acetyl acet'one;’ ether$ such as nethyl ethyl ether and di oxane; glycol ethers
such as et(m'étﬁ{b%rﬁbﬁé?@bpﬂ@ﬂ@@ﬁbavéteqmwﬁ)acaﬂmi, angrgsinobammitadet hyl et her,
et hyl ene gl ycol nbno-n- 15propyl ether, ethyl ene glycol nonoi sopropyl

et her, et hydghpcg)iseglcamm paimitatey(inethearylatet incgramiaiecol  monoi sobut vyl
ether, ethylene glycol nono-tertiarybutyl ether, ethylene glycol nonohexyl
et her 1 set hyhethmmoylptolcoppeophenigte énhtmacyfipymegecylyreesa@®net hyl et her
propyl ene gl ycol nonoethyl ether, propylene glycol nono-n-propyl ether,
propyl ene (gh@tb)ﬂcryietmicemﬁuummyﬂistﬁai@e(metétﬂwi@%yIZé’rFeCf@ISSJt?é? nono- n- but yl

et her, propyl ene gl ycol nonoisobutyl ether, prooylei]le glyc

f oono- t ei timgthasiylale, sonpe! creshipte f@etpeolale; magpegin 8f'%’é3?‘,t0%t?hyl ene

gl ycol diethyl ether, opylene glycol glycol diethyl ether, .diethylene glycol
nononet hy| (MRtAEcryiaietc '@Hé‘"@ﬁ@%@@t@rﬂﬁﬁ&)ﬁw‘%&?'h@?? i HO Ene” gl ycol
nono- n- propyl et her, diethylene glycol rnonoisopropyi r | yl ene

gl ycol mn@XﬁtH)%rYlé‘te'@PH@??“&M@%@A@%%& Iaﬁoﬁﬁgﬁwggﬁ{r‘e% ne%q?ﬂet(?étg

di et hyl ene, gl ycol no-tertiarybutyl ether, dipra n 0l nmononet hyl
etherFUdidpgﬁﬁﬁgﬁ@g8$§%%ﬂm ﬁ@@@ﬁ?ﬁ“% H%f?“%?%@%ﬁ%%%ﬁggﬁ¥§%% nono- n- pr opyl
ether, dipropylene. dl yeol Menoi.sonionyl. LR dpLeRYl ene.a)yae!
nDno-n-butVT”%L%%??Q%Pbﬁgggﬁé%%ﬁﬁﬁfgd¥ﬁﬁ%héfggﬁufyﬁ‘éfhef{ﬂdibropylene
glycol nono;tertiary: butyl. ether..digthylene gl ycol.-dismthyl ether,

di et hyl ene' g ‘y‘c%l“-’ ‘diy%t%%”“e‘tf%e?f “di '_rb%ifeﬁe“g‘l ycol dimethyl ether.

di propyl eng, ghycol g ethyk sbhekatctHieethyhene. alageliumnonst hyl et her,
triethylene gl ycol nonoethyl ether, tripropyl ene glycol nononethyl ether,
tripropyl emerghysolndmaeethy metrhetyandodiciet Dyl gne gl ycol dinethyl ether;
gl ycol acetates such as ethylene glycol nonoacetate, ethylene glycol

di acetzat e, rehhybeinenglypeolatd Ometoretfate, shber4 deetaveyplet oyl arm@aigl ycol
nonoet hyl et her acetate, ethylene glycol nono-n-propyl ether acetate,

et hyl ene glryeolznpiot seprepyl4 Btthercagetateys priopylens)gliyies! nononet hyl

et her acetate, propylene glycol nonoethyl ether acetate, diethylene glycol
nonoacet at e, di ethyl ene glycol nononethyl ether acetate, diethylene glycol
nonoet hyl et her acetate, 15dipropyl ene glycol nononethyl ether acetate, and
triethylene glycol nonomethyl ether acetate; aliphatic-based hydrocarbons
such as n-pentane and n-hexane; aromati@-based hydrocarbons such as

tol uene, xylene, and sol vent naphtha; and the allyl ated pol yet her nononer.
These diluents may be used singly or in conbinations of two or nore.

However, the diluents 20preferably contain an al cohol - based conpound
because production stability and water disoersion stability of the polyner.



The pol ynenzabon inkiatorr'id known polynerization initiators can be used.
Exanpl es t hereof include organic peroxides such as

t - but yl per oxy- 2- et hyl hexanoate, di-t-butyl peroxide, |auryl peroxide,
benzoyl peroxide, and t-butyl peroctoate; and azo-based conpounds such as
2,2' -azobi si sobutyronitrile (AIBN), and 2,2'-azobi s(2-

5nmet hyl butyronitrile) (AMBN). The polynerization initiators may be used
singly or in conbinations of two or nore. The anpunt of the polynerization

I ni tiator i im0k RSB HbABYAcERRE (Elidon/itd, eabiuRe2appr opri atel y

set. [0052] Known chain transfer "agents nay 'be ‘used for the polynerization
10r eact i onyitf|ofdphensAfatetatdQmath)acrylatENginB R, £eiidropheabityekidtoe pol ymer
(A) obtained as described above can be appropriately determ ned according
to desiredniBidaaplifel sopss2 Falictiy@ppbaoxidtetatei(giithaeeiatge nol ecul ar
wei ght (Mwv) can be set to a range of 151000 to 50000. [0054] [Antifouling
Coat i ng Resagnddigpensidmecarboxylbite (rasth)hoylategeadaatd ng resin di spersion of
the present invention can be obtained by dispersing the pol i%mer (A
obt ai ned apinEmecathedy e yaetaary2iel Zpensinofinaeatbanylsenreetiangyiatt er or a
m xture of water and an organic soiveni It is preferable that the
pol ymer ( Apppsr qbinalinechrboxyatsj (swathlegndate; exaaneshan ddrabenzagicet hyl eni cal | y
unsaturated nononer (ail to 25sol ution oL rreriﬁé?tion { n_the presence or
absence of(Mailagiviaientalchim gitbengPals (ﬂ'%’é %%’M ZrR) MU PRENEAHE o
neutralizing sone or all of carboxyl r S jnth al.ned pol yner, and
t her eaf t erlMGtRIFENERIRg 09merdmralp@?z¥qge {'ﬂgaﬂggﬁdﬂ?gi '8%9%%1%‘21 fromthe
vi ewpoi nt of s h transitiQ se. The neutralization is
per f or med %g;o%eg%,(%h@legeg riﬁoéy!@%ﬁ%tﬁzaﬁg%ﬁig%é@?ymr (A). The basic conpound
used Ls nat [cul r | ; s .red exanpl es thereof include
21@1 ne é’tr@rﬁéﬁ}ﬂtﬁgleﬂéEé(rbo??!%géqﬁ‘égtﬂ\%ac?gﬁlau Zin

al kyl as “amonr a ion), trimethylam ne,

triethyl a{ﬂiﬁ?’%ﬁﬁéb%ﬂée%&?ﬂ’gﬁ?ﬁ%@g%ﬁ%'Wb’am ne; al cohol am nes such

as dinmeth am ne, panol am ne, met hyl di et hanol am ne,

di et hyl et hanghAMRiASlenbEABRIRN aftMgacghte drbgneliam mevinate phol i ne; and

i sophoronedi am ne. 10 The basi ¢ conpounds may be used singly or in

conbi nat i qRsetAfaciyiBte Caldilure pulieatbdaieth)eenpatendmcandvinatded i n an anmount to
be conpounded to set a degree of neutralization (that is, a nolar ratio of
a neut r al i (pesthjaergateacbdpet puididateo(risbdacrgiate pr@hemcahivg EMere. 120% The pH
of the antifouling coating resin dispersion according to the present

i nventiison $wstablyOsalected iDnerasspryefoétheseymensmess (g th)canwoysgd. It is
preferable that the polymer (A) is obtained by subjecting at |east the
hydr oxyl - ghwopg doemaths ﬁgc@pﬁiﬂl@ﬁgd’a@m@m@fﬁs&'ﬁ}?@f%’ébh‘diﬁ?%et?ec@éﬂ§? to

sol ution polynerization, dispersing the pq%ﬁ% di sper.si on

medi um 205 BPRGERGEPT thaingd RGP GRIPYG l Eﬁe%'ﬁgﬁgeﬁljg‘géﬁ%ﬁk? Ndgent to
such as {olBnACESUERE wEOtbpsHTe: Y ARayaraR AT ECR! ShIY cr s 1§ nki ng
oross! i nii RGN & Adheie Rdea P are BRI CaRT REERIRIRA MR s sucn
2s an’dl | phavieTreBLfhRuBL RRRr B BRI Calrdei S AR ot £

i socyanat e, .ParL t;a(crg[ga(rl Yo thespolyisocyanate is preferably used fromthe
vi ewpoi nt of a reaction tenperature and coating filmproperties, and a
wat er - sol ublesor water 5dispersion type hydroxyl functional crosslinking
agent is re preferably used.

