SPECI FI CATI ON PAI NT COVPOSI TI ON, ANTI FOULI NG PAI NT
FILM SUBMERGED STRUCTURE, AND ANTI FOULI NG METHOD OF
SUBMERGED STRUCTURE TECHNI CAL FI ELD Thi s invention
relates to a paint conposition, an antifouling paint
film a subnerged structure, and an antifouling

nmet hod of a subnerged structure. More particularly,
the present inventionSPEICAFESATICH pai nt conposition
capable of readily formng an antifouling paint film
capabl e of preventing adhesi on of aquatic organi sns
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adhégion of aquatic oréﬁ%lsms onto éhé)surface of the body

to be contacted with seawater, lake water and the like, by
being covered with the antifouling paint film; and an
antifouling method capable of effectively preventing

adhesion of aquatic organisms.

BACKGROUND ART

Conventicnally, in order to prevent marine organismns

such as barnacles, mussels, polyzoans, ascidians and
seaweeds from adhering onto a submerged structure to be
contacted with seawater or freshwater, such as an submerged
portion of ships, buoys, fixed fish-farming nets, culturing
fish-farming nets, various water pipes, fouling preventiocn
films, off-shore drilling wells or the like, there has been
widely used a paint composition containing, as main
compenents, an organotin-based hydrolysable resin, and an
inorganic compound including copper such as cuprcus oxide
or cuprous thiocyanate, as a marine-organism-adhesion

inhibitor.



or cuprous thiocyanate, as a marine-organi smadhesion
inhibitor. - 1 Recently, the use of organic conpounds
has been restricted in view of environnental
pol lution. Instead, there have been used and proposed
pai nt conpositions conprising rosins, various
hydr ol ysabl e resins, slightly water-soluble resins
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to effectively show its effect. Thus, such a composite
material can be developed, only when the compound as the
organism-adhesion inhibitor has a molecular structure with
a higher adhesion-inhibiting effect against marine
organisms that may adhere to the surface of a submerged
structure, and when the compound has an affinity capable of
consuming the marine-organism-adhesion inhibitor without
causing any defects in the entire paint film where the
compound is combined with the hydreclysable resin.

There have been proposed many compositions including
only one of a marine-organism-adhesion inhibitor free of
metal and a hydrolysable resin. For example is known a
submerged-type antifouling paint empleying a
tetraphenylboron compound represented by the formula of
(CeHs) 4B'X, wherein X represents a potassium atom, an
ammonium group, or an organic¢ nitrogen radical brought into

a quaternary state. See patent document 1.
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only one of a marine-organi smadhesion inhibitor free
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adhe81on preventing effect of the inhibitor over a long
period of time. A number of paint compositions of such
hydrolytic types have also been proposed. (See patent

documents 2 and 3.)

The erosive paint for ship-bottom described in patent
document 2 comprises a specific polymer binding material
comprising "a film-forming polymer without including
organotin, the polymer being water-inscluble and erosive by
seawater, thereby having a hydrolysis rate of at least
5x107* milli-equivalents per hour tc attain an erosion rate
of at least 2 microns per month for the antifouling paint
in seawater", and a toxic agent (see claim 1 of patent
document 2}.

However, patent document 2 describes "tributyl tin
fluoride, triphenyl tin hydroxy, triphenyl tin fluoride®
and the like as the above-mentioned toxlic agents (see col.
10, lines 3 to 8 of patent document 2). These toxic agents

described in patent document 2 are substances acting as sex
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[Patent document 3] JP-A-63-215780 (215780/1988)
{(claim 1)

Meanwhile, there has been proposed a paint
composition containing a copolymer of a moncmer mixture
including monomer (A) where a specific carboxylic acid is
blocked by -SiR'R°R® and monomer (B) represented by the
formula of Ym(CHﬁ}bO)n—R4, and triphenylboronpyridine (see
patent document 4).

In patent document 4, triphenylboronpyridine (also
called "pyridine-triphenylborane”) is mainly used as an
organism-adhesion inhibitor, which is incapable of
maintaining its antifouling activity cver a long period of
time. Although pyridine-triphenylborane is effective as a
physiologically active substance, it has a higher affinity
with seawater and thus has a higher dissclution rate in

seawater, resulting in a tendency to be consumed from the




long term [Patent docunent 2] JP-B-5-32433
(32433/1993) (claim 1) [Patent docunent 3]

JP- A-63-215780 (215780/1988) (claim 1) Meanwhil e,
there has been proposed a paint conposition

contai ning a copolynmer of a nononmer m xture including
mononer (A) where a specific carboxylic acid is
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yet brought to maintain the antifouling activities cver a
long period of time (See Table 11 of patent document 5 and
Table 4 of patent document 6.).

[Patent document 5] Japanese Patent No. 3034053
(claim 1)

[Patent document 6] JP-A-9-323909 (323909/1997)
(claim 1)

Proposed in patent document 7 1s an antifouling agent
preventing adhesion of aguatic organisms to a submerged
structure, containing, as active components, one kind or
two or more kinds of diarylberane-amine complex compounds
wherein the primary amine residue is bonded to the boron
atom (See claims 1 and 5 of patent document 7.). However,
according to the technique described in patent document 7,
it is difficult to efficiently release the organic boron
compound into water. For example, although the antifouling
agent can show the antifouling activity to a certain extent
over a certain period of time insofar as it is used in a
calm sea area such as in a fishing-net, it is surmised that

it will be difficult to efficiently release the organic




contains a diaryl (pyridinio or isoquinolinio) boron
conplex as an active conponent. Although the
antifouling agents described in patent docunents 5
and 6 are recogni zed to have effects as
or gani sm adhesi on inhibitors, these agents have not
been yet brought to maintain the antifouling
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represented by formula [II]:

R'-COO-M-Ly- [II]

[in formula [II],

R' represents an organic group containing an
unsaturated bond and represented by any cne of the formulae
CH,=C (CH3) -, CHp=CH-, HOOC-CH=CH-, and HOOC-CH=C (CHs) -,

-COOH in the formulae may form a metal salt or an
ester;

M represents a metal atom;

L represents an organic acid residue ~OCOR? (R?
represents a straight-chain alkyl group, or a straight-
chain alkenyl grcup); and

n represents a numerical value of (the valence number
of metal M) minus 1.

However, when pyridine-triphenylbcrane is employed as
a boron-based organism-adhesion inhibitor, it fails to
maintain its antifouling activity over & long period of

time. This is because, although pyridine-triphenylborane



The invention described in patent docunent 8 is "an

antifouling paint conposition characterized in that it

contains (a) a copolyner which includes units of a

strai ght-chain aliphatic oxycarbonyl netal-unsaturated

carboxyl ate, and (b) a triphenyl boron-am ne conpl ex"

(See <claim1l of patent docunent 8.). Further
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composition, an antifouling paint film, a submerged
structure, and an antifouling method of a submerged
structure. The paint film according tc the present
invention does not have defects such as separation over
time after immersed in water, while the paint composition
is eroded at a constant rate, which results in an excellent
long-term antifouling property. The paint composition can
be applied even onto aluminum-made ships. Furthermore, the
paint composition has a superior antifouling property also
as an antifouling agent for fishing nets, and has an

extremely superior environmental safety.

[Means for solving the Problem]

In case of develeoping a paint compositicn for
inhibiting marine-organism adhesicon, the paint film
comprising a hydrolysable resin and a marine-organism-
adhesion inhibitor should be dealt with as a single
composite material as a whole. It can be said that the
paint film comprising the hydrolysable resin and the

physioclogically active substance is made of an interacting-



-
di ssolution rate into water, resulting in a tendency
to be dissolved fromthe paint film thereby failing
to maintain its effect over a long period of tine.

Al though it exhibits its effect over a certain period
of time insofar as the adhering objects are

| arger-si zed organi sns such as nussels, barnacles,
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conpri si e resin and a nmari ne-organi sm
om:sformmqlhﬁﬁmn oxnlsmwwoea%e@HWW%Y%éblae ST YR eresin.

ASPAsi { B 'Bt el adn &Sy J’ﬁ’@%@rc}” €1 Pecsantl 1edntdes

aint filmconprising the h
hgze found thagnkhe aé%ve pr b{ gsggé éegé veddb @he

employment of a specific borane compound together with a
specific hydrolysable resin.

The present inventors have also found that a paint
composition including, as essential components, a specific

resin with organc-silyl groups introduced thereto for the

hydrolysable resin, and one or more kinds of borane
compounds for the marine-crganism-adhesion inhibitor can
work as a hydrolytic and self-abrasive type paint
composition which are excellent in keeping the environment
safe, and provides a paint film excellent in hardness upon
the formation of the film, and free from film defects such
as exfoliation and/or cracks after immersion in seawater.
They have further found that the f£ilm can erode at a
constant rate and can exhibit an excellent marine-organism-
adhesion inhibiting effect for a long time, because it
gradually releases the specific borane compound into
seawater at a rate effective for inhibiting the adhesion of

marine organisms.




physi ol ogi cally active substance is made of an
interacting - 7 type of slightly water-sol uble
conposite material. The paint filmis of a nature to
be made active and to have beneficial effect on
mari ne organi sns that can adhere to subnerged
structures, only after the resin has a nmechanism to
be sirhghthyeditssokvadel rescawdt en bhpehyfdldlyding of-cige (1)
resi after the physiologically active substance
th§§u9ﬁeqq%ﬁrine-organisn}adhesion inhibitor is also
sl i ghtlly2 giesssl vetpior 1$éaRaCOMPISiSAEE ‘bot h of t hem
Showatsh%omgfo}@%tti venessct hemeef openigeniacted with
water noleCules and thus the respective subst nces
dijpiea yaboinging e9mhoMmd \Eﬁtpéfreﬁ%it@éﬁl dfs F e i@t
conprising these substances is to performits
function ag a slightly water-soluble conposite

Tilm

materi al . The present inventors have directed
attentio a |paipt conposition based on a
conbi|na al spéecifically useful

or garjo¢st R and_a_spgnghZ mar i ne-
orgari s i nhibirtor, as a hydr0l ysable type

resir. esult of intensive research, the present

inverhors have f pund that the above probl ens can be

solved by the enploynent of a specific borane

conmpound together with a specific hydrol ysable resin.

The preserin ihvepmrsiayve dslodourt dthatata Pdint 9roup
w{%H“¥”%$'é”béfﬁ%ﬁ%ﬂqgﬁmha%n?%ﬁ?ﬂi @by FOMPANgNtS: tid 1 to 8

specifit ~resin with organo-silyl groups introduced
cafeyretar drog; t9wch hykirieiy sabt 61§ e ninReoret of Hre

1 i 305, Bl 00F angn g coOMPaunEsHd oFhd heame or different from
mar ne- or gani sm adhesi on #nhibitor can
S

wor k
SAIGHRT G ot -t ast Vet (VP BT AL Conboa 11 BROUP
w W ch & 63 exgabdiendtdms keepi agkdhel emvowprment 1 sd el
and provides a pajnt_fjlmexcel t, i, har UpPOH,
T oty oot et | T P2 (o b 58 180hs
alghyl group with 2 to 8 carbon atoms, 2 hydroxyl group,
or a halogen atom; and r! represents a group represented by

the following formula (2), a 5,6,7,8-tetrahydroisoquincline

group or an isoquinoline group which may be substituted by
at least one halogen atom, or a group represented by the
formula (3) or formula (4);

the formula {(2) is:

wherein Y represents a halogen atom, an alkyl group
with 1 to 8 carbon atoms, a phenyl group, or acetyl group;
and m is an integer of 0 to 3 and Y's may be the same or

different from each other when m is 2 or 3;




as exfoliation and/or cracks after inmersion in
seawater. They have further found that the filmcan
erode at a constant rate and can exhi bit an excellent
mari ne- organi sm adhesion inhibiting effect for a | ong
time, because it gradually releases the specific
borane conpound into seawater at a rate effective for
inhibhgiﬁgrﬁh@aaQBeshgn of marine organisns. The
|nvent|o §2 recited in the followng itens (1)

t hr oGfH2 12y ! (1) A pai nt conposition conprisin
conp@heméleﬁ a¢ptessttone ktn@l@mtachﬁi@h@thgo@Eﬁ%P

wiEQMRound e ?f?%wﬁtQQOQ% f9r mub2 s bhie X1 Ky 10 olddupBwiRh 3

---------- erein X represents a hal ogen atom an
toaliylcagibenp at@wieh 8ndo 8 carbon atons, or an al koxyl

grOUEhWIEQr%UQQ g4)cahon atons; each of two n's is an
i nt eger of tg 3 |ndependently, and X's may be the
sane‘gﬁzdﬁfﬁéﬁ%nt‘#ron1 each other when nis 2 or 3; R

repr %&%&binalm3akkykegéﬁup awsthalghb-8heanbahkslens, group
ra Jeelen 3
vighody S it TR e S B RIRRD OBt AP
tc 2o c&mmrb@tcmsonmheanmmwgho@qd Por r&Pﬁéﬁ@@éﬁ a
S roup repres et @t st dme a
éy%%(mmrw %ﬂ}naﬁgﬂ_%gaﬁﬁidlﬂﬂl .

b6 B2 B/ﬂar%f-‘d?rucﬂ $6GU nblihe? grrolPTbra s/ and
| SOQUNQdnpRr@raup pihi ch d@bl@@m&ub&iﬂdmtc&dlﬂmnsat

S SO O 00 & GO, S IR . M-
salt -compound Z)epheraitred’ represents h’i)hal ogen atom an
Al kylosan QURy , —cO0-M~Lg- (5)

wherein R® represents an organic group including an
unsaturated bond, represented by any cne of the formulae
CH,=C (CH3) -, CHz=CH-, HOOC-CH=CH-, and HOOC~CH=C (CH3) —
wherein -COOH may be in a form of metal salt or ester; k
represents an integer of 0 to 2; M represents a metal atom;
L represents —OCORG, which is an organic acid residue,
wherein R® represents an alkyl group or alkenyl group,
-R7-C0O-CH,-CO-R®, wherein R’ represents a divalent group
obtained by detaching two hydrogen atoms from a straight-
chain or branched alkane or phenyl derivative; and R
represents a monovalent group comprising an alkyl group or
phenyl derivative), or -CH; and g represents a numerical
value of (the valence number of metal M) minus 1.

(2) The paint composition of (1) wherein the paint
composition contains at least one kind of rosin-based
compound selected from the group consisting cf a rosin, a
rosin-derivative and a metal rosinate.

(3) The paint compesition of (1) or (2), wherein the
metal M in the component (B) is a divalent metal.

(4) The paint composition of any one of (1) through

(3), wherein the component (A) 1is a methyl (diphenyl)borane

- 10 -




with 1 to 8 carbon atons, a phenyl group, or acetyl

group; and mis an integer of 0 to 3 and Y's nay be

the same or different fromeach other when mis 2 or

3; the formula (3) is: -NH2-R2... (3) wherein R2

represents a straight-chain alkyl group with 1 to 24

carbon atons or a branched al kyl group with 3 to 24
cogphhan.atons; and the fornula (4) is: -NH2-R3-O R4,

(4) presents.a _str [ aI I

groum@?mfbﬁ EaFBE FoPRPBON8 ong gﬁgbgggc &d g? $H§ough
(4Qr, oupewktih Shetcoﬁ@ooanboﬁAat@ﬁsatpﬂéﬁﬁﬁe@@eg#éﬁﬁ o4nd

meEEyﬁggrgﬁgﬂ&ﬁ&gorﬁhﬁabgggoﬁ @'%e@%%ﬁ%dggggﬁhf?ﬁhgkoh®
cops isaribgn oft oyeidang a’@t@aﬂfﬁ@ﬁ@ﬁﬁn@é) %Oé 3&6poliyne

meWﬂPQByQQHI%bn%etﬁ@qﬂgﬂﬁﬁkn@ﬂlb%r@%blvaddbdmmgyrldlne—

%WEFIC unsat ur at ed al - sal “epresented

meww SPHRPETOS) LoRae oy SPGB WYY Loy Rer of 1 RS
h@ﬁh@ie{r&lt@wﬂlyqn gaama@legr @u—pzﬂmnjyuqhyrrgcame-unsat ur at ed

iéééﬁgges%gkﬁg aEkﬁ%ﬂ%ﬁ@%%igyaln%LHU|ae

m&mmGH&@W&memﬂawd@m%mM%€ﬂnafmmof
m%?ﬁﬁa (S Y1 1§83 8lne K adﬁﬂyl%ﬁﬂgﬁh§ﬂhéﬂvfaﬁy-Of 0 to

res nts a net'al L represents - OCORG,
pmmﬁ@m§%W%%@WE%@%@é§%%f wherein R6

reprggﬁn@§p%nn% Emp@sa4a o@f ngamiydirgyoup,

CH, -CO R8, wherein R7 represe t
group IEHtd fed PP derachihgd @@mghaﬂ%?%%a
pSityr@i gt ing haien Wamdrandhed at knanree d‘tlrpﬁ%n’yﬁ mcnomer (s)

erivatil ve a I r es t r
omredarg s gl gFon E HAPn rf‘*?ata.gv@de Bolymer
(RAOH; etk inad gre sent ynear i |<tra¢ ki W%t% rore

Mgl ense nuer, af- metal (M Sode klnd or two or more

kinds of monomer (s) (B) which is/are copolymerizable with
the monomer (s} (A) and is/are different from the monomer (s)
(2} ; and one kind or twc or more kinds of borane(s)
represented by formula (7}, wherein

the formula (6) is:

wherein each of R' through R'? is a hydrocarbon group
with 1 to 20 carbon atoms, and R, R'? and R*® may be the
same or different from each other; and U is acryloyloxy
group, methacryloyloxy group, maleinoyloxy group,
fumaroyloxy group, or itaconoyloxy group; and

the formula (7) is:

- 11 -




(2) The paint conposition of (1) wherein the paint
conposition contains at | east one kind of rosin-based
compound sel ected fromthe group consisting of a
rosin, a rosin-derivative and a netal rosinate. (3)
The paint conposition of (1) or (2), wherein the
nmetal Min the conponent (B) is a divalent netal. (4)
The paint conposirtion of any one of (1) through (3),
wherei n the conpgonentq(A) s a nmethyl (di phenyl)borane
- 10 conpéund. 'he Igai nt conposition of any one

of (1) throu , erel.n the conponent g@? i s at
O
t e

| east one ki TTTEﬁTﬁBhenyl)boraﬁe ound
selected ffo p consisting of

pyri di ne- met hy yl ) borane, 3-

met hyl pyri di ne- net hyl {di phenyl ) bor ane,

3-bronnpyridine- nmet hyl (di phenyl ) bor ane,

4-isopro Lpyr i ( t hyl Gdi phenyh)RoLaeep with 1
A-t - B’fp?ﬁ?%y ol lg 1% Na%%lg E%o(n Qtﬂ %M_kbl'?_ G3R&p

ridine- yl phenyl) or aneé,

t o4-8p lemydlopy ritdinge- ore iy laldiopyen AT e & h 1 to 8 carbon

at%m%c‘t %dﬁ.%yla%mj]rﬂl%e by (dicRhenyndbar @%ayﬂl’hﬂa the same or
yI oxy

dlrfrf@efﬁném ErEEERY ! (GSRerIFoéy dife.” (6) A fal nfePresents
r%%A) bt dQﬂnﬂi$:ﬂb 8 Jeesidn %ﬁﬁm&nlanr%ikpxyﬂ3gnqup
0] | nNe 0 rrerl Zi Q or, I.
16 Ao SEonG o Seted B i £ ©
cakleicﬁWatamﬂ orara adﬂgoi;gﬂne}roquAB)t}ot& a‘jqqeaj cbeyrbon atoms,
h%ﬁ%?%ﬁ?ki%g] IB%I%JHEfgqgﬁ%?ﬂﬁhu”QﬁﬁiE&png§nQEe§h§ group

one or two or nore Kkinds of
r SYDTEGTERTH{(S) Hﬁﬂfmvmwﬂﬁ|§?aréiébﬁbfyﬁ%rlzable with the

M{;@{ﬂéﬁs& lrﬂﬂdldé/ﬁcﬁl;ﬂ'cff Qir@rhiscfc{&mdlhﬁlone group
nono :

; and Ki nd f
WIDGHRRB(S e s By (o A e G (e 2
g & ke Séd by formula (9) or formula (10):

wherein the formula (8) 1is:

wherein 7 is an halogen atom, an alkyl group with 1
to 8 carbon atoms, a phenyl group, or acetyl group; and m
is an integer of 0 to 3;

the formula (9) is:

~NHy—-R'% (9)

wherein R'® denotes a straight-chain or branched
alkyl group with 3 to 24 carbon atoms; and

the formula (10) is:

-NH,-RY7-0~R'"% (10}

wherein R is a straight-chain or branched alkyl

group with 3 to 24 carbon atoms; and R'® is a straight-

- 12 -




U S -R12 R13 ---------- (6) wherein each of R11

through R13 is a hydrocarbon group with 1 to 20

carbon atons, and R11, R12 and R13 may be the sane or

different fromeach other; and U is acryl oyl oxy

group, nethacryl oyl oxy group, mal ei noyl oxy group,

fumar oyl oxy group, or itaconoyloxy group; and the
ché@ﬁﬁblrab(:il)lﬁhsd 323kxyB d5olpwhekbi B Yoi 84anahkbpgéioms.

atom .an L.gro L.tk t Q8 rb I »Aak

A e e S R
coinpbederoof i0clod8sand rysénnggrpeunAe 18age gpount of 0.1

todbbf gLt fLomceaehcet hae wagannpi.s 2 or 3; R14
represents an al kyl

. group with_ 1 to 8 c on_at ons
an allRoxJhegPaipt GPEROEIES8 Sgrﬁgg Sfoﬁé?’aﬁagfﬁéﬁthe
padheu @gwpba kj;% 1ba &nc@.&ﬁﬁ@n aanams neap rakky syl-agihegp omi t h
. 2.tQ car bon at, - oxyl _graqup, a
b B Cand oRs Aot aa T g s or g Rerdhed tapdShe
(8),(a)5Tﬁg?p&intetoappdﬁaﬁgoq@ﬁndBDmewgﬁéﬁénoﬂhﬁnmarine“
orb%%ﬁ%hﬂ%h %%Q%ng&%%ﬁbiWchqs”%% %%d%ﬂ%giﬂﬂﬂﬂﬂiﬂak FHree of
[Peast one halogen atom a group reépresented by
meftgdnul a (9) or fornula (10): wherein the formula (8)

o TG G s o o
anGr SRR GRORY, Tand e O reeger st FOTD £ e Tt On
off eRUloe( D 1) tHMRIRLE(9).. (9)

(11) A submerged structure wherein the submerged
structure has a surface coated with an antifouling paint
film formed from the paint composition of any one of (1)
through (9}.

