- HYDROLYZABLE METAL- CONTAI NI NG RESI N AND ANTI FOULI NG PAI NT COVPGSI TI ON
‘BACKGROUND ART 5 This invention relates to a hydrol yzable, netal-
containing resin for use as a vehicle resin of antifouling paints as well
@as antifouling paint conpositions containing said resin. Antifouling paints
containing as a vehicle resin a 10 trial kyltin-containing polyner are
known. These resins are advantageous in controlling the rel ease of
antifouling agent to a mininumlevel sufficient to naintain desired
antifouling effect at aHYBDROLIAABLEVMETADrCONTATNINGrRESINMfAND ne. |n
application, the vehicle resin consisting of a 15 trial kyl tin-containing
polymer is hydrol yzed by t hcARTIFOULDNGWRAKNY GOMROSIRIGNa water to rel ease
the trialkyltin, and at the sane tine the resin becones water-sol uble so
that the paint filmis consuned and snoot hened. This contributes to the
reduction of the frictional resistance of ships 20 agai nst water and,
therefore, toBAQBGROUNDt ABR of fuel cost. The vehicle resins of this type
of paints, known as "sel f-polishing paints”, typically consist of
copol yness of triafkgbt invénbibhacejates whoth bydeolyzablonomstdlee from
car boxyl group. However, strong.concern about the toxic 25 ef fect of
trialkyltin ogonkaindngogesih £9rtumehas acvehbclhe resin of antifouling

paints as well as antifou;ing paint compositions containing
said resin.
Antifouling paints con£aining as a vehicle resin a
10 trialkyltin-containing polymer are known. These resins are
advantaéeous in controlling the release of antifouling
agent to a minimum level sufficient to maintain desired
antifouling effect at a constant level for a long period of
time. In applicatioh, the vehicle resin consisting of a
15 trialkyltin-containing polymer is hydrolyied by the action
of weakly alkaline sea water to release the trialkyitin,
and at the same time the resin becomes water-soluble so that
the paint film is consumed and smoothened. This contributes
to the reduction of the frictional resistance of ships
20 against water and, therefofe, to £he_reduction of fuel cost.
The vehicle resins of this type of paints, known as
"self-polishing paints", typically conéist bf copolymers of
trialkyltin (meth)acrylate with other comonomers free from
carboxyl group. However, strong concern about the tbxic

25 effect of trialkyltin on the ecological system has led to a



demand for a new vehicle resin which nmay replace the trial kyltin-containing
polynmers in the fornulation of self- polyshing antifouling paints.

JP- A- 62101653, JP-A-62057646, JP-A-63128008 and JP-A- 5 63128084

di sclose a netal -containing resin in which a nmetal atomis ionically
conbined with an acid pendant group of the resin and further with a
nonobasi ¢ organi ¢ acid, and net hods of production of such resins. This type
of resins may also be hydrolyzed gradually in the sea water to rel ease 10
anti foul i ng ndeminfoforaadnewcvebicheubesinywhicheriy csepbace the achi eve
sel f-polishing effects. The netal -containing resins are produced by

copol yneri zi ngraalkpitinraontabngngi podykerspinnehe wfotmal abion a0 f nembirer
to prepare an acid group-containing resin 15 (hereinafter referred to
as "substrat eppé¥shing andifhuhivgnbabnhg.the netal and nonobasic qrganic
acid. However, the effects of neutral nononmers present in the substrate
resin on the filmpgBrRobfRaftesSds ARrAF6&PPNE4Hai FE-2 0 W28R9BHMNE R A NI Ny
netal lized substrate resins and antifouling 20 pi gnents have not been

i nvesti dgat ed #BLR8AREI AigshosThpsmptabreantainheg dresbn uin ovhich ca onretal ns,
for exanple, has |ong been believed to be affected mainly by the acid
nunber of theas@Bsigt éopdshaplpucombinedt witheanaroid mn%mtrmromr@ﬁetlse

significantly. 25 DI SCLOSURE OF THE | NVENTI ON
resin and further with a monobasic organic acid, and

methods of production of such resins. This type of resins
may also be hydrolyzed gradually in the sea water.to release

10 antifouling metal ions and become soluble by themselves so
as to achieve self-polishing effects.,

The metal-containing resins are produced by
copolymerizing an unsaturated organic acid monomer with a
neutral monomer to prepare an acid group-containing resin

15 (hereinafter referfed to as “substrate resin"), and then
combining the metal and monobasic organic acid. However, the
effects of neutral monomers present in the substrate resin
on the film performance of antifouling ﬁaint formulations
containing metallized substrate resins and antifouling

20 pigments have not been investigated well until now. This is
because the dissolution rate of films, for example, has
long been believed to be affected mainly by the acid number
of the subsrate resin but not with the nature of neutral
monomers significantly. |

25 DISCLOSURE OF THE INVENTION




-

We have found that a substrate resin containing certain types of neutral
nononers may exhibit, when conpared with the correspondi ng substrate resin
not containing such a neutral nonomer, enhanced fil m performance including
anti- 5 cracki ng, adhesive, self-polishing and ot her properties after
metal lizing and fornulating into an antifouling paint with an antifouling
pi gnment. The present invention provides a hydrolyzable, netal- containing
resin conprising a polyner having in the nol ecule 10 thereof a plurality
of pendant acid gr¥epbabeufidundntbat|g subatnetelresim contaimbnpbesreain
organic acid also bound to the sanme netal atom as said pendant acid group.
It al so prOV|ﬂepeanOaneﬁbuhingopamﬂrscnawoexhlbntCOMMems¢¢mpaneﬁ with

nmet al -contai ning resin and an antifouling pignment and/or 15 antifouling
agent. The nethe- conresppndingssnbatcatei ngsin nok porsziningveumth om s
conprised of, inits free acid (substrate resin) form a copol yner

consi sting essentrall ponbméa) énbanSedof ¥Im%peyfosmagnte cinal wdireraselect ed
from 20 the group consisting of a (meth)acrylic acid ester having as the
est er reSi duecaabkangheddhkkyveof sédfirpolisbingcandootizeonpréperniest | east
one branch on a carbon atom at second to fourth positions fromthe distal
end of the praﬁcepamethaﬂmzlag(aadhﬁacmyuatlagldnbetem i foubhing hpabst er

25 residue a cycl oal kyl residue having six or nore carbon
with an antifouling pigment.

The present invention provides a hydrolyzable, metal-
Containing resin comprising a polymer having in the molecule
10 thereof a plurality of pendant acid groups bound ionically
to a metal atom and a monobasic organic acid also bound to
the same metal atom as said pendant acid group. It also
provides an antifouling paint composition comprising said
metal-coﬁtaining resin and an antifouling pigment aﬁd/or
15 antifouling agent. The metal-containing resin according to
the present invention is comprised of, in its free acid
(substrate resin) form, a copolymer consisting essentially
of
(a) from 5 to 70 % by weight of a member selected from
20 the group consisting of a (meth)acrylic acid ester having as
the ester residue a branched alkyl of four or more carhon
atoms having at least one branch on a_carbon atom at second
to fourth positions from the distal end of the principal
chain, a (meth)acrylic acid ester having as the ester

25 residue a cycloalkyl residue having six or more carbon



atons, a pol yal kyl ene gl ycol nono(neth)acrylate, a pol yoxyal kyl ene gl ycol
monoal kyl ether nmnono(neth)acrylate, and an adduct of 2-hydroxyet hyl
(‘fmeth)acrylate with caprol actone; 5 " (b) a proportion of a
pol yneri zabl e unsaturated organic acid nonomer corresponding to an acid
nunber of the resin from25-to 350 ng KOH/ g as solid;- and (c) the bal ance
of anot her polynerizable neutral nononer. 10 PREFERRED EMBODI MENTS The
hydrol yzabl e, nmetal -containing resin of the present invention may be
produced by thtomat,hadpodiyadkydenei glybelamone{methdapaytateapal i cations
except that the nmononeric conposition of the substrate resin additionally
cont ai ns ‘a 15polyoxytaikly leneodycad teohoadityleeeher mbropmrathhbcagldtgroup
e.g. -COOH group binds ionically to a transitional netal, e.g. copper and a
nonobasi ¢ aci @ande ag. addaeicitc ofci2dhiyd roayethigd flmekbwangysate: wi €OOCUQAC 20
The substrate resin having pendant acid groups may be produced by
copol yneri zi ngaphre lalcdomesononer (a) wth the nononer (b) having an acid
group and the nononer (c) free of the acid group in accordance with the
conventi bnal sol uti{é polppemortdvinowinet podymesizable unsgrunpted otganic
car boxylic acid nononers are acrylic and

acid monomer corresponding to an acid number of the resin

from 25 to 350 mg KOH/g as solid; and
(c) the balance of another polymerizable neutral
monomer.

10 PREFERRED EMBODIMENTS

The hydrolyzable, metal-containing resin of the present
invention may be produced by the methods disclosed in the
above-cited patent applications except that the monomeric
composition of the substrate resin additionally contains a

15 neutral monomer as defined herein. The pendant acid group
e.g. -COOH group binds ionically to a transitional metal,
e.g. copper and a monobasic acid, e.g. acetic acid to form
the following salt:

~COOCuOAc

20 The substrate resin having pendant acid groups may be
produced by copolymerizing the above monomer {(a) with the
monomer (b) having an acid group and the monomer (c) free
of the acid group in accofdance with the conventional
solution polymerization meﬁhod.