The monomer (a1b) is obtained by a method for reacting an inorganic
metal compound, a carboxyl-group-containing ethylenically unsaturated
2% monomer, and a non-polymerizable organic acid corresponding to the

organic acid residue R7in the formula (1) in a diluent such as an organic
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[ 0058] The amount of the hydroxyl functional crosslinking agent used
is not particularly restricted, but the hydroxyl functional crosslinking
agent can be 10used within the range of not reducing handling, filmformng
properties, and antifouling properties. [0059] The antifouling coating
resin dispersion preferably contains the pol yner (A) in the range of
20 to 60% by mass fromthe viewpoint of filmform ng 15properties and
antifouling properties. [0060] Water or a m xture of water and an

or gani ¢ sql - i i i i used for
t he pol ynesro)’\f;eﬁ,iogr%nrregg '??gﬂu%ﬁ l‘[%@gg%?)%@?é%b@gh era-gé‘(ggﬂgdsp}‘tﬁﬁ% organic
sol vent . @Jaggpgl - based conpounds 20such as an al cohol and a gl ycol ether
exenplified as the diluent used for the e diluent fromthe viewoint of O
t hese, a i@o?ﬂi ling point and having 1 to 6 carbon atons, and preferably a
rmnohydrié al cohol having 2 to 4 carton atons can be suitably used as the
al cohol 25g! yc@bmelra@bn A he thonohterka18pa Mo heathomsmeaital irasf teably 3 to 8
carbon atons can be suitably used as the glycol ether. [0061] The
cont ent, ofdifdientdnktigtontaininh etianenitaly ingatoedtd ngpnoessém(ad) spersion i s
preferably 0 to 20% by mass, and nore preferably O to 10% by nass. Wen the
cont ent ofprefeealdielfuen thexieepdint th enaiatagenp petiviofishina @repetienof Bor 5t he

pol yneri zation reaction of the polymer (A) and the cgntent of .the diluent
needs to hwatisddiredy betferraed iy lomgypasiedseijre iy ¢ '%.'GPEA{TW?H@Q gﬁ’er ation
(desol vation treat nent

tre 2 by vacuumdistillation Egd I%.he i ke i.f necessary.
[0062] AnciaNg Anite ohlain§oas @MtTarlpS MECRGNES N HERPTHUBRERM AU i ng
10coati in di [ th i nvent,i g f . Th
ant i foul | 18 SRR R e taBb b ICAEIE) (07 Bt e b el depend: ng on

requi site abilities. appl t her eof _i nc 26 - ha { foul i ng
agent 0s uc(m@ééja(,c&g%tgr(ﬁ P%x P%F%c&'ﬁé‘&t %‘?(gc%ygér:g? %t,rty gﬁ'ge’%@ggi E'%owder :
nmetal co u f . ZI ickel and the |ike; am ne derivatives
15such a@ﬁ?%@%@%%’ﬁ@ 'gnllln{&?? Pgé}g[)dryrl)%unds; benzot hi azol e- based conpounds;
mal ei m de-[Bgﬁgg conpounds; and pyri di ne-based conpounds. These can be used
singly or ‘fn"Conbi nati ons of two or nore. Specific exanples thereof include
manganeseet hyl gngcbi-sdidiRbatarRaFRéahe Fhavsthartd1e) adiitthe aardment e,

2-methyl thio-4-t- gutyl am no- 6- cycl oPropyl am no-s-tri azi ne,

202, 4, 5, 6- A} 8§ MoObRbENMEtARL eI ethyNriealiynetsapirataccimooponeny| ur ca,
zinc rithiocarbamate, conner rho 5-di chl oro-2-n-octvi- "j

J
(f1uonedi clalpringendigr taticojenbtaah alf titemonomer (ala) and the monomer (a1b)
NIl.N -dirriethyl N -phen.yl-(1\I|-fluorodi chl oronet hyl t hi o) sul fam de, zinc
2- pyri di neishireferdblpsitis a ratgaat GH0to GV 10.- abhe mogan refigéalaadb) 6% N solid
solution alloy, 25trichlorophenyl nal eirnide, . .
2,3, 5, 6- t eprefrhblyrastdo ORELhGT leas beaguse drdoating filg having better cracking
i odo- 2t ropyrw but yl oar bamat e, thj odonet hyl R-tri sul f.one, bly set
bi sdi met hylegistanescarhafBgsiyeness mabinaet; sdnemeakrEinapseferably se

henyl (bi i dyl ) bi th dichlgride, 2-(4-thi | yl)-benzjim , d
By(rain )éi E]el_ ts ﬁ%y{ﬁ{g&@?r Bla;rgur{:@_cau%g su%lrclienef se%—p(oéhsmmlgapzrgpgrt&as o%%zéoné'tﬂa%f%e an
20 to be formed is maintained for a long period of fime.  The molar ratio is more

nreferably from 20/R0 0 80420, and stitl maore preferably frorm 30/70 to 70/30.

10029
A monomer mixture containing the monemer (a1a) and the monomer
(a10) can be oblained by reacting an inorganic metal compound, a carboxyl
2% group-containing ethylenically unsaturated monomer, and a non-

polymerizable organic acid corresponding to the arganic acid residue R° in

12



[0063] 5In the antifouling coating resin dispersion according to the
present invention, silicon conpounds such as dinet hyl pol ysi | oxane and
silicone oil, and fluorine-containing conpounds such as carbon fluoride can
al so be conpounded for the purpose of inparting lubricity to the surface of
a coating filmand preventing adhesi on of organi sns. 10[ 0064]

Furthernore, the antifouling coating resin dispersion according to the
present invention nmay contain various kinds of pignments, defoam ng agents,
pi gment  dits@fdipd 18 (ReeAdRuchEMRIN RtPaRoeddric salbht, 929 ragetssdiluamt ti ng

agents, ultraviol et absorbers, antioxidants, heat resistance-inproving
agents, slhauintpagehhsarizable sepituateggriup amd &t likel. zer s, anot her enul si on
resins, water-soluble resins, and viscosity controlling agents and the

| i ke. [0068030] The coating filmusing the antifouling coating resin

di spersion according to the present invention can be directly formed on the
surface of a duliisrcase, teodmannterithe eonsalyioeirae siganiagcishises isvar i ous
fishing nets, bay facilities, oil fences, bridges, and subnarine bases or
can bebf oreigray sebtosargangseof 0.01 to 3-fold mol based on the ingsganye neg g

L R Bk BT, A

Vi ks e G A

fﬁreazogﬁa':?mﬂg?r 319 @?C%‘E%gtsi rjfé g%% Igl 6 (?O&PI n@, as P% for n‘irﬁ{g ggggogngrmt
?ﬁpéé&sggﬁﬁﬁﬁgﬁwaﬁ%ﬁﬁ QW% aRd Beaaneraaldanash 4

to give a ness m of 10 to "4001.01. Drying of the

coating fid xirawm er @it i§ pesretAperfaldunel odags heat drying
may bggper%‘o@lﬁgg”r?%eﬁgg?séégéj Eﬁ%w@léﬁ%s [i0866] Iy The foll ow ng Exanpl es

and Conparaidavige BRafRIIAG propetsts af the beathigefient mavediorfaiohber in
detail, but do not limt the scope of the present 10invention. In the

fol | owi ng Jeraunifedne.” PBiid amcune obthenmsspokmiérizabld orgacuaaditgsedss n

di spersions prepared in Exanpl es were eval uated by net hods shown bel ow.
[0067] [ Evabuapricferabfy Btidodgef@tabd!l i ty] 15As the eval uation of the storage
stability of the antifouling coating resin dispersion, the antifouling
coating rdB0Daildi spersi on was saved at a tenperature of 40C for 3 days, 10
days, and 1 nonth, and the absence or pres?nce o[ a Bh@gigitate was

vi suallby conf i Asrdgscritrsl @len auen vhopdhe siyalertBg ot RNIPGI | owi ng criteri a.

2 0Good: A resin conmponent is not de{)ag i.ted and ]separat ed.after .the | apse

of a orescthygnically yasatanaed raanqrart (&4 IndPkive 97 'ﬁ&s\{m%‘?f_l?é YiRhir: A a
;J;L'r fggfﬁ%ﬂ%é%sﬁ)%ﬁihpe%éﬂ%ff@ﬁ §p®ié§%'r€vc°?5é’£ﬁ>”¢aﬁzﬁ}%§%"éﬁ ?%%%%*&f%ﬁf neee
antifouli hB ’3% Pth@errg(@ii%H S&q@gﬁbé'ﬂg%g@%& Qééﬁ‘?é@oﬁdﬁﬁaﬁe%é\)f%gﬁgr on a hard
Fi 1 ¢ hi cRNeaDiferdt fsfbrmy FRlute D o it B RS oA g s

attacgﬁd t&h?igr.&taﬂ iuﬂea@rg@m%?g&?e% f8eRk MatRlsadiendrsiaso fiftat ed 5Sat a

ci rcunterent speed o 15 knot), and wasting thicknesses after 1
nont h and Qag@@g@%@%&gggm@asur ed. [0069]

{1y react a polymer obtained In the first stage and a divalent metal compound,
to introduce a divalent metal into the polymer of the first stage; and

ect a monomer mixture (b3) containing the carboxyl-group-containing
25 ethylenically unsaturated monomer (a2) as a second stage raw materiat to

second stage polymerization in the presence of the reaction product.
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[ WAt er Resistance Test] Each antifouling coating resin dispersion was
coated on a substrate 10made of a sand bl asted steel plate on which an
anti-corrosive coating had been previously coated so that the dry film

thi ckness was 120 ]], m to produce a test plate. The test plate was
imrersed in sterilization-filtrated sea water for 1 nonth. The test plate
was then dried at roomtenperature of 20C for 1 week, and the surface of
the coating fil mwas observed. The eval uati on 15was perforned on the

fol |l ow ng ﬁ@{gi eria. Very Good: No cracking and peeling at all are observed.
Good: S ié t c]r acking is observed. Fair: Cracking and peeling are partially
observed. [Pamox %M@J@ﬁ)rﬁ@ﬁirﬁe@ﬂhy%iﬁl UPRSRITMRD IMonbMer W) e surface.