(12) An antifouling method of a submerged structure
comprising a step of coating a surface of the structure
with the paint compositicn of any one of (1) through (9),

thereby forming an antifouling paint film.

[Advantages of the Invention]

The above-mentioned paint composition of the present
inventicn as well as the paint composition acting as a
composite material ccmprising the same can be used for ship
bottoms, submerged structures such as fishing nets or
cooling-water pipes, for which fouling by organisms in the
sea is reguired to be inhibited. It can also be used as a
sludge-diffusion-preventing antifouling paint film in
offshore engineering works. The paint film according to
the present invention never forms a residual layer on the
paint film surface even after immersed over a long period
of time, so that defects such as cracks and separations are
not caused by virtue of the paint~film properties and so
that the paint-film eroding ability is unchanged cver time

and is kept at more than a certain rate, thereby making it
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wherein R16 denotes a straight-chain or branched

al kyl group with 3 to 24 carbon atons; and the fornul a

(10) is: -NH2-R17-O-R18... (10) wherein R1l7 is a

straight-chain or branched al kyl group with 3 to 24

carbon atons; and R18 is a straight - 12 chain or

branched al kyl group with 3 to 24 carbon atons. (7)
pogbﬂbp@iﬂb §Dﬁn05hthﬂniﬁbulﬁmg mheieinyt heepagniong pericd

R e T e e T

anpafnulcogp@sttvahyo©V€6)aolOOG)PeﬁhéﬁePﬁ Fh@e paFftas a

ap}p@}eqfh@nbau ﬁfl %H’ﬁégwﬁ“u ’aﬁ 6f5k18§3 %@F&E EhEt
pl@ﬁgﬁal§Hk§65@§h0mnt6hhmum@ﬁums1anabsgan|@henhpbhEmrmetal—

t|f I t
cophaInahei FhrERY P APNEFI i Pocr BPRed PRorPERE RNt |
Mogeupesi t tomne pﬁlanycomgoeﬁt@mﬁSthpcggﬁl@g)tO(Im}SA
lnsggg?rgeg étégg ?8 8@e§ﬁbﬂlh aﬁ“@ﬁ%&gﬁglySEﬁBQEHB%

a'surface ed wt ntifouling paint™ film
antgfne@zﬁgoapthﬁlpauﬁveeowﬁéépvﬁoHSéﬂgaﬁypéﬁéSoPXef? in

cohBREYER69) - Tﬂé@é ﬁ@lﬁﬂtééﬁyééﬂﬂlﬂﬁﬁh@Qnoﬁeac§U@ﬂ@dgEﬂ
structure npri

sl n a_ st eg o% coatlng ak%g&face i or
anﬂh§l§ﬂﬂu€PéPéS %Ptﬁh K&PYarrt 84 pasi-Eran £ny UBR&
de@fighlhqgt Eneugbi(ky, Whémsbﬁhtgpﬁbag anpantist-oulideg
nt ages .of _t l,nyent.
co B a0 RanENToh oar By Sedbgs LergRtoRs; RoleFed in vivid
coilbrenti on as well as the paint conposition acting as a

ConpgﬁkEﬁegﬁg§Elagcgggeﬁhﬁ'@9 bhecsapereanlniatused fae

present invention, it is possible to provide a paint
composition, an antifouling paint film, a submerged
structure, and an method of forming an antifouling paint
film on a submerged structure, in a manner that the paint
composition and the antifouling paint film derived
therefrom never cause paint film defects such as
separaticns and cracks over time even after immersed in
seawater or freshwater, with erosion at a constant rate to
thereby show superior marine-organism-adhesion inhibiting
effects, while assuring environmental safety by virtue of

absence of any metal components.

BEST MODE FOR CARRYING OQUT THE INVENTION

<Paint Compositions of Inventions (1) through (5)>
Firstly, description cof the inventions (1) through
(5) noted in the paragraphs of "Means for sclving the
Problem"” is provided.
To cobtain the paint composition of the present
invention is used at least one kind of diphenylborane

compound represented by formula (1):
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bottons, subnerged structures such as fishing nets or
cool i ng-wat er pipes, for which fouling by organisns in
the sea is required to be inhibited. It can al so be
used as a sludge-diffusion-preventing antifouling
paint filmin offshore engineering works. The paint
filmaccording to the present invention never forns a
resi dual | ayer the paint filmsurface even after
i mrersed oyer af{long period of tinme, so that defects
such as crack ions are not caused by
virtue of the paimtafill mproperties and so that the
paint-filme o@ unchanged'ov@r) time and
is kept at|noye certain rate, thereby making it
- 13 possible an antifouling activity over a
| ong perio of tinme.” Phe paint filmexhibits an
extrenely superior antifouling activity over a |ong
periad of ti 0 3s fi.shing=n if iNg 1kvl
agen?p gﬁ??ﬁggnghif ?trg i %HkgpSIﬁEéggﬁ?ogg%h' an anty
gralpmivitim fade Shicprbsnnesome pirskroflikerptli ggoup with 1
toC @ 334,29 b%%ﬁs@luﬁkgﬂﬁlé§ 8bsent whrpioghenpmeieh-1 to 8
containing antifouling agents are not used together. ]
capipesopErMSs ¢ Lygienfu §TOUEns S4CYor Gy Fro & BIESPY
grio ?P%‘%ﬂt@ﬂeg?@@@b|% @%n&®grﬁﬁ®ﬁ@0 exteeryel yrsuper iagd an
antifouling activ eyven_w t hout . using
S I R P R I S L
e tCRIxaed richp,ary propiok yeolgarsirt, 0 a frertelyy lexdridint, &
remar kabl y superi.ar. si_gni f [NV RRD.
b é)lxé] ggséﬁllpdusa- cl)q%xéje c:g%[gallfl%%i r#él%?a(\r?tt}fl fdc?tjtﬁ%r%}mg;;i nts
canndtn Bercoller €d)ine@ofi @f Emcors s F@rtaﬁlerlr?%*reé{er of 0 to
3 G, %Inraﬂanttqt}gt helq Wq{a@e@é tofe thine RESEMferent from
Itis

i nventi on, possibleto provide a paint
eaddmedsian oieran drft i€ W ithg paint film a subnerged

st ruatur@,rrnd an )methadifedeorts g arl kyit idrowdd ngith 1 to
o DAL, RN & SRR S GHP 1 1 B RIS s,

an alkenyl group with 2 to 8 carbon atoms, an alkynyl group

with 2 to 8 carbon atoms, hydroxyl group, or a halogen atom.
The alkyl group with 1 to 8 carbon atoms includes methyl
group, ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, and an octyl group. The alkoxy group
exemplarily includes methoxyl group, ethoxyl group, a
propoxyl group, a butoxyl group, a pentoxyl group, a
hexoxyl group, and an cctoxyl group. The alkenyl group
with 2 to 8 carbon atoms includes an alkenyl group having
an end double bond or an alkenyl group having a double bond
in its carbon chain, such as vinyl group, a propenyl group,
a butenyl group, a pentenyl group, a hexenyl group, and an
octenyl group.

In formula (1), R' represents a group represented by
formula (2), & 5,6,7,8-tetrahydroisoquincline grcup oOr
isoquinolinone group which may be substituted by at least

one halogen atom, or a group represented by formula (3) cr
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conposition and the antifouling paint filmderived
t herefrom never cause paint filmdefects such as
separations and cracks over tine even after inmersed
in seawater or freshwater, with erosion at a constant
rate to thereby show superior
mar i ne- or gani sm adhesion inhibiting effects, while
foadsWRi Ngyenvironmental safety by virtue of absence of
any petal _conponents. BEST MODE FOR CARRYI NG QUT THE
INVEN?F@RﬂéPg?gtlﬁbnpositions of Inventions (1)
through (5)> Firstly, description of the inventions
(1) through (5) ¥Yijgted in the paragraphs of "Means for

sol vi ng Phe——ﬁggblenf is provided. To obtain the paint
conposi tyga ™o he present invention is used at | east

one kil p enyl-befane-- npound represent ed by
formula (I /14 - (1) J 2 1In formula (1), X
repr esent al ogen atom an alkyl group with 1 to 8
carbon atons, or an al koxyl group with 1 to 8 carbon

at ons. anpl.es of the al kyl gro Wi 8 _.car
atongniEéFggéanégﬁlegﬁgﬂ ¥e§tﬁyﬁgépg%%,£§%%V08§I%lagﬂ
groupumita huttyl sgraupora apemsyl agrdepyla e, gro@setyl
gr%%ghan" ectyl groyp. dhe al koxyl 39r gHR ¥Mel HAGSpe the

ITE oxyW group, etﬁgxyl group, a propoxyl group, a
sapet oxy idigrewsnta fsentexyl SGHiGup " EhexddyI° Gfroup, and
2189 106H0 19 Gémulid fonmika1Gtes erahyaf dram’ etsl

an integér of 0 to 3 .ndepen entg¥, and X .s .may be
IHRE /s BT TEP Y Ot LFOSHhORYHC 7 Tt Rer At i i D For
is%bu'tgrlf @rrgilﬂipa (tb)ntjﬁrfye-ml’lﬁﬁﬂk nltg&cmp,alxperg:wtnpgmum B

0 carbon atons, an-.al koxyl g -
hﬁfﬁﬂbéﬁ“ﬁ?ﬁnﬁ?“*éﬂlérﬁéﬁyﬁﬁﬁ} tp aﬁgﬁhg%#gr%'cgpggny e
foatmonis, @) alkynyhegrndumroup, this phenyl group may have

one or more substituents.

Formula {3) is:

“NH2_R2"' (3)

In formula (3), R? denotes a straight-chain alkyl
group with 1 to 24 carbon atoms or a branched alkyl group
with 3 to 24 carbon atoms. Although the straight-chain
alkyl group with 1 to 24 carbon atoms or the branched alkyl
group with 3 to 24 carbon atoms for R? in formula (3) is
not particularly limited, it is typically a straight-chain
or branched alkyl group with 3 to Z4 carbon atoms,
preferably with 8 to 24 carbon atoms, more preferably with
8 to 18 carbon atoms, such as n-octyl, n-nonyl, n-decyl, n-
dodecyl, n-tetradecyl, n-hexadecyl, n-octadecyl, 2-ethyl-
hexyl, 3-ethyl-hexyl, 2,2-dimethyl-hexyl, and 2,3-dimethyl-
hexvyl.

Formula (4) is:

-NH;-R’-0-R* (4)

In formula (4), R’ denotes a straight alkylene group
with 1 to 24 carbon atoms, a branched alkylene grcoup with 3

to 24 carbon atoms, or a phenylene group. R* is a
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with 2 to 8 carbon atons, hydroxyl group, or a hal ogen

atom The alkyl group with 1 to 8 carbon atons

i ncl udes nethyl group, ethyl group, a propyl group, a

butyl group, a pentyl group, a hexyl group, and an

octyl group. The al koxy group exenplarily includes

nmet hoxyl group, ethoxyl group, a propoxyl group, a
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grro%%r e%%&gzqte@aﬁrg&wd ﬁ,eltrrﬁﬁﬁe:ﬂ@debﬁé gfr@u@ﬂl prdyleme group,

et r ahydr oi sagui nol j,n _

teﬁ§€&ﬁ|%§ P§Up%wﬁi I% @%%tf} BTHy at1
dm@aﬁyl—@wmr@geﬂc@npoml dr—dan@rtdmi—reécmyéﬁm @@%lp
eggyf“%hyﬂéy rﬂ%ﬁ.fgeﬁ%éﬁgigﬁi %ﬁkﬂ&Jak&%bﬂé%hylene

__________ Y denotes a hal ogen
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up, i sopro r a but ,
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g]:no% lah(ezz?r rﬁ)re Se@'hgﬁp’gfﬁﬁ pﬁ?%’ét}ﬂlr Qj&hﬂ)d'@,y 2-

one ‘ubst | Formul a (3)
ethy{haxyi_gqqu, a nonyl group, a decyl group, ‘an undecyl

group, a lauryl group, a tridecyl group, a tetradecyl group,
a pentadecyl group, a hexadecyl group, a heptadecyl group,
and stearyl group.

The amcunt of the diphenylborane compound represented
by formula (1) is suitably set within a range of usually
0.0l to 60 mass%, and preferably 0.1 to 40 mass%, based on
the solid content of the paint. When the diphenylborane
compound is used in an excessively smaller amount, the
paint will not have the antifouling effect. On the other
hand, the use of an excessively larger amount of the
compound often results in causing defects such as cracks
and separations of the paint f£ilm, thereby also failing to
obtain excellent antifouling effects.

In the paint composition according to the present
invention, it is possible tc use one kind of the
diphenylborane compound represented by formula (1), or to
use two or more kinds of the diphenylborane compounds in
combination. Among the diphenylborane compounds, 4-
isopropylpyridine-methyl (diphenyl)borane is particularly
preferable.
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In formula (3), R2 denotes a straight-chain alkyl
group with 1 to 24 carbon atons or a branched al kyl
group with 3 to 24 carbon atonms. Al though the
straight-chain alkyl group with 1 to 24 carbon atons
or the branched alkyl group with 3 to 24 carbon atoms
for R2 in fornmula (3) is not particularly limted, it
Isthygtfﬁég%0§e$tlﬂighé phant compbsanthedaatkyﬁigﬁobﬁ
0 carbon atoms, b t
thiar bBKCREORE: mbreSpPBFEFR pES ?%g %th& Qn?g%@g%éng
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radecyl X | ,
wiRBEhe Aplexpdagy, ognd@§h§q§gggiﬁaegﬁgmbounds
reﬁIESdnﬁeﬂhyw fnéwyﬂa Kddmula (4) is: -NH2-R3-O R4..
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1S 0 e stralght chai
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2-pyridinethiol-l-oxide-zinc salt or copper salt.

The paint composition according to the present
invention includes a polymer having a specific structure,
together with the diphenylbcrane compounds represented by
formula (1).

The polymer having the specific structure is a
copolymer containing component units derived from a
polymeric unsaturated metal salt represented by formula (5).

Formula (5) is:

- (CHp) x=COO~-M-Lg (5)

In formula (5), R° represents an organic group
including an unsaturated bond, represented by any one of
the formulae CH,=C(CH3)-, CH;=CH-, HOOC-CH=CH-, and HOOC-
CH=C (CH3) -, wherein -COOH may be in a form of a metal salt
cr ester.

k¥ denctes an integer of 0 to 2. M is a metal atom.

I denotes -OCOR®, an organic acid residue, wherein R® is an

alkyl group or alkenyl group, Or —R7-CO—CH2—CO—R8 wherein R’
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i sobutyl group, sec-butyl group, tert-butyl group, a
pentyl group, a hexyl group, a heptyl group, an octyl
group, 2- ethyl hexyl group, a nonyl group, a decyl
group, an undecyl group, a lauryl group, a tridecyl
group, a tetradecyl group, a pentadecyl group, a
hexadecyl group, a heptadecyl group, and stearyl
isg£ogpvaﬂ@§%a@E@@¢ @ﬁtéhﬁe?iﬁﬁeﬂétbﬁhﬂP@ tﬂnpbydﬁQgen
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thQBt§EQ;@§66Eh@mhdastkﬁasbiEg ehfieat 8° 1: aheapayhtgroup

conposi tion according to the pr N i it
(SBoLePorE LalaSEoBRE NI A OF Phec L pRenyl araner on uTour
ha®QApound beptesentedoby terbuhacgtponogovbleydentio or

kiin f .t ' l.har i ‘0 th

anTBErGEER, Tyl BE, LORUSHLRY sogcampeuntne dione, in the
maiigophepyl pynisdiltetiaohyl ( @pﬁ%ﬁyﬁvbo%%ﬁ% g presence of

anB@EE%C%§§%l%ftBB%Egr%ﬁhg;as %ﬁ eF%E&thﬁEIS§.@n the-C, or
pai nt conposition accordin s invention, it,i
C-So§sirbé £8 §§§eétW@PdaﬁfﬁgﬁﬁﬁrngPEQgQHTEeEn8 C?%b?%gl
groeghn kn@@dk bfeij ein@f qfno@lﬁivraﬂleglm )cambipiatiadn (mmiltth vieRendne

or re _kinds i phen oL ane S Lepr nt ed

by TErRIPReCapT ERErelogy TR0 g 1Y Racty uiehr €5l
caatioifyduld g iagewrtss duendl ode be derived include saturated

moki:otx;aill%?lltlo 'E%t%xqu'fo Rhtihal iage s ditdiacarka,c pragiitbnic
aryl'mal et m des, 3-substituted am no-1,3 . .
acid (C,HsCOOH), butanoic acid (CH;(CHp),COOH), valeric acid
(CH;{CH,)sCOOH), versatic acid, lauric acid (CHs{(CHz)1oCOOH),
palmitic acid (CH3(CHz)14COCH), and stearic acid

(C,7H35COOH) ; and unsaturated monovalent carboxylic acids
such as acrylic acid, 2-butencic acid {CH;CH=CHCOCH), cleic
acid [CHs{CH;),CH=CH{CH,)-CO0OH], lincleic acid

[CH5 {CH») 4CH=CHCH,CH=CH (CH;}7COCH] , and linolenic acid
[CHsCH, (CH=CHCH>) 3 (CHz) sCOCH] .

Furthermore, the multivalent carboxylic acid which
has two or more carboxylic groups and can provide the
carboxylic acid residue L includes fumaric acid
(HOOCCH=CHCOCH) and azelaic acid (HOOC (CH, ) 7COOH) . Among
these carboxylic acids, those typically with 1 to 25 carbon
atoms, and preferably with 1 to 18 carbon atoms are
desirable in this inventicn. One of these carboxylic acids
or two or more thereof in combination may be used. When
two or more carboxylic acids are used in combinaticon, the
number of the carbon ateoms in R® in formula (5) is

represented by the average value. When L in formula ({(5) 1is
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thi azolidine-2, 4-diones, dithiocyano conpounds,
triazine conpounds, cuprous thiocyanate, pyrithione
compounds, and others. Mre particularly, they

i ncl ude 2-nethylthio-4-t- but

yl am no- 6- cycl opropyl am no-s-tri azi ne, 2,4,5,6
tetrachl oro-isophthalonitrile, N, N—dinethyl
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rom a mefi ¢ unsaturated fetal salt
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rgani c _group including an un at ed bond,

hlﬁ@ﬁﬁe§@ﬁ@€&lﬁf iy IOhE B CHRE gr I§ea@Hf—éFCH§%ue n
th@H%a@He,oHO@@ C=CHd0,. and HOOC- CH=C(CH3)-, wherein

Coog f .

deno ég%ﬁﬁgﬁnﬁgﬁgﬁygk Z%fgebﬁkg%glég a%te? %%lC%larly
1idenetdgs 0-.GCER6,5 art -Gr @aaqwt@m d ordsied ¢, hMﬁﬂerrOéﬁlr@eR@ﬁ $
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th&eﬂ&ﬁﬁﬂh@EﬁMEmhyﬁKﬁ@%ﬁ”gargﬁgﬂé%gégggéfgéﬁgﬁ$qQﬁé%%$ "or
niknched alikapne L Rhenylat a temperature of 50 to 200°C
for 1 to 20 hours. When the system is apt to be cloudy
because of the presence of water, the addition of a minimum
amount of a polar solvent is required.

Examples of the polar soclvent include alcohol-based
solvents such as n-butanol, and isopropyl alcohol; ketone-
based solvents such as methyl ethyl ketone, and methyl
isobutyl ketone; ester-based solvents such as ethyl acetate,
butyl acetate, and isobutyl acetate; and ether-based
solvents such as cellosolve, butyl cellosolve, diethylene
glycol, diethylene glycol meonoethyl ether, and diethylene
glycol monobutyl ether. Although the metal compound in a
powder form does not dissolve in the solvent initially, the
system becomes transparent as the reaction progresses.

The metal in formula (5) includes metals belonging to
the Ib, Ila, IIb, IIla, I1IIlb, IVa, IVb, Va, Vb, VIb, VII1b
and VIII groups in the periodic table, and specifically

divalent or multivalent metals such as Cu, Ni, Co, Pb, Al,
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derivative, and R8 is a nonoval ent group conprising an
al kyl group or a phenyl derivative, or -OH ¢ denotes
a nunerical value of (the val ence nunber of netal M
mnus 1. When L in fornula (5) is the carboxylic acid
residue (-OCOR6), the carboxylic acid (HOCOR6)
adapted to derive this residue includes those in
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typical organic solvent such as toluene, xylene, methyl-
iscbutyl ketone, n-butyl acetate, propylene glycol
monomethyl ether, or n-butanol, from a viewpolnt of
productivity.

The copolymer as component (B) in this invention
includes a copolymer obtained by copolymerizing two or more
kinds of polymeric unsaturated metal-salt compounds
represented by formula (5) with each other, and a copolymer
obtained by copolymerizing at least one kind of polymeric
unsaturated metal-salt compound represented by formula (5)
with a different polymeric monomer which is copolymerizable
with the former.