25 Examples of carboxylic acid monomers are acrylic and



met hacrylic acids. O her exanples of carboxyl group- containing nononers
i ncl ude nonoal kyl nal eate and nonoal kyl itaconate as well as half esters of
di carboxylic acid such as phthalic, succinic or maleic acid with
2- hydr oxyal kyl 5 (meth)acryl ate. Exanples of sulfonic group-containing
nmononers i nclude p-styrenesul fonic acid, : :
2- et hyl - 2- acryl am dopr opanesul fonic acid and the |ike. Exanples of
phosphoric group-containi ng nononers 10 i ncl ude aci d phosphoxypropyl
nmet hacryl at e, mM@thidcnyd-iz axiid sph @thleax pxanmliesnetthsarbbayd, gaong-
phosphoxyet hyl nethacrylate and the |ike. The nononeric conposition of the
substrat e r esicorgiadunichg erengime rish & naxdivgt eg momoad &ytlamaileg teoaodemonpadky 1
proportion 15 corresponding to an acid nunber of the resulting copol yner
of from 25 to i3EampteOd sy vasl Is@ls dha 14n emdtied snwifb @i carboxy ltiki scidngechay
generally be reached by conpoundi ng the acid nononmer in a proportion of
from5-70 % @EefprdElid,r guckinic ¢ Waleiceciaghid efithh@-bytiroeyadkygideric
conposition. When 20 the proportion of acid nonomer lies within the
above ra%ge, t{wetlalamEldist.veen the durability and the dissolution rate
(self-polishing rate) of paint filnms may be optim zed. In order to inpart
the paint filnms w tBramplresyexf sdidonde, gnaup-coadtiaing ngnaosoher spiogdudees,
a (nmeth ' .

( ) p-styrenesulfonic acid, 2-methyl-2-acrylamidopropanesulfonic

acid and the 1like.
Examples of phosphoric group-containing monomers
10 include acid phosphozxypropyl methacrylate, 3-chloro-2-acid
phosphoxypropyl methacrylate, acid phosphoxyethyl
methacrylate and the like.
The monomeric composition of the substrate resin should
contain the acid group-containing monomer in a proportion
15 corresponding fo an acid number of the resulting copolymer
of from 25 to 350 mg KOH/g as solid. An acid number within
this range may generally be reached by compounding the acid
monomer in a proportion of from 5-70 %, preferably from 10
to 50 % by weight of the entire monomeric_composition. When
20 the proportion of acid monomer lies within the above range,
the balance between the durability and the dissolution rate
(self-polishing rate) of paint films may be optimized.
In order to impart the paint films with improved
adhesion, anti-cracking and other properties, a (meth)

25 acrylic ester monomer containing a bulky group or soft



.25 .+ acrylic ester- nononer containing a bulky group or soft segnent in
the ester residue is copolynerized. Typical exanples of bul ky nononers are
t-butyl acrylate and t-butyl nethacrylate. O her exanples of bul ky nononers
-include (neth)acrylic acid esters having as etser residue a 5 br anched
al kyl of four or nore carbon atons having at |east one branch on a carbon
atom at second to fourth positions fromthe distal end of the principal
chain such as isobutyl, isopentyl, neopentyl or isohexyl (neth)acrylate, as
wel | as (net h$egmghtcincthiecestes hesidnge abs esnpolvierizedsithpical

cycl oal kyl of six or nore carbon atons such as cycl ohexyl or isobornyl

(et h) acryl atexamplgox9hil hylkyemenanexss proeiutdhutyl tderyiake apehitputyl

pol ynmeri zati on of an al kyl ene oxi.de such as ethyl ene oxide or propyl ene

oxi de are knowgthachelateof@theynexamplasingf ceulky mongmgrmtincindeal te acid
esters containing as soft segment a pol yoxyal kyl ene chain include

pol yoxyal kyl efmethyaeryhbroiabd hesteys havimg 3o gseml kesidne @ ycol
nonoal kyl ether (nmeth)acryl ate. Pol yoxyethyl ene (n=8) glycol nononet hyl

et her mé hacrjraneheddapkydorfefoyr cor pore3garkon atpng diavigibrat Meast her
met hacryl ate are commercially avail able from Shin Nakanmura Kagaku K K. as
NK ESTER M 90enanbramckSrera\fasban atepertisetond Aptfeurdy #sitioinsof t

segnment - contai ning acrylic nononers is an adduct -of 2-
from the distal end of the principal chain such as

isobutyl, isopentyl, neopentyl or isohexyl (meth)acrylate,
as well as (meth)acrylic acid esters having as ester

10 residue a cycloalkyl of six or more carbon atoms such as
cyclohexyl or isobornyi {meth)acrylate.

Polyoxyalkylene chains produced_by the ring-opening
polymerization of an alkylene oxide such as ethylene oxide
or propylene oxide are known to be a soft segment. Examples

15 of (meth)acryalte acid esters containing as soft segment a
polyoxyalkylene chain include polyoxyalkylene glycol
mono(meth)acrylate and polyoxyalkylene glycol monoalkyl
ether (meth)acrylate. Pplyoxyethylene (n=8) glycol
monomethyl: ether methacrylate and polyoxyethylene (n=23)

20 glycol monomethyl ether methacrylate are commercially
available from Shin Nakamura Kagaku K.K. as NK ESTER M-90G
and NK ESTERIM-230G. respectively. Another example of soft
segment—containiné acrylic monomers is an adduct of 2-
hydroxyethyl (meth)acrylate with’caproléctone. These

25 monomers are also commercially available from Daicel



.hydrooxyet hyl (nmeth)acrylate with caprol actone. These 25 nononers are
al so commercially avail abl e from Dai cel Chem cal Industries, Ltd. as
PLACCEL FA and PLACCEL FM series. Medium and | ong chain al kyl
(et h)acryl ates are not usabl e al one because of their high hydrophobicity
but 5 usabl e in conmbination wth a hydrophilic, soft segnent- containing"
acrylic nononmer such as NK ESTER M 90G or NK ESTER M 230G The substrate
resin should contain in its nononeric conposition 5-70 % preferably 10-50
% by wei ght ofhemécad Induatriesyphbderae RohGCEL (FhAnd RIRCCEI0VERM nonomer
for inproving adhesion and anti-cracking properties of paint filnms. Wen
the proporti ofebte8his kind of nononers lies within the above range, it is
possible for the netallized paint films to inpart with inproved adhesion
and durability 15 Medjumpwahd ieng chainanlkyl stoeth)asrylates maeenqh esence
of an antifouling pigment wthout- affecting other properties. The bal ance
of nononeric edapdsi aleneobechuseydft thebr retgn hxdephghicity kutheutra
nmonomer other than the nononers (a) and (Eé§ Exanpl es thereof include
hydr ocarbon 2vsablaphbnepsbinahien wibl| eneydpepyl e, sefly raggment -
met hyl styrene, and_vinyltoluene; al-kyl (meth)acrylates such as nethyl
(et h) acryal t €ONERAPLPAeRAYELL]| BPROMAr nBRRY| as NK ESTER M-30G or NK
ESTER M-230G.
The substrate resin should contain in its monomeric
composition 5-70 %, preferably 10-50 % by weight of the
10 entire monomeric composition of the above monomer for
improving adhesion and anti-cracking properties of paint
films. When the proportion of this kind of monomers 1lies
within the above range, it is possible for the metallized
paint films to impart with improved adhesion and durability
15 as well as a constant dissolution rate in the presence of
an antifouling pigment without affecting other properties.
The balance of monomeric composition of the substrate
resin is occupied by a neutral monomer other than the
monomers (a) and (b). Examples thereof include hydrocarbon
20 monomers such as ethylene, propylene, styrene, a -
methylstyrene, and vinyltoluene; alkyl (meth)acrylates such
as methyl (meth)acryalte, ethyl(meth)acrylate, n-propyl
(meth)-acrylate and n-butyl (meth)acrylate; hydroxyalkyl
(meth)~acrylates such as 2-hydroxyethyl (meth)acrylate and

25 hydroxypropyl (meth)acrylate; amides such as acrylamide and



J(met:h)-acrylate and n-butyl (neth)acryl ate; hydroxyal kyl (neth)-acrylates
such as 2-hydroxyethyl (nmeth)acrylate and 25 hydr oxypr opyl
(meth)acryl ate; am des such as acryl am de and nmet hacryl am de; nitriles
-such as acrylonitrile and nmethacrylonitrile; esters such as vinyl acetate
and vinyl propionate; and vinyl chloride. The substrate resin preferably
has a nunber average 5 nol ecul ar wei ght from 2,000 to 100, 000, nore
preferably from 3,000 to 40,000. The substrate resin is required to have a
nol ecul ar wei gethaérybamaboyenianibes osueh ndgi eyl apitrdle kaddnce anong
the filmformng property, workability and dissolution rate. 10

Met al s form ngethaekrylonibribe; sebsérat sucksas iyl hosetats candlwiwyl s of
groups 3A to 7A, 8, 1B and 2B of the periodic chart. Cobalt, nickel,
copper, zinc, pteplionate; aaddnabgabesklartder ef er abl e anong ot hers.