20[ 0070] [Gid IgeehnCJ rest! teSt plate produced in the salriiiter

resi stance testhe\amouftef $eccdrbosf gfblp-zahiahting ietiylerieallysematatated f or 1
nonth The test plate was then dried at roomtenperature of 20C for 1 week,
and grid peehdmer taStusedsaspe kindrofedw rhaterizéwhendrepafiigipet pgymec(Asscut s
reaching a substrate were put at intervals of 2mmin the test plate, and 25
grids of 2s stV aveangeaoid (B84 oy aes (hasgi stret @lbthyanaaapkihedatalst uck

t hereon, and was rapidly renoved. The peeled grid state was observed. The
eval uat i orer@ntpdthemasroerst(ad) foolekdweag asravenaterials of thgdolyreeod: No gri d
peeling and grid corner peelin are observed. peeling is

] at, [ 5CGood;: Gi q
hot preserf). blie SIS IGPIGiR@BbNES MeTEssIBMOTRAGM e PEWPST A da ar e
led. Poor: 13 to 25 Qri. | ed. [0074] .[ Product | le M
DoTo s r odeplSegR Sabit, 300 AR Mt pighh oy haf ! kBl & BRI ol 1o
d a dripping. deyi 3 fNVERG. (.dj t hyl
et o PaIAPL i BBt R TEAY QARIAEO B
up : | ! i i | |
(MAA)?%E ”Iﬂ)aF3 % gg%’mélc@ﬁéﬁc"&%‘léfgg“’? %&{H gj](écjaﬁr%’;rd g peasiéfb Sf%(a)réda\'il\g? glr"ﬂﬁs adéed
L9d1 opW SqelNELE! OTiQY 8ot AU RIGbRONAIANNaSERRess bhe marer! et on of

addi tion, e reaction solution changed from opaque white condition to

transpar eHrefdrihily oL byth8s$ 8t kisk ONTHaT s dilyl-gfodPtodtalrinyg sthyturdcaly parts of
MFDG was then added thereto, to obtain a transparent

di val ent - nefsat eaticmdnomert(hy) enircaptionalineaiponaned nonomer mixture M. The
anmounts of 20the raw nmaterials added, the netal content of the obtained

di val ent - fB0&3}- contai ning ethyienicaily unsaturated nonomer m xture M ,
and the solid content concentration are shownFable 1, 10072:1 {ﬁl;r oducti on
Exanpllés M2 aridxavBplesifithalcarhoxykgaiupeertainiihgthwlangadiiiwgpiua@dsat ur at ed
mononmer m xtures M2 and MB were produced in the anounts added shown in
Tabl e 1 irmehemes & neiideMeromarsRidaneehaHc egigreifgsic pRIABISYER of MFDG
PKA5001 was used in praqduction exanple M2, and AG was usgd in rodalcti on
exanpl e MFS @gﬁmryhc acid, acrylic acid, crotonic acid, vinylbenzoic acid, fumaric acid,

itaconic acid, maleic acid, and citraconic acid; and monoesters of dibasic acid

or acid anhydride monomers represented by monomethyl maleate,

20 monoethyl maleate, monobutyl maleate, monooctyl maleate, monomethyl

tzeonate, monoethyl laconale, monabuivl itaconate, monococtyl itaconate,

monomethyl fumarate, monoethyl fumarale, monobutyl fumarate, monoooty!

fumarate, monoethyt citraconate, monohydroxyethyl tetrahydrophthalate

(meth)acrylate, monohydroxypropy! tefrahydrophthalate (meth}acrylate,

25 monohydroxybutyt tetrahydrophthalate (meth)acrylate, monohydroxyethy!

phthalate (meth)acryiate, monohydroxypropy! phthalate (meth)acrylate,

14



5[ Tabl e 1] Anount added (rmass ratio) Metal content 0/0 iv (Y mass) Solid
content concentration (% by mass) MAA AA ZnO Water Versatic acid Acetic
acid Production exanple ML 43 36 41 5 16.2 54.8 Production exanple M
30 25 41

monohydroxyethyl succinate (meth)acrylate, monohydroxypropyl succinate
(meth)acrylate, monohydroxyethyl maleate (meth)acrylate, and
monohydroxypropyl maleate (meth)acrylate and the like. One or two or
more, suitably selected if necessary, of these can be used.

5 [0034]
[Hydroxyl-Group-Containing Ethylenically unsaturated Monomer (a3)]

The amount of the hydroxyl-group-containing ethylenically unsaturated
monomer {a3) used as a kind of raw material when preparing the polymer (A)
is set to a range of 0 to 40% by mass based on 100% by mass of the total

10 amount of the monomers (a1) to (a4) used as raw materials of the polymer
(A). The hydroxyl-group-containing ethylenically unsaturated monomer (a3)
is optional component. The amount is set to 40% by mass or less, thereby
water resistance of a coating film tends to improve and excellent
adhesiveness is provided. The amount is preferably 30% by mass or less,

15 and more preferably 20% by mass or less.

[0035]

Examples of the hydroxyl-group-containing ethylenically unsaturated
monomer (a3) include hydroxyl group-containing (meth)acrylate ester
monomers such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl

20 (methlacrylate, 3-hydroxypropyl (meth)acrylate, 2-hydroxybutyl
(methiacrylate, and 4-hvdroxybutyl (methiacrylate, adducts of 2-hydroxyethy!
(methacrviate with ethyvlene oxide, propylena oxide, y-bulyrclactone or e

caprolactone and the like; dimers or trimers such as 2-hydroxyethyl

(methacrylate and 2-hydroxypropyl {meth)acrylate; a monomer having &

plurality of hydroxyl groups such as glycerol (methjacrylate; and terminal

.
L

hydroxy allviated polvether monomers such as ethylene glycol allyl ether,

15



53 14.1 59.7 Production exanple M3 39 32 41 6 16.5 55.0 [Production
Exanpl e P1] To a reaction vessel equipped with a stirrer, a tenperature
controller, 10and a dri pping device, 25.9 parts of M-DG (di propyl ene glycol
nononet hyl ether) was added, and the m xture was heated up to 130C while
stirring. [0074] <Step 1> Then, a m xture nmade of the follow ng
raw materials was added 15d o wise thereto over 1 hour at constant speed,
and copol ynerization reaction was further performed for 0.5 hour

her ei naf t i i ot af - id (AY): 1
(hereina &gg}l'ﬁhéﬁ'ﬁ?ﬁ;&'%ﬂg?{)@q‘f&‘@@’y%'s‘*”‘?%%“ RSy b?leﬁ@' (AA)

part et hyl | at'e Ochain transfer agent (trade nane:

" Nof r ner &1 amfnsthac bragsbiiathehe ofydok FEMNkendg§coladltyl ethairt i at or
(trade na@ "Pg?'butyl 0"6;%&%fgtgt1ured bm PORATI C]\l)y: 1 part [0075]

<Step 2> 5Fhenr tio B kidie esumedhey odletied if oddemsiang of dvesmthenbaless vas added
dropwi se thereto over 3 hours at constant speed, and copol ynerization

reacti on wgsufed.t her perforned for 0.5 hour (hereinafter, this reaction
step is referred to as a step 2): di val ent - et al - cont ai ni ng
et hyl efi cdPlDy6junsat ur at ed nonomer m xture M: 9.1 10parts (solid content of
di val ent-net al -contai ni ng ethylenically unsaturated nononer: 5 parts)
met hyl met[haether &teyleneally unsatpeated Matimendnijad)d (EA): 45 parts
The amount of another ethylenically unsaturated monomer {a4) used as
a kind of raw material when preparing the polymer (A} is set to a range of 99
to 22% by mass based on 100% by mass of the total amount of the
10  monomers (a1) to (a4) used as raw materials of the polymer (A).
[0037]
Another ethylenically unsaturated monomer (a4) is not particularly
restricted as long as another ethylenically unsaturated monomer (a4) is a
monomer having a polymerizable (C=C) double bond, unlike the divalent-

15  metal-containing ethylenically unsaturated monomer (at), the carboxyl-
group-containing ethylenically unsaturated monomer (a2), and the hydroxyl-
group-containing ethylenically unsaturated monomer (a3). The polymer (A)
has a unit derived from another ethylenically unsaturated monomer (a4), and
thereby excellent balance of flexibility, a crack resistance, peeling resistance,

20 and long-period self-polishing properties of a coating film to be formed can be
progucead.