The different polymeric monomer includes aliphatic
monomers such as methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl {(meth)acrylate, isopropyl
(meth)acrylate, n-butyl (meth)acrylate, iscbutyil
(meth)acrylate, t-butyl {(meth)acrylate, 2-ethylhexyl
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two or nore carboxylic acids are used in conbination,

the number of the carbon atoms in RS in formula (5)

is represented by the average value. Wen L in

formula (5) is - 19 a group represented by

-R7- CO- CH2- CO- R8, exanpl es thereof include residues

of acetyl acetone and 1-phenyl -1, 3-butane- diones. In
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through tertiary amino group or amide group, such as
dimethylamincethyl (meth}acrylate, diethylaminoethyl
(meth)acrylate, dimethylaminopropyl (meth)acrylate,
dimethylaminobutyl (meth)acrylate, dibutylaminoethyl
(meth)acrylate, dimethylaminoethyl (meth)acrylamide,
dimethylaminopropyl (meth)acrylamide; and styrene,
vinyltoluene, a-methylstyrene, (meth)acrylonitrile, vinyl
acetate, vinyl propionate, (meth)acrylic acid, 2-butenoic
acid, oleic acid, linolenic acid, linoleic acid, maleic
acid, fumaric acid, itaconic acid, propicnic acid, wvaleric
acid, butanoic acid, palmitic acid, myristic acid, lauric
acid, stearic acid and metal salts thereof.

The copolymer as component (B) in this inventicn can
be obtained by polymerizing the polymeric unsaturated
metal-salt compound represented by formula (3) with a
different polymeric monomer that is copolymerizable with
the former. The polymerization reaction may be any one of

solution polymerization, bulk polymerization and emulsion
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sol vents such as cel |l osol ve, butyl cellosolve,

di et hyl ene glycol, diethylene glycol nonoethyl ether,
and di ethyl ene glycol nonobutyl ether. Although the
metal conmpound in a powder form does not dissolve in

the solvent initially, the system becones transparent
as the reaction progresses. The netal in fornmula (5)

pol?ﬁéﬁgﬁétﬂ@ﬁa|SﬂhﬁhﬁﬁﬁﬁrubdiraﬂﬂﬁapdiymdnizdﬂﬂnnIﬂﬂaﬁtion
d ps in
1Stﬁléep%?%ﬁ?‘&nt%Wr%me}éﬁaagb%l Paar S‘H %H%ne%{}%;r
coﬁulym&al&ﬂtcnmpahenSuéﬁ)assCurodmce@bbytheApolutggn
poggmezlzaegg g?%a |raLFgH}ngY§£§my AeLBhs suehtns

and Zn bei ng
sopaentcuhareﬁordégu@aal@hl¢heahéﬁﬁérdééé?ébélﬂﬁlSEuFB?

hgyicoﬁngﬁguPQk%HeﬁbEalUBé@tUEahpduﬁHtabpsabénted by
ound represen ed i.C om
fonme 6) 186, 56 &Rd- %?sgégg§§eggaﬁglym%¥9 eﬁ%é%gggre
cob@l&M@k@@hbiefwaﬂh 808€ for®m@®@C. Furthernore, although
t he nufa tur 0 I ungatiur atedd
net a §aF?E¥8 ouﬁdn%gpg%géngﬂg 6E9 gﬁ%ﬁgg % is ot
hypabtambbaslyubhnﬁﬁedolvﬁ@eeoﬁwéﬁﬁé nﬁth6€enzene'

cyn§%§ ggﬂredbc gﬁeexﬂ@Bk%nebyc@b&bﬂ@xﬁﬂ@ and whlte
SCri be pol yneric unsaturate%ﬁn% E lene
SPGGﬁﬁeuﬁ@hWrﬁhsécﬁlﬁﬁe@éﬁ#anﬁol§ﬁéFﬁéy Hﬁ?n TN
gl%%%@'%%%%hé%ﬁ @h%%rth%thQQ@@@U@dycai me@met@@l am@er,
reacting t m xt ur

a_re i-on _t rat uf. f
et@glﬁgelgé@Cp&rmgnpguf %hgﬁp§ firn © éeSFbgqﬁ%O% gl%UQ
ethad, C@ﬂleltm]lytllea‘hteorgly*d@m einoeithyjosdinsire  sséeamplspeh as

IS|on | ynerizati S [ I w%mdagl
bu&ﬁ>a@&%: ﬁ t@rﬂﬁ tﬁg%tpoqyngéggp |%%et%%ﬁy thlene
g loarerli e@r@metlhylaﬁetéﬁgfamc@téﬁl@\ieﬁﬁﬁqr{eﬁ ssu%\?zfnt ageous

méﬁ% '§§éﬂﬁtJ1 Eggdﬁé(“éﬂﬁﬂéﬂﬁyﬂﬁgabdﬂyﬂlkétodaﬂﬂdﬁﬂ
ani ¢ sol’vent such as toluene xyl ene, ﬁgth% g8ﬂvents
| end®§Py

sy ISUGdt Gife N TRUFRAAL o CAR R ©

may be used sclely, or in combination. To preferably carry
out the solution polymerization, it is desirable To use a
mixed solvent of ester(s) and alcohol(s).

The polymerization reaction is progressed, by adding
a typical polymerization initiator such as a radical
polymerization initiator into a mixture of the polymeric
unsaturated metal-salt compound represented by formula (3)
and the different polymeric monomer copolymerizable with
the former, and by heating the resultant mixture to a
predetermined temperature.

The paint ccomposition according to this invention
contains the diphenylborane compound as component (A) and
the copolymer as component (B). The amount of the
diphenylborane compound in the paint composition is
suitably set within a range of usually 0.01 to 60 masst,
and preferably 0.1 to 40 mass%, in the solid content of
paint composition. The diphenylborane compound in an

amount less than the lower limit may cause such a
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nmononet hyl ether, or n-butanol, froma viewpoint of
productivity. The copol ynmer as conponent (B) in this
invention includes a copolynmer obtained by
copol ynmerizing two or nore Kkinds of polyneric
unsaturated netal -salt conpounds represented by
formula (5 with each other, and a copol yner obtained
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ai'ni ng unsaturated nononer
dﬂ’ﬂé\ﬂ%@‘fﬁj%ﬁ@l@%ﬁ/d}% eg}logb%lsns?c’,ucrpafslcmrgsniens? obtained

by reacting rosins with maleic anhydride, formylated rosins,
and polymerized rosins. The metal rosinate includes

calcium rosinates, zinc rosinates, copper rosinates,
magnesium rosinates, and reaction products of other metal
compounds and rosins.

In this invention, it is possible to select and use
one kind or two or more kinds of these rosin compounds, and
the amount thereof is generally from 0.1 to 20 mass%,
preferably from 0.1 to 80 mass%, in the solids content
relative to the amount of the copclymer as component (B) .
An excessive amount of the rosin compounds tend to make the
paint composition deteriorate in a paint-film forming
ability so that defects such as cracks and separations are
susceptible to be caused in the paint film, thereby
possibly failing to obtain an effective antifouling
activity.

An oil component such as silicone oil and liquid

paraffin may be added to the paint composition of this
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an exanple of which is glycerol (meth)acryl ate;

am no-group or am de-group contai ning nononers such

as (meth)acrylam de, and butyl am noet hyl

(meth)acryl ate; nononers having primary through

tertiary am no group or am de group, such as
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bR Penzene.ed, or a copolymer solution prepared by
adding a solvent to the copolymer isolated from the product
solution; rosin compounds as component (C) to be added as

reguired; and other various additives.

<Paint Compositions of Inventions (6) through (9)>

Next, description of the inventions (6) through (9)
summarized in the paragraphs of "Means for solving the
Problem" will be provided.

Used as one of the indispensable components of the
paint composition of the present invention are the polymer
(PA) obtained by polymerizing one kina or two or more kinds
of monomer (s) (A) represented by formula (6) shown above;
and/or the copolymer (PAB) obtained by polymerizing one
kind or two or more kinds cf the monomer (s} (A) with one
kind or two or more kinds of monomer (s) (B) which is/are
copolymerizable with the moncmer {s) (A).

As represented by formula (6), monomer (A} has in 1its
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cycl opent ane, octane, heptane, cycl ohexane, and white
spirit; ethers such as dioxane, tetrahydrofuran,

et hyl ene gl ycol nononethyl ether, ethylene glyco
nonoet hyl ether, ethylene glycol nonobutyl ether,

et hyl ene glycol dibutyl ether, diethylene glyco
nmonoet hyl ether; esters such as butyl acetate, propyl
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alkyl group include halogen atoms, aryl groups, acyl groups,
alkoxyl groups, aryloxyl groups, nitro group and amino
group; and the substituents of the substituted aryl group
include halogen atoms, alkyl groups, acyl groups, alkoxyl
groups, aryloxyl groups, nitroc group and amino group.

The monomer (A) having a (meth)acryloyloxy group in
its molecule includes, for example, trimethylsilyl
(meth)acrylate, triethylsilyl (meth)acrylate, tri-n-
propylsilyl (meth)acrylate, tri-i-propylsilyl
(meth)acrylate, tri-n-butylsilyl (meth)acrylate, tri-i-
butylsilyl (meth)acrylate, tri-s-butylsilyl (meth)acrylate,
tri-n-amylsilyl (meth)acrylate, tri-i-amylsilyl
(meth)acrylate, tri-n-hexylsilyl (meth)acrylate, tri-n-
octylsilyl (meth)acrylate, tri-n-dodecylsilyl
(meth)acrylate, tri-n-icosasilyl (meth)acrylate,
triphenylsilyl (meth)acrylate, tri-p-methylphenylsilyl
(meth)acrylate, tribenzylsilyl (meth)acrylate, and tri-2-
methoxyethylsilyl (meth)acrylate.
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cracks and separations in the paint film Furthernore,
the anount of the copolynmer as conponent (B) in the

pai nt conposition is typically 0.1 to 80 nass% and
preferably 1 to 60 mass% in the solid content of

pai nt conposition. The copol ymer as conponent (B) in
an anount |less than the lower [imt nay cause
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The monomers each having a maleinoyloxy group in the
molecule include, for example, trimethylsilylmethyl maleate,
triethylsilyl-n-propyl maleate, tri-i-propylsilylmethyl
maleate, tri-i-propylsilyl-n-amyl maleate, tri-n-
propylsilyl-n-amyl maleate, tri-i-propylsilyl-i-amyl
maleate, tri-n-butylsilyl-n-butyl maleate, t-butyl-
diphenylsilylmethyl maleate, t-butyl-diphenylsilyl-n-butyl
maleate, tri-n-butylsilyl-2-ethylhexyl maleate, tri-s-
butylsilyl-n-octyl maleate, tri-n-amylsilylphenyl maleate,
tri-i-amylsilylbenzyl maleate, tri-n-dodecylsilyl-o-
nitrophenyl maleate, tri-n-icosylsilyl-p-tolyl maleate,
triphenylsilyl-2-methoxyethyl maleate, tribenzylsilyl-m-
bromophenyl maleate, tri-2-methoxyethyl-silylcyclohexyl
maleate, ethyldimethyl-silylmethyl maleate, dimethyl-n-
propylsilylmethyl maleate, dimethyl-i-propylsilyl-n-amyl
maleate, n-butyldimethylsilyl-i-amyl maleate, s-
butyldimethyl-silylphenyl maleate, i-butyldimethyl-
silylecyclohexyl maleate, t-butyldimethylsilyl-o-N,N-
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An oil conponent such as silicone oil and liquid

paraffin nmay be added to the paint conposition of this

- 24 invention for the purpose of adjusting the

eroding rate. Specifically, the oil conponent

i ncludes, for exanple, dinmethyl silicone oil
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fumarate, t-butyl-diphenylsilvlmethyl fumarate, tri-s-
pbutylsilyl-n-octyl fumarate, tri-i-butylsilyl-n-butyl
fumarate, t-butyl-diphenylsilyl-n-butyl fumarate, tri-n-
amylsilylphenyl fumarate, tri-i-amylsilylbenzyl fumarate,
tri-n-dodecylsilyl-o-nitrophenyl fumarate, tri-n-
icecsasilyl-p-teclyl fumarate, triphenylsilyl-2-methoxyethyl
fumarate, tribenzylsilyl-m-bromophenyl fumarate, tri-2-
methoxyethyl-silylcyclohexyl fumarate,
ethyldimethylsilylmethyl fumarate, ethyldimethyl-n-
propylsilyl fumarate, dimethyl-i-propylsilyl-n-amyl
fumarate, n-butyldimethylsilyl-i-amyl fumarate, s-
butyldimethyl-silylphenyl fumarate, i-butyldimethyl-
silylcyclohexyl fumarate, t-butyldimethylsilyl-o-N,N-
dimethylamincphenyl fumarate, n-amyldimethylsilyl-t-butyl
fumarate, i-amyldimethylsilyl-2-methoxyethyl fumarate, n-
icosadimethylsilyl-2-ethoxyethyl fumarate, ethyl-di-n-
octylsilyl-p-tolyl fumarate, t-butyl-diphenylsilyl-3~
methoxycyclohexyl fumarate, benzylcyclohexyl-di-p-
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(PA) obtained by polynerizing one kind or two or nore

ki nds of nononer(s) (A) represented by fornula (6)

shown above; and/or the copol ymer (PAB) obtained by

pol yneri zing one kind or two or nore kinds of the

nmononer (s) (A) with one Kkind or two or nore Kkinds of
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Among them, desirable are those organosilanes, each of
which is substituted by a monoalkyl-ester itaconoyloxy

group having an alkyl group with 1 to 6 carbon atoms.
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The nmononer (A) having a (neth)acryl oyl oxy group in

its nolecule includes, for exanple, trinethylsilyl
(meth)acrylate, triethylsilyl (neth)acrylate, tri-
propylsilyl (nmeth)acrylate, tri-i-propylsilyl
(meth)acrylate, tri-n-butylsilyl (nmeth)acrylate,

tri-i- butylsilyl (nmeth)acrylate, tri-s-butylsilyl
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Vinvib@ﬁzymgrﬁyEUF%eﬁﬁ)ﬁéﬂy BPUCHAd grfebhylstyrene,

crH?E?%éyééﬁ¥k§l|Mhd(ﬂehbba§&ybaters£h§6 Ct her exanpl es
0 e mononers. eac a rou
Ch LRES Bl Bob ot RRGPEAGS B kST AR Fp iy ey Y L08E OrouP
coﬁﬂ&@h}acnyhatenddnneﬂh¢bsn ﬁpopyksmpye, a homOpolymer
cb gg%g %Y%é?ﬁ? g&??ﬁaybné $E88y5§'h%ho&€§tﬁhﬁcfxlate

Si (meth)acryl at
cosohymykdpbeahyb§|by|cop@éympgéﬁypgtéwo or more kinds of

moéoﬁ%ﬁé hnERPX%Sb%Eh Ggﬁbg)a%hﬂ|§t@opblymer obtalned by
ut i methyls

(meth)acryl ate, n- Id| yIS|5%Ee
pO@ﬁ@ﬁﬁ}&éﬂ@lét@onpmﬁﬁymdﬁﬁéFﬁyP§lP? @ﬁg%hfg yFéPe n-
klhggs&&dhg%b&g&qblylBOWQMHb@Cﬁ¢Va&e copolymerizable with

n-oct yl - di - n- but yl.si | ryl ate
mO&PmﬁrﬁﬁépJﬁété i) I F%g?%f;%% % %R_monomer( ) B
andi @ﬁ@l&h&ﬁyb{ph&mybalmwre(mamwﬁa©ﬁyMQm@meﬁd@ryl
dlphen | sil ryl thay byedi Qgg%15|lyl
M1, Sgc?;FaeS%n? HQQ%F¥H?% eﬁﬁ 2¥F§1e€§§1h)ac Iate,
cycl dhexyie- diopg-lLtvaiey mtyalm(er% sOPPlATer 1giine v
md Pt ;! '?ﬁitsh)gfs'rrlo\ﬂorr(éﬁ )rAC iyl @nen-dreasadi tre molar

r;;&%ggbﬁg%yagqqﬂeiﬁzQh%%%%&%%?&ﬂé} oné%er s} (A) is not
p&tthdumihyl 1ﬁmﬁﬁﬁﬁylsmbyhhe¢metb)amnyhaEemonomer mixture,

althorhylh_ tthbeUtIyaltl et hc}’é SAcheyla.rr{ou IRt h) ijeatn%nomer to the
amount of the different monomer (B) copolymerlzable
therewith may be appropriately set in light of the purpose
of use of the paint compositicn, it is typically preferable
that the amount of the monomer {(A) is 1 to 95 mass% and
rhat of the different monomer (B) copolymerizable with the
same is 5 to 99 mass%.

The polymer (PA) or copolymer (PAB) may be obtained
by known various peclymerizing metheds including solution
polymerization, bulk polymerization, emulsion
polymerization, and suspension polymerization, in the
presence of a vinyl polymerization initiator. In using
resin P comprising the polymer (PA) and/cr the copolymer
for a paint, it is convenient to dilute the resin with an
organic sclvent to thereby prepare a resin sclution with an
appropriate viscosity, and it is thus desirable to employ

the solution polymerization or bulk polymerization method.
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and o-cyanophenyl - cycl ohexyl - napht hyl si | yl
(meth)acrylate. The nononers each having a

mal ei noyl oxy group in the nolecule include, for

exanpl e, trinethylsilylnmethyl maleate,
triethylsilyl-n-propyl maleate,

tri-i-propylsilylnethyl naleate,

tri ASPEQQY$§h§Y| @l?myflﬂatﬁame;nitlan@r, it is possible

ylsilyl-n-a t
e
oﬂymhemyhﬁnbybnedhpéndmhgape the 1ntended polymer121ng

me%PPthls §g§¥%d§%%%§¥é%k%%yﬁherﬁﬂf¥ﬁé%or include azcbis-

hexyl nml eate, tri-
babaﬂyusatyatnr@cﬁyphnﬁﬁeat8 Yerpr hsaﬁiPEPFyFBHéﬁ§Fle'

2 ??:S@Egms—bLhekh?ﬂﬁb%&k%h@@@&lb nal, eatazobis-2, 4-

odec - 0- r
leﬁﬁhﬁlVéé§§P§FF§ﬁ s:t&v§| %%P@é%eln%5%%°%exa“e‘
ca?bb%ﬁ@&iF%l:ﬁFm%tﬁ@UhQXYePbybeBhe@batylate, 4,4'-azobis-
_tribenzylsi -m. br phenyl_ L8o_
A-CYRDS. FEthidtve iyl %E%1gyglo g%%ﬁ% 3§Ieate
ametiylogiroetingl) s hlyyireet Byir ineli e ane, peirmeimpbased

ln&%g%¥L§il%lg§2%§:§%?%?®hepeﬂ°deﬁ' t- butylperoxy(Z#
T ma
eUmMiMQﬂa@p@éﬁﬁyl§r®ﬂt¥19%ﬁﬂan%§9ﬂﬁgpy ' carbonate, and t-

b%gﬂ)q d%?ﬁ%ﬂzcﬁkkylphenyl mal eate, i-butyldinethyl -
Yo S o naleate but l one&lggﬁyg yhtol@ N -

27 ~ dEmdty PEFRGh EMHY g
pdks&fﬁltleglﬂmtsfeﬂ]e%‘d,ylfrtOﬂbuftayjloumlcemaellc solvents, one
anyl et ot vl Y et
S nilk solvents to
ﬁ@"h A eoqﬁoxyet hyl' Tal eat e, gelaet hyl - di -
ba)cﬁl)biesjlyjegﬁrtdmlw aral Qe é{lndmﬁwh%%éw‘f%e/ $hy fé‘e
p%?§4g2§ qﬁ%@pé?ﬁﬁﬁﬂéE etc. Specifically, they
uty neth [ -7 - ropyl mal eat e
1 e oo CHBRA R & 1 Sy ST itlor opthylS BRER,
he sz AW/ eiihdn& ﬁ@ﬁ%aﬁﬁidlhﬁdﬁd@&lﬁmyﬂsomm esuch as
et hyl met h Si | I-|-bute/l n@é S &
b%ﬂﬁ%@%@t %ﬁ@ 1 %W @l eat e cf%ﬁ%p eH;I-Ethyl
a@é/t@i’@él,gimhﬂaphid;]\@'ﬁaisej yém@thwbmbaa@etmng tHePT
sirable et I e St
Fratect Ut e el Rk BT P Moyl ox oot
er of nmal elnogloxy groug
ketone, and cyclohexanone, and alcohol solvéents such &as
ethanol, iscpropanol, and butanol.