Pol ymeric nmetal salts nmay be produced by reacting the 15 substrate

resin wth at | easthe stibsthataetéesinappeférably hEs ad mipet ndv Stdde as
oxi de, hydroxide, chloride, sulfide or basic carbonate and at |east a

st oi chi gnet ri nodedubhroweightnobemi 2, 000aboCcLAC] 006) NbianedeSéyably

Alternatively, the substrate resin may be reacted with a netal salt of 20

nonobasi ¢ or gipom ag0do Emanpl 0600f ThHONSUBStE £abé gpes In ais dsegisrled otot hi s
have a molecular weight of the above range to maintain an
optimal balance among the film-forming property, workability
and dissolution rate.

10 Metals forming a salt with the substrate resin are
chosen from elements of groups 3A to 7A, 8, 1B and 2B of the
periodic chart. Cobalt, nickel, copper, zinc, tellurium and
manganese are preferable among others.

Polymeric metal salts may be produced by reacting the

15 substrate resin-with at least a stoichiometric amount of a
metal compound such as oxide, hydroxide, chloride, sulfide
or basic carbonate and at least a stoichiometric amount of
a monobasic organic acid simultaneously. Alternatively, the
substrate resin may be'reacted with a metal salt ﬁf

20 monobasic organic acid.

Examples of monobasic organic acids used for this
purpose include monocarboxylic acids such as acetic,
propionic, butyric, 1€uric, stearic, linolic, oleig,l
naphthenic, chlorocacetic, fluoroacetic, abietic,

25 phenoxyacetic, valeric, dichlorophenoxyacetic, benzoic, or



pur pose i nclude nonocarboxylic acids such as acetic, propionic, butyric,

| auric, stearic, linolic, oleic, naphthenic, chloroacetic, fluoroacetic,

abietic, 25 phenoxyacetic, valeric, dichlorophenoxyacetic, benzoic, or

napht hoi ¢ aci d; and nonosul foni c acids such as benzenesul f oni c,

p-tol uenesul foni c, dodecyl benzenesul foni ¢, napht hal enesul foni c or

p- phenyl benzenesul fonic acid. A preferred nethod for producing the

polymeric nmetal 5 salt is disclosed in JP-A-63128008 cited

her ei nbef or e. naPh&hdiLey acd dirhiandmmonosulfipaisubsidst eurhshf is reacted with

a nmetal salt of |ow boiling point-nonobasic acid and a free high boiling

poi nt - nonobas ibenesing sy lfignige Prdiol venesylfonige| dedecy lhenzenesidfoniahi ch

both the resin pendant 10 acid anion and the high boiling

poi nt - nonobas in@ pidihg lemesn Ifion ilgo ord p-@heny 1bemsemesull fontcoacidhe term

"l ow and hi gh boiling point-nonobasic acids" as used herein reffered to the

exi stence of subst dntrrsfedirfeldemetded £ oyoipriodycpovgntbet podybericenethdr

exanple 20 [err]. 15 The hydrol yzabl e, nmetal containing resin thus

produceds may F&lithd® gusalasedtin - 11i28§ 08aicitedohgyednbefioren

conbination with an antifouling agent and ot her conventional additives to

prepare the sdgeqrdiineitey tritg malhody Fhiensubstyesiet resins iehseprssdnt

i nvention. 20 The-antifouling paint conposition according to the
with a metal salt of low boiling point-monobasic acid and a

free high boiling point-monobésic acid simultaneously to
form a polymeric metal salt in which both the resin pendant

10 acid anion and the high boiling point-monobasic acid énion
are bound to the same metal cation. The term "low and high
boiling point-monobasic acids" as used herein reffered to
the existence of substantial difference in boiling points
therebetween, fér example 20 C.

15 The hydrolyzable, metal containing resin thus produced
may be incorporated into antifouling paint formulations in
combination with an antifouling agent and other |
conventional additives to prepare the self-polishing
antifouling paint composition of the present invention.

20 The antifouling paint composition according fo the
present invention may contain the following conventional
additives.

(1) Anﬁifouling agent:
Powders or flakes.of copper, zinc and nickel; oxides,

25 halides or hydroxides of copper, zinc and lead; organotin



.present invention may contain the follow ng conventional additives. (1)
Antifouling agent: Powders or flakes of copper, zinc and nickel; oxides,

hal i des or

zas tributyltin fluoride or triphenyltin chloride; biocidal netal

car boxyl ates such as copper

K, Zn, Pb, Cu, Fe, Ni, Mj, Se) dialkyl dithiocarbamates such as zinc 5
di mret hyl dithi ocarbamate and thiuram disul fide; sulfam des such as

pht hal yl sul f atdnpounds sudh aas hydlidhwty Buir dhivomicley ramditrd plrenyltin

sul f amet hoxyi ne; antibiotics such as penicillin V, penicillin G

anpicillin,

celpies bdpbrviocidabrnetahgatbory lakesmsdiah as fcaprsm or

25

hydr oxi des of copper, zinc and | ead; organotin conmpounds such

napht henate or copper stearate; netal (e.g. Na,

variotin; pyrrole 10 and i m dazol e conmpounds such as gl yodi ne, fentizole
or polycide; ni¥phiheratedor texper Hrarakspouirtals ush %as Naor &volzn aftber ol

or nyl one;

known 15

(2) Plasiciz&mernyh

am des_such as nicarbazin, 3,4,5-tribronosalicylanilide,
N-trichl or omefthy | Fe nelitaMdphiehl 48 Hey brd it iniqanhamstas, avicde . asarrdnst her

antifouling agents, pesticides, bacteriocides and fungi cides.

pht hal ate or dicycl ohexyl phthal ate; aliphatic

10

15

20

25

such as phthalylsulfathiazole, sulfaethydole,
sulfanilidopyridine or sulfamethoxyine; antibiotics such as
penicillin Vv, penicillin G, ampiciilin, cephalosporin,
chlortetracycline, neomycin, rifamycin or wvariotin; pjrrole
and imidazole compounds such as glyodine, fentizole or
polycide; thioxane and thioxanthone compounds such as
terazol, asterol or mylone; amides such as nicarbazin,
3,4,S—tribromosalicflanilide, N-trichlorémethyl—
mercaptophthalimide or 3,5-dinitrobenzamide; and other known
antifouling agents, pesticides, bacteriocides and
fungicides.

(2) Plasticizer:

Phthalate plasticizers such as dioctyl phthalate,
dimethyl phthalate or dicyclohexyl phthalate; aliphatic

dicarboxylate plasticizers such as'butyl sebacate; glycol

ester plasticizers such as diethylene glycol dibenzoate or

pentaerythritol alkanoic etser; phosphate plasticizers such
as tricresyl phosphate or trichloroethyl phosphate; epoxy
plasticizers such as epoxydized soybean o0il or epoxydized

octyl stearate; organotin plasticizers such as dioctyltin

10

ekl orarhans berand ughi wran | Giaud £ igte ih Audifamideet hyl



.20 - . dicarboxylate plasticizers such as butyl sebacate; glycol ester
pl asticizers such as diethylene glycol dibenzoate or pentaerythritol
al kanoi c etser; phosphate plasticizers such as tricresyl phosphate or
-trichl oroet hyl phosphate; epoxy plasticizers such as epoxydi zed soybean oi
or epoxydized 25 . octyl stearate; organotin plasticizers such as
dioctyltin 10 dilaurate or dibutyltin dilaurate; and other plasticizers
such as trioctyl trinmellitate, canmphor or triacetin. (3) Hydrolysis
regul ator: Chéiblannate purdibuhylpohydibguratépranpodtiromlasteidizers
sebacate, partially hydrogenated terphenyl, polyvinyl acetate, polyalkyl
(met h) acryl at epchoagethdochpl ybrimal kitatesi campdy est ebr Tase timnd
pol yvinyl chloride. (4) Pignent: Extender pignments such as baryte,
preci pitated bari ufdlOHydrodpsiat eeguedatorclay, chalk, silica white,
alum na white, titaniumwhite or bentonite; color pignents such as titanium
di oxi de, zirconi unfhloxivatedapacraffin, speinvinyliethes depolypinpy nnek,
graphite, red iron oxide, chromumgreen, enmerald green or phthal ocyani ne
bl ue. 1% sebacaty, Spavthallyyhydragenated uber phenxyl ereolyvinghe,
benzene, ethyl benzene, cycl opentane, octane, heptane, cycl ohexane or

: acetate, polyalkyl (meth)acrylate, polyether polyol, alkyd

resin, polyester resin and polyvinyl chloride.