0038]

Examples of another ethylenically unsaturated monomer (a4} include

25 {meth)acrylate, 2-methoxyethyl (meth) acrylate, 2-ethoxyethyl (meth)acrylate,

Z-hutoxysthyl (meth)acrylate, butoxy disthylene giveol {meth)acrylate,

16



n-butyl acrylate (BA): 10 parts 15 chain transfer agent (trade nane:

"Nof mer MBD' manufactured by NOF CORPORATION): 1 part initiator (trade
nane: "Perbutyl 0" manufactured by NOF CORPORATION): 5 parts [0076] nnThen,
0.5 parts of "Perbutyl 0" was added, and pol ynerization reacti on was
further continued for 1 hour. Further, the tenperature ther iowered
t(:hyletha nolamne (DM EA): was They were uniformy m xed, and 92,2 parts
of deionized water was gradually added thereto, to obtain a polymer (A

vat er di Spaesicd thdthyibhe gﬂw MinetiDhe e/@er@\@th%%d!@tﬁyiéﬁ@ cdl he

characteristic value of the polyner (A water dispersion Pl, and the

storage st@fdthiddyyiaee phbavRydtRy! [a1te)adrylate004Zlethythodamiy) @tnyExarrpl es P2 to
P12] Pol ymer (A) water dispersions P2 to P12 were produced in anmounts

added showmaeth)atajihte, 2 -mathyhe-reathexpathyefmets)actylpte Buckittoxybxbipl e P1.
5[0078] In production exanple P7, after the conpletion of the step 1, 7.1
parts of zinmathjaaiyletd, dematiy!-3- rpathogybtﬂtyt/@netblﬁalcu’ylatﬂ dneetBoxyelsmn v hereto
and they were stirred for 2 hours. The step 2 was then continued. The
anount Sof @ethiadrdate, Méth%ﬁﬁh%nsﬂl(mt@ﬁh‘wl@ﬁl @*&W’(Voﬁmﬂﬁ%hﬂd nononer
(al) used |n 10product| on exanple P7 was cal cul ated as, foll 4}/ 079]

ol ccular et by isheruiing o (@‘*"’W@ﬁ R S
174 15f or n‘ﬁ”%{ﬂyﬁﬁr Eeafprfpmk;mﬁ?ﬁia& la@% Ty SRR AR OB 65 s
Do ) 90, 4 CieiRET @aﬁeﬁéﬂigr?ﬂ" Stzlﬁs'”(‘?n%“ﬁa et AnBE 71 Bage X
2"7?"9 §L§%@he‘%§°§v*s§f r%f?mé@é*ﬁlﬁ%ﬁ‘aﬁ% Sl AmeExARtePBeFBny ! PgnZF‘“‘ ‘: e"r
50BN LR B T sty o by, By

Corporatl and they were continuously stirred

as it is f@rﬁeta B%[ﬁet%c%&yﬂ (rAetP@horiBle, (Ncingt aletiaspadtel on PS. [ 0081]

I n production exanple ., a nbnomer m xture containing a carboxyl -

gr oup- conttafinoretiel hineebeaidty, ams peHiuatesttyinneteyactdde; arichagy and
di val ent net al - contai ning ethylenically unsaturated nononer m xture (ML) was

5pol yner i zestondaghemitcage up-ddrdaininevihgrmbngmehesstheps Rutylgrob@zihyl Tabl e 2]
[Taple 2] (%e?tﬂ)acrylate and (meth)acrylamide; tertiary amino group-containing vinyl
15 monomers such as dimethylaminoethyl (meth)acrylate, diethylaminmoethyl
{meth)acrylate, dimethylaminopropyl (meth)acrylate, dimethylaminobutyl
(meth)acrylate, dibutylaminoethyl (meth)acrylate, dimethylaminoethyl
(meth)acrylamide, and dimethylaminopropyl {(meth)acrylamide, heterocyclic
basic monomers such as vinylpyrrolidone, vinylpiridine, and vinylcarbazole;
20 vinyl-based monomers such as styrene, vinyltoluene, a-methylstyrene,
sylonitrite, methacrvionitelle, viny! acetate, and viny! propionats; terminal
alkoxy ailvlated polyether monomers such as methoxypolyethylene glyool
allyl ether, methoxypolynropylene glycol allyl ether, butoxypolyethyiene glycol
allyl ether, butoxynolypropylene glycol allyl ether, methoxypoivethylene
25 glycol-polypropyltene glycol allyl ether, and buloxypolyethylene glycol-

nolypropylene glycol allyl ether; and polyfunctionat moenomers such as

17



Producti on exanpl es P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 Initi al

di | uent added MFDG 25.9 21.8 20 20 20 20 20 21.8 21.8 30 21.8 Initial
reactive Step 1 diluent added (a4) Divalent-netal-containing ethylenically
unsat urated nononer (al) m xture PKA

ethylene glycol di(meth)acrylate, diethylene glycol di(meth)acrylate,
triethylene glycol di{meth)acrylate, polyethylene glycol diimethjacrylate, 1,4~
butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, neopentyl
glycol di{meth)acrylate, 1,9-nonanediol di(meth}acrylate, 1,10-decanediol

5 di{meth)acrylate, trimethylolpropane triimeth)acrylate, pentaerythritol
tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, allyl methacrylate,
triallyl cyanurate, diallyl maleate, and polypropylene glycol diaryl ether.  One
or two or more, suitably selected if necessary, of these can be used.
[0039]

10 A reactive emulsifier functioning as an emulsifier during polymerization
reaction, copolymerized with a monomer, and forming a constitutional unit of
the obtained copolymer can also be used as another ethylenically
unsaturated monomer (ad4). When the reactive emulsifier is introduced into
the polymer (A), a unit derived from the reactive emulsifier coniributes to

15  improvement in dispersibility.

[0040]

As such a reactive emulsifier, a surface active agent having a radical
polymerizable double bond (C=C) between carbons can be used.
Preferably, a nonionic surface active agent or an anionic surface active agent

20 having a radical polymerizable double bond (C=C) between carbons can be
used.

(00411
Examples of the reactive emulsifier include anionic reactive emulsifiers
such as "Antox MSB0" manufactured by Nippon Nyukazai Co., Lid; "Aduaron

25 HS-05" "Aguaron HS-10°, and "Aquaron HS-20" manufactured by Dai-ichi

Kogyo Seivaku Co., Lid; "Adekaria Seap SE10", "Adekaria Soap SR10", and

18
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"Adekaria Soap SR20" manufactured by ADEKA CORPORATION; and
"Eleminol JS2" manufactured by Sanyo Chemical Industries, Ltd., and
nonionic reactive emulsifiers such as "Aquaron RN-10", “Aquaron RN-20",
and "Aquaron RN-30" manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.; and
"Adekaria Soap NE10", "Adekaria Soap NE20", "Adekaria Scap NE30", and
"Adekaria Soap ER10" manufactured by ADEKA CORPORATION. One or
two or more, suitably selected if necessary, of these reactive emulsifiers can
be used.

[0042]

Amonyg the hydroxyl-group-containing ethylenically unsaturated
monomer (a3) or another ethylenically unsaturated monomers (a4), an
allylated polyether monomer having poorer radical polymerization properties
than that of a (meth)acrylate monomer can also be used as the reactive
diluent when synthesizing the divalent-metal-containing ethylenically
unsaturated monomer (a1), and when synthesizing the polymer (A).  When
synthesizing the divalent-metal-containing ethylenically unsaturated
monomer (a1) or when synthesizing the polymer (A), it is necessary to
charge a diluent such as an organic solvent into a reaction vessel as a
reaction medium. However, the allylated polyether monomer is used as
some or all of the organic solvent, and thereby the required amount of the
organic solvent can be reduced. and the storage stability can be improved.
(0043
(Polymer (A)]
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he e ym oating resin dispersion
produced by the method of the present invention is synthesized by

polymerizing the monomers (a1) to (a4) in two or more stages
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[0044]

The polymer (A) is obtained by first subjecting a part of the monomers
(a1) to (a4) used as raw materials to first stage polymerization in a diluent for
dissolving the polymer (A) in the presence of a polymerization initiator, and
thereafter subjecting the remainder of the monomers (a1) to (a4) to
polymerization of the second and subsequent stages.

[0045]

The polymer (A) is preferably obtained through solution polymerization
in a multi-stage which includes two or more stages including the steps of
subjecting the monomer mixture (b1) containing at least one carboxyl-group-
containing ethylenically unsaturated monomer (a2) to solution polymerization,
and subjecting the monomer mixture (b2) containing no carboxyl-group-
containing ethylenically unsaturated monomer (a2) and the divalent-metal-
containing ethylenically unsaturated monomer {a1) to solution polymerization,
from the viewpoint of storage stability of the polymer. The divalent-metal-
containing ethylenically unsaturated monomer (a1) is preferably the
monomer (ala) or (a1b). The carboxyl group can be locally introduced into
the polymer by employing such a multi-stage polymerization method. Itis
guessed that the introduction can improve dispersion stability and water
resistance of a coating film and reduce viscosity of a water dispersion.
0046

The polymerzation order of the monomer mixtures (b1} and (b2} is no
object.  However from the viewpoint of excellent dispersion stability of the
polymer with time, it is preferable that the monomer mixture (b1} is
polymerized, and the monomer mixture (b2) is then polymerized.  When the

monomer mixture (b2) s first polymerized and the monomer mixture (b1) s

20

(a2) MAA
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then polymerized, a generated metal ester portion is partially subjected to
ester exchange under the action of the carboxyl group, and is dissociated,
which may reduce stability.