Each of the molecular weights of the polymer (PA) and
copolymer (PAB) to be obtained by such methods is desirably
within a range of 1,000 to 300,000 on the weight average.
The employment of the polymer and/or the copolymer with an
excessively lower molecular weight makes it difficult to
form a normal paint film, while that of the polymer and/or
the copolymer with a excessively higher molecular welight
requires a lot of thinner when the paint is used, thereby
bringing about such a problem that many times of painting
operations are required to obtain a necessary film
thickness. Also, the viscosity of this resin solution is

advantageously 150 poises or less at 25°C, and to that end,
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havi ng an al kyl group wwth 1 to 6 carbon atons. The

nmononers each having a fumaroyl oxy group in the

nol ecul e include nmethyl-trinethylsilyl fumarate,

tri-i- propylsilylnmethyl fumarate

tri-i-propylsilyl-n-anyl fumarate, di-triethylsily

fumarate, tri-n-propylsilyl-n- anyl fumarate,
théréotlﬁreﬁutéhtybfitﬁayke§Mnasa1eticnisneuld

but | silyl-2-eth xyl _f t o
AP RSBEYLE Fo ThBAVy P PRiGer SFed to 80 masst,
préfbubylydiphenyBSi hgbset hyl fumarate, tri-s-

b“tykﬁthxh f- 9ﬁéy£ EHHH£§&§ostttch @Etyhélbybs@nbutyl
b %lpheny I'silyl -

1nVBntmoﬂawypépﬂ?ﬁphéﬁyFnﬁuﬁﬁ?EF@ ?rFo%pgﬁﬁggFFyEBSn gELn
coﬁgaﬁéatg Cohbklglﬁ@d€§¥|§bﬂyheﬁ neky ophdrypic tupaﬂamer

-n- icosa funara
P@BlpHEH9F§P9ka2tﬂgtﬁgg§gtHﬁﬁcr% (methods, it is
po%éhb@@zybsub¢Ismabﬂoampbenyloﬁupaﬂamerstpmhgr than the

nmet hoxyet |-SI| Sf 3
abgyﬁy98¥ﬁ8 k ?g?una Hﬁ%@aﬁﬁ not, di sturb the

rate, ethyldinethyl -
adpanpybs&lpﬁ tuﬁapaﬁéenﬁlﬁ@ﬁﬁ?ﬁlpnpropyIS|lyl n- anyl

f uman gt | yhoie @entln f ygBkaLe present
butyF§.§€Fh§Q?§¥ @bﬁghgxtibh sieo@Bihg presen

enyl fumarate, i.-butyl dinethyl
1H§EP¥H@FeIéﬁe%flpP@ﬁ&P&Fe Otuﬁ&t€|&P 45& Mo, Seeher
w1@%”%%@iham nO@H@”Ybsiﬂnabﬂpeund 1ncludes r051ns, rosin-
nmyl.di met h |SI| I-t hut ra%
5 nclude, for
A g &@Fﬁéiy CRUE FomaPae dnopy
eHaa@Sagi mtlhylmsllyi, 2_;4mt tmi»qmt hyalndf wemcaties igy-hy Fhgi FAsin-
OCRy|S|@é ﬂﬁf %Q AyPRral ey 1te, byt rdiphemdisid Y Imadeic
IS RRSRY Sy eI 'Siexy1™ f Urvar at e, benzylcyclohexyl di-p - 28
rm@wSﬁWﬂmmmMW@ﬂmH&HmWM%MNW magogy|antydride,
fJ éﬂ AYsins, and polymerized rosins. The metal
I C sa di - o- nltrophenyIS|I I-rnfl uor enyl JlJ r%ge,copper
rqsinghAs dindhida ozrjdb’né?ﬁﬂ%tal 512 C&]ﬁ%%xﬁ Fiiar gt e
r & i vt hadhrqwapy |1sdd Matedutadd furmrtate pramdts lof
but Ine yIS|I but funarate and o-cyanophenyl -
%ﬁqm sfji methyl® fumarate. Anong them

In the present 1nventlon, one kind or two or more
kinds are selected from such rosin compounds and used, and
the amount of each resin used is advantagecusly from 0.1 to
90 mass%, preferably from 0.1 to 80 mass%, in the solids
content relative to the amount of resin P.

The rosin compound(s) in excessively larger amounts
make the paint composition deteriorate in the paint-film
forming ability, which leads to causing defects such as
cracks and separations in the paint film, thereby failing
to obtain an effective marine-organism-adhesion preventing
performance. The rosin compound(s] in excessively smaller
amounts make the paint fail to exhibit the effectiveness of
the rosin compound(s).

Resin P in the present inventicn never contains metal
therein inscfar as resin P consists of the polymer (PA)

and/or copolymer (PAB). Resin P is allowed to include
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R I I——YYYTYTrrrrrrinii i

desirabl e are those organosil anes, each of which is
substituted by a nonoal kyl -ester fumaroyl oxy group
having an alkyl group with 1 to 6 carbon atonms. The
nononers each having an itaconoyl oxy group in the
nol ecul e include trinethylsilylnethyl itaconate,
triethylsilyl-n-propyl itaconate,

ot%éf §OP§QQ¥| }'Xﬁdﬂoﬂnybpolyﬁ@ﬁmﬁteas long as they
ri-i-

| -
Sth??YSEP?I gé% PhegggL t%%ggg?%gr Egbsg the resin P to

lntludé ﬁétyﬂsthykeMHoanyltheyangﬁarehlnder the achievement

of ﬁb?s?sgggenzy%p??n¥ke %?gggﬁEe1n§éhthon Furthermore,

acona Kind
retin- B- dedetybseHyFooinFinephensl kinflagsnkte, or more kinds

ftBPdEoigg Fbl¥Es@n%°kﬁbtlﬁﬁéogéﬂécte? from those kncown
en - 2- met hoxye aconat e
Onﬁﬁlbéﬁ%yﬁépgymeﬁ?leBﬁﬁEHEniPSPEQEOHEtEUCh hydrolysable

re%&hszngﬁbBohiﬁH€!|tﬁb|$bﬁyehememylofltaeonanectlves of
thg?géggégﬁ;g S"ﬁ%gﬁ;gékg'E338Q§§ethQ'Eﬁ%ﬁ%bn&ental
sa@iem®t. hyThé - Dy@pylgsh@lenraayhs inatenat efor example,

th% ?u%ﬁdqlgﬁsg%li'kﬁg hsa%%kahhéﬁo%%t%ub%ectlng a monomer

silylp eny i taconat e, |-but | di net h
mwwmwmww@ﬁmm&WW%M%MHW|HW% NEO @
poq@%EEQQa%qb%pQQ%ﬁﬁhfkﬁaQ@@ﬁh@tal containing polymerlc

nyl di met hyl silyl -t-buty a onqﬁ;
mqnpgmn FierEth IS SRE Stk f}%ﬂ\\?’l ddnate, n-
|cosyld|nethyIS|IyI 2- et hoxyet hyl itaconate,
et hyl - 19octylsilyl-p-tolyl itaconate,
t-butyl - d%phenylsilyl-s- met hoxycycl ohexyl itaconate,

di -t =1 peoopyl itac
n- |Cé§g§ 5&%546 enyfrsi-ryl- N&ﬁ%uorophenyl
i taconate, anyl - di - m chl or ophenyl si |l yl - 2- et hyl hexyl
i taconate, €&thylnethyl-n-propylsilyl-i-butyl
itaconate, i- anyl-t-butyl nmethylsilyl-s-butyl
I taconat®, rrand 011}, R” is a hydrogen atom or methyl
cyanophenyl clohex -napht h nglIyInet | te.
9 I8dtg t@ﬁ%ﬁmﬁﬁl “Fre (Jeom£%§%§m§%£E of
ré/\é'hcﬁl'e Itﬁaxﬁﬂhﬁtaﬁ uireh tyr at evb npah kyl -estertsd afcmy%%ﬂ
2 JIQUP, NAYING A0 &1 Kyl 7 OUP LR, 11 1105 erf DORs @ OFBearic

acid, ricinocleic acid, ricinc-ellagic acid, brassidic acid,

and erucic acid).
Or, those hydrolysable resins or other known
hydrolysable resins, each of which includes, at the end of

a side chain, a group represented by formula (12} :

-<CH2)m-5T‘-O-M2-ALn ........... (12)
§)

In formula {(12), m denotes 0, 1 or 2Z2; n denotes (the

metal valence number) minus 1; M? represents Si, Cu or Zn;
21

and AL 1s an alkyl group, a group represented by O(0=}C-R™,

. 21 .
or a group represented by ~R??-CO~CH,-CO-R??, wherein R™ 1is
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Exanpl es of the different nononer (B) copol ynerizable

Wi th these nononers (A) include vinylesters such as

acrylic esters, nmethacrylic esters, styrene, vinyl

acetate, vinyl propionate, vinyl butyrate, and vinyl

benzoate; and various vinyl nononers such as

vi nyl t ol uene, a-nethylstyrene, crotonic esters, and
2 hiarenhensat §EsupRRStA Poi Brt ferpr esebbni avemti oR“hds a

.various configurations and 'E%hudesbrfgr Eégggle, a
diKakepbl HEEP 6 ?BFﬁéanByaBoF; Fzingone’krnd" of
dePDRaBBKe( AbngaRz%dmlaymmnmmmme;sgﬂgupﬁwm?rmﬂﬁﬂ el

or_nmore _Kkin A) with each other;

al%&@ gr8880P§ngrg%sﬁg%nggggggE%g%9nerizin a nononer

m xt Qre Ohoeﬁemktﬁa-cpntaénéﬂGnBVérokVﬁaglﬁfreSlnS may be
thgggoggp%g%eéﬁ%dwgycEokgbgge(qg@QIynerlzable W th

S

noNnone and is/are different from nononer(s)
(A), and one kind or two or nore kinds of nononer(s)

(AO-IKNt%CﬂhfgCﬂH t hese-polyrer3) may al so be enpl oyed.
I n théJQOponner obt ai ned by copol ynerizing two or
nore ki @ds of nmononers (A) with one another, the nolar
rati o of the nmonomer (A) to the other nononer(s) (A

is not particularly limted. ,Furthernore, in

t he

nonof®r frireudee, (134t RBughct Ne FEPFBSBRTtRe® ﬂ%gﬁ?tgf
red1® %prég)fdiwleltr& Hé_%ala:mldﬂﬁ,h(ﬁestﬁ@ ; htdivfefle;fr-ent

nonormer copol yneri zabl.e rew

appr &pr it Pfe§§9tiﬁqﬂeﬁﬁﬂogﬁ Fﬁ? 6&Pﬁggg%f2$h§§§ of Ot
hyldi® 1paidi] e argpasist iien ddsi dad Ity fizwal 10y prtef &laplasss,

t hat e unt t he non r I t SS16:t 1
PT, &raﬁﬂé’t %gﬁ t Oe%fcﬂ f{gesr{gr)ft %ﬁﬁ%}%rs d]scégglg%r{igrai sable
tonitte tshidy lsammtiss rEn @ alassds TR TR pAogla

(@O_D%}gg}ﬁr tQEAQ)noGﬁﬁgb%fo%éi Red - oy skBoWN réaiineUs sed in

ol ymeri zing nethods including solution . .
cqmﬂ%nﬁﬁjqnﬂaqﬁhe&ﬁﬂqg%ﬁﬂ%ﬁngqg&ﬁd ,eeﬁﬁﬁ%ﬂﬁﬁ?l resin and
£ IR0 SR d iz 120 1 e (S USPENSi b ped yiterdzat icrhe i n tirereby
lep;cieisnegcteo OEI (iiaetvérn:'égrftoil nmelrr!l Zt%eI Oﬁ’]ailnrglffaltﬁrfoﬂrﬁ]iﬂjgs' ng
ability and a possibility of causing defects such as cracks
and separations in the paint film. As & result, effective
marine-organism-adhesicn preventing performances are rarely
obtained. The employment of the hydrolysable resin(s) in
excessively smaller amounts makes the resin(s) fail to
exhibit the effectiveness thereof.

Moreover, the paint composition of the present
invention uses, as indispensable components, one or more
kinds of borane compounds selected from those represented
by formula (7) shown above. Examples of the borane
compeounds include 4-isopropylpyridine (diphenylmethyl)borane,
4-phenylpyridine (diphenyl)borane, and diphenylborane-n-
octadecyl-amine. The amounts of these borane compounds
used are typically within a range of 0.0l to 60 mass%, and
preferably 0.1 to 40 mass% in the solids content of the
paint composition. When the amount is excessively small, a

due marine-organism-adhesion inhibiting effect of the
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resin P conprising the polyner (PA) and/or the

copolynmer for a paint, it is convenient to dilute the

resin wwth an organic solvent to thereby prepare a

resin solution with an appropriate viscosity, and it

is thus desirable to enploy the solution

pol yneri zati on or bul k pol ynerization nethod. - 30 As
bokaﬁeVbaMbo@@ayn@anﬁatlsa bppétatar, on trse possibllend,o

t d j
thﬁoP§ﬁesz%Pu%ﬁ%ggaég%%3| §£% ? %ﬁoHﬁge%ggaﬁ¥pr§£ne
compbynﬁslzeagltaeihodauSpeglﬂeéeekaHEUQé af thacks and
seéQE%L? Eﬂckﬂg FQERP'%ll aseflet-Bhli @19hSFaUEANESto

1 S-1S0 ronit e,
obpagn- 320@x§e21ﬁ@thynbabytéﬁgt?ﬁﬁ@ctz 2' -azobi s- 2, 4-

d'nENBYEvéhgfoﬂttié|ﬁosélﬂleaiﬁbtﬁe|pﬁysbﬂBGXﬁnentlon to
carbonitrile 1- azobi si, sobut

usg, 4asaf88P§reﬁl095h8¥v39§ﬁpg 8598“13Wda§K§Slgzobls-(
1nﬁlﬁhdbmwenOkaﬂehduhydhechheﬂddef andnper ori dddbased to

initiators suc z r b X
<hg, ROFhERalBaCe) e ?y%?éﬁgyg??@%}"‘é‘gﬁ bRy feem
thasge tepbasyhpedobybénzmaﬂé (A3 -t hBueR gahner SBR e

orJBAL LANeALRRoKS, 1hhlb§t09%3§kgl%rb@n§%| geehibfiteMs that do
ari ous organi c sol vents, one ani C Sleent or two

nogr ipshedr AEGSadf éP@aﬁﬁém§éﬁ§eﬁ€ %PS aggifiieEg ! marine-
or%%ﬁ%@%L@@h@%lbﬁe1%%&@1@Erth@cﬁ@@@gﬂpﬁikhaﬂﬁﬁethyﬁ—
mer i zation tenperatu pechfiga &

el e a1 fhat £o Ry arocarBen Ssof vt e age o
supertanecd hexanel,3rdhhepdne; ner-@ndt-idd omedr, ocdrithdrycyano

sol vents such a ne, I e, | eng; ke,
C%@%@%ésu %@%ﬁ%ﬁag%ﬁTﬁﬁwt %ﬁggeoﬁﬁ ©
pyirsauitoyle amﬁ@aw@dSkeﬁ@@eohﬁﬁﬁ@ents such as net hyl

ethy% kelene, Bl %s'%Q%UQ¥het%%ﬁQ%QO—QnQ butylamlno 6—
cycl ohexanone; and al cohol sol vents such 2@ ethano

cYdepropaReni ngnd Suratdmne Egct rof
1éMﬁHﬂHéidﬂlﬂﬂﬂié%ﬂM“Mydﬂﬁgﬁhyﬁﬂm'—dlchlorophenylurea, 4,5-

dichloro-N-octyl-isothiazoline-3-one, N-(fluorodichloro-
methylthio)phthalimide, N,N-dimethyl-N'-phenyl-N'-
fluorodichloro-methylthic-sulfamide, tetramethylthiuram-
disulphide, 2,4,6-trichlorophenyl-maleimide, 2,3,5,6~
tetrachloro—-4- (methylsulfonyl)pyridine,
diiodomethylparatolyl sulfone, 2-(4-thiazolyl)benzimidazole,
and 2-pyridinethiol-l-oxide-zinc salt or copper salt.
Furthermore, the ccmbination of resin P free of metal
and the organic inhibitor(s) free of metal produces a paint
composition formed from the hydrolysable resin free of
metal and the marine-organism-adhesion inhibitors free of
metal, which ensures environmental safety. In this
specification, the term "free of metal” means not to
contain, as the constituent elements of the organic
inhibitors {organic compounds}, metal elements such as
copper, tin, mercury and the like which are problematic to

environmental safety. However, the term never excludes the
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copol ymer (PAB) to be obtained by such nethods is

desirably wthin a range of 1,000 to 300,000 on the

wei ght average. The enpl oynment of the polynmer and/ or

the copolynmer with an excessively | ower nol ecul ar

wei ght makes it difficult to forma normal paint

film while that of the polynmer and/or the copol yner
pr¥ktica SXC@§§kEQEYyhb@BQ& mpbeaukabfwehghtboregquesesined

| ot of thinner when t ai_nt Luse
meb i ioRiy LABBEE Eaehoh | gBaranct REPTaRs' Prpedtap
mapairikilBg foeperathess zang thqupmgdnu@ @bhabntérs
neceszah 1fk£Hbo£QhEkES§ﬁ ﬂlEBﬁeVb§§0§hHYlQﬁu&H|S

resin solutron1s advant ageous 0l ses OI‘ E‘FS
paak£25@, maydrleoatdged égdthe Bflntthéo%’lolséft&SFl‘t &t

r%'%%nfteﬁp@eﬁ%%bonsﬁ@@ykgcaﬁﬂyantage@ygI Yohpomkhhin a

ran nmass % to.85. ass s%
lnmlpﬁ@@gﬁlf“ﬁéhﬁél it é&ﬁ’ﬁ‘@spﬁ onmﬁglhgft]ré)%ﬁné@e Tieote oil,
o'l@z‘é%lﬂlblrgﬁlelnﬁ@uli@% sias domei m&nS@kelteod@rtpmnemr@ t he
corrponents conpri sing the polymer (PA) and/or
po&é’% (PAB) obtai ned by the above-descri bed
neth@ﬁ& paunmscop@ggubu@nt@fugées@gpﬁe@ﬁogﬁwgngﬂon may

aRR AT S_deg} el oy tcg%lht%b%\&dﬂn%o%é?ﬁtd Qdnsef ar
not st ur advant ages of the present
pugmﬁem |acmi dvie =t hélqdaacmn%msﬂosqqh% ‘f 1ﬁ£€

ziES8Ntde | BAN 0N cH tareS RSB e igd disle pazrrﬁ;sa,n
conpound ‘together w.th resin P., The m%'% conpound
2HAAREDT GHTRES 1 69 1R FEHAETWR

aﬂﬂ¥édﬁﬂk¥hg'ﬁyhﬂﬂx$Iﬁhﬁﬂﬁﬁammﬂgfagenusqwﬂﬂqh grx [often
rosin, gum.rosin 0

%eecf iVt =k ncé}rhdd %?l elngen'p Otﬁ%r ated rhrsosa}nnds

satRtesitcs ; rmlmm@i,neldlﬂwfarem |11Jfg33f o5 ot s v the
éﬁg@%ﬁﬁéﬁ% of(¥ﬂgﬂ6gfgkff¥8§33faﬂﬁa@m@@gﬁﬂziﬁhéﬂﬁhdﬁ

| rosi nates i nclude zinc r05| n ﬁ%sff cal ci um
Threo 3t et telss 1 aifp el s it st Lialdifd %rat es, and

af£asii g rofucd s ©ficresyl phosphates, and triphenyl
phosphates,

The paint composition cf the present invention is
characterized in that it contains, as indispensable
components, the specific hydrolysable resin having a
triorganosilyl group at its side-chain, and one or more
kinds of borane compounds selected from those represented
by formula (7) shown above. The antifouling paint film as
a composite material comprising the paint composition is
designed to have an extremely superior affinity with
seawater or freshwater as a whole, as compared with the
eroding ability of the antifouling paint film, thereby
showing an extremely superior adhesion-preventing
performance over a long periocd of time.

Moreover, the paint composition of the present
invention makes the film made of it not only free from
paint film defects such as separations and cracks, bkut also

eroded at a constant and desirable rate, resulting in a
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ot her netal conmpounds and rosins. In the present

i nvention, one kind or two or nore Kkinds are sel ected

from such rosin conmpounds and used, and the anount of

each resin used is advantageously fromO0.1 to 90

mass% preferably fromO0.1 to 80 nass% in the solids

content relative to the anobunt of resin P. The rosin
seCenpeuRdi sk palﬁﬁcesshmakyfbamgeg angumb51nnukelﬂhel

nt copposition_deteriorate in ai
2alBrPRG B PREYC WALEn P Eads (o EE0e Ra Uar Bure g2
exﬂ&eméﬂqcbapamdoxemaﬁabaomsglabuﬁetwaﬁﬁtCﬂmpﬁFeﬁhﬁﬁéﬁy
ventz%na&onggtﬂggﬁ %fEe?Eh%%s In addition, there is

né-organi sm on pfeventing performance, hThe
nor gsisk e6npotndas) cpﬁr@ﬁéésls.l@éloy 2dNEPEF,  HRSUnPS Nrdke

rmekg —panit :fanly ha rexki-birgahhemehibieetsivengss ibfi toldse are
rosin compound(s). Resin P in the present invention
nofe e de dit SORS 18Pt herein insofar as resin P

conss&h&eoﬁhbhanmampm&nn@P@hlnanihdm eggolryiiag CPABhE,

Resin R is all |
prg%(sje:n(ri}r l@&%&%\/\%sa) an :%Qr(]%qg'entth%Ol%gogﬂ{l thO }{:'H%r (s)
amdmdmhmg tohadtntt Heytmewent asgusan e raééviawsp ktEd,sjt flat and

Smo %theTHEEa'tPQEfSBGaﬁBQ Ehéﬁnnﬁgﬁﬁcg|ﬁgéﬂ thets of
I evenent J eC ives of the resent

St mrico heFUrtfor TBTET TERhe T 168 B HPovidt o8 i U
t PG it i tﬂMéE?ldﬂakéd@ﬂmkhg(Hudnmhwﬁaﬁnﬂﬁeﬁuuxmdﬁs
that are selected fromthase known Jhal Lgﬂﬂgésent
MORRCHE G rhdr & 3 S ofe R s T 015 éﬁl fesi'ns
imeMasidi mclfrcatprmammfevaeﬂemltmfnq heen cﬂgjce&ﬂtharé's T 1%gTe

Igresent i Ve%;oldlrogll ﬂlcrHJeaéf!ﬁectﬂq EWiyamit alsing

sins |nc ude, for exanple,
curhoses mmhrcm Watﬁt@nl:rlefsafrﬂsi)mbt%? et thyt kbRt ng a

cgﬁﬁgggﬁloﬁnﬁgﬂ”ﬁé'55&6¥gdmhﬁiiﬁ?fﬂiﬁiﬂnéblbﬂﬁl which

pol ymeric nononer_ to a polynerization re ctlojgtthe
TR S contallat FP ol SHRGT X0 T L HRi i 1 pteseht ed
wﬁ%&ééﬁrﬂ@ﬁhéﬂﬂJPalnts for inhibiting marine-organism

adhesion use cuprous oxide and the like and therefore the

paints cannot be colored in vivid colors.