(4) Pigment:

Extender pigmgnts such as baryte, precipitated barium

10 sulfate, talc, clay, chalk,.silica white, alumina white,
titanium white or bentohite; color pigments such as titanium
dioxide, zirconium dioxide, basic lead sulfate, tin oxide,
carbon black, graphite, red iron oxide, chromium green,
emerald green or phthalocyanine blue,

15 (5) Solvent:

Hydrocarbons such as xylene, toluene, benzene,
ethylbenzené, cyclopentane, octane, heptane, cyclohexane or
white spirit; ethers such as dioxane, tetrahydrofuran,
ethylene glycol monomethyl ether, ethylene glycol monoethyl

20 ether, ethylene glycol dimethyl ether, ethylene glycol
monobutyl ether, ethylene glycol dibutyl ether, diethylene
glycol monomethyl ether or diethylene glycol monoethyl
ether; esters such as butyl acetate, propyl acetate, benzyl

acetate, ethylene glycol monomethyl ether acetate or

25 ethylene glycol monoethyl ether acetate; ketones such as

11



white spirit; ethers such as dioxane, tetrahydrofuran, ethylene glycol
nononet hyl et her, ethylene glycol nonoethyl 20 et her, ‘ethyl ene glycol
di ret hyl ether, ethylene glycol nonobutyl ether, ethylene glycol dibutyl
et her, diethylene glycol nononethyl ether or diethylene glycol nonoethyl
ether; esters such as butyl acetate, propyl acetate, benzyl acetate,
et hyl ene gl ycol nononethyl ether acetate or 25 et hyl ene gl ycol nonoet hyl
et her acetate; ketones such as met hyl isobutyl ketone or ethyl isobutyl
ket one; and alm=tilgtls isoiutasl rkdhdrenar ethylodsiobaltydhdletoh@): Wmscosity
regul ator: Am des and am nes such as nicotinam de or n-octylamne; 5
nonobasi ¢ or gailicoharl slsuwic g -dotann ]l @reipropyll alciohodsi d; phosphoric
acid and phosphate esters; solid acids such as silicate or nolybdate. (7)
Ot her additives: Mifobdsiscagiganimegdiatorsuch as rosin, nonobutyl 10
pht hal ate or nonooctyl succinate; canphor and castor oil. The antifouling
pai nt conposition dmides mrebanings audhorsrmi dod imagyisee @ by -oiet yiemiog ;
known per se in the art. Any known nachi ne such as ball mlls, pebble
mlls, rbll nindnohasizpeabanic meids muchasuseetiior, wleigy o5 launigri ous
ingredients. It is desirable for the antifouling paint of the :
acid; phosphoric acid and phosphate esters; solid acids
such as silicate or molybdate.
(7) Other additives:
Monobasic organic acids such as rosin, monobutyl
10 phthalate or monooctyl succinate; camphor and castor oil.
The antifouling paint composition of the present
invention may be prepared by the method known per se in the
art. Any known machine such as ball mills, pebble mills,
roll mills or spead run mills may be used for mixing
15 various ingredients.
It is desirable for the antifouling paint of the
present invention that the hydrolyzable resin occurs as a
salt with a metal having ionization tendency lower than that
of alkali metals, e.g. the zinc, copper or tellurium salt.
20 When such a salt is chosen, the paint films applied on
ships, fish nets or marine construction will be gradually
hydrolyzed and dissolved out into weakly alkaline sea
water. Opposite to polyester vehicle resins containing a

number of metal ester moieties in the polymer backbone, the

25 vehicle resin of the present invention are not decomposed
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-present invention that the hydrolyzable resin occurs as a salt with a netal
havi ng ioni zation tendency |ower than that of alkali netals, e.g. the zinc,
copper or telluriumsalt. 20 When such a salt is chosen, the paint filns
-applied on ships, fish nets or marine construction will be gradually
hydr ol yzed and di ssol ved out into weakly al kaline sea water. Qpposite to
pol yester vehicle resins containing a nunber of nmetal ester noieties in the
pol ymer "backbone, the 25 vehicle resin of the present invention are not
deconposed 1 Rapidiwnpiucte aniarge|munjeenunbesobibbolfidd gmdmrtagrenits okt
only pendant groups thereof are hydrolyzed into a hydrophilic group before
t he concentr apendant dreosps ythérsof hahey diypdivlyzedrintgs a dgoiraphidic
threshold | evel at which the 5 paint filmbegins to dissolve in the sea
wat er. Accor dgnguy, befiene sehe vehceheratsom os desestity tof ssymdssi ble to give
an antifouling paint filmexhibiting the antifouling and other performance
for a | ong pehyddophilicegrdupscfeach atea artirédshwldgleee htatoripiodi tthon
according 10 to the present invention finds use in finishing not only
shi ps iBcl udi pyintnkels, béginyg boadissslvel ibothe, sewotatteat s and FRP boats
but al so various marine construction and fish nets. Besides, particular
advant ages ar&ceaehdéngliywhehenhgaid vehicle resin is used, it is
possible to give an antifouling paint film exhibiting the
antifouling and other performance for a long period of
time. Therefore, the antifouling paint composition according
10 to the present invention finds use in finishing not only
ships including tankers, ferry boats, steel boats, wood
boats and FRP boats but alsb various marine construction and
fish nets.
Besides, particular advantages are achieved when the
is hydrolyzable, metal-containing resin of the present
invention is combines with a copper-based antifouling
pigment such as cuprous oxide or copper rhodanide. This is
because the interaction between the vehicle resin and the
antifouling pigment is'remarkably retarded when compared to
20 the corresponding resin not containing a neutral monomer as
defined herein. As a result, the film performance including
integrity, adhesion strength and self-polishing property
may be significantly improved.

The invention is further illustrated by the following

25 production examples, examples and comparative examples in
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15 . hydrolyzable, netal-containing resin of the present invention is
conbi nes with a copper-based antifouling pignent such as cuprous oxide or
copper rhodanide. This is because the interaction between the vehicle resin
-and the antifouling pignent is remarkably retarded when conpared to 20
the corresponding resin not containing a neutral nononer as defined herein.
As a result, the filmperformance including integrity, adhesion strength
and sel f-polishing property may be significantly inproved. The invention is
further illusevhachdaby paetsohrevbmgw@bght. producti on exanpl es, exanpl es
and conparative exanples in 1 3 which all parts are by weight.
Producti on ExBopfectifivaErampleTd &Vaonishicked fl ask equipped with a
stirrer, reflux condenser, nitrogen gas tube and drip funnel were added 64
5 parts of xyl ®neaafidut6npaked Hlaskbequipped Arieh desitircet hereblment
to [err] , a mxture of 58.3 parts of ethyl acrylate, 15 parts of
cycl ohexyl nethadenkete, nibrpgensgas tbeSTRR df PP mme horegpe| yddéd | &he
gl ycol nmethacrylate sold by Shin Nakanmura Kagaku K K. ), 16.7 parts of
acrylicbcid pérts ofindy2epar andol6t phbutg| pfroxbuare hy| htkendaexting added
dropwi se at a constant rate over 3 hours. After the addition, the mxture
was kept at thbesappteobpbrallfiC foa mixture of 58.3 parts of ethyl
' acrylate, 15 parts of cyclohexyl methacrylate, 10 parts of
NK ESTER M-90G (methoxypolyethylene glycol methacrylate sold
by Shin Nakamura Kagaku K.K.), 16.7 parts of acrylic acid
10 and 2 parts of t-butylperoxy 2-ethylhexanoate was added
dropwise at a constant rate over 3 hours. After the
addition, the mixture was kept at the same temperature for
30 minutes. Then, a solution of 0.2 parts t-butylperoxy 2-
ethylhexanoate in 16 parts of xylene and 4 parts of n-
15 butanol was added dropwise at a constant rate over 30
minutes. Thereafter the reaction mixture was kept at the
same temperature for 1.5 hours. A resin solution called
Varnish A having 49.8 % solids, a viscosity of 4.4 poise
and an acid number of 130 (as solids, the same hereinafter)
20 was obtained.
Production Example 2 (Varnish)
A mixture of 50 parts of xylene and 50 parts of n-
butanol was heated to 90 °C in the same flask as used in