[0047)

The polymer (A) can be obtained by multi-stage solution polymerization
including at least first stage polymerization for subjecting a monomer mixture
(b1) containing at least one carboxyl-group-containing ethylenically
unsaturated monomer (a2) to solution polymerization, a step of reacting a
polymer obtained in the first stage polymerization and a divalent metal
compound, and second stage polymerization for polymerizing a monomer
mixture (b3) containing at least one carboxyl-group-containing ethylenically
unsaturated monomer (a2) in the presence of the reaction product of the step.
[0048]

In this method, the carboxyl group of the polymer obtained in the first
stage polymerization and the divalent metal compound are reacted also
when the divalent-metal-containing ethylenically unsaturated monomer (at)
is not used for a raw material, and thereby the unit of the divalent-metal-
containing ethylenically unsaturated monomer (a1) can be introduced into the
polymer.

0049]

A method for adding & metal (o the carboxyl group of the polymer
oblained in the first stage polymerzation can be performed according o
kniown methods described in JPB2-57484A and JP08-209005A, for example.

can be performed by heating and sfirring the

polymer obtained in the first stage polymerization, a divalent metal oxide, a

divalent metal hydroxide or a divalent metal chioride, and a monovalent
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organic acid or water at a temperature of the decomposition temperature of
the polymer or less.
[0050]

The diluent used for the polymerization reaction is not particularly
restricted.  Specific examples thereof include monohydric aicohols such as
methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl
alcohol, isobutyl alcohol, tertiarybutyl alcohol, 2-butyl alcohol, 2-
methoxyethanol, and 3-methyl-3-methoxybutanol; polyhydric alcohols such
as ethylene glycol, 1,2-propylene glycol, 1,3-butylene glycol, 2,3-butylene
glycol, 2-methyl-2,4-pentanediol, 2,4-pentanediol, 2,5-hexandiol, 2 4-heptane
diol, diethylene glycol, dipropylene glycol, triethylene glycol, and glycerine;
ketones such as acetone, methyl ethyl ketone, and acetylacetone; ethers
such as methy! ethyl ether and dioxane; glycol ethers such as ethylene glycol
monomethyl ether, ethylene glycol manoethy! ether, ethylene glycol mono-n-
propyl ether, ethylene glycol monoisopropy! ether, ethylene glycol mono-n-
butyl ether, ethylene glycol monoisobutyl ether, ethylene glycol mono-tertiary-
butyl ether, ethylene glycol monohexy! ether, ethylene glyco! monopheny!
ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether,
propylene glycol mono-n-propy! ether, propylene glycol monoisopropyl ether,
propylene glycol mono-n-buty! ether, propylene glycol monoisobutyl ether,
nropvlene olyeol mone-dertiary-butyt ether, ethylene glycol dimethyl ether,
ethyiene glvool disthyi ether, propylene glyool dimethyl ether, propylene
alveol diethyl ether, diethylene glycol monomethyl ether, diethylene glycol
monocthy! ether, diethylene glyco! mona.n-propy! ether, diethylene glycol
monoisopropy! ether, diethylene glycol mono-n-buty! ether, diethylene glycol

rmonolsobutyl ether, disthyiene glycol mone-tertiary-butyl ether, dipropylene

22
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glycol monomethyl ether, dipropylene glycol monoethyt ether, dipropylene
glycol mono-n-propyl ether, dipropylene glycol monoisopropyl ether,
dipropytene glycol mono-n-butyl ether, dipropylene glycol monoisobutyl ether,

dipropylene glycol mono-tertiary-butyl ether, diethylene glycol dimethyl ether,

Ut

diethylene glycol diethyl ether, dipropylene glycol dimethy! ether, dipropylene

glycol diethy! ether, triethylene glycol monomethy! ether, triethylene glycol

monoethy! ether, tripropylene glycol monomethyl ether, tripropylene glycol
monoethy! ether, and triethylene glycol dimethyl ether; glycol acetates such
as ethylene glycol monoacetate, ethylene glycol diacetate, ethylene glycol

10 monomethy! ether acetate, ethylene glycol monoethy! ether acetate, ethylene
glycol mono-n-propy! ether acetate, ethylene glycol monoisopropyl ether
acetate, propylene glycol monomethyl ether acetate, propylene glycol
monoethy! ether acetate, diethylene glycol monoacetate, diethylene glycol
monomethy! ether acetate, diethylene glycol monoethyl ether acetate,

15  dipropylene glycol monomethyl ether acetate, and triethylene glycol
monomethy! ether acetate; aliphatic-based hydrocarbons such as n-pentane
and n-hexane; aromatic-based hydrocarbons such as toluene, xylene, and
solvent naphtha; and the allylated polyether monomer. These diluents may
be used singly or in combinations of two or more. However, the diluents

20 preferably contain an alcohol-based compound because preduction stability
and water dispersion stabilify of the polymer (A) are excallent. From the
viewpoint that the amount of the organic soivent can be reduced, the allvlated
polyether monomaer is preferable as the diluent when the first stage
polymerization is performed.

25 [0051]

The polymerization inifiator is not particularly restricted, and known
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polymerization initiators can be used. Examples thereof include organic
peroxides such as t-butylperoxy-2-ethylhexanoate, di-t-butyl peroxide, lauryl
peroxide, benzoyl peroxide, and t-butyl peroctoate; and azo-based
compounds such as 2,2'-azobisisobutyronitrile (AIBN), and 2,2'-azobis(2-

5  methylbutyronitrile) (AMBN). The polymerization initiators may be used
singly or in combinations of two or more. The amount of the polymerization
initiator used is not particularly restricted, and can be appropriately set.
[0052]

Known chain transfer agents may be used for the polymerization

10 reaction if necessary.
[0083]

The molecular weight of the polymer (A) obtained as described above
can be appropriately determined according to desired characteristics. For
example, the weight-average molecular weight (Mw) can be set to a range of

15 1000 to 50000.
[0054]
[Antifouling Coating Resin Dispersion]

The antifouling coating resin dispersion of the present invention can be
obtained by dispersing the polymer (A) obtained as described above in a

20 dispersion medium containing water or a mixture of water and an organic
solvent,
(00551
it is preferable that the polymer (A) is obtained by subjecting af least
up-containing ethylenically unsaturated monomer (a2} to
75 solution polymerization in the presence or absence of the diluent for

dissolving the polymer (A), thereafter neutralizing some or all of carboxy!
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groups in the obtained polymer, and thereafter dispersing the polymer in the
dispersion medium from the viewpoint of smooth transition to an aqueous
phase. The neutralization is performed by adding a basic compound to the
polymer (A). The basic compound used is not particularly restricted.
Preferred examples thereof include alkylamines such as ammonia (aqueous
solution), trimethylamine, triethylamine, diisopropylethylamine, and
butylamine; alcohol amines such as dimethylethanolamine,
dimethylisopropanolamine, methyldiethanolamine, diethylethanolamine,
triethanolamine, and butanclamine; morpholine; and isophoronediamine.
The basic compounds may be used singly or in combinations of two or more.
The basic compounds are added in an amount to be compounded to set a
degree of neutralization (that is, a molar ratio of a neutralizer to an acid) to 40
to 150%, and preferably 80 to 120%. The pH of the antifouling coating resin
dispersion according to the present invention is 6.0 to 11.0 and preferably 6.5
to 9.0.
[0056]

it is preferable that the polymer (A) is obtained by subjecting at least
the hydroxyl-group-containing ethylenically unsaturated monomer (a3) to
solution polymerization, dispersing the polymer (A) in the dispersion medium,
and further adding a hydroxyl functional crosslinking agent to cross-link the
polymer (A), thereby improving filim coating properties such as toughness
and water resistance,

0057

i

he hydroxy! functiona! crosslinking agent is not particularly resiricled,

and known hydroxyl functional crosslinking agents can be used.  Lxamples

thereof include amine resins such as a melamine resin and a
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benzoguanamine resin, and polyisocyanates such as an aliphatic isocyanate,
an alicyclic isocyanate, and an aromatic isocyanate. Particularly, the
polyisocyanate is preferably used from the viewpoint of a reaction
temperature and coating film properties, and a water-soluble or water

5 dispersion type hydroxyl functional crosslinking agent is more preferably
used.
[0058]

The amount of the hydroxyl functional crosslinking agent used is not

particularly restricted, but the hydroxyl functional crosslinking agent can be
10 used within the range of not reducing handling, film-forming properties, and

antifouling properties.