<Antifouling Paint Film and Antifouling Method>

The antifouling paint film of the paint composition
according to this invention is formed on at least the
surface of the submerged portion of a submerged structure.
Coating methods therefor include, for example, spray
coating, brush coating, roller coating, and immersion
coating. The solvent evaporates, or can be remcved at an
ordinary temperature or by heating after the coating, so
that the dried antifouling paint film can be readily formed

on the surface of the submerged portion by this method.
<Antifouled Submerged Structure>

The antifouled submerged structure accerding to this

invention includes submerged structures with the
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RI9 1 CH2=CCOM -R20 ........... (11) Oln
formula (11), R19 is a hydrogen atomor methyl group;
ML is My, Zn or Cu; and R20 is an organic acid
resi due having an unsaturated group, selected from
oleic acid, elaidic acid, linoleic acid, linolenic
acid, stearic acid, ricinoleic acid, ricino-ellagic
anégggu%@ﬁésﬁhghﬁ a@nﬂ acabddénygcto abedpreébntthng@ntlon
ro ins @r other known hydrolysable
ony B?ng ath®o fﬁ 8% i ncl udes, at thg endyof a_ side
chalmheasgbmapgeépBESEntedeby1ﬂ§ﬂﬁﬂﬁasb12§* fiehpyeh
maag 8ub?'éé'56'éé(1%lsh9n nEQ%”UEQOElg) alid buoys;
denotes (the valegpe
Smeﬁbeﬁﬁ ﬁﬂﬁ&@mﬁﬂtwﬁuﬁépﬁéséﬁﬁsWSFerC&ngthn afdtAETS ot

th'g?mglﬂ éf;algﬁgﬂlcgbgwe,r @1%@@9 b@grsese,ntreadjsy QOO=)XGeR21,
repres
turpe lisg ha?@orgfﬁfgﬂ&G&FEOnC@P&&E Wi %gh@%%s SR
va@@bh@nbébéwmat82zaus aucthi m&lsdmdgﬁa@pfé@@ppmspﬁ@vg@tlng
|ky$grgﬁ&r % heny, %Efﬁg‘ﬁg%sﬁndTﬁ@3sh§m@rged

ap co FISIN Kyl group or
uﬁmanﬂrakﬂfmnmheme1n©1udﬁh Fﬁbtéﬂmbﬁhtgﬁfﬁﬂfs Sater
ol h
pjf%‘rjs[ml efef gg_ﬂ JRY R a1, Q}S@.dg%or}ﬂ%&rﬁ eqbﬂp,ellnes,

e g rs s % SO0 PR
scalg dival ent netal atom respectively. In the

prES%ﬂéggngagfénge Jggggge&ﬁsggﬁ§%ﬁﬁg§mwlth the
antifouling paint films exhibit superior antifouling
properties over a long pericd of time, and anti-cracking
properties even when the paint films are painted in a
larger thickness.

Specifically, the antifouling paint film obtained by
applying a paint composition of this invention onto the
surfaces of various base materials and curing 1it, is
superior in antifouling properties, i.e. continucusly
preventing adhesion of aquatic organisms, such as mussels,
barnacles, serpulas, polyzoans, sea lettuces, green string
lettuces, and slimes, over a long period of time. In
particular, the paint composition 1is satisfactorily fixed
onte the surfaces of base materials, even when the base
materials are made of steel, FRP, wood, aluminum alloy and
the like. Furthermore, the paint composition may be
applied onto the surface of an existing paint film.

Tn other words, the paint composition of the present
invention has such a feature that marine-organism adhesion
can be prevented and the functions of undersea structures
can be maintained over a long period of time, when the
paint composition is applied onto the surfaces cf the
undersea structures. In addition, coating fishing

materials such as fishing nets or fishing gears with the
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I i

hydrol ysable resins is desirably fromO0.1 to 90 mass%

preferably 0.1 to 80 nmass% in the solids content

relative to the silyl-containing copolyner

represented by fornmula (6). Wien the anobunts of the

hydr ol ysabl e resins used in conbination are

excessively large, the essential resin and the
pa?ﬁ%b@@ﬁb?éfﬁigﬁtgﬁ_ﬂ@iidiﬁthVfﬁhnmeaeg Epﬂpbzsihéeeb9

eadi n o_a deterioration.in -ELhm o8 AL Ngouled,
praB?FFtghﬁnglﬁhbﬁgspﬁﬁﬁi?§ S%Sgéﬂgiﬁghgefects sucfhn;asou -
wi€hagksesand separafi ensirnninhetpai pelinfirnas Ehe

esult. effective, ien Lgapi,spradhesion . peavephiing
anéé??gﬁﬁﬁﬁc@%lé?e%%éggﬁ$'€ggtained. The'enpl.oynent of
fitheohythel ysabrecpaspAlENdi RUrEREBSSTVEl F dHaPFef WP meLd

st?ﬂ?%ﬂ&é,”§§e§okﬁgdr%%bﬁ(%hefabbvéodee&hﬁbbﬂ theént
e

ectiveness thereof. Mreover, the paint It i
CO@POﬁﬁélﬁﬂeséﬁtth?ﬁvéﬁ?iBﬁlﬁge }lgsgﬁﬁdﬁsggﬁ§§gF§§S& oF
envQFROREALS 1 QBQthiﬁﬁrendkbﬁdibdtsbarameegg@gog@@g—term

sel ected fromthose represe - f I 7 WN onto
anggdeel LRYamprEs T #’Fﬁé1E§§a%§%%8&%§5ngﬁgﬁn?F%déd%%
thé- issapr opy lsmpriedicrel( ditphetydneet hyl ) bor ane,

4- phenyl pyri di ne(di phenyl ) borane, and

di phenyl bor ane-n- octadecyl -am ne. The anounts of
[ Exdeeed €lsor ane conpounds used are typically within a

r anggi_%fstqi%/gl t‘h:é_ ggvm&a%sarr;écwe@f arakily @hkoughdos)
mass% i n _the solids content, of t pai.nt. co i -
nARRSh itth e e diRite G- REe ési ESPSS&ZH ,soéh}ldnl?e%%s Eltllomem
i ergan simadhesironiiihitds tdewy miffest tirofdatrd L, Fpsed
bar ane canpounds cannot - t Qt ti
Orhfﬁifpaﬁaﬁtel%y% mpglneséxggogfsﬁ}’gf Géﬁ%gnrpgl(egrb aatr%gjuntd?%al}ahelve
Eshofenes . compeuntis tr dpakts"i Anc 0SSRy SHSFBdes EEReFsNT
cr.ac - parations in the paint film thereby
p%ﬁ@%Hiéﬁﬁ%ﬁﬁﬁﬁb obtai n an excel | ent inhibié;sitﬂ%E opolymer
ef f edte wNotle a2 it HRERRISEi e BARRHE Hr¥sents ©°FP°Y
co Ve 0D 0 USodsnt eguitedenihed from the polymeric

nmar i ne- or gani sm adhesi on
unsaturated metal-salt compound of component (B).

<Preparation Example 1>

Dissolved in a solvent (40 parts by weight of butyl
acetate and 20 parts by weight of n-butanocl) was 40 parts
by welght of a copolymerizable monomer mixture, so that
total weight of the reaction mixture was 100 parts by
weight. The copolymerizable monomer mixture per se
consisted of 14 parts by weight of zinc acrylate, 26 parts
by weight of zinc oleate acrylate, 15 parts by weight of
methyl methacrylate, and 45 parts by weight of ethyl
acrylate. The reaction mixture was allowed to copolymerize
at 100°C for & hours in the presence of AIBN, a
polymerization initiator. As a result, solution 1
(including a solids content of 40 mass3) of a polymer
having a molecular weight (Mw) of about 8,000 was obtained.

Table 1 shows the composition of the reaction monomers for
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i nhibitor(s) known in the field of paint, in addition

to the one or nore kinds of borane conpounds sel ected

from those represented by fornmula (7) Such other

mari ne- organi smadhesi on inhibitors are organic

inhibitors that do not include netal, and exanpl es of

the additional marine- organi smadhesi on inhibitor
r%ﬁ&fﬁﬂ@ @hiélﬁ@lyﬁ€fhsbluthbﬁphthahdntde physical

or S DLESERRIRLE MBI Eh g8, sybRaM Sihucion 1.

conpounds, triazi ne-based conpounds, cuprous

<p§§ég%¥eﬂeﬁegxa@éieghzcesree ogpds, and ot hers.

I'C exa s are 2-nethylthio-4-t-butylan no bt g
cyclBb%opylﬁmﬁﬁosglvFiﬁﬁﬁnélsﬁeq 50 gTakt P akhiBF5- OPtaine

in %HQhEQﬁéoﬁhhﬁékeas“FBHQMBEtBMEUB&OHIEhlekﬁprHthtea
4, 5- dichl oro-N oct&é iazoline-3

StRELENGoFBaFERRSFORE PHyFFﬁus Bﬁ?ﬁéF%ﬁPaebf fronomers
11N Ngdi perhyleNL- phenylishd; respectively, instead of the
mopgtPaReLRy| ERTGT ek SaLONTG de. The compositions of the
moﬁpmeﬁstandhtbeoéhéﬁyﬁrﬁaﬁépWﬁdén ZaBls é&-
tetrachl oro- 4- (net hyl sul fonyl) pyridine,
d||odonethylparatolyl sul f one,
<Pzeparghi-aroFyRI®eszi’ii dazol e, and

2- Dyﬁléle%tahﬁb bx@&bde52gn©fsahtaﬂblcapﬂeﬂ ga?ﬁ watFr

Furt her mor e t|o in_P ta
Weéﬁda@ﬁgdoFﬁaﬁlg%lWﬁ@ﬁlt MES Fﬁg&a ﬁgggﬁ%%ro uggs a
co@wl@mercaﬁnd&@tBO@uﬁmeaeavkm@mﬁtm@lﬁp@ﬂawyyébmétr@iln
4Of&ﬁ%bltors rl% % t he n?i&%% @ %%ﬁ%%&a@&e%d¥}llc acid,

netal whi ch ensures environnent al b
505 ghetry. anwen@@t sfesietinyat Mo haare ledemand d¢ -5 parts by

wéﬁ&ﬁﬂ fngyﬁ§ﬂ“§bﬂylat%pnt@h@,m@§thh§ fepskityeBl to react
the organic _inhibitors

atcdﬁ%b@né@f Lhehabrer eABAt § Eﬁéﬂsﬁgreg g@?ym?FnSOIUtlon
c&mﬁ%mmgmﬂg&@dsk@mmmhdﬂmqmmMamﬁummmhvullbe

e Y s e e bt redEly G T Rrounts of the
above-descri bed

<Preparation Example 10>

46 parts of butyl acetate and 42 parts of n-butanocl
were charged into a reactor provided with a thermometer, a
thermostat, a stirrer, a reflux condenser and a dropping
pump. Then 7.3 parts of zinc oxide and 5.0 parts of water
then the charge was added to the mixed solvent in the
reactor with stirring, and the zinc oxide was dispersed in
the solvent. The temperature of the mixture was then
raised to 100°C with stirring, followed by dropping of 15.3
parts of methacrylic acid, 44.7 parts of ethyl acrylate,
40.0 parts of methoxyethyl acrylate, and §.0 parts of 2,2'-
azobis (Z2-methylbutyronitrile), which is a polymerization
initiator, at a constant rate by means cf the dropping pump
over 4 hours while the mixture was being kept at 100°C.

The resulting mixture was kept stirred at 100°C for 30
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metals as inpurities originating fromthe starting

materials for synthesizing the organic inhibitors. An

oi | conponent such as silicone oil and liquid

paraffin may be added to the paint conposition of the

present invention. Specifically, the oil conponent

i ncl udes dinethyl silicone oil, nethyl phenyl silicone
mifhtes Q@taﬁthﬁﬁigﬁmﬁgutﬁé gairbppone. oiThepst g mt uhjopped

and ut ene. _The 0 f sgnt
inPRVERE BaPhege aiart PORSFPY baeetenden o PRIEPar; o
sodgenbs suchiasd pygdeasoandndyéspaﬁéleélﬁgzréazeéhég
h ng ;oxi,d i ph1amerusedibn
dl??%ﬁXaPengV%§h9§r§%§|sga ghgggdggggng@ F %9serara%ﬁon
inihbbbbrois, 6 mArtsepf| PH Y&géﬁ?§atﬁnﬁpﬁognPﬁ§ 8g8

buW? ch. afﬁh@f£§§uly§§@ &3 PRéPE She Bigl @tﬁste@uﬁ@rs
0]

resins and s; .as_required
acklhé; OB nbt PEBSEr it DG  ach BV B (i e e

OQQm@@tbw@&t@bnthacmmasa@t5mnmeasronf n@ngoéaégﬂecm@éﬁ§rr
i.ncl ude _chl or | d, fing i;al kylypht balsates ained.

whil £ cWé§§l ﬁh8§gﬁ§ge B3] % trlp g%ﬁ?% %ﬁospﬁgfeg% The
pai nt conposition of the present invention is
characterized in that it contains, as indispensable
conponents, the specific hydrol ysable resin having a
triorganosilyl group at its side-chain, and one or
nore kinds of borane conpounds selected fromthose
represented by formula (7) shown above. The
antifouling paint filmas a conposite materi al
conprising the paint conposition is designed to have
an extrenely superior affinity with seawater or
freshwater as a whole, as conpared with the eroding
ability of the antifouling paint film thereby
showi ng an extrenely superior adhesion-preventing
performance over a |long period of tine.
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Mor eover, the paint conposition of the present

i nvention makes the filmnmade of it not only free from
paint filmdefects such as separations and cracks, but
also eroded at a constant and desirable rate,
resulting in a - 36 self-abrasive paint wthout
formng any resin residual |layer on the paint film
rrsynkace, thereby exhibiting an extrenely superior
re-coating ability as conpared with conventiona

non- hydrol ytic paints. In addition, there is no risk
of pitting corrosion into alum num when ot her

net al - cont ai ni ng mari ne-organi sm adhesi on i nhibitors
are not used in conbination. Since the antifouling
paint filmaccording to the present invention has an
excel lent solubility, the antifouling paint film
surface can be always kept flat and snooth. Thus,
thi s advantage can reduce fuel costs of ships and the
i ke, which further results in contributing to
preventing the gl obal warm ng due to carbon di oxi de.
Mor eover, the paint conposition according to the
present invention is capable of exhibiting an
excel l ent marine- organi smadhesion inhibiting effect
even w thout using cuprous oxide in conbination, so
that this paint conposition can be colored in any
vivid colors, which ensures a remarkably superior
desi gning probability, whereas typical paints for

i nhi biting marine-organi sm adhesi on use cuprous oxide
and the like and therefore the paints cannot be
colored in vivid colors. <Antifouling Paint Filmand
Antifouling Method> The antifouling paint filmof the
pai nt conposition according to this invention is
formed on at |east the surface of the subnerged
portion of a subnerged structure. Coating nethods
therefor include, for exanple, spray
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coating, brush coating, roller coating, and inmersion
coating. The sol vent evaporates, or can be renoved at
an ordinary tenperature or by heating after the
coating, so that the dried antifouling paint filmcan
be readily fornmed on the surface of the subnerged
portion by this nethod. <Antifoul ed Submerged

(WSLKYE UEQamﬁm@samtth@uh@d g@bnerged structure

accor inventi e e
a7 uB0Rr 85 wionoEngo iRt SRIbPEGHERE SHPRRSRRFD, vese
mlaGGOWdthgthe cbmppnesentshﬁwen@noﬁabgﬁStﬁetguﬁféée§he

co rﬁ%&ongh§1§gggeﬁgthét%H%Euﬁﬁ%lb30|%ﬂ% shipgical
P ﬁ materials such as ropes, fishin

VaﬂM@atsn dndlesopse m@@ﬁﬁérgeﬁh%q%?%ﬂﬁﬂ?ngﬁchngéu?h%g the
o\ﬁ@{'n%{if 's%h%tt?lto%d w@lﬂel Qltlsie@f arnigh elfliﬁ@le/ra;tedr‘rmo.tpowe fhomo-
ants; caqastal roa u ;:» har
ml&&élﬁﬁtleg Oc &R s 4 @% % §§nd§n%%e %&I%ugg ogitions
we&%t@Me@d&éﬁuchIﬁStBbuﬁgbldBffUEBDbeﬁéVEﬁtﬂﬁgr Wh#ﬁﬁ is
for offshore engi nee T ubney ge
t@ﬁf%ﬁﬁurgpé?é?t Q%i%%ludégéﬁggg1Hgﬁgysq%b%rﬁgagl ter
clr'ﬂJqusie afefssimor & THE444% welhlish Br§ d:éﬁ@ RS of a product
P rg Héa@ﬂ%b%bése%o heatr @xchangers 1 ydamr-and
wat e abso I Nng Screens. These ant f%ﬂi ner e nois
mostidiiedursdsl WaTe e+ @i f ot L&ﬂ At exhi
£ Pl RRIN O fandt lp‘&i&dd‘cg deeOﬂﬂItHL&Smmt&‘f Cshelrrmﬂc@lpaar |Ictd:i of

d t
" TN A2 U2 e el (7 a7 A0S Uh Llhags e made by
KiSpeedfd aaldnyi,cdle antd f,ouinchg By TN fSEPTﬁ obtdi¥dd Iy the
nﬁnﬁeolc}lsurfpgccgcgl%‘:; el oy t o oo 1 ey idyentiion, o all

vario ase nmaterials and curing it,
amEnsaggmﬂqcﬂddltkwﬂ$foul|ng properties, i.e.
continuously preventing adhesion of aquatic

organi sns, such as nussel s,
(Comparatlve Example 1)

15 parts of "Laroflex MP-45" (a product made by BASE
Ltd.; vinyl-chloride resin), 10 parts of rosin, 2 parts of
chlorinated paraffin, 30 parts of pyridine-
methyl (diphenyl)borane, 4 parts of zinc oxide, & parts of
red ocher, 1 part of "AEROSIL #200" (a product made by
Nippon ARerosil Co., Ltd.), 32 parts of xylene, and 5 parts
of methyl iscbutyl ketone were mixed. The mixture was then
mixed and dispersed with a homo-mixer at a rotating speed

of 2,000 rpm, so that a paint composition was prepared.

(Comparative Example 2)

15 parts of Acrylic resin (a product made by Hitachi
Chemical Co., Ltd.; 50% xylene solution), 7 parts of rosin,
2 parts of tricresyl phosphate, 2 parts of silicone oil
TSF-4445 (product name of Toshiba Silicones Co., Ltd.;
polyether-denatured silicone cil), 20 parts of n-
octadecylamine-triphenylborane, 15 parts of talc, 1 part of

zinc oxide, 8 parts of red ocher, and 30 parts of xylene
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bar nacl es, serpul as, polyzoans, sea |ettuces, green
string |lettuces, and slines, over a long period of
time. In particular, the paint conpositionis
satisfactorily fixed onto the surfaces of base
materials, even when the base materials are nmade of
steel, FRP, wood, alum numalloy and the like.

weE@trhhtgﬁaor erhd hei pai g mm?%ﬂimixﬁyam diaTméz'rmﬁ with
onto e sur aceo n_exrLstl akn (0]
= (opast UFrE Bhi A TeorpoRs: FRrcaroFng. peaseht. ' Paothet o

pahas sumpoalteanuwestpaEpaaedne organlsn1adhesion can
be prevented and the functions of undersea structures
can be maintained over a Iong ﬁeriod of tinme, when the
(CpmbaratoHpoEreMBASEs 3apprPedlionto the surfaces of the

Unde@ﬁéacéﬁﬁeﬁéHﬁgswekB ﬁgﬁéalﬁmthC@ﬁélagofhéhlag the
mat eri al s such

FE% He ?h hs |n% gears the
CO{“HQSltSQHSpEPHWHCEJﬁpgé 0 EhPECFAVERLT SR Hﬁr%es i {
Tap0sSkRkembesipr otBied ¢dvepdhsht ngwart sndxed i ahdl ngi gear sed

ein foule .l es [ f
ngﬁvﬁrgﬁWEEPa Fluﬁlrgga$ﬁé8 %ﬁ%ﬁ?o%&u%gogguﬁF P Ehat
pamhtthpwppﬁuenpmanwemeeprﬁﬁérﬁdhnt filmon the

wat er - contacting surface of a ship or subnerged
structure, is forned fromthe above descri bed pai nt
conposition, so that the paint filmhas a | esser risk
of environnental pollution and exhibits a superior

| ong-term antifouling property agai nst organi sns that
may adhere onto the ship or subnerged structure.

[ Exanpl es] Firstly, the inventions recited in (1)
through (5) noted in the paragraphs of "Means for
solving the Problen in the present invention will be
described in detail, based on Preparation Exanples,
Wor ki ng Exanpl es and Conparative Exanples. Note that
"parts” in these exanples represent parts by weight.