Production Example 1. To this was added dropwise a mixture

25 of 54.6 parts of ethyl acrylate, 7.4 parts of methyl
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.30 m nutes. Then, a solution of 0.2 parts t-butyl peroxy 2- ethyl hexanoate
in 16 parts of xylene and 4 parts of n- 15 but anol was added dropw se
at a constant rate over 30 minutes. Thereafter the reaction m xture was
-kept at the sane tenperature for 1.5 hours. A resin solution called Varnish
A having 49.8 % solids, a viscosity of 4.4 poise and an acid nunber of 130
(as solids, the sane hereinafter) 20 was obt ai ned. Production Exanple 2
(varnish) A m xture of 50 parts of xylene and 50 parts of n- butanol was
heated to 90 pethidcrnlate, shée7 fpasts asf usmdylic Rraidctalos Peats efl t-To
this was added dropwi se a m xture 25 of 54.6 parts of ethyl acrylate,
7.4 parts of bethyImdtHacryhetdaand | 2twyrid.of perdisl sifscorbprianiamide 2 3
parts of t- butyl nethacrylate and 2 parts of azobisisobutyronitrile at a
const ant rat eaovensBamburate Adver 3 hHvowxisli tAfher tthe mddikionyatHeept at the
sane tenperature for 2 hours. A5 resin solution called Varnish B
havi ng 50. 1 % %»ture, was vkepbsat ythé Same podrpermaihice riaw R dwuwk shurtber of
130 was obtained. Production Exanple 3 (Varnish) A mxture of 40 parts of
xyl ene and 40resipssoiubion(calleduVarwisineg heceingl G0 J & rdolinigha sane
flask as used in '
viscosity of 5.2 poise and a resin acid number of 130 was
obtained.
Production Example 3 (Varnish)
A mixture of 40 parts of xylene and 40 parts of n-
10 butanol was heated to 100°C in the same flask as used in
Production Example 1. To this was added dropwise a mixture
of 65.7 parts of ethyl acrylate, 15 parts of cyclohexyl
methacrylate, 19.3 parts of acrylic acid and 2 parts of t-
butylperoxy 2-ethylhexanocate at a constant rate over 3
15 hours. After the addition, the mixture was kept at the same
temperature for 30 minutes. Then a solution of 0.2 parts of
t-butylperoxy 2-ethylhexanoate in 10 parts of xylene and 10
parts of n-butanol was added dropwise at a constant rate
over 30 minutes. Thereafter the reaction mixture was kept
20 at the same temperature for 1.5 hours. A resin solution
called Varnish C having 50.0 % solids, a viscosity of 6.5
poise and a resin acid number of 150 was obtained.
Production Example 4 (Varnish)

A mixture of 64 parts of zxylene and 16 parts of n-

25 butanol was heated to 90 °C in the same flask as used in
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Production Exanple 1. To this was added dropwi se a m xture of 65.7 parts of
ethyl acrylate, 15 parts of cycl ohexyl nethacrylate, 19.3 parts of acrylic
acid and 2 parts of t- butyl peroxy 2-ethyl hexanoate at a constant rate over
3 15 hours. After the addition, the m xture was kept at the sane
tenperature for 30 mnutes. Then a solution of 0.2 parts of t-butyl peroxy
2- et hyl hexanoate in 10 parts of xylene and 10 parts of n-butanol was added
dropwi se at a constant rate over 30 minutes. Thereafter the reaction

m xture was keptodddtion Exaimpdesdne Tioekhdsatvake aldedldropetise. aAmifgube
solution called Varnish C having 50.0 % solids, a viscosity of 6.5 poise
and a resin acfd 25ufbgrardfs BE0 isadbutlytlameetackyddtet,i 608 .Bxpapks 4£f( ¥ahyidsh)
A m xture of 64 parts of xylene and 16 parts of n- 25 but anol was
heated to 90 [amyllate,t 22 .Japarftsaof methyddmethacriladect 10n3Epagpecot. To
this was added dropwi se a m xture of 25.0 parts of isobutyl nethacrylate,
33.0 parts of axtdpllicaacidatand 22 pAmar of azoddisigbbueyiaaiyrdile, at9a3 parts

of acrylic acid and 2 parts of azobisisobutyronitrile at a 5 const ant
rate oved 3 haunstaiitt eratteh®vaeddidt ihourst.hafiviext the wddikdéph,athehaigamee
tenperature for 30 mnutes. Then a solution of 0.2 parts of
azobi si sobut ymwars tkegte atn the santes teimperiatme eaifdrd 3famtiaudksn- Fheanal was
added dropwi se at- a constant rate over 30 mnutes. Thereafter the reaction
solution of 0.2 parts of azobisisobutyronitrile in 16 parts
of xylene and 4 parts of n-butanol was added dropwise at a
constant rate over 3b minutes. Thereafter the reactipn
10 mixture was kept at tﬁe same temperature for 2 hours. A
resin solution called Varnish D having 49.5 % solids, a
viscosity of 7.8 poise and a resin acid number of 150 was
obtained.
Production Example 5 (Varnish)
15 : A mixture of 64 parts of xylene and 16 parts of n-
butanol was heated to 1001: in the same flask as used in
Production Example 1. To this was added dropwise a mixture
of 10.2 pafts of 2-ethylhexyl methacrylate, 66.8 parts of
ethyl acrylate, 11.4 parts of NK ESTER M-90G, 11.6 parts of
20 acrylic acid and 2 parts of t-butylperoxy z-ethyihexanoate
at a constant rate over 3 hours. After the addition, the
mixture was kept at the same temperature for 30 minutes.
Then a solution of 0.2 parts of t-butyl 2-ethylhexanoate in

16 parts of xylene and 4 parts of n~butanol was added

25 dropwise at a constant rate over 30 minutes. Thereafter the
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.10 . m xture was kept at the sanme tenperature for 2 hours. A resin
solution called Varnish D having 49.5 % solids, a viscosity of 7.8 poise
and a resin acid nunber of 150 was obtained. Production Exanple 5 (Varnish)

=15

A mxture of 64 parts of xylene and 16 parts of n- butanol was

heated to [err] in the sanme flask as used in Production Exanple 1. To this
-was added dropwi se a m xture of 10.2 parts of 2-ethyl hexyl nethacryl ate,
66.8 parts of ethyl acrylate, 11.4 parts of NK ESTER M 90G 11.6 parts of
20 acryl i ceact onngi tpre twaofképbudty | e axame’ -tdnipd vt aicr al. B

const ant

rate over 3 hours. After the addition, the m xture was kept at the

sane tenper athoers ora3fesinusesutidencal bed Warmist B.Yaviard S$0mf3 t¥ but yl
2- et hyl hexanoate in 16 parts of xylene and 4 parts of n-butanol was added
25 dropwi se1biisp &0nssE0EitAl 6Ff O¥ET pPdige nuidsa réireaidial rumbelr f
reaction m xture was kept at the sane tenperature for 1.5 hours. A resin
sol uti on cal | @0 wasnostafnéaving 50.3 % solids, a viscosity of 4.7 poise
and a resin acid nunber of 90 was obtai ned. 5. Producti on Exanple 6
(Varni sis) A nPxoduetbdnCExpmaple 6f (Ryteiehhnd 16 parts of n- butanol was
heated to [err] in the sane flask as used in

10

15

20

25

A mixture of 64 parts of xylene and 16 parts of n-
butanol was heated to 100°C in the same flask as used in
Production Example 1. To this was added dropwise a mixture
of 20.0 parts of isobutyl acrylate, 50.9 parts of ethyl
acrylate, 14.1 parts of acrylic acid, 15.0 parts of NK-
ESTER M-90G and 3 parts of t-butylperoxy 2-ethylhexanoate at
a constant rate over 4 hours. After the addition, the
mixture was kept at the same temperature for 30 minutes.
Then a solution of 0.2 parts of t-butylperoxy 2-
ethylhexanoate in 16 parts of xylene and 4 parts of n-
butanole was added dropwise at a constant rate over 30
minutes. Thereafter the reaction mixture was kept at the
same temperature for 2 hours. A resin solution calledl
Varnish F having 50.0 % solids, a viscosity of 7.5 poise and
a resin acid number of 110 was obtained.

Production Example 7 (Varnish for comparison)

A mixture of 64 parts of xylene and 16 parts of n-
butanol was heated to 100°C . To this was.added dropwise a
mixture of 54.1 parts of ethyl acrylate, 26.6 pafts of

methyl methacrylate, 19.3 parts of acrylic acid and 3 parts
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Production Exanple 1. To this was added dropwi se a m xture of 20.0 parts of
| sobutyl acrylate, 50.9 parts of ethyl 10 acrylate, 14.1 parts of
acrylic acid, 15.0 parts of NK ESTER M 90G and 3 parts of t-butyl peroxy

“2- et hyl hexanoate at a constant rate over 4 hours. After the addition, the
m xture was kept at the sane tenperature for 30 mnutes. Then a solution of
0.2 parts of t-butyl peroxy 2- 15 et hyl hexanoate in 16 parts of xylene
and 4 parts of n- butanole was added dropwi se at a constant rate over 30

m nut es. Ther oéif aepblibéspbatyronibrilar atwascénptant tdivee saver t £ripeuns Ur e
for 2 hours. Aresin solution called Varnish F having 50.0 %solids, a
viscosity of Zfbepothe addifflon, thermskbuaei wasuképt at HHé€ samse obt ai ned.
Producti on Exanple 7 (Varnish for conparison) A mxture of 64 parts of

xyl ene and 16tpmpesathire- £but aoohinasebcarkanta §6lutionToft i3 pastadeed

dropwi se a m xture of 54.1 parts of ethyl acrylate, 26.6 parts of 25
nmet hyl net hacagbbtieisdBulypeantisrdfiicadnylscpaets afdxBlenstand 4 parvé of
azobi si sobutyronitrile at a constant rate over 4 hours. After the addition,
t he m xtSure wasbkephodt whlscadded teopelatuat &ocolStantiutate dven 30
solution of 0.2 parts of azobisisobutyronitrile in 16 parts of xylene and 4
parts of 5 minbtesnolThexsafittdedtieopeastiah migtuseéanssrkept oartBe
same temperatufe for 1.5 hours. A resin solution called
Varnish G having 50.5 % solids, a viscosity of 4.5 poise
and a resin acid number of 150 was obtained.
10 Production Example 8 (Varnish for comparison)
A mixture of 50 parts of xylene and 50 parts of n-
butanol was heated to 100°C in the same flask as used in
Production Example 1. To this ws added dropwise a mixture of
45.6 parts of ethyl acrylate, 32.5 parts of methyl
15 methacrylate, 10.3 parts of 2-hydroxyethyl acrylate, 11.6
parts of acrylic acid and 1.5 parts of t-butylperoxy 2-
ethylhexanoate at a constant rate over 3 hours. After thé
addition, the reaction mixture waé kept at the same
temperatﬁre for 2 hours. A resin solution called Varnish H
20 having 49f8 % solids, a viscosity of 12,9 poise and a resin
acid number of 90 was obtained.
Example 1
A four necked flask equipped with a stirrer, nitrogen