[0059]

The antifouling coating resin dispersion preferably contains the polymer
(A) in the range of 20 to 60% by mass from the viewpoint of film-forming

15  properties and antifouling properties.
[0060]

Water or a mixture of water and an organic solvent can be used as the
dispersion medium. The diluent used for the polymerization reaction of the
polymer (A) can be used as the organic solvent.  Alcohol-based compounds

20 such as an alcohol and a glycol ether exemplified as the diluent used for the

nolyrmerization reaction are preferable as the diluent from the viewpoint of

.....

dispersibility.  Of these, a monchydric alcohol having a comparative

boiling point and having 1 to 6 carbon atoms, and preferably & monohydric
alcohol having 2 to 4 carbon atoms can be suitably used as the alcchol. A
2% glycol ether having 3 to 11 carbon atoms, and preferably 3 {o 8 carbon atoms

can he suifably used as the glyeol ether.
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[0061]
The content of the diluent in the antifouling coating resin dispersion is
preferably 0 to 20% by mass, and more preferably 0 to 10% by mass.
When the content of the diluent exceeds the range by using the diluent for
5  the polymerization reaction of the polymer (A) and the content of the diluent
needs to be reduced, the diluent may be subjected to a removing operation
(desolvation treatment) by vacuum distillation and the like if necessary.
[0062]
Another antifouling agent may be compounded in the antifouling

10 | coating resin dispersion of the present invention if necessary. The
antifouling agent may be appropriately selected and used depending on
requisite abilities. Examples thereof include copper-based antifouling
agents such as copper (1) oxide, copper thiocyanate, and copper powder;
metal compounds of lead, zinc, and nickel and the like; amine derivatives

15 such as diphenylamine; nitrile compounds; benzothiazole-based compounds;
maleimide-based compounds; and pyridine-based compounds. These can
be used singly or in combinations of two or more.  Specific examples thereof
include manganeseethylene bisdithiocarbamate, zincdimethyl
dithiocarbamate, 2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine,

20 2,4.56-tetrachloroisophthalonitrile, N N-dimethyldichlorophenylurea, zinc
ethylene bisdithiocarbamate copper rhodanate, 4 S-dichloro-2-r-octyt-

: AL

3(2Hisothiazolone, N-fiuorodichioromethyiihiojphthalimide, N

SIS
N-phenyl-(N-fluorodichloromethylthic)sulfamide, zine 2-pyridinethiol-1-oxide,

tetramethyithiuram disulfide, Cu-10% Ni solid solution alloy, 24,6

[y

trichiorophenylmateimide, 2 3.5 6-fetrachloro-4-{methylsulfonyhpyridine, 3-

iodo-2-propynyibutylcarbamate, diicdomethyl p-irisulfone,
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bisdimethyldithiocarbamoylzincethylene bisdithiocarbamate,
phenyi(bispyridyl)bismuth dichloride, 2-(4-thiazolyl)-benzimidazole, and
pyridine-triphenylborane.

[0063]

[n the antifouling coating resin dispersion according to the present
invention, silicon compounds such as dimethylpolysiloxane and silicone oll,
and fluorine-containing compounds such as carbon fluoride can also be
compounded for the purpose of imparting fubricity to the surface of a coating
film and preventing adhesion of organisms.

[0064]

Furthermore, the antifouling coating resin dispersion according to the
present invention may contain various kinds of pigments, defoaming agents,
pigment dispersing agents, leveling agents, anti-sag agents, matting agents,
ultraviolet absorbers, antioxidants, heat resistance-improving agents, slip
agents, antiseptic agents, plasticizers, another emulision resins, water-soluble
resins, and viscosity controlling agents and the like.

[0065]

The coating film using the antifouling coating resin dispersion according
to the present invention can be directly formed on the surface of a substrate
of underwater structures such as ships, various fishing nets, bay facilities, ofl
fences, bridaes, and submarine bases, or can be foimad on the surface of
the substrate by the infermediary of an undercoating film formed. The
undercoating film can be formed by using wash primers, chlorinated rubber-
based or epoxy-based primers, and intermediate coatings and the like, The
antifouling coating resin dispersion of the present invention can be applied on

the surface of the subsirate or the undercosting film formed on the substrate
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by means such as brush coating, spray coating, roller coating, and dip
coating, as the forming method of the coating film. The application amount
can be generally set to an amount to give a thickness of a dry coating film of
10 to 400 um. Drying of the coating film can be usually performed at room
temperature, and heat drying may be performed if necessary.

EXAMPLES

[0066]

The following Examples and Comparative Examples illustrate the
present invention further in detail, but do not limit the scope of the present
invention. In the following Examples, "parts" are by mass. Antifouling
coating resin dispersions prepared in Examples were evaluated by methods
shown below.

[0067]
[Evaluation of Storage Stability]

As the evaluation of the storage stability of the antifouling coating resin
dispersion, the antifouling coating resin dispersion was saved ata
temperature of 40°C for 3 days, 10 days, and 1 month, and the absence or
presence of a precipitate was visually confirmed. The evaluation was
performed on the following criteria.

Good: A resin component is not deposited and separated after the lapse of a
prascribaed time, and a solidified malterial s not formed.

Fair: A small amount of precipifate is dispersed by stirting.

Poor. A resin component is deposited, separated, and solidified, and is not
redispersed aven when the resin component is stirred.

[0068]

IMTast of Degree of Wasting of Coating Film]

29
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Each antifouling coating resin dispersion was applied by an applicator
on a hard vinyl chloride plate of 50 mm x 50 mm x 2 mm (thickness) so that
the dry film thickness was 120 um, to produce a test plate. The test plate
was attached to a rotation drum placed in sea water. The drum was rotated
at a circumferential speed of 7.7 m/s (15 knot), and wasting thicknesses after
1 month and 3 months were measured. |
[0069]

[Water Resistance Test]

Each antifouling coating resin dispersion was coated on a substrate
made of a sand blasted steel plate on which an anti-corrosive coating had
been previously coated so that the dry film thickness was 120 um, to produce
a test plate.  The test plate was immersed in sterilization-filtrated sea water
for 1 month. The test plate was then dried at room temperature of 20°C for
1 week, and the surface of the coating film was observed. The evaluation
was performed on the following criteria.

Very Good: No cracking and peeling at all are observed.

Good: Slight cracking is observed.

Fair: Cracking and peeling are partially observed.

Poor; Cracking and peeling are observed on the whole surface.
[0070]

[Grid Peeling Teasti]

A test plate produced in the same manner as in the walter resistanc
test was immersed in sterilization-filtrated sea water for 1 month.  The lest
olate was then dried at room temperature of 20°C for 1 week, and grid
peeling test was performed.  in the grid peeling fest, crossculs reaching a

substrate were put at intervals of 2 mim in the test plate, and 25 grids of 2

30
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mm? was made. Sellotape (registered trademark) was stuck thereon, and

was rapidly removed. The peeled grid state was observed. The evaluation

10

20

was performed on the following criteria.

Very Good: No grid peeling and grid corner peeling at all are observed,
Good: Grid peeling is not present, but only a grid corner is peeled.
Fair: 1to 12 grids are peeled.

Poor: 13 to 25 grids are peeled.

[0071]

[Production Example M1]

To a reaction vessel equipped with a stirrer, a temperature controller,
and a dripping device, 66.3 parts of MFDG (dipropylene glycol monomethyl
ether) and 41 parts of zinc oxide (ZnO) were added, and the mixture was
heated up to 75°C while stirring. A mixture of 43 parts of methacrylic acid
(MAA), 36 parts of acrylic acid (AA), and 5 parts of water was added
dropwise thereto over 3 hours at constant speed. After completion of
addition, the reaction solution changed from opaque white condition to
transparent. Further, the solution was stirred for 2 hours, and 10 parts of
MFDG was then added thereto, to obtain a transparent divalent-metal-
containing ethylenically unsaturated monomer mixture M1, The amounts of
the raw materials added, the metal content of the obtained divalent-metal-
containing ethvlenically unsaturated monomer mixture M1, and the soia
content concentration are shown in Table 1.

[6072]
IProduction Examples M2 and M3]
Divalent-metai-containing ethylenically unsaturaied monomer mixtures

M2 and M3 ware produced in the amounts added shown in Table 1in the
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same manner as in production example M1. In place of MFDG, PKAS001

was used in production example M2, and AG was used in production

example M3.
[0073]
5 [Table 1]
[Table 1]
Amount added (mass ratio) czﬂr(?tfrlat Solid content
Versatic | Acetic | (o p concentration
MAA | AA | ZnO | Water | 020 | T r{n ;Sg’) (% by mass)
Production 43 18 41 5 16.2 54.8
example M1 ;
Production r‘
example M2 30 25 4 > " o
Production ag 32 41 6 16.5 55.0
example M3

[Production Example P1]
To a reaction vessel equipped with a stirrer, a temperature controller,
10 and a dripping device, 25.9 parts of MFDG (dipropylene glycol monomethyl
ether) was added, and the mixture was heated up to 130°C while stirring.
[0074]
<Step 1>
Then, a mixture made of the following raw materials was added
15 dropwise thereto over 1 hour at constant speed, and copolymerization
reaction was further performed for 0.5 hour {(hereinafier, this reaction siep is
referred to as a slep 1)
acrylic acid (AA). 1 part
ethyl acrylate (EA): 14 parts
20 chain fransfer agent (frade name: "Nofmer MSD" manufactured by NOF

CORPORATION): 0.5 part

32



metal anount P/s by nmass) After 3days After 10 days , r 5.0 1.0 0.6 94.0
2000 45.3 1.5 Good Good 10.0 2.0 0.0 88,0 H 1700 45.8 , 2.9 Good Good 20.0
6.0 13.5 (10.5 1200 45.1 4.7 Good Good 30.0 8.0 20.3 43.7 800 45.4 7.1 CGood