- 44 -



W will explain Preparation Exanples of the copol yner
containing the conponent units derived fromthe
polymeric unsaturated netal -salt conpound of
conmponent (B). <Preparation Exanple 1> Dissolved in a
sol vent (40 parts by weight of butyl acetate and 20
parts by wei ght of n-butanol) was 40 parts by wei ght
(T951@ sppol ynmerizabl e nonomer mixture, so that tota
wei ght of the reaction m xture was 100 parts by
wei ght. The copol yneri zabl e nononmer m xture per se
consisted of 14 parts by weight of zinc acrylate, 26
parts by weight of zinc oleate acrylate, 15 parts by
wei ght of nmethyl nmethacrylate, and 45 parts by wei ght
of ethyl acrylate. The reaction m xture was all owed
to copolynerize at 100C for 6 hours in the presence
of AIBN, a polynerization initiator. As a result,
solution 1 (including a solids content of 40 mass%
of a polyner having a nol ecul ar weight (Mv) of about
8,000 was obtained. Table 1 shows the conposition of
the reaction nononers for - 39 preparing this polymer
solution 1, and the physical properties and the |ike
of the obtained polynmer solution 1. <Preparation
Exanpl es 2 through 8> The polyner solutions listed in
Table 1 were obtained in the sane manner as pol ymer
solution 1, except that starting materials having the
conpositions of nonomers listed in Table 1 were used,
respectively, instead of the nononers for polyner
solution 1. The conpositions of the nononers and the
like are shown in Table 1. <Preparation Exanple 9> 8 ¢
of zinc oxide, 5 g of butanol and 1 g of water were
added to a 50-mass% butyl acetate solution of a
copol ymer havi ng a nunber-average nol ecul ar wei ght of
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I,/
40, 000 and conprising 7.2 parts by weight of acrylic
acid, 50 parts by weight of nethyl nethacrylate and
42.8 parts by weight of ethyl acrylate. The m xture
was allowed to react at 120C for 10 hours, and a
transparent polynmer solution containing a solids
content of 49.2 mass% which will be called "polyner

[ngkgtg9n 9", was produced. <Preparation Exanple 10> 46
parts of butyl acetate and 42 parts of n-butanol were
charged into a reactor provided with a thernoneter, a
thernostat, a stirrer, a reflux condenser and a
droppi ng punp. Then 7.3 parts of zinc oxide and 5.0
parts of water then the charge was added to the m xed
solvent in the reactor with stirring, and the zinc
oxi de was dispersed in the solvent. The tenperature
of the m xture was then raised to 100C with stirring,
foll owed by dropping of 15.3 parts of nmethacrylic
acid, 44.7 parts of ethyl acrylate, 40.0 parts of
nmet hoxyet hyl acrylate, and 8.0 parts of 2,2'-
azobi s(2-nmet hyl butyronitrile), which is a
pol ynerization initiator, at a constant rate by neans
of the dropping punp over 4 hours while the mxture
was being kept at 100C. The resulting m xture was kept
stirred at 100C for 30 - 40 mnutes after finishing
t he dropping. Thereafter, dropped into the mxture at
a constant rate over 1 hour was a solution obtained
by dissolving 1 part of 2,2'-azobis(2,4-
di met hyl pentylonitrile) as an additiona
pol ynerization initiator in 6 parts of butyl acetate
and 6 parts of n- butanol. The resultant was kept
being stirred for additional 6 hours at 100C. A
uni form and transparent pol yner solution including 50
mass% of nonvol atile matter, which wll be called
"pol ymer solution 10", was obtained. [Table 1]
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- 42 (Working Exanples 1 through 26) One or two of
pol ynmer solutions 1 through 10 were mxed with the
conmponents shown in Tables 2 to 4 at the conpositions
listed in the sane Tables (the nunerical values in
Tabl es are mass% . The conponents including the
pol ymer solutions were m xed and di spersed with a
[TBeme- 4m xer at 2,000 rpm whereby 20 ki nds of paint
conpositions were prepared. In the Tables, "Laroflex
MP-45", which is the nane of a product nmade by BASF
Ltd., is a vinyl <chloride resin, "TSF-4445", which is
the nane of a product mnmde by Toshiba Silicones Co.,

Ltd., is a polyether- nodified silicone oil, and
"Dl SPARLON A630- 20XN', which is the nanme of a product
made by Kusunoto Chem cals, Ltd., "Dl SPARLON 4200-2",

which is the nane of a product nmade by Kusunoto

Chem cals, Ltd., and "BENTON SD-2", which is the nane
of a product nmade by National Red Co., Ltd., are all
anti saggi ng additives. (Conparative Exanple 1) 15
parts of "Laroflex MP-45" (a product nmade by BASF
Ltd.; vinyl-chloride resin), 10 parts of rosin, 2
parts of chlorinated paraffin, 30 parts of pyridine-
nmet hyl (di phenyl ) borane, 4 parts of zinc oxide, 6 parts
of red ocher, 1 part of "AERCSIL #200" (a product
made by Nippon Aerosil Co., Ltd.), 32 parts of

xyl ene, and 5 parts of nethyl isobutyl ketone were

m xed. The m xture was then m xed and di spersed with
a honmo-m xer at a rotating speed of 2,000 rpm so
that a paint conposition was prepared. (Conparative
Exanpl e 2) 15 parts of Acrylic resin (a product nade
by H tachi Chem cal Co., Ltd.; 50% xyl ene sol ution),
7 parts of rosin, 2 parts of tricresyl phosphate, 2
parts of silicone oi
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TSF- 4445 (product name of Toshiba Silicones Co., Ltd.;
pol yet her-denatured silicone oil), 20 parts of n-
oct adecyl am ne-tri phenyl borane, 15 parts of talc, 1
part of zinc oxide, 8 parts of red ocher, and 30
parts of xylene - 43 were m xed. The m xture was then
m xed and di spersed with a honpb-m xer at a rotating
rrapeedsgf 2,000 rpm so that a paint conposition was
prepared. (Conparative Exanples 3 through 7) The
conponents were nmixed with one another at the
conpositions shown in Table 5 (the nunerical values in
the Table are nmasso). The conmponents were ni xed and
di spersed wth a hono-m xer at a rotating speed of
2,000 rpm so that paint conpositions were prepared.
[Table 2] - 45 [Table 31 [Table 4] [Table 5] For the
pai nt conpositions of the Exanples 1 through 26 and
Conparative Exanples 1 through 7 were carried out a
paint-filmeroding test, an antifouling activity test,
an adherence test, a crack resistance test, a
re-coating ability test, and a fishing-net
antifouling-activity test, based on the follow ng
procedures. The results were shown in Table 6 through
Tabl e 12. <Paint-Film Consum ng Test> A steel plate
(100 mMmmx 100 mmx 1 M) with both surfaces having
been coated with a rustproof paint was coated with
each paint conposition twce with a sprayer, so that
the dry-base filmthickness by one spraying was 200
pm The paint conposition was dried in a roomat a
tenperature
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of 20C for one week, whereby each test piece was
prepared. Each test piece was fixed on an outer
surface of a cylindrical drumw th a dianeter of 50
cm and then imersed in seawater at a depth of 1 m
bel ow the sea surface at Yura Bay in Sunoto, Hyogo,
Japan. Then, the drumwas rotated with a notor at a
ChrCpﬁfefﬁ@tp@inﬁp@@ﬂp@é1t16nkn©f8thanﬂxhhﬁlésoﬁedhrough
t hi ckness of the paint.fi asur e
26n8R hEOWB?r?HlﬁﬁnEﬁ§mpiF§o ?ﬁroungrz egge YeEY1da out
pamatnfiﬂmlHrbhnn@nESSteredlagtnépel@ngnﬁnthYlﬁastest an

adE%ESngt%gstfog EggﬁQeEbggiHQnEg @eggntgsr@ngoggﬁnbhe

d-f rom hat the
aba&etagéaspalﬁﬂdfﬁlﬁ#shhp§kﬁé§sa@FééPHélPQfé¢EéWFEVaF@§t

ba@%ﬁhoﬁntﬁéc%bhﬁekln@nbkggéﬁh@gsaCtTNétyesmitéhﬁef@1§hown
achi eves a val ue E month. Furthernore, it is

inptabéf fhahredeh Eépﬁﬁ 'm was eroded at a constant
rate, when the averaged paint- filmthickness eroding

<Prat%_%ug%ng th%mp%rl%d fgon16 months to 24 nonths is
i 885 of "he® averaged paint-film thickness
er odingteafepdaktendlOfhemperi 680upmt ¥ & WBht Hthiboth

t bauld Ct i it trh nSyhkages
Su&ggggg gé ﬁ?nb %Ogoﬁﬁfé bé%h . }%§Eﬁ§§$fmg§e coat ed
copiten wash s’»apﬁt PEA R0 SPIPEIS 1y O8p Loy C& #d the FaSPRGYer, S©

thbWM ¢8e SO yiRalset e 16 )thb.@S@lefs@ myt ireknessydmeeaets 200 um.
surface was 24Q m The conpos i.tion_was

Thy PenemEerROTa (eRAEE "a % &MpET &lufe TrBature
ofand°a fhunvdetyeok, 75&&%9byoaecheekstmpeeebyweachregsred

pi ec S pre ar c t _piece [ I
seamg?m? &£5% Ig%%tﬁgg ofltx%%1 A é%'gﬁﬁ% eggggéggrpgcg
cyatm@rak:aalBal}rumn wiTak & mamM@f Fépam.f gnR4hednt hs,

infad Q%'%%a%%te@q%%t'cd%%Q§;%ﬂe% S Yell AS thay nadl es,

asci di ans, serpulas, blue ' nussels, fresh-water
suRfgsEl St (itden Bayssél Sumgl@, Hyogo, Japan. Then, the

drum was rotated with a motor at a circumferential speed of
16 knots, and the eroded thickness of the paint film was
measured every 3 months for 24 months. Also, the averaged
paint-film-thickness eroding rate (um/month) was calculated
for the period up to 6 months and for the period from 6
months to 24 months. Note that the averaged paint-film-
thickness ercding rate correlates with an excellent
antifouling activity, if the rate achieves a value of 3
um/month. Furthermore, it is proven that each paint film
was eroded at a constant rate, when the averaged paint-
film-thickness eroding rate during the period from © months
to 24 months is within a range of the "averaged paint-film-
thickness eroding rate during the period up to 6 months™ £l
(pm/month) .

<Antifouling Activity Test>

Both surfaces of an FRP plate (100 mm x 200 mm x 1

mm) were coated with each paint composition by spray-
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bryozoans; aquatic plants, such as green string
lettuces, and sea |ettuces; and slimes was nmeasured
with the passage of tinme. Note that the adhesion
anounts of the aquatic creatures and aquatic plants
in the Tables are indicated by the percentages of the
surface areas occupied by the organisns adhering to
cogg§nﬁe§ﬁ§9epabattﬁhk”ﬁhedeyhBéﬁgrellmthBlaﬁhessonn each
amounts of _sl re eval uated based o
SUFSPFEWAG 868|H§t.o S &SOHNE T Rt 21
thBufBEtaak cvahamberOkepo adhestempeﬁfa§llrfﬁeoi 2§¥¢ ghed @
huglgg ¢ Of qg} %Iog.lg ?1" gﬁ@gb aEBHHt t@fstagﬁé&bngas
: di im amount of ' a erln slime 4. nmediumto
prbaagedannﬂﬂ¢hoteaUh@l¢©@ Wh 5 AEIMSESeQr o RBYRte bt 2

1029225523 gtslg 3528 é@ﬁt%mg @ﬁ% E@@t 3uhFaakr asi veahhashed ir
coat e pPOX as rust proo
Taﬁa#ﬁﬁlbwpéékWrtHa§a§pﬁ§§e?4 ?8“FE5V %P% ﬁgﬁsﬁgsg i | m
qh@h&%n%ﬁéaﬁﬁréﬁe ?@g@yﬁﬁgbwa&abZQspnaséldseabers@@@ﬂlas,
was fur rovided,t herean t h ba
blPFIWP@ﬁlgﬁne S YRGS nlmﬁacﬁa%élﬁ ?%ngﬁgu%ﬁgn %gg
br@‘@pﬂda@lds t tae]guattact wilea tw, t lsuahs prsaygeeeso sttEdng Rettuces,
andr gs ?aﬁ%.ettu'ée@ 1 I GKNES$ Y aRe R0 Mas 0@ Massage

onposition was dried in a thernostatic
ofcham@er avta t:bﬁ*petbfsua@h@ﬁlszecaaﬁan*éShaE HPFyaEFag%%

crfe%rtL&ré% "é’@l@(’aqu":ﬁﬁr@@ia@ﬁ@q e th e iITRGA NS ey epﬁitlﬁﬁited by
Each test piece was imersed in art|f|C|alc§§9 -
ths) P a aG5ss Sic P SadddidsF 8t WG 2 spaC| ng
or\@,@ﬁusﬁ% f&mmdufq)rtd?)hﬂld asis e gesi rttakiddmout  Ehrithermore,
a tines t
SRR SR ZFOHOM R R T he S s o o o mved h che
faldspeiatd wetal ufviadruatsigre ifa t rand indicated by the

numerical values.

Il@?}ln a

()

no adhesion of slime
slight amount of adhering slime
small amount of adhering slime

1

2

3: medium amount of adhering slime

4: medium to large amount of adhering slime
5

large amount of adhering slime

<Adherence Test>

an abrasive-blasted steel plate was coated with an
epoxy-based rustproof paint twice with a sprayer, so that
the dry-base film thickness by one spraying was 125 pm. A
sealer coat was further provided thereon so that the dry-
base film thickness was 70 um. Each paint compeositicn was
applied thereto twice with a sprayer so that the dry-base
film thickness by one spraying was 100 um, and the paint
composition was dried in a thermostatic chamber at a
temperature of 20°C and a humidity of 75% for one week,
whereby each test plece was prepared.

Each test piece was immersed in artificial seawater,
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adherence by this test is indicated by a mark "0"

(accepted) when the nunber of separated pieces in this

test was O piece/25 pieces and by a nark "No"

(rejected) when the nunber of separated pieces was 1

pi ece/ 25 pieces or nore. <Crack Resistance Test> In

t he adherence test, the presence/ absence of cracks in
anfhe pabBt-Eikmuwassebackedt byivhsaall ymobsecihagwas

jt t . of .the ar C a
pobBeR LAELDG.LL oUL, ol Lhe;aLLiLichal seaual ey Those
timed thosemhathag 6cmavkbsweld woatha: edBasonfps and 24
mogggge%sﬂ) tBE R%Me@%aag A?b%t;ébftI@éi? A st£phapl@t eof the

surf aces g w@jch had
adbeéﬁneeabEdtﬁﬂﬁhtQSFuéﬁp%BSﬁcﬁéﬁﬁt Ywas™Medat ed with
a@é%Bteabnkh69”E9§lhhﬁﬁe&wbﬁegwpbhaaeappayees da tgas test
Ss e .SpLayi
wapmd PhEBALR PESBSSPUTof ads e Tl P A P aost atre”
thehagheer af acpempeedt piecet RBE anglaCBJQﬁdpﬂ?C@ﬁ ?5%
for one week, whereby two test pieces for each paint

Mo¢6nposition were prepared. Each test piece was
imrersed in artificial seawater, taken out of it at

<cgg%kt@g%ng #%enqggQg and that of 24 nonths fron1the

sSi on, en washed with distilled mg g ~racks
drlednlﬁhﬁ ﬁ@@ﬁﬁﬁpcé t&fper &0Gr EYGFCRGE/ P Fe8ﬁ8 ﬁgek
lnﬂ&%ree%)fatl%rt, fting starsf a}h%cﬂkfedewh vtl%‘iJIalﬁJW@@sm:s@r dy- upon

JarLed tu.ce WD e AT RAILL ROIROS! 180 2AcEeL o
crfaldkj’@ wWiedtieC knes s dnye O res Srfr%yl n(giqmtmb ,pmndaﬁdlqs(qee having
ST B S0CT o o Wosk T EAch t et bl 6ce

was then fixed on the outer surface of a cylindrica
<é¥JHHéMﬂH§‘%Hiﬂ¥Ey Test>

A steel plate {100 mm x 100 mm x 1 mm), both surfaces
of which had been coated with a rustproof paint, was coated
with each paint composition twice with a sprayer, so that
the dry-base film thickness by one spraying was 100 pm.

The paint composition was dried in a thermostatic chamber
at a temperature of 20°C and a humidity of 75% for one weelk,
whereby two test pieces for each paint compesition were
prepared.

Each test piece was immersed in artificial seawater,
taken out cf it at the time of 12 months and that of 24
months from the immersion, then washed with distilled water,
and dried in a room at a temperature of 20°C for one week.
Thereafter, the surface of each test piece was spray-
painted twice with the same paint composition as that
already on the test piece such that the new dry-base film
thickness by one spraying was 100 um, and the paint
composition thus applied was dried in a room at a
temperature of 20°C for one week. Each test piece was then

fixed on the outer surface of a cylindrical drum with a
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dianeter of 50 cm and then inrersed in seawater at a
position 1 m bel ow the sea surface at Yura Bay in
Sunot o, Hyogo, Japan. The drumwas rotated with a
notor so that a circunferential speed thereof was 16
knots. Each test piece was taken out of the sea after
one week, and the presence/absence of separation

dibetareen dthemew paimt fHidrminared tee iol dean@tas at a
checked.. Te

t pieces w thq ty ;
PA5idi*®4t €d b ei\?é“’s&%keacsceeaptsedsf,ascgeﬁ%rt?#(;%é \%yfhln Sumote,
Hysepar aldmem by ThRotr(nejiest edyateri ghithgangptor so that a
ci%qﬁﬁg!émﬁctgpvéécy fhesten Easdl P Nn GQNPOshhor cwas
applied onto a test _fishing net having a size q%
m@@wawmm%WWﬁﬁ%?%W%@%%ﬁ&ﬁ“PE
pxtéHeera&S/angiet frilcge Lmﬂefepgrlarmilwtﬂerf]dm tife 4d40v diadqt ifilm
an anou 0 : or of, t he f.i shi_ng- wei ght .
SRR 1S D e ATl o B ToF Tyt and
Sé;ﬁbﬁfﬁﬂj[‘f;fervﬁ@lde i m&emviat@rbat” ted'betaterpied®m brdErhee
sea surface. gam » Bay. | war a, Kanagawa, Japan
ijtgk} S b Cﬁé.a?hg%m%?j%‘?%ﬁhched or gani sms vvgs
neasured at predetermned intervals. In the sane

<FRONEL, i de adhesion: aguati oy of atases, such as

arnacl es, asci di ans, | serpul as, blf.e ssel s

f r esHEah &aﬁ%s@@oﬁ@&ﬁﬂ%§eﬁ‘g§? leaﬁgorbﬁ/o% 0RhS:
fﬂﬂﬁiz@@%@e}é&ﬁ@ifﬁzﬁl@s{a §uzﬁ @ﬁ peeeth st ringth | ef tieesy x 25

and sea | ettuces were checked, e
Bf 2 the"dtiet 7 hig? a%;% aties %@% at i 226 a%%l&%% u%? ie%o f%?gﬁ%jgen ©
of Matedfab) esnane andicated ydthefpertentafeshof tiehtng-
nSUT L acen ar eas, occppled, by, the, or gank snei AREI4A9ESL 3 days,

e 11 s”

sted paint’ Furthernore, the adhesion
~aWDUNES OITEEPEAESRUBRBVRVar UBE 6l BASEHIER Lhen below the

sEQl Loweng- eyl YyathAD Bay in Odawara, Kanagawa, Japan for
24 months. The amount of attached organisms was measured
at predetermined intervals. In the same manner, the
adhesion aquatic creatures, such as barnacles, ascidians,
serpulas, blue mussels, fresh-water mussels, green mussels,
and bryozoans; and aquatic plants, such as green string
lettuces, and sea lettuces were checked. Note that the
amounts of the adhering aquatic creatures and agquatic
plants in the Tables are indicated by the percentages of
the surface areas occupied by the organisms adhering to the
tested paint films. Furthermore, the adhesion amounts of
slimes were evaluated based on the following evaluation
criteria, and indicated by the numerical values.

0: no adhesion of slime
slight amcunt of adhering sliime
small amount of adhering slime
: medium amount of adhering slime

. medium to large amount of adhering slime

o= o N

large amount of adhering slime
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criteria, and indicated by the nunerical values. 0: no

adhesion of slinme 1: slight anpbunt of adhering sline

2: small anount of adhering slinme 3: nedi um anmount of

adhering slime 4: nediumto | arge anmount of adhering

slime 5: large anmobunt of adhering sline - 52 Table 6

Paint-filmEroding test Eroded filmthickness ( m
T7aB681215182124

[ nont NSoRE MR NENERDARS pont hsmont hsnmont hsnont hs

Wor ki ng15314461:788103125; Example 1 W Ex.

22860881 181212743 W Ek, 31225364958748699 W .

4818293848576516, i,%om%@ﬁ%%;%l%mz;@rmcﬁ&tm Bhths

020416002 10212014917 1] é 6 [~ 7205 §U9blé§l48 {23195 Ws
Ex%g;ajgoegiozlsc 8201533267|W Ex|

7567/495112129144 EX. 3976117150191239269309, 5
Wk X %232946 7191105121 W Ex| ; e )
. 52655811106136165191419 W EX. 13225383%&)2133%@1189;616
WoRE-EX. 18448913317924227331 5362 W . , loss
W. 1%*232871@@11814%%6919 W ER 1646 142@3’:2%??99332%6
R E% 1;%159%%%8152729212_955 Wiks. 50 72 [1es
W. 13:'%18 338 3058708 63 01 102 130 168 201 233 2607
W, Ex. & 18 37 56 74 95 112 129 144
W. Ex. 10 39 76 117 150 191 230 269 308
W. Ex. 11 13 29 16 62 71 91 105 121
W. Ex. 12 26 55 81 106 136 165 191 219
W. Ex. 13 27 53 83 102 133 161 18% 216
W, Ex. 14 44 89 133 179 222 273 31e 3062
W. Ex. 15 23 48 71 99 118 142 16¢ 185
W. Ex. 16 416 9h 142 193 240 289 338 38¢
W. Ex. 17 31 59 a0 118 152 179 212 235
W. Ex. 18 11 23 38 50 58 70 85 101
W, Ex. 19 35 70 103 142 182 214 250 285
W. Ex. 20 24 47 72 98 121 140 170 189
W. Ex. 21 22 47 75 94 117 141 170 185
W. Ex. 22 26 50 70 95 11¢ 148 172 165
W, Ex. 23 31 65 104 130 170 203 233 267
W. Ex. 24 17 36 55 73 94 111 128 143
W. Ex. 25 40 77 118 151 192 231 270 210
W. Ex. 26 14 29 47 63 72 91 104 122
Comparative
Fxample 1 52 83 83 g4 85 85 86 86
Com., Ex. 2 33 83 83 B4 85 85 8¢ 86
Com. Ex. 3 a0 g9 9¢g 100 101 101 102 102
Com. Ex. 4 60 130 170 230 290 347 399 -
Com. Ex. 5 70 147 223 293 370 - - -
Com. Ex. 6 77 163 254 342 - - - -
Com. Ex. 7 73 144 23 286 365 - - -
Notes:
The mark "-" represents that the rustproof paint film

was exposed.
The abbreviations "W. Ex." and "Com. Ex." denote

"Working Example" and "Comparative Example", respectively.
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W Ex.
2024477298121140170189 W Ex. 2122477594117141170195
W Ex. 2226507095119148172195 W EX.
233165104130170203233267 W Ex. 241736557394111128143
W Ex. 254077118151192231270310 W Ex.