gas tube, reflux condenser, decanter and temperature

25 control means was charged with 100 parts of Varnish A, 25.4

18



mnutes. Thereafter the reaction m xture was kept at the sanme tenperature
for 1.5 hours. A resin solution called Varnish G having 50.5 % solids, a
viscosity of 4.5 poise and a resin acid nunber of 150 was obtained. 10
-Production Exanple 8 (Varnish for conparison) A mxture of 50 parts of

xyl ene and 50 parts of n- butanol was heated to [err] in the sane flask as
used in Production Exanple 1. To this ws added dropw se a m xture of 45.6
parts of ethyl acrylate, 32.5 parts of methyl 15 nmet hacryl ate, 10.3

parts of 2-hygapxyebhykinerytetete 126, papistdfoncsalis @ritkwvel ds S5 parts
of t-butyl peroxy 2- ethyl hexanoate at a constant rate over 3 hours. After

the addition, ak6mateackulPofiyt &&ed¥asokePby at démbt @ et LoFedmici e dor, 2
hours. A resin solution called Varnish H 20 having 49.8 % solids, a

viscosity of 42a9)pah&e1a0dpartesoh relénaunes wixO0ravasa®Medted. atExanpl e
1 A four necked flask equipped with a stirrer, nitrogen gas tube, reflux

condenser, detaot¥ whilecdRetflUiRg20ff acé€Oid IHtidEpNSIWESsd CAsrgesyw t h
100 parts of Varnish A, 25.4 1 8 parts of zinc acetate, 24.4 parts of

SA- 13 (i xt urprofuatownthcselivénti CTREI nd Spbinbyof dele t e diei s okesri cal
Co., Ltd.) and 140 parts of xylene. The m xture was heated at
. confirmed by determining the quantity of acetic acid in the
effluent solvent. A varnish having 40.2 % solids and a
viscosity of U-V was obtained.
Example 2
10 The same flask as used in Example 1 was charged with
100 parts of Varnish B, 18.6 parts of copper oxalate, 32.7
parts of oleic acid and 120 parts of xylene. The mikture'
was heated at 120 °C while distilling off oxalic acid with
solvent. A varnish having 42.5 % solids and a viscosity of
15 2, -Z; was obtained.
Example 3
The same flask as used in Example 1 was charged with
100 parts of Varnish C, 21.5 parts of copper oxalate, 37.5
parts of naphthenoic acid and 120 parts of xylene. The
20 mixture was heated at 120 °C while distilling off oxalic
acid with solvent. A varnish having 31.7 % solids and a
viscosity of Y-2 was obtained.
Example 4
The same flask as used in Example 1 was charged with

25 100 parts of Varnish A, 24.0 parts of copper acetate, 32.4
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130 [err] while distilling of f acetic acid produced as a by- 5 pr oduct
with solvent. The end point of the reaction was confirned by determ ning
the quantity of acetic acid in the effluent solvent. A varnish having 40.2
“% solids and a viscosity of UV was obtained. Exanple 2 10 The
sane flask as used in Exanple 1 was charged with 100 parts of Varnish B,
18.6 parts of copper oxalate, 32.7 parts of oleic acid and 120 parts of
xyl ene. The m xture was heated at 120 [err] while distilling off oxalic
acid with sol pemts pafvaephthehairngci. 8nd $60i dartmdofi ¥yiewsitThef 15
[err] was obtained. Exanple 3 The sane flask as used in Exanple 1 was
. charged with méatpaet wasf heatrdshtCl301°% phile distbbpimgoxbf aaeetdd. 5
parts of naphthenoic acid and 120 parts of xylene. The 20 m xture was
heat ed at 120afédr wivhi selstesnti.| Bi mgrofifhokavingasdRd5wkt sotbdseand &\
varni sh having 31.7 % solids and a viscosity of Y-Z was obtained. Exanple 4
The sane fl askissosdéy of Exuapl ebtawmedecharged with 25 100 parts of
Varnish A, 24.0 parts of copper acetate, 32.4 1 9. parts of napht henoic
aci d and 100 paemplef S5xyl ene. The
The same flask as used in Example 1 was charged with
100 parts of Varnish D, 29.3 parts of zinc acetate, 37.8
parts of oleic acid and 120 parts of xylene. The mixture
was heated at 130 °C while distilling off acetic acid with
10 solvent. A varnish having 41.3 % solids and a viscosity of
V-W was obtained.
Example 6
The same flask as used in Ekample 1 was charged with
100 parts of Varnish D, 26.0 parts of tellurium acetate,
15 32.7 parts of Versatic acid and 150 parts of xylene. The :
mixture was heated at 130 °C while distilling off acetic
acid with solvent. A varnish having 51.6 % solids and a
viscosity of S-T was obtained.
Example 7
20 The same flask as used in Example 1 was charged with
100 parts of Varnish B, 24.0 parts of copper acetate, 32.5
parts of naphthenoic acid and 100 parts of xylene. The
mixture was heated at 130 °C while distilling off acetic

acid with solvent. A varnish having 40.6 % solids and a

25 viscosity of Z;-~2Z; was obtained.
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m.xture was heated at 130 [err] while distilling off acetic acid with
solvent. A varnish having 32.5 % solids and a viscosity of X was obtai ned.
5 Exanple 5 The sanme flask as ‘used in Exanple 1 was charged with 100
.parts of Varnish D, 29.3 parts of zinc acetate, 37.8 parts of oleic acid
and 120 parts of xylene. The m xture was heated at 130 [err] while
distilling off acetic acid with 10 . solvent. A varnish having 41.3 %
solids and a viscosity of V-Wwas obtai ned. Exanple 6 The sanme flask as
used i n ExanpkEgathpdesscharged with 100 parts of Varnish D, 26.0 parts of
telluriumacetate, 15 32.7 parts of Versatic acid and 150 parts of
xyl ene. The m xtur eheasaheafddskt a23Qsarih Bhahpléi Stwasiclgandéd actthc
acid with solvent. A varnish having 51.6 % solids and a viscosity of ST
was obt ai ned. 1BRappkeés7020Varnish E, Thek.6apertsask abncsealicy Exaepl 6 19 was
charged with 100 parts of Varnish B, 24.0 parts of copper acetate, 32.5
parts of naphphehsi ofashAdlandideéfiipant Bebtoghemieal Thandi X50rpares dfat ed
at 130 [err] while distilling off acetic acid with solvent. A varnish
havi ng 40. 6 Y%xgdkends Zhd aiRbure wascheatgdodt[E201C vwisibdtdiseilllPng
off salicylic acid with solvent. A varnish having 62.3 %
solids and a viscosity of V-W was obtained.
Example 9
The same flask as used in Example 1 was charged with
10 100 parts of Varnish C, 26.7 parts of copper acetate, 22.7
parts of Versatic acid and ;00 parts of xylene. The mixture
was heated at 130°C while distilling off acetic acid with
solvent. A varnish having 33.4 % solids and a viscosity of
Z-7, was obtained.
15 Example 10
The same flask as used in Example 1 was charged with
100 parts of Varnish E, 16.0 parts of copper acetate, 22.5
parts of naphthenoic acid and 120 parts of xylene. The
mixture was heated at 130 °C while distilling off acetic
20 acid with solvent. A varnish having 60.7 % solids and a -
viscosity of T-U was obtained.
Example 11
The same flask as used in Example 1 wés charged with

100 parts of Vvarnish F, 15.7 parts of copper oxalate} 27.7

25 parts of oleic acid and'lzo parts of xylene. The mixture

21



Exampl e 8 The sane flask as used in Exanple 1 was charged with 100 parts of
Varnish E, 31.6 parts of zinc salicylate,

Petrochem cal) and 150 parts. of 5

16.

xyl ene.

9 parts of SA-13 (ldemtsu
The m xture was heated at

ferr] while distilling off salicylic acid with solvent. A-varnish having
62.3 %solids and a viscosity of V-Wwas obtai ned. Exanple 9 The sane fl ask
as used in Exanple 1 was charged with 10

parts of copper acetate,

100 parts of Varnish C 26.7

22.7 parts of Versatic acid and 100 parts of

xyl ene. The mwasirhkeaksd At a€ [while whiste ldiigd |afifn @zafliica@etiidc widihd

A varni sh having 33.4 % solids and a viscosity of [err] was
obt ai ned. 15 solenipl A Narfhsh havinadl & Used ids B oiBogsd tyhafged
with 100 parts of Varnish E, 16.0 parts of copper acetate, 22.5 parts of
napht henoi ¢ ad¥K awab 1t gpined. of xyl ene. The ni xture was heated at 130

with sol vent.