Cood

initiator (trade name: "Perbutyl O" manufactured by NOF CORPORATION): 1
part
[0075]
<Step 2>
5 Then, a mixture made of the following raw materials was added

dropwise thereto over 3 hours at constant speed, and copolymerization
reaction was further performed for 0.5 hour (hereinafter, this reaction step is
referred to as a step 2):
divalent-metal-containing ethylenically unsaturated monomer mixture M1: 9.1

10  parts (solid content of divalent-metal-containing ethylenically unsaturated
monomer: 5 paris)
methyl methacrylate (MMA): 25 parts
ethyl acrylate (EA): 45 parts
n-butyl acrylate (BA): 10 parts

15  chain transfer agent (trade name: "Nofmer MSD" manufactured by NOF
CORPORATION]): 1 part
initiator (frade name: "Perbutyl O" manufactured by NOF CORPORATION): 5
parts
[00786]

AN
jo»]

Then, 0.5 parts of "Perbutyl O" was added, and polymerization reaction
was further continued for 1 hour,  Further, the temperature thereo!l was
owered to 80°C, and 1.1 parls of dimethylethanclamine {DMEAY was added.
They were uniformly mixed, and 92.2 parts of deionized water was gradually
added thereto, to obtain a polymer (A) water dispersion P1. The amounts of
25 the raw materials added, the characteristic value of the polymer {(A) water

dispersion P1, and the storage stability are shown in Table 2.
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After tMJItil Good Good Good Fair Good Fair Fair orJeGood Poor Good Good
PKA5006: net hoxypol yet hyl ene glycol ally' ether (trade nane: "Uni ox PKA
5006" manufactured by NOF CORPORATI ON) PKA5001: pol yet hyl ene glycol ally’
et her (trade nanme: "Uni ox PKA5001" manufactured by NOF CORPORATI ON) 5AG
et hyl ene glycol ally' ether (manufactured by N ppon Nyukazai Co., Ltd.)
SR10: "Adekaria Soap SR10" (nmanufactured by ADEKA CORPORATI ON) *Mass parts
of only nononer conponents are noted in brackets. [0083] [Exanple 1] 1030
parts of veper) was mxed with 222.2 pads of the polyner (A) water

di spersion Pl obtained in production exanple P1 to obtain an antifouling

coating rgpradudiispenc@iniiles Phaoamynt s of raw materials conpounded, and the
results of test of degree of wasting, water resistance test, and grid

peel i ng test dfolyimer ¢h) aateedisrrsibosF2ng R tateny prasticeddi spersiton are shown
in 15Table 3. [0084] [Exanples 2 to 9] Antifouling coating resin

di sper si orsidedrshopmeiparaide 2dn tpe edmetmeannexasiipl gredplicrver@mpie Phe sane
manner as in Exanple 1, and were eval uated. 20The results are shown in
Table 8. [[008%] [Cortiparat ye Antifouling coating resin dispersions
were prepared for production exanmples P10 to, P12 in th manner as in

Exanpl e 1, andnvidpaueipq exarerle Frhafieedhg semplatiogiipe ?f?p?'ggjlfaé pgirts

of zinc hydroxide and 7 parts of versatic acid were added thereto, and they
were stirred for 2 hours.  The step 2 was then continued. The amount of a
divalent-metal-containing ethylenically unsaturated monomer (at) used in
10 production example P7 was calculated as follows.
[0079]
molecular weight obtained by excluding a hydrogen atom from AA: 71
molecular weight obtained by excluding a hydrogen atom from versatic acid:
174
15 formula weight of zinc hydroxide: 99.4
zinc atomic weight: 65.4
AA portion: 7.6 parts x 71/72 = 7.49 parts
zinc hydroxide portion: 7.1 parts x 65.4/99.4 = 4 .67 parts
versatic acid portion: 7 parts x 174/175 = 6.96 parts
20 7.40+467 +6.96=19.12

in production example P8, the same step as that of production example

P1 was performed.  Then, 7 parts of a hydroxyl functional crosslinking agent
(trade name: "Bayhydur VPLE2336" manufactured by Bayer Corporation)
2% was further added thereto, and they were continuously stirred as itis for 2

hours to oblain a polymer (A) water dispersion P8,
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[0081]

In production example P10, a monomer mixture containing a carboxyl-
group-containing ethylenically unsaturated monomer (a2) and a divalent-
metal-containing ethylenically unsaturated monomer mixture (M1) was

5 polymerized in one stage without performing the step 2.
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[0082]
[Table 2]
ITable 2]
Step Production examples
P11 P2 | P3 P4 P5 P6 | PY P8 P9 | P10 1 P11 | P12
Inilial diluent added MFDG 25971218 20 20 20 20 0 1218 218 | 30 218
Inilia reactive diluent added {a4) BPQ%% 20
Divalent-metal-containing | M1 ) 10(18.2)
ethylenically unsaturated
monomer {at) mixture’ M2 20{33.5)
Carboxyl-group-containing MAA 8 6 6
ethylenically unsaturated
menomer {82} AA 1 2 5 7.8 2 2 10
Hydroxyl-group-coniaining PKA
ethylenically unsaturated 5001 135 [ 135
Step 1 menomer {a3)
MMA 10 10 20
Another ethylenicafly EA 14 1 13 315 | 324 i2 58 1315
unsaturated monomer (ad} BA g 9 5 19 10 9 10
SR10 3
Initiator Perbutyl O 1 1 1 1 1 5 5 1 1 5 1 1
. Nofmer ) - 5 =
Chain transfer agent MSD 051051 05 0.5 0.5 1 1 05 | 05 1 05| 05
Cormpounds| Zinc hydroxide 7.1
reacted Versafic acid 7
) - 5 10 10 10
Divalen{-metal-confaining it @.4) 1(18.2) {18.2) (18.2)
elhylenically unsaturated : P
monomer {a1) mixture’ M2 20033,5)130(50.3) 20{33.5)
M3 15{27.3)
Carboxyl-group-containing
ethylenically unsaturated
monormer {ad) MAA 6 6
Hydroxyl-group-containing HER 25
ydroxyl-group-containi
Step? | aihylenically unsaturated f&ﬁ 136 | 203 135
monomer {a3) J
AG 12.3
Another ethylenicafly MMA 25 | 20 10 10 10 20 30 | 20
unsaturated monomer (a8} EA 45 1 45 | 315 | 247 | 227 28 45 45 | 45
BA 0110 10 10 10 9 g i 10 10 1 10
Initiator Perbutyl O 8 5 5 5 5 1 1 5 5 ) 5
Chain transfer agent Nh(;{g;)er 1 1 i i 1 0.5 0.5 1 1 1 1
DWEA added 117 21 5.3 83 5.3 5.3 53 5.3 24 21 1108
Deidonized water added 8271622 | 1022 | 1022 | 1222 1 1022 {996 1 1108 1922} 022 [92.2 | 022
Hydrany! luncliona! crosstinking agent
04 10
ATHEUNS of rav {at)io{ad) 20100
used (% by mass) 60 | 08
98.0 | 800
z:[‘;?';‘; 2000|7706 1260 | 806 | 1500 | 1700 {1100 1000 | 1300 | 12400 | 200010200
SOM O g3 asg | 401 | @94 | 409 | 404 |46 | d6d | 450 | 5o |dod | d6d
Polymer Crataciristic valugs L Dy mass) .
( A)' ’ Polymer
waler Rl g5 29| 4y [ 7|45 | 47 | a7 | a4 |29 28 | 00|29
dispersion [U/ai”\]OU[: \
Lo DY MNASS) 1 R 5. S
Mfler Ldays [Gnod 1 Good] Good | Good | Geod | Good | Good; Good 1Good| Fair 1 Good | Good
Evaluation of storage stability | Afier 10 days | Good | Good! Good | Bood | Geod | Good | Good | Good 1Good)| Fair | Good| Good
After 1 month} Good | Good! Good | Falr | Good | Fair | Fair | Good [Good| Poor |Good| Good
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PKA5006: methoxypolyethylene glycol allyl ether (trade name: "Uniox PKA
5006™ manufactured by NOF CORPORATION)

PKAS5001: polyethylene glycol allyl ether (trade name: "Uniox PKA5001"
manufactured by NOF CORPORATION)

AG: ethylene glycol allyl ether (manufactured by Nippon Nyukazai Co., Ltd.)
SR10:; "Adekaria Soap SR10" {(manufactured by ADEKA CORPORATION})
*Mass parts of only monomer components are noted in brackets.

[0083]

[Example 1]

30 parts of water was mixed with 222.2 parts of the polymer (A) water
dispersion P1 obtained in production example P1 to obtain an antifouling
coating resin dispersion. The amounts of raw materials compounded, and
the results of test of degree of wasting, water resistance test, and grid
peeling test of the obtained antifouling coating resin dispersion are shown in
Table 3.

[0084]
[Examples 2 to 9]

Antifouling coating resin dispersions were prepared for production

examples P2 to P9 in the same manner as in Example 1, and were evaluated.