261429637291104122 Conpar ati ve Exa

Tab3283838485858686

193570103142182214250285 W Ex.

npl e

Com Ex. 23383r8485858686 Com EX.

39099100101101102
Ex. 5701472232933
Ex. 773144 23128
represents that t
The abbrevi ations

9§1£EUF11§X 6&@32

il

fi

30230290347399- Com

m-t_ﬁt‘?%‘?{ﬁgég erodlg:&)rgate

- m—\wWas
VVA D

‘tW6 Benthand " Com

g to ddnpeeth

WorM&'E&gm@@Fﬂﬂ e"

WOEEEP%G%% fé ly., Tabl

? ckne
h‘fgh%‘a% 2

nmont

ang " Conparative Exa
€0 /o Paint-fil merodi
%s erodlng rate (nnp
S VbrklngExaane 15,

apl e”,
ngtest Aver aged
%h) to 6
1

WOyt g fgEXEHDI% 210°020. 3 Wor ki ngExanpl|8-34. 24. 1
woWbi kg Ngexabpl®e 43.(03:2 Wrki ngExanpl e (342X 012. 0
Working Example & 6.8 7.2
Working Example 7 8.3 8.2
Working Example 8 10.8 11.2
Working Example © 6.2 6.0
Working Example 10 12.7 12.9
Working Example 11 4.8 5.0
Working Example 12 9.2 9.2
Working Example 13 8.8 9.0
Working Example 14 14.8 15.2
Working Example 15 8.0 8.1
Working Example 16 15.8 le6.2
Working Example 17 9.8 8.9
Working Example 18 3.8 4.1
Working Example 19 11.7 12.0
Working Example 20 7.8 7.9
Working Example Z1 7.8 8.1
Working Example 22 8.3 8.2
Working Example 23 10.8 11.2
Working Example 24 6.0 6.0
Working Example 25 12.8 12.9
Working Example 26 4.8 5.0
Comparative Example 1 |13.8 0.2
Comparative Example 2 |13.8 0.2
Comparative Example 3 |16.5 0.2
Comparative Example 4 |21.7 18.4
Comparative Example 5 |24.5 24.6
Comparative Example 6 {27.2 29.8
Comparative Example 7 [(24.0 23.9
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Wor ki ngExanpl e 66. 87. 2 Wor ki ngExanpl e 78. 38. 2
Wor ki ngExanpl e 810. 811. 2 Wor ki ngExanpl e 96. 26. 0
Wor ki ngExanpl e 1012. 712. 9 Wor ki ngExanpl e 114.85.0
Wor ki ngExanpl e 129. 29. 2 Wor ki ngExanpl e 138. 89. 0
Wor ki ngExanpl e 1414. 815. 2 Wr ki ngExanpl e 158. 08.
Wor ki ngExanpl e 1615. 816. 2 Wor ki ngExanpl e 179. 89.
TaMbeksngExanpl e 183.84.1 Wrki ngExanpl e 1911. 712,

o O

Vor ki ngExanpl gaz@izos1 1By WirtkivhigiExaspl e 217. 88. 1
Wor ki ngExanpl €0228:y38g2aMbr Kit hgix anbeeiB b3g81is

Wor ki ngExanpl €324 t06. Qs WomkhngEeanhensA58 2n@kAsg24 months

VWor ki ngExanpl €x264]e85. (a__Cdmpar @t i vés Exanpl e[Bl3. 88, 2

Wo BxianpEeadf.e5Q.|2 Cofopar at i veOExaifpl e421. 728. 4
woOanpakatipie Bxanpl §524./%24.16 Coffpar ali veC
WoBxanpEe8RY.22908 Conpar@ti vje Exd#hpl e724.1023.
o Aritricf Bubimiee &cii vi t @3t orécup ng |ar ea®( %
Wopkitver EnamRleali [§ns o 10

Working Example 7
Working Example 8
Working Example 9
Working Example 10
Working Example 11
Working Example 12
Working Example 13
Working Example 14
Working Example 15
Working Example 16
Working Example 17
Working Example 18
Working Example 19
Working Example 20
Working Example 21
Working Example 22
Working Example 23
Working Example 24
Working Example 25
Working Example 26

woSompaEainye: Bxanpl @213%{80. 0Conpar atjd ve [0

=
QD
=)
(0]
(0]

iR ==
NMEEEEEEEEEEEEEEEEERE R R Y

Nlo oo oo oCcoCoDOoOO0OOCOOoOOoO0QO0o OO OO0
IR EEEEEEE )
o000 OoOO0O0OOOOOOOOCO

PlO0OO OO0 COODOOOCOOOCO

Tl CcoCcoOooC o000 OOC0O odpﬂé oo o
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Com. Ex. 7 5 2 30 3 90 5 90 5 8c 5

Notes:

"A" represents the percentages of the surface areas
to which aquatic creatures and plants adhere.
"B" represents an adhesion amount of slime shown in

the numerical values based on the evaluation criteria.
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to which aquatic creatures and plants acdhere.

"B" represents an adhesion amount of slime shown in
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excellent paint-film eroding abilities only for several
months after immersion, but they lost paint-film eroding
abilities after long-term immersion to thereby show
unsatisfactory results in both of the paint-film eroding
rates and antifouling activities, while revealing defects

in the adherence test, crack resistance test, re-coating

ability test and fishing-net antifouling-activity test.
Meanwhile, the paint composition (corresponding to

the embodiment of JP-A-2001-329228)

5 adopting a hydrolysable resin and pyridine-

of Comparative Example

triphenylborane, and the paint compositions of Comparative
Examples 4, 6, 7 each adopting a hydrolysable resin and an
antifouling agent other than the compound of component (A)
descriked in this invention, though some of them exhibited
very excellent paint-film consuming abilities, showed
antifouling activities for only a short pericd of time,
while showing defects also in the adherence test, the crack
resistance test, the re-ccating ability test and the

fishing-net antifouling-activity test. Contrary, the paint
compositions of Examples 1 through 26 each adopting the
(A)

the hydrolysable resin, provided satisfactory results in

compound of component described in this invention and

the respective tests, thereby showing that the paint
compositions of this invention possess superior

performances based on these results.

(6) (9)

noted in the paragraphs of "Means for solving the Problem"

Next, the inventions describked in through

in the present application will be described in detail
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Itions . o

Qﬁ;%gﬁ%gﬁégfnﬁxed

nventdidreatht monomer (B) and

polymerization catalyst "a" was dropped intc the flask over

3 hours while stirring solvent "a"

The resulting mixture

after the completion of dropping was kept at the same

temperature for 30 minutes.

Next,

a mixture of solvent "b"

and polymerization catalyst "b" was dropped into the flask

over 20 minutes,

and the polymerization reaction was

completed by continucusly stirring the contents of the

flask for 2 hours at the same temperature.

Lastly, the

resultant mixture was diluted by adding a diluent solvent

thereto, whereby an applicable one of resin solutions $;

through solution Sz was cbtained.

named

polymerization catalyst,

carbonate,

Shell Chemicals Ltd.

"PERBUTYL I"

and that named

)

"Veova 9"

Note that the product
{a product of NCF CORPORATION),
is t-butylperoxy-isopropyl

as

(a product of Showa

is a vinylester-based moncmer.
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t he hydrol ysable resin, provided satisfactory results
in the respective tests, thereby showi ng that the
pai nt conpositions of this invention possess superior
performances based on these results. Next, the

i nventi ons described in (6) through (9) noted in the

par agraphs of "Means for solving the Problenf in the
[PREESERtiappEkeaplentenl | be described in detail - 60
base on Pre ation. Ex | es r a
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pod h ﬁa%%égn @EE?E&F@VGﬁaggg”Ebﬁ%BEﬁEt?ehghh the formula

as po yrene her nor e,
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f . Table 13 O
miihugenorl FoPmiPaT(iDF  RRIRISRESOSKDABmEr= Corpl et by

cofl CHREHZN vCAHICHARGHEDD Monarmts of the flask for 6 hours

atA%heg%Hé%_%%H I'8%H§gE§—§%%§E5%ggogggultlng mixture was

diAuEEH5 Oy HB I BHZEC uEOH3 s )CEONMD REFEET O, whereby a

, 000 M
reﬁ g%ﬁyk-géHs:-%%EE%%E&%%%%%L#CHCCCP?25{e|noyloxy

group) Mononer A, C5H5C5H5t - CAHIC5H1100CCH=CHCOO
[p(rfetgﬁefawlo@mmﬁr@m&) 1'\1Qn0ner

g?gugﬁg%gﬁgp&P§Plé n%%gssgfnéhﬁégoo % %gn%%l Pant

ves#=Q &e&kasknpﬂmmmdedpwltm & idtfienmeart wa&oaersdﬁve@md
poly"melrr}LzC%lo%r rgattalys‘r“l:h “t he f OrdHHf%fnﬂtIﬁWl%hldthe formula
in Table 14. Then the mixture temperature was raised toc a
predetermined reaction temperature while the vessel,
hermetically sealed, was being shaken. The polymerization
reaction was completed by continucusly shaking the vessel
for 8 hours at the same temperature. Next, a diluent
solvent was added to the resultant product, and the vessel
was shaken for additional 8 hours, which produced resin

solution S;.
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bel ow. Then, the solvent tenperature was raised to a
predeterm ned reaction tenperature, and thereafter a
m xed sol ution of a nononer (A), a different nononer
(B) and polynerization catalyst "a" was dropped into
the flask over 3 hours while stirring solvent "a".
The resulting mxture after the conpletion of
Tadneppyng was kept at the sane tenperature for 30
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CORPORATI O\}fonarsr Pol ymeri zation Fltal yst, |s

t - butyl perﬁmgmdmpappyl carbonat g, and [Bhaf4Olnaned
(

"Veova 9" (lgofdnRduet of Showa Shell [Chemichls|4dd.)

is a vinyl Eﬁ‘%ﬁ etgaged nmonomer. - B2 |[Prlepalatijon |3q
Exanpl e 16] ar into a flask proyidgd wthia
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m xture tenpexalidiersekayspebitola |pre
reaction tegp adttgre V\,hlle stirripg the

n
4
d
t he pol yner|] a\? {ﬁef‘ g ﬁ/a conpliet eld
cont i nuous!y=%s ?’?yre ) trhgu dntents ofl the
hours at tjheledfe tenperature. Next,| the resul|tin

m xt ure wagButhdywst-edltythaddi ng a ¢il yent| sol vent 40
t hereto, wherghaae resin solution S was obtaijned|

[ Prepar ati dp. Expanplkenddly16har ged (3¢ Q3@ heat - resi shantzo
and pressurle-resi.stant

cat alfyst| "af
4: Then [t he
t er minged

m xturle, [and

b

flasK fof 6
r b
0

7

n-pbutyl acrylate 20 5
Vinyl acetate 10 20 30
Veova 9 15 5
Dimethyl maleate 25
Polymeriza- Azobisiscbutyronitrile 5
tion
catalyst a PERBUTYL I 2 2 2 2 1 0.5
solvent b Xylene 10 20 j10 (10 |10 10
Polymeriza- Azobisisobutyronitrile 1
tion
catalyst Db PERBUTYL I 1 1 1 2
Diluent Xylene 47 137 117 |54 |41 |99 [58.
solvent Butyl acetate 30
Reaction temperature {°C) 140(1351140 (120180 |120(80
Sclid content concentration (wt.%) 50 |50 [50 {50 |50 |50 |50
Molecular weight (x1,000) of polymer 30 (35 |20 |3 10 [70 (100
Mark for polymer solution Sy §8: |83 |84 IS5 [Ss S+

[(Working Examples 27 through 60]
One or two of polymer solutions S; through 5; were

mixed with the components shown in Tables 15 to 17 at the
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vessel were a nononer (A), a different nononer (B) and
pol yneri zation catalyst "a" in conformty with the
formula in Table 14. Then the m xture tenperature was
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Ltbﬁ?cgﬂateByﬁ%BﬁlSﬁeﬁhéc%ﬁhéhe§g3gﬂglggge of a product
made by Naticnal Red Co., Ltd., are all antisagging

additives. Furthermore, "resin A", "resin B" and "resin C"
in Table 17 were prepared in the following ways. The
organism-adhesion inhibitors in the Tables relate to those

compounds represented by formula (7).

[Preparaticn Procedure of "Resin AY]

Charged intec a four-necked flask provided with a
cooler, a thermometer, a dropping funnel and a stirrer,
were 20 parts of propylene glycol methyl ether and 40 parts
of xylene, and then the temperature of the mixture was
raised to 100°C with stirring. Next, dropped over 4 hours
at a constant rate into the mixture from the dropping
funnel was a mixture of 10 parts of propylene glycol methyl
ether, 10 parts of xylene, 30 parts of zinc oleate
methacrylate, 5 parts of methyl methacrylate, 60 parts of
ethyl acrylate, and 1.5 parts of t-butyl-peroctoate. After
the completion of the dropping, 1 part of t-butyi-
peroctoate and 10 parts of xylene were further dropped over
1 hour, and 10 parts of xylene was additionally dropped

after stirring for 2 hours. Thus a "resin A" was obtained.

[Preparation Procedure of "Resin B"]

Charged into a four-necked flask provided with a
cooler, a thermometer, a dropping funnel and a stirrer,
were 30 parts of xylene and 15 parts of n-butanol, and the
mixture temperature was raised to 110°C with stirring.

Next, dropped over 4 hours at equal time intervals, was a
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then & CRRE 51 &lﬁFS&ﬁcFasn&&Qlﬁﬁ-hh%uﬁﬁ%%“ﬁ%ﬂscﬁg@at?ﬁd and
naded alkesamt B¥aggi ng additives. Furthernore, "resin

A", "resin B" and "resin C'
[Preparation Procedure of "Resin C"]

Charged into a four-necked flask provided with a
cooler, a thermometer, a dropping funnel and a stirrer,
were 23 parts of xylene, 30 parts of butyl acetate, and 30
parts of n-butancl, and the mixture temperature was raised
to 105°C with stirring. WNext, dropped over 4 hours at a
constant rate was a mixture of 15 parts of methacrylic acid,
40 parts of methoxyethyl acrylate, 5 parts of methyl
methacrylate, and 8 parts of azobisisobutyronitrile. After
the completion of the dropping, a mixture of 6 parts of
xylene and 1 part of azobisisobutyronitrile was dropped
over 1 hour, and the resultant mixture was further stirred
for 1 hour, whereby a resin solution was obtained. 7.5
parts of zinc oxide, 5.3 parts of water, 7.5 parts of butyl
acetate, and 7.5 parts of n-butanol were further added to
100 parts of this resin solution, and then the resultant
mixture was stirred at 100°C for 20 hours. A resin named

"resin C" was obtained.
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in Table 17 were prepared in the follow ng ways. The
organi smadhesion inhibitors in the Tables relate to
those conpounds represented by formula (7).
[ Preparation Procedure of "Resin A'] Charged into a
four-necked flask provided wwth a cooler, a
thernmoneter, a dropping funnel and a stirrer, were 20
[ Tpdrltes 16f] propyl ene gl ycol methyl ether and 40 parts
of xylene, and then the tenperature of the m xture was
raised to 100C wth stirring. Next, dropped over 4
hours at a constant rate into the mxture fromthe
dropping funnel was a m xture of 10 parts of
propyl ene glycol nmethyl ether, 10 parts of xylene, 30
parts of zinc oleate nethacrylate, 5 parts of nethyl
net hacryl ate, 60 parts of ethyl acrylate, and 1.5
parts of t-butyl-peroctoate. After the conpletion of
the dropping, 1 part of t-butyl- peroctoate and 10
parts of xylene were further dropped over 1 hour, and
10 parts of xylene was additionally dropped after
stirring for 2 hours. Thus a "resin A" was obtai ned.
[ Preparation Procedure of "Resin B'"] Charged into a
four-necked flask provided wwth a cooler, a
thernmoneter, a dropping funnel and a stirrer, were 30
parts of xylene and 15 parts of n-butanol, and the
m xture tenperature was raised to 110C with stirring.
Next, dropped over 4 hours at equal tinme intervals,
was a - 65 mxture of 7.2 parts of acrylic acid, 4.5
parts of nethyl nmethacrylate, 38.3 parts of ethyl
acrylate, and 1 part of azobisisobutyronitrile. After
the conpletion of the dropping, a mxture of 0.3 part
of t-butyl peroxy-2- ethyl hexanoate and 5 parts of
xyl ene was dropped over 1 hour, and the resultant
m xture was further stirred for 3 hours, whereby a
resin solution was obtained. 10 parts of
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copper acetate and 5.6 parts of oleic acid were added
to 100 parts of this resin solution. Then, the
reacti on was conducted for 6 hours while renoving
produced water under reflux. 6.3 parts of xylene was
added to the product, and the resultant m xture was
cooled. A resin was obtained and naned "resin B".
[ThBrepamat i on Procedure of "Resin C'] Charged into a
four-necked flask provided with a cooler, a
thernoneter, a dropping funnel and a stirrer, were 23
parts of xylene, 30 parts of butyl acetate, and 30
parts of n-butanol, and the m xture tenperature was
raised to 105C with stirring. Next, dropped over 4
hours at a constant rate was a m xture of 15 parts of
nmet hacrylic acid, 40 parts of nethoxyethyl acryl ate,
5 parts of methyl nmethacrylate, and 8 parts of

azobi si sobutyronitrile. After the conpletion of the
dropping, a mxture of 6 parts of xylene and 1 part
of azobi si sobutyronitrile was dropped over 1 hour,
and the resultant mixture was further stirred for 1
hour, whereby a resin solution was obtained. 7.5
parts of zinc oxide, 5.3 parts of water, 7.5 parts of
butyl acetate, and 7.5 parts of n-butanol were
further added to 100 parts of this resin solution,
and then the resultant mxture was stirred at 100C
for 20 hours. A resin naned "resin C' was obtai ned.