[err] while distilling off acetic 20

acid wth solvent. A varnish having

60. 7 % sol i ds BsampleikZosity of T-U was obtained. Exanple 11 The sane

flask as used in Exanple 1 was charged with 100 parts of Varnish F, 15.7
parts of 5copper oxdfhke esamg flagk as mged igf BMampleadi wasn¢hE@edamidhof
The m xture 2 1 '
100 parts of Varnish F, 19.0 parts of tellurium acetate,

xyl ene.

10

15

20

25

37.8 parts of Versatic acid and 150 parts of xylene. The

mixture was heated at 130 °C while distilling off acetic

acid with solvent. A varnish having 53.4 % solids and a

viscosity of R was obtained.

Comparative Example 1

The same flask as used in Example 1 was charged with

100 parts of Varnish G, 26.7 parts of copper acetate, 37.5

parts of naphthenoic acid and 100 parts of xylene. The

mixture was heated at 130 °C while distilling off acetic

acid with solvent. A varnish having 40.7 % solids and a

viscosity of X-Y was obtained.

Comparative Example 2

The same flask as used in Example 1 was charged with

100 parts of Varnish G, 52.6 parts of zinc salicylate, 28.2

parts of SA-13 (Idemitsu Petrochemical) and 150 parts of

xylené. The mixture was heated at 120°C while distilling

off salicylic acid with solvent, A varnish having 37.4 %

solids and a viscosity of W-X was obtained.

Comparative Example 3

2 2



was heated at 120 [err] while distilling off oxalic acid with solvent. A
varni sh having 50.8 % solids and a viscosity of WX was obtai ned. Exanpl e

12 5

The sane flask as used in Exanple 1 was charged with 100

:parts of Varnish F, 19.0 parts of telluriumacetate, 37.8 parts of Versatic
acid and 150 parts of xylene. The m xture was heated at 130 [err] while
distilling off acetic acid with solvent. A varnish having 53.4 % solids and

a 10

viscosity of R was obtained. Conparative Exanple 1 The sane fl ask

as used in Exanpl eThewseamehfilgeld ast ise¢d0ipakxampleVhrwashclmrgéd wpklts of
.copper acetate, 37.5 parts of naphthenoic acid and 100 parts of xylene. The
15 m xt ur 80Qapamtsat of ¥arh2@h[ Bur 1 6vwhi pertssof| ¢oppenfécataters 22id

with solvent.

A varni sh having 40.7 % solids and a viscosity of X-Y was

obt ai ned. Conpargsi oé Bledpl ec2dThedsaf® phatk af xpienen Hranpixtureas
charged with 20 100 parts of Varnish G 52.6 parts of zinc salicylate,
28.2 parts of wBA- heatkdemict 330P% r wbhéei dabyidhing50fpaaceté agidmeitihe
m xture was heated at [err] while distilling off salicylic acid with

sol vent .5 A vasnﬂyhnhavAngaznlsh%hgvhnds53na & soitdsi apdoa viscomity of

obt ai ned.

10

15

20

25

W was obtained,
Comparative Examble 4

The same_flask as used in Example 1 was charged with
.100 parts of Varnish H, 12,9 parts of copper oxalate, 27.7
parts of naphthenoic acid and 120 parts of xylene. The
mixture was heated at 120 °C while removing oxalic acid with
solvent. A varnish having 51.3 % solids and a viscosity of

Y was obtained.

Clear Film Consumption Test

Each of varnishes of Examples 1-12 and Comparative
Examples 1-4 was applied on a test panel to a dry film
thickness of about 200 4 m. The test panel was attached to
a rotating drum tester and rotated continuously at a
constant speed (about 15 knot) in the sea water
(temperature = 18-23 C ) for 3 months. The film thickness
was measured before and after the test. The results are

shown in Table 1.
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.25 Conparative Exanple 3 2 2 The sane flask as used in Exanple 1 was.
. charged with 100 parts of Varnish H, 16.0 parts of copper acetate, 22.7
parts of oleic acid and 100 parts of xylene. The m xture was heated at 130
-[err] while distilling off acetic acid with 5 solvent. A varni sh having
- 53.7 %solids and a viscosity of Wwas obtai ned. Conparative Exanple 4 The
sane flask as used in Exanple 1 was charged with 100 parts of Varnish H,
12.9 parts of copper oxalate, 27.7 10 parts of naphthenoic acid and 120
-parts of xylene. The m xture was heat edralhld?2D [err] while renoving oxalic
acid wth solvent. A varnish having 51.3 % solids and a viscosity of Y was
obtained. Cear Film Consnipiabnfiibst 15Film thickrMesdh of vaomsshwesi dfilm
Exanpl es 1- 12Bgamplonpar ehivlenésappkas lafitewns3 anpltiled, mm a dieisdkmesse| 4 o a
dry filmthickness of about 200 [err]. The test panel was attached to a
rotating drumtester and rotat®®3continuously at5% constant speedt (about 15
knot) in the sea water 20 (tenperature = 18-23 [err] ) for 3 nonths.

The filmthickpne8s was neasureti8hefore_and aftekb3he test. The r¥dsults are
shown in Table 1.

3 212 174 38
4 197 169 28

5 218 178 40

6 189 156 33

7 175 129 46

8 199 174 25

9 194 163 .31

10 223 193 30
11 219 , 177 42
12 201 166 35
Comp.Ex. 1 189 114 75
Comp.Ex. 2 218 160 58
Comp.Ex. 3 203 140 63
Comp.Ex. 4 184 139 45
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25 2.3 Table 1 Initial film Fil mthi ckness Consuned film

Exanpl e thickness, [err] m after 3 nonths[err] m thickness, [err] ml
<193 159 ' 34 2 187

-155 32 3 212 : 174

38 4 197 : 169 28 5

218 178 40 6 189

156 33 7 175 129

46 8 ExampB$s 13-24 and Compairktive Examples 5-825 9

194 163 ' 31 10 223

193 Bixrildus paint compogilions were preparetl/by milling 15
42 12 201 166 35 Comp. Ex. 1
189 partdlals solids of varnihe®@mf Bzanples 1-12 2ahd

160 58 Conp. Ex. 3 203 140

63 Conp. Ex. 4 Comparatihdsl Examples 1-4, 4533%arts of cuprous 4xide, 4 parts
5 of red iron oxide, 1 part of titanium dioxide, 4 parts of
chlorinated paraffin, 1.5 parts of organobentonite and 24.5
‘parts of xylene (100 parts in total) for 5 hours in a ball
mill. Examples 13-24 correspond to Examples 1-12 and
Comparative Examples 5-8 correspond to Comparative Examples
10 1-4, respectively. In Example 20 and Comparative Example 6,
copper rhodanide was replaced for cuprous oxide. In Example
15 and Comparative Example 7, 3 pargs of 2,5-dichloro-2-n-
octyl-3-isothiazolone were incorporated into the paint
formulation as an additional antifouling agent.

15 Film Consumption Test

Each of paints of Examples 13-24 and Comparative
Examples.S-B.was applied on a test panel to a dry film
thickness of about 200 yz m. The test panel was attached to
a rotatipg drum tester and rotated continuously at a

20 constant speed (about 15 knot) in the sea water
(temperature = 18-23 °C ) for 3 months. The £film thickness
was measured before and after the test. The results are

shown in Table 2.

25
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Exanpl es 13-24 and Conparative Exanples 5-8 Various paint conpositions were
“prepared by milling 15 parts as solids of varnishes of Exanples 1-12 and
- Conpar ative Exanples 1-4, 45 parts of cuprous oxide, 4 parts 5 of red
-iron oxide, 1 part of titaniumdioxide, 4 parts of chlorinated paraffin,
‘1.5 parts of organobentonite and 24.5 parts of xylene (100 parts in total)
for 5 hours in a ball mll. Exanples 13-24 correspond to Exanples 1-12 and
Conpar ati ve Exanpl es 5-8 correspond to Conparative Exanples 10 1-4,
respectively. In Exanple 20 and Conpar a#able'Exanpl e 6, copper rhodani de was
repl aced for cuprous oxide. In Exanple 15 and Conparative Exanple 7, 3
parts of 2,5-dichl oro-2-mmierdy!|£8im sot e ame| ks | NCor Mumsivekd rHidn he
pai nt f or mul dExampbe an elicknoss] anii fofdd NP agitths kbbm thhidkHess, ¢ m
Consunption Test Each of paints of Exanpl es 13-24 and Conparative Exanpl es
5-8 was appliedidn a test paneriso a dry filmt¥sackness of aboutes200 [err]
m The test panel was attached to a rotating drumtester and rotated
continuously atlié 20 consta®? speed (about 347 knot) in the &8 water
(tenperature = 18-23 [err] ) for 3 nonths. The filmthickness was neasured
before and aftet5the test. Thel9&sults are shovidén Table 2. 2558 5

16 189 135 _ 54
17 203 148 55
18 . 197 148 49
19 ' 189 119 70
20 éos 165 40
21 195 150 45
22 220 172 48
23 217 139 78
24 198 134 64