The results are shown in Table 3.
100851
Comparative Dxamples T1o 3]
Antifouling coating resin dispersions were prepared for production

s in Example 1, and were

evaluated. The results are shown in Table 3.
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The storage stability, that is, dispersion stability of each of the polymer
(A) water dispersions P1 to P9 prepared in production examples P1 to P9
was excellent (Table 2). When the polymer (A) water dispersions P1 to P9
were stored for 1 month or more, precipitates were partially produced.
However, the precipitate resin was dispersed by restirring.  The antifouling
coating resin dispersions (Examples 1 to 9) using the polymer (A) water
dispersions P1 to P9 had excellent water resistance in sea water, and
excellent self-polishing properties and adhesiveness (Table 3).

[0087]

On the other hand, the polymer (A) water dispersion P10 prepared by
polymerizing the monomer mixture in one stage without performing the step 2
had extremely high viscosity (Table 2). The antifouling coating resin
dispersion using the polymer (A) water dispersion P10 (Comparative
Example 1) had low water resistance and adhesiveness (Table 3). The
antifouling coating resin dispersion (Comparative Exampte 2} using the
polymer (A) water dispersion P11 prepared without using the divalent-metal-
containing ethylenically unsaturated monomer (a1) exhibited no self-polishing
properties (Table 3). The antifouling coating resin dispersion (Comparative
Example 3) using the polymer (A) water dispersion P12 using 10% by mass
of the carboxyl-group-containing ethylenically unsaturated monemer (22) had
extremaly High viscosity (Table 2), and had low waler resistance and

adhesiveness (Table 3).
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Claims
[Claim 1]
A method for producing an antifouling coating resin dispersion
comprising the steps of:
5 producing a polymer (A} containing a divalent metal, and
dispersing the polymer (A) in a dispersion medium containing water or
a mixture of water and an organic solvent,
wherein the polymer (A) containing a divalent metal is obtained by
subjecting 1 to 40% by mass of a divalent-metal-containing ethylenically
10 unsaturated monomer (a1), 0 to 8% by mass of a carboxyl-group-containing
ethylenically unsaturated monomer (a2), 0 to 40% by mass of a hydroxyl-
group-containing ethylenically unsaturated monomer (a3), and 99 to 22% by
mass of another ethylenically unsaturated monomer (a4) to solution

polymerization in a multi-stage which includes two or more stages.

15
[Claim 2]

The method for producing an antifouling coating resin dispersion
according to claim 1, wherein the polymer (A) is obtained through solution
polymerization in a multi-stage which includes two or more stages comprising

20  the steps of subjecting a monomer mixture (b1) containing at least one

carboxyi-group-containing ethvienically unsaturated monomer (a2) to solution

1 73N

polymerization, and subjecting a monomer mixiure (B2) contaiming no
carboxyl-group-containing ethylenically unsaturated monomer (a2) and the
divalent-metal-containing ethylenically unsaturated monomer (a1) to solution

25 polymerization.
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o The storage stability, that is, dispersion stability of each of
the polyner (A) water dispersions P1 to P9 prepared in production exanpl es
P1 to P9 was excellent (Table 2). When the polynmer (A) water dispersions Pl
to P9 were stored for 1 nonth or nore, precipitates were partially
produced. 5However, the precipitate resin was dispersed by restirring. The
antifouling coating resin dispersions (Exanples 1 to 9) using the pol yner
(A) water dispersions P1 to P9 had excellent water resistance in sea water,
and excel |[@|]'gim8ﬁ| f-polishing properties and adhesi veness (Table 3). [0087]
100n the other hand, the polyner (A) water dispersion P10 prepared by

pol yneri zi ng tige Memes®forPrédidify hR a@'ﬂﬁnﬁiﬁ@%a%?h@édh dapdreibm ng the step 2
had extrenely high viscosity (Table 2). The antifouling coating resin

di sper si oraddsidigg tdrelapally MeieréiAthapbsmimel (@D és sbiamdldrduimpaitatiage Exanpl e
1) had | ow water resistance and adhesiveness (Table 3). The 15antifouling
coati ng r esiuticth ppemeripatirCeoparising \aé dash fiplt st®)e pelymgrizakompbirymer (A)

wat er di spersion P11 prepared w thout using the dival ent-netal containing

et hyl efi calubjeating st tnoavetkr meirtne (b {atontairinicbattleastirmnesearpoydtdreupng
properties (Table 3%, The antifouling coating resin dispersi o&ﬂ&,Corrpar ative
Exanpl e 3)conaingotaiaylpoicahe nsa)ratad snonirapieled) in setoy SPRNAFRHIBY. mass

200f the carboxyl - group-cont ai ni.ng et hyl enj.cal unsat ur.at.ed nmoponer (a2)
had extrerﬁbﬁtﬁpkﬁféﬁg@ti %QPYWG{"'F%S’&%BEQL Lhéan Sﬂﬁ%?o‘?ﬁﬁm?%atp&?%‘fance and
adhesi veness (Table 3). Cdains,[Caim.l A. ing an
anti foul i V%é)'&ttmﬁg?ifémpﬁuﬁasﬁgq %?8%@8%%psqhﬁae?%ag}ogtqgrpé&gpg r%E)Htf)duci ng a
pol ymer ( ini. bWV . ; di TS| t.pe pol yner
(A) in a g}@%@E&feéEh1%%1é§6%)£ﬂnrﬁ%mﬁ%ﬂ§%§®%ogargowg%régg Cg)h %\Agbgr and an
organkg S ; I (Wt ! | is

obt ai ted B Eniealy e B (e B P e oA

et hyl eni calsliye tRunsat urated nonomer (al), O to 8% by mass of a

car boxyl - group-cont ai ni ng et hyl eni cally unsaturated nononer (a2), 0 to 40%
by mass of a hydroxyl group-containing ethylenically unsaturated nononer
(a3), and 99 to 22% by mass of another ethylenically unsaturated nononer
(a4) to sqCuiimod4] pol ymerization in a nulti-stage which includes two or nore
stages. 15 [Claim 2] The method for producing an antifouling coating
resi n di sper si Bbime atbodiaorgrodudhaiam dntifowimgetoatingeepiol disrersioR) i s obt ai ned
t hrough sol ution polynerization in a nulti-stage which includes two or nore
st ages Scommciosding taaoy lneesafapaimst1 kubj wheiehythe pRMORE (ANSairiacd k)
containing at |east one carboykqroup-contajning ethylenically unsaturated
nmonomer (aﬁzbe@cétngoatd@aﬁﬁh@@aWI-ﬁ%&Lipofﬁﬂﬂtawwsbﬁ%'bﬂw%m“sﬁ rated

car boxyl - gr oup- cont ai ni ng et hyl eni ca unsat ur at ed nongner. (a2) and the
di val ent - fBPAPIER R itﬁi%@&w@'y@snzg@ '|“¢ﬁ8rP§§%%nC§c%ﬁcb§€ﬁ8 dal) to

coati ng r GGl sEres e 4USBPMTAS (@b GPRARGL neunarang SoRe BaMEr (s
btained th I ti- ol ut | | ' L.on. i 8l I

Firet ot age BOry sevionit A oF ned nsRet AT hERLE ARy Bep,y o

contai,nin af?rtmlﬁgﬁifrh@%%&?@gﬁéh@%ow' containing ethylenically

unsat ur at (a ol'utton polynerization, a step of reacting a
pol ynmer obtained in the first stage polynerization and a dival ent netal
conpound, and second stage polynerization for polynerizing a nononer
m xture (b8)uiepnptaining at |east one carboxyl - group-containi ng
The method for producing an antifouling coating resin dispersion
according to any one of claims 1 to 4, wherein the polymer (A} iz obtained by

25 subjecting at least the hydroxyl-group-containing ethylenically unsaturated

monomer {23) fo solution polymerization, dispersing the polymer (A} in the
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10et hyl eni cal | y unsaturated nononer (a2) in the presence of a reaction
product of the step. [Claim4] The nethod for producing an antifouling
coating resin dispersion 1l5according to any one of clains 1 to 3, wherein
the polyner (A) is obtained by subjecting at |east the
car boxyl - group-cont ai ni ng et hyl eni cally unsaturated nononer (a2) to
solution polynerization in the presence or absence of a diluent for
di ssolving the polyner (A), thereafter neutralizing sone or all of carboxyl
groups in & i ' [ : Opol yner in
t he disperg@g%@ﬁggrgﬁgﬁﬁg&xﬁﬁﬁ@eﬁggH@gq¥g?m%?gdﬂ@?ﬁgkgﬁﬂ%ﬁPﬁgg i ng coating
resin di sSpgg&itas (1€ pOR/MdIIAL b S INR td pelyPidrgA). to 4, wherein the pol yner
(A) is obtained by subjecting at |east tﬁe hydroxyl - gr oup- cont ai ni ng
et hyl enical ly unsaturated nononer (a3) to solution polynerization,
di spersing the polynmer (A) in the dispersion nedium and further adding a
hydr oxyl f[@isiti ®hal crosslinking agent to the polymer (A) to cross-link the
polymer (A). [Caim®6] 5An antifouling coating conprising an antifouling
coati ng resin Ahspdifailiog quetidgcethpigingren astifoatingcoatint regin disapisiane of
clainms 1 to 5.

produced by the method according to any one of claims 1 to 5.
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