Comp.Ex. 5 193 161 32

Comp.Ex. 6 219 194 25

Comp.Ex. 7 204 166 38

Comp.Ex. 8 198 166 32
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Jable 2 Initial film Fi Il mt hi ckness Consuned fil m Exanpl e
thickness, [err] m after 3 nonths [err] m thickness, [efr] m 13

215 150 65 14 : 207

147 60 15 - 196 _ 146

50 16 189 135 54 17 -
203 148 55 18 197

148 49 19 189 119

70 20 Film ROSegrity/Adhesion ExEuation 40 21
195 150 15722 220

172 IntegriB:P3evalution: 217 139

78 24 198 - 134 ' 64 Conp.Ex. 5
193 1Bdch of paints of E&arQug.l1B«246 and CompazbBXive
194 _ : 25 Comp. Ex. 7 204 166

38 Conp. Ex. 8 Examples 1988 was applied twitfe using a paint W32ish6 to aFidop
I ntegrity/ Adhesi on Eval uation Integrity eval ution:

5 film thickness of about 100y m onto a steel plate
previously subjected to a sand blast treatment and then
coating of a rustproof paint. The test panel was then
immersed in the sea water for 6 months, rinsed with water,
allowed to stand for one whole day and evaluated for the

10 integrity of the paint film. The evaluation results
adcording'to the following schedule are shown in Table 3.
© : Very slight cracks (almost not visible)
O : Slight cracks (not greater than about 10 % of
total area)
15 X : Cracks (not greater than 30 % of total area)
X X : Cracks were found in whoie area.
Adhesion evaluation:
. Using the same test panel as used in the above test,
evalution was conducted for adhesion according the method
20 JIS K 5400- 8 « 5 « 2 « (grid spacing=2mm, number of
grid=25) The results of evaluation in terms of the
following score are shown in Table 3.
Score

10 «+  Each scratched line was narrow in width and the

25 both sides thereof remained smooth. Peeling was

2 1



Each .of paints of Exanple 13-24 and Conparative Exanples 5-8 was applied
twice using a paint brush to a dry 5 filmthickness of about [err] m

<onto a steel plate previously subjected to a sand bl ast treatnment and then

coating of a rustproof paint. The test panel was then imrersed in the sea:
water for 6 nonths, rinsed with water, allowed to stand for one whol e day
and eval uated for the 10 integrity of the paint film The eval uation
results according to the foll ow ng schedule are shown in Table 3. [err] :
Very slight cracks (al nosét noderilsotil et [iartdrsecion ofr acieaticheld gr eat er
t han about 10 % of total area) 15 X : Cracks (not greater than 30 %
of total area) X X : Cratiasesvearad fiminichd iwidudle qaries. Adhesi on eval uati on:
Usi ng the sane test panel as used in the above test, eval ution was
conducted for adhess on asrighi nped himngratdwEdithd at JinkdtsetMions [offir] 5
[err] 2 [err] (grid spacing=2mm nunber of grid=25) The results of
evaluation in terns of téerdiodhieadv hiness dnet aret shhovimdivibBalale g3idscormhel O :
Each scratched line was narrow in width and the 25 : bot h si des
t her eof Bemai ned snoot h. déBettinge virse® remained less than 5 % of the total

square area.
6 : Peeling was found both at intersections and either
gside of the scrathced lines. The defective area

extended to 5-15 % of the total sguare area.

10 4

Wide peeling was found along scratched lines. The
defective érea extended to 15-35 % of the total
square area.
2 : Wider peeling than that of score 4 was found. The
defective area extended to 35-65 % of the total
15 square area.
0 : The defective area extended to greater than 65 %

of the total Squafe area.

20

25
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not seen both at intersections of scratched |ines and in individual grids.
8 : Slight peeling was found at intersections of scratched |ines but not in
<i'ndi vi dual grids. The 5 ' defective area remained less than 5 %
-of the total square area. 6 : Peeling was found both at intersections and
either side of the scrathced lines. The defective area extended to 5-15 %
~of the total square area. 10 . 4 : Wde peeling was found al ong
scratched lines. The defective area extended to 15-35 % of the total square
area. 2 : Wder peeling than that of scarab¥e vBas found. The defective area

extended to 35-65 % of the total 15 square area. 0 : The
defective area extended to greater than 65 % of the total square area. 20
25 2 8 Tabl e 3 Exanpl e Integrity Adhesion [err] 29
Example Integrity Adhesion
13 © 10
14 © 8
15 @) 8
16 © 10
17 O 8
18 O 8
19 © 8
20 © 10
21 o 8
22 © 8
23 © 10
- 24 © 10
Comp.Ex. 5 X 2
Comp.Ex., 6 X 2
Comp.Ex. 7 A ' 4
Comp.Ex. 8 A | 4
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CLAILMS 1. A self-polishing antifouling paint conposition conprising an
antifouling agent and a copol ymer having a plurality of pendant acid groups

sai d copol yner chatacteti z&d $n *that said copol yner cogs s frep
acid form essentially of: (a) about 5 to about 70% by wei ght by a nononer
selected fromthe group consisting of (i) a (neth)acrylic ester having as

" the ester 10 CLAEM8tdue thereof a branched alkyl of four or nore carbon

atonms having at |east one branch on a carbon atomat second to fourth
posi tions countinglfrdnhyfecdyzahleeniebrl reenprinmtnparesimisemprising a
(meth)acrylic acid ester having the ester residue thereof of a cycloal kyl
of six or nor@oRalBBArahawing (i PlupapbtypkyPendant aeid groups bound
mono( et h) aeryl at e, %iv) a pol yal kyl ene 15 gl ycol nonoal kyl et her
(met h) acryl at 8onafaliy) tanaaughtal atom- apdraxyenehasieerganiy|ackd also
caprol actone; (b) a proportion of a polymnerizabte unsaturated organic
acid norfoner kekpdspenthagsaseametal dahombes 82id HeerdmRt yaekd JrovRm 25 to
350 ng KOH g as solid; and 20 . (c) the bal ance of anot her
pol yneri zabl eSaédt FaPOkBMEReFonsistinge 38| itpofreqi aeidnEP¥®ul i ng paint
conposi tion according to claim11. wherein said nononer (a) is t-butyl :
net hacryl at e, ©F§6BGE§R 1¥n€Eh) acryl ate, isopentyl (neth)acrylate, neopentyl
(meth)acryl ate, .

(a) from 5 to 70 % by weight of a member selected from

the group consisting of a (meth)acrylic acid ester having as
10 thelester residue a branched alkyl of four or more carbon
atoms having at least one branch on a carbon atom at second
to fourth positions from the distal end of the principal
chain, a (meth)acrylic acid ester having as the éster
residue a cycleoalkyl of six-or more carbon atoms, a
15 polyalkylene glycol mono(meth)acrylate, a polyalkylene
glycol monoalkyl ether (meth)acryalte and an adduct of 2-
hydroxzyethyl (meth)acrylate with caprolactone;
(b) a proportion of a polymerizable unsaturated organic
acid monomer corresponding td an acid number of the resin
20 from 25 to 350 mg KOH/g as solid; énd
(c) the balance of another polymerizable neutral
monomer. .
2. The hydrolyzable, metal-containing resin according

to Claim 1, wherein said metal is copper, zihc, nickel,

25 cobalt, manganese or tellirium. : :
This Sheet Has Been Rerlaced

(MW
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31 i sohexyl (neth)arrvlatp cycl ohexyl (neth)acryl ate, isobonyl

(rret h)acryl ate, et hyl ene gl ycol nono(neth)acryl ate, ?@{Sh B? e}_\ugB% ol
-mononet hyl et her ( IMHﬂl,Hmum””mn adduct of 2- hydroh %@ H :
(meth)acrylate wit The sel f - poli shi REPEACER f oul i{ng
pai nt conposition accordlﬁg fo tlalmi1 or 2, wherein said nononer (b) 1S
acrylic acid or nethacrylic acid. 4. The self pol i shing antifouling paint
conposition according to any one of clains 1 to 3, wherein said nmultival ent
metal is copper, zinhcA rHelpoldiddidirng amrnfavdiagopatiatl compmsitGon 5.

The sel f-polishing antifouling paint conposition according to any one of
claine 1 to 4,coMparigiimesaitte Mydind Iy zablehavet adGichnitainingr gasiies wENobasi c

m-

carboxylic acid. 6. The sel f-polishing antifouling paint conposition
accordi ng to apaimna oOfarc|amuiFEculingt pitvndti Randdiod @h)anitd fER1ARYS agenti.d
is an organic 15 nmonobasi ¢ sulfonic acid. 7. The sel f-polishing :

antifouling paint obEosdlDipaicaiidigipdintaonmosiafion ompristingdthe
wherein said antifouling agent is cuprous oxide or copper rhodanide.
5 hydrolyzable, metal-containing resin of Claim 2, an
antifouling pigment and/or an antifouling agent.
5. The antifouling paint composition according to Claim

3, wherein said antifouling pigment is cuprous oxide or

copper rhodanide.

' “’ﬁﬁiimi‘iirﬁm I lm
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