[ Tabl e 15] [Table 16] [Table 17] [ Conparative Exanples
8 through 14] One or two of polyner solutions Sl
through S5 were mxed with the conmponents shown in
Table 18 at the conpositions |listed in the sane Tabl e
(the nunerical values in the table are mass%. The
conmponent s i ncl udi ng the
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pol ynmer solutions were m xed and di spersed wth a
honmo- m xer at 2,000 rpm whereby 3 kinds of paint
conpositions were prepared. In the table, the
products "TSF-4445", "Dl SPARLON A630- 20XN', and
"BENTON SD-2" are the sanme as those in Table 14 and
Tabl e 15. [Table 18] Wth the paint conpositions of
[TMBrki ng1Exanpl es 27 through 60 and Conparative
Exanpl es 8 through 14 were conducted a paint-film
erodi ng test, marine-organi sm adhesion inhibiting
test, attaching property test, and crack resistance
test based on the follow ng procedures. [Paint-Film
Consum ng Test] Each paint conposition, which had been
stored in an oven at 50C for two weeks after the
preparation, was spray-applied onto an obverse
surface of a steel plate (100 mmx 100 mMmx 1 nm
having a reverse surface coated with a rustproof
paint, so that the dry-base filmthickness was 300 m
and then dried in a roomat a tenperature of 20C for
one week, whereby an applicable test piece was
prepared. Each test piece was fixed on the outer
surface of a cylindrical drumwith a dianeter of 50
cm and then imersed in seawater at a position 1 m
bel ow the sea surface at Yura Bay in Sunoto, Hyogo,
Japan. The drumwas rotated by a notor at a
circunferential speed of 16 knots, and the eroded
paint-filmthickness was neasured every 3 nonths for
12 nonths. In addition was cal cul ated an averaged

pai nt-filmthickness eroding rate (pm nonth). Note
that the averaged paint-filmthickness eroding rate of
3 pminonth or nore neans an excellent antifouling
activity. [Marine-Ogani sm Adhesion Inhibiting Test] A
Tar - epoxy- based rust proof paint was spray-applied
twice onto both surfaces of an abrasive-bl asted stee
pl at e

- 69 -



(100 mMmx 300 mmx 1 mMm) so that the dry-base film

t hi ckness by one spraying was 125 pm and a

vi nyl -based seal er coat was further applied thereon

so that the dry- base filmthickness was 50 pm Both

surfaces were coated w th each paint conposition by

spray-coating so that the dry-base filmthickness on
[conpasHEfiaeerwamplBe Bnthandghhéd]paint conposi ti on was

dried in_a her S ac_t e

20 4RE 8 hGfearfyPar Vel poresaBhads RN M2 R
mlpedcelmhsthhusomp@panéa SEQ@n ﬂésﬁabﬁ@cé8ma§ theo

coﬁxggglijgfi nl§§@é@t er, ah0gaka Bayikn (TakahghkriGsakaalues
an nont hs, to nmeasure the gerceﬂ%gges of

int es@ﬁpé@earﬁr@&§séécup?%ﬁ BYTPHREBE Gahis Bhel Mg
poll9mbhe shestednspakrt filkes, andt Aikherpasisagehoh hlom -

ttach P ty. T d
L8N cwds 090 S Tp e e i Ser i BN CufFAE tg%rl%
wedk gheasiree-bl Ast edesteklepl bhe pfradochmm XT3D04 ARP X,

" D%A%&O&ﬂh%%?}(]h%g%y' b%l%gi f"'EJEF[E‘I'O"I\II'] 'SCDK@QS%I@’ +PRE same as

sprayi ng was a vinyl-based sealer coat
thess ﬂ@rﬂh@ﬂeaéﬂlﬁ@@ tleéri€ort >such that the dry- base
filmthickness was 50 pm Each paint conposition was
spray-applied thereto such that the dry-base film
t hi ckness on one surface was 150 m and the paint
conposition was dried in a thernostatic chanber at a
tenperature of 20C and a humdity of 65%for one
week. Each test piece was thus prepared. Each test
piece was inmersed in artificial seawater, and a
cross-cut adhesion test with a 2 mm spacing was
performed for the test pieces taken out of the water
at tinmes of 3 nonths, 6 nonths, 12 nonths, 18 nonths
and 24 nonths fromthe inmersion, respectively.
Eval uation of the adherence by this test is indicated
by a mark "Yes" (accepted) when the nunber of
separated pieces in this test
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was 25 pieces/ 25 pieces and by a mark "No" (rejected)

when the nunber of separated pieces was 24 piecel/ 25

pi eces or less. [Crack Resistance Test] In the

adherence test, the presence/ absence of cracks in the

paint filmwas checked by visually observing it upon

taking it out of the artificial seawater. Those having
[TBBleCla¢ks were eval uated as "Yes" (accepted), and

t hose having cracks were evaluated as "No"

(rejected). Table 19 Paint-filmeroding test Eroded

paint-filmthickness (~tm Averaged paint-film

t hi ckness erosion 369 nonthsl2 nonthsrate

nont hsnont hs( pm nont h) Wor ki ng Exanpl e

275411317023019. 2 2831649913311. 1 29428712717114. 3

30367010414311.9 31204468907.5 3230619412310. 3

336212218124620. 5 345010215520917. 4 35489213818715. 6

365210415821117. 6 377214321228223.5 382756851149. 5

39326312313810. 7 40183551736. 1 41346910714512.1
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426012218625621. 3 43469414419316. 1 444810015420917. 4
456513319926522. 1 463057861189.8 47387310814311. 9
482651781078. 9 49387511515713. 0 s0224770938. 1
51307110814211. 8 32367311515112. 6 53336610313311.1
54428713318115. 1 55377511014912. 4 56408512917614. 8
57459915020417. 0 583811317322318. 8 59357510915012. 5
60306899813ht1 pa iCanpampbisye i BExanplfe W826506§1 Sepapadtisoa

5B {3 190158 13190 T S1OTE T TaRDEIRFIog a8 SAE o
coTablog €20 aMpriimé-driganiesmdddive Fiesr /i ARG 19 IBEST—
adgg% Q%'qghﬁ%%%ﬂh@ ﬂ@%tad%%E@Q%1ﬂ§T¥¥M§EF%j3U@%&th%@d

s9 nont hs12 "nont
crack resistance test based on the following procedures.

[Paint-Film Consuming Test]

Fach paint composition, which had been stored in an
oven at 50°C for two weeks after the preparation, was
spray-applied onto an cbverse surface of a steel plate (100
mm x 100 mm x 1 mm) having a reverse surface cocated with a
rustproof paint, so that the dry-base film thickness was
300 pm, and then dried in a room at a temperature of 20°C
for one week, whereby an applicable test piece was prepared.
Each test piece was fixed on the outer surface of a
cylindrical drum with a diameter of 50 cm, and then
immersed in seawater at a positicn 1 m below the sea
surface at Yura Bay in Sumoteo, Hyocgo, Japan. The drum was
rotated by a mctor at a circumferential speed of 16 knots,
and the ercded paint-film thickness was measured every 3
months for 12 months. 1In addition was calculated an
averaged paint-film-thickness ercding rate {pm/month).

Note that the averaged paint-film-thickness eroding rate of

3 um/month or more means an excellent antifouling activity.

[Marine-Organism-Adhesicon Inhibiting Test]

A Tar-epoxy-based rustproof paint was spray-applied
twice onto both surfaces of an abrasive-blasted steel plate
(100 mm x 300 mm x 1 mm) so that the dry-base film
thickness by one spraying was 125 pm, and a vinyl-based
sealer coat was further applied thereon so that the dry-
base film thickness was 50 um. Both surfaces were coated
with each paint composition by spray-coating so that the
dry-base film thickness on one surface was 130 um, and the
paint composition was dried in a thermostatic chamber at a
temperature of 20°C and a humidity of 65% for one week.

Each test piece was thus prepared. Each test plece was
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Wor ki ng Exanpl e 270000 280000 290000 300000 310000
320000 330000 340000 350000 360000 370000 380000
390000 400000 410000 420000 430000 440000 450000
460000 470000 480000 490000 500000 510000 520000
530000 540000 550000 560000 570000 580000

immersed in seawater at Osaka Bay in Takaishi, Osaka, Japan
for 12 months, to measure the percentages of the surface
areas occupied by the organisms adhering to the tested

paint films, with the passage of time.

[Attaching Property Test]

A tar-epoxy-based rustproof paint was spray-applied
twice ontc both surfaces of an abrasive-blasted steel plate
(100 mm x 300 mm x 1 mm) so that the dry-base film
thickness by one spraying was 125 pm, and a vinyl-based
sealer coat was further applied thereon such that the dry-
base film thickness was 50 pm. Each paint composition was
spray-applied thereto such that the dry-base film thickness
on one surface was 150 um, and the paint composition was
dried in a thermostatic chamber at a temperature of 20°C
and a humidity of 65% for one week. Each test piece was
thus prepared. Each test piece was immersed in artificial
seawater, and a cross-cut adhesion test with a 2 mm spacing
was performed for the test pieces taken out of the water at
times of 3 months, 6 months, 12 months, 18 months and 24
months from the immersion, respectively. Evaluation of the
adherence by this test 1is indicated by a mark "Yes"
(accepted) when the number of separated pieces in this test
was 25 pieces/25 pieces and by a mark "No" (rejected) when
the number of separated pieces was 24 piece/25 pieces or

less.

[Crack Resistance Test]

In the adherence test, the presence/absence of cracks
in the paint film was checked by visually observing it upon
taking it out of the artificial seawater. Those having no
cracks were evaluated as "Yes" (accepted), and those having

cracks were evaluated as "No" (rejected).
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590000 600000 Conparative Exanple 8103060100 93205090
1010407090 11103050100 12151030 133152040 145103050
Tabl e 21 Marine-organi smadhesion inhibiting test
Adheri ng-organi snms (12nont hs) Worki ng Exanpl e 27None
28None 29None 30None 31None 32None 33None 34None
35None 36None 37None 38None 39None 40None 41None
Ta2hlone 43None 44None 45None

Paint-film ercding test

Eroded paint-film thickness (um) [Averaged
paint-film-
thickness
ercsion

3 6 9 months |12 months |rate

months [months (pm/month)

Working Example 27 54 113 170 230 18.2
28 31 64 99 133 11.1
29 42 87 127 171 14.3
30 36 70 104 143 11.9
31 20 44 68 20 7.5
32 ao 61 94 123 10.3
33 62 122 181 246 20.5
34 50 102 155 209 17.4
35 48 92 138 187 15.6
36 52 104 158 211 17.6
37 72 143 212 282 23.5
38 27 56 85 114 9.5
39 32 63 123 158 10.7
40 18 35 51 73 6.1
41 34 69 107 145 12.1
42 60 122 186 256 21.3
43 46 G4 144 193 16.1
44 48 100 154 209 17.4
45 65 133 199 265 22.1
46 30 57 86 118 9.8
47 38 73 108 143 11.9
48 26 51 78 107 8.9
49 38 75 115 157 13.0
50 22 47 70 93 8.1
51 30 71 108 14z 11.8
52 36 73 115 151 12.6
53 33 66 103 133 11.1
54 42 87 135 181 15.1
55 37 75 110 149 12.4
56 40 85 129 178 14.8
57 45 99 150 204 17.0
58 58 113 173 225 18.8
59 35 75 109 150 12.5
60 30 68 99 135 11.2
Comparative Example 8 |26 50 61 separation
9|21 36 44 46 5.3
10|30 41 49 54 6.0
11138 68 88 93 7.8
12 )42 88 138 180 15.8
13145 99 142 192 15.1
14162 128 198 263 21.9




46None 47None 48None 49None 50None 51None 52None
53None 54None 55None 56None 57None 58None 59None
60None Conparati ve Exanpl e8G een

stringl ettuces, barnacl es,
stringl ettuces, barnacl es,
stringl ettuces, bar nacl es,
TaBlEel pgl ettuces, bar nacl es,

and serpul as
and serpul as
and ser pul as
and serpul as

9G een
10G een
11G een
12G een

Stringlettuces 13
stringlettuces Ta
nmont hs6 nont hs9

27YesYesYesYes 28

(428 €fle SIrlglaRgé@iddne eSorl 4Ghert ing
pl.e22 Attaching property test 3

Ll
es

' S MOLkl aonLxappl e
§%§§§$SEQ25$23YeSYeSYegp

3 months

months

9 months

12 months

Working Example 27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0
0
0
0
0
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30YesYesYesYes 3lYesYesYesYes 32YesYesYesYes
33YesYesYesYes 34YesYesYesYes 35YesYesYesYes
36YesYesYesYes 37YesYesYesYes 38YesYesYesYes
39YesYesYesYes 40YesYesYesYes 4lYesYesYesYes
42YesYesYesYes 43YesYesYesYes 44YesYesYesYes
45YesYesYesYes 46YesYesYesYes 47YesYesYesYes
48YesYesYesYes 49YesYesYesYes 50YesYesYesYes
Tag)%ea esYesYes 52YesYesYesYes 53YesYesYesYes
'-rlcolesvnh\llcs SSV h_\lll: Ugi ibltln
57YesYesYesYes 58Y,CsZi%s§(esr\?es grg\?e% esl& 9
60YesYesYesves Comhay atiye F5anPiRs SnoNpN,
Working Example 27 None
28 Ncne
29 None
30 None
31 None
32 None
33 None
34 None
35 None
36 None
37 None
38 None
39 None
a0 None
41 None
42 None
43 None
44 None
45 None
40 None
47 None
48 None
49 None
50 None
51 None
52 None
53 None
54 None
55 None
56 None
57 None
58 None
59 None
&0 None
Comparative Example 8 |Green string lettuces, barnacles,
and serpulas
9 |Green string lettuces, barnacles,
and serpulas
10 |Green string lettuces, barnacles,
and serpulas
11 |Green string lettuces, barnacles,
and serpulas
12 |Green string lettuces
13 |Green string lettuces
14 |Green string lettuces




9NoNoNoNo 10NoNoNoNo 11NoNoNoNo 12YesYesYesYes
13YesYesYesYes l4YesYesYesYes Table 23 Crack

resi stance test 3 nonths6 nont hs9 nont hs1l2 nont hs
Wor ki ng Exanpl e 27YesYesYesYes 28YesYesYesYes

29YesYesYesYes 30YesYesYesYes 3lYesYesYesYes
32YesYesYesYes 33YesYesYesYes 34YesYesYesYes
35YesYesYesYes 36YesYesYesYes 37YesYesYesYes
Ta %ez esYesYes 39YesYesYesYes 40YesYesYesYes
IHYesYesYesYes—42YesYesYesYes—43YesYesresyYes
A4YesYesYesYes 45YEVEEYHIYRIORBNLvER o ves
A7YesYes Yes Yeos A8Yiss VEEYRRYGRoyLs Paa el ig gronths
Working Example 27 Yes Yes Yes Yes
28 Yes Yes Yes Yes
29 Yes Yes Yes Yes
30 Yes Yes Yes Yes
31 Yes Yes Yes Yes
32 Yes Yes Yes Yes
33 Yes Yes Yes Yes
34 Yes Yes Yes Yes
35 Yes Yes Yes Yes
36 Yes Yes Yes Yes
37 Yes Yes Yes Yes
38 Yes Yes Yes Yes
39 Yes Yes Yes Yes
a0 Yes Yes Yes Yes
41 Yes Yes Yes Yes
4z Yes Yes Yes Yes
43 Yes Yes Yes Yes
44 Yes Yes Yes Yes
45 Yes Yes Yes Yes
46 Yes Yes Yes Yes
477 Yes Yes Yes Yes
418 Yes Yes Yes Yes
49 Yes Yes Yes Yes
50 Yes Yes Yes Yes
51 Yes Yes Yes Yes
52 Yes Yes Yes Yes
53 Yes Yes Yes Yes
54 Yes Yes Yes Yes
55 Yes Yes Yes Yes
56 Yes Yes Yes Yes
57 Yes Yes Yes Yes
58 Yes Yes Yes Yes
59 Yes Yes Yes Yes
60 Yes Yes Yes Yes
Comparative Example 8 |[No No No No
9 |[No No No No
13 |No No No No
11 |No No No No
12 |Yes Yes Yes Yes
13 |Yes Yes Yes Yes
14 [Yes Yes Yes Yes




50YesYesYesYes
53YesYesYesYes
56YesYesYesYes
59YesYesYesYes
8NoNoNoNo 9NoNoNoNo 10NoNoNoNo 11NoNoNoNo
12YesYesYesYes 13YesYesYesYes 1l4YesYesYesYes As
apparent fromthe results in Table 18 through Table

51YesYesYesYes
54YesYesYesYes
57YesYesYesYes
60YesYesYesYes

52YesYesYesYes
55YesYesYesYes
58YesYesYesYes
Conpar ati ve Exanpl e

Tagie ggch of the paint conp05|t|ons of Exanples 27
t-Af uuyh 60—ef—thepresent—nventt un ||ao showed
satisfactory - 78 [SFRSEIASSIPRAGY Y88 t he tests—whedeas
the results seen ||y "€y S HEs hzﬁﬁ¥¢hﬁh 14
Wopelny Bnarissfact or pPeSconcefAf ng théebaint-¥?§n1erod|ng
rate, the matfne- rgani snradhesi dief nhi bil¥¥hg
performance ahd thgepai nt-fEEm pr{dperti ed¥eThese
resul ts al so3provelfeRat t h&epai nt [Yé®nposi[¥¢dns of |t he
present invedti on Feaprisifgsan or|gano- silFy$ - based
hydr ol ysabl e32esi njYand a n@Eebne- or|gani sm [aehesi on
i nhibitor, aBe extfYesely sl|yperi or |[K¥asenvi rledfrent al
safety, and pésses§ecexcel | gnt per figemancegyes NDUSTRI AL
APPLI CABI LI TY5 Yes Yes Yes Yes
36 Yes Yes Yes Yes
37 Yes Yes Yes Yes
38 Yes Yes Yes Yes
39 Yes Yes Yes Yes
40 Yes Yes Yes Yes
41 Yes Yes Yes Yes
42 Yes Yes Yes Yes
43 Yes Yes Yes Yes
44 Yes Yes Yes Yes
45 Yes Yes Yes Yes
46 Yes Yes Yes Yes
47 Yes Yes Yes Yes
48 Yes Yes Yes Yes
49 Yes Yes Yes Yes
50 Yes Yes Yes Yes
51 Yes Yes Yes Yes
52 Yes Yes Yes Yes
53 Yes Yes Yes Yes
24 Yes Yes Yes Yes
55 Yes Yes Yes Yes
56 Yes Yes Yes Yes
57 Yes Yes Yes Yes
58 Yes Yes Yes Yes
59 Yes Yes Yes Yes
60 Yes Yes Yes Yes
Comparative Example 8 [No No No No
9 [No No No No
10 |No No No No
11 |No No No No
12 |Yes Yes Yes Yes
13 [Yes Yes Yes Yes
14 l|Yes Yes Yes Yes

As apparent from the results in Table 18 through
Table 23,

through 60 of the present invention has showed satisfactory

each of the paint compositions of Examples 27
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The paint conposition of the present invention can be
used for ship bottons, subnmerged structures such as
fishing nets or cooling-water pipes, for which the
fouling by organisns in the sea needs to be

i nhibited, and as a sludge-diffusion-preventing
antifouling paint filmin offshore engi neering works.

rer@t@ahﬁtaﬁﬂlBEOEhéheeptes@hbrehBVEhéi@BsﬂéﬂSrséennﬁna
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adaeetioa lLangbpebirodaek tikmeemallyosapeaibirshnngnwétronmental

sa3Bty| SR RAEnL. UL HERIOREy dlnafifBhe aPPL | o

¢ af"al Hm num ma Ince a risk of pitting
corrosion into alum numis absent when other netal -

IN%%%%@E%E”%P@&EC&%%EE%@ agents are not used together.
osition of this |nvent|on can

&BPoPadNtn CamyOFILFLANC B o8t BERREPELY NERRITBPP &0 Pe

us%@”&b&aghip sepeche!, deshgtiged aliructyrelsn sadti tisoif,ishing
accordin% t.o oth r enhodi nents o

netsy 8t coR1PE W§ 50s SIBFEE 1t 6 9P SV l&@ ghﬁa%%qung by
or@emneﬁhtu@nth&ns&atmk@wb|m@ m@|nmhhwu¢pda swdnersged
sl% léCt l:f.rf?‘us gx e%%'tl%y 3‘?& 1&%'&1"1 g’ lp@l nQr @1'191 in

sub structur in a manner
Ofﬁﬁ@prﬁh@n@amﬁﬁrhﬂmnM&ﬂHﬂ onThAJPE kBt aht LModfi hiepRFAESNT

J_nfv'e Pider inved r thenef LOMNEVRIz 1CaUse Pt e @int film
defects, such as  separatjons and _cracks, over

i.ne
SUSFFCaeVan | Is dATER SEEhEST Tor Fde SRS &ﬁﬁ%?e’ S©
t Her0SicGa s & ueONSisariracaise andl separations are not caused

by virtue of the paint-film properties and so that the
paint-film eroding ability is unchanged over time and 1is
kept higher than a predetermined rate, thereby making it
possible to exhibit an antifouling activity over a long
period of time, while the paint film exhibits an extremely
superior antifouling activity over a long period of time
also as a fishing-net antifouling agent. Furthermore, it
can be applied onto an aluminum-made ship, since a risk of
pitting corrosion into aluminum is absent when other metal-
containing antifouling agents are not used together.
Moreover, the paint composition of this invention can be
colered in any vivid colors to thereby exhibit a remarkably
superior designing ability.

In addition, according to other embodiments of the
present invention, it i1s possible to provide a paint
composition, an antifouling paint film, a submerged

structure, and an antifouling-paint-film forming method of
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t hereby exhibit superior marine-organi smadhesi on
inhibiting effects, while ensuring environnental
safety. What is clainmed is: 1. A paint conposition
conprising: as conponent (A), at |east one kind of a
di phenyl bor ane conpound represented by formula (1): B-
R---------- (1) 2 wherein X represents a hal ogen

a ahbmer@edabkybcgumep lwiahmhnherSthambmheapannt or an
al koxyl. rou t.h r t f tmo

cofel it gl ARk aheoTel 4R Badslndenr B2y

thﬁayfbenwnevgan@ausedpﬁﬁgteﬁﬂlﬁrdﬁﬁe@é§h @Mﬁéraﬁhen n

sebSrdtQbnd a%dr%EE%§%nt%v%Q %h%ﬁleg%%ugftW&tﬁm%eE%e% in
car bon at ons, an roup \Nlt to 8 carbon

seareksr Q& éwﬁéﬁyﬁtgﬁoual ﬁr95t18n8 aéa@béiﬁnéttéﬁﬁ rane to
thalrléwybx@&@lm WubErZotrOmBrﬁ@%b@m”gath:h ag@hkydooxy|

in%ggggg@ﬁtgé%ﬁﬁ%s %ﬁ&%%ogéfuréng en VEE%%%Q% aﬁ A %%y.

5,6, 7, 8-tetrahydroi soqui noli ne group or an

i soqui nol i ne group which may be substituted by at

| east one hal ogen atom or a group represented by
formula (3) or fornmula (4); the fornula (2) is:
---------- (2) wherein Y represents a hal ogen atom an
al kyl group with 1 to 8 carbon atons, a phenyl group,
or acetyl group; and mis an integer of 0 to 3 and
Y's may be the sane or different fromeach ot her when
mis 2 or 3; - 81 the formula (3) is: -NH2-R2 (3)
wherein R2 represents a straight-chain al kyl group
with 1 to 24 carbon atons or a branched al kyl group
with 3
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to 24 carbon atons; and the fornula (4) is:
-NH2-R3-0-R4... (4) wherein R3 represents a
straight-chain al kylene group with 1 to 24 carbon
atons, a branched al kyl ene group with 3 to 24 carbon
atons, phenyl ene group; and R4 represents a
straight-chain alkyl group with 1 to 24 carbon atons
or aWhlatanshedadmey igr:oup with 3 to 24 carbon atons;
and as conponent (B), a copolynmer which contains
conponent units derived froma polyneric unsaturated

L.ret aA PSAINE COFPOEAT o@piceseiied 8y fornula (5): RS-
(thskt%?@gMem (@) V\mtr qieratsﬁig c{)n%pgﬁwtoaf an ?rgagi c
.group .including an upsaturate ond, represented by

AT SR e PG AT OBy, (GBudd (1)
HOOC- CH=CH-, and HOOC-CH=C (CH3) -, wherein -COOH nay
be in a foXmof netal salt or ester; k represents an
i nteger of to.2; Mrepresents a netal atom L

repr 0, ich is an organic acid residue,
wher n§2 an al kyl group or al kenyl group,
-R - werRi'n R7_represemys a dival ent

gr ouq aching two hydrogen atons from a
straijght Al n por branched al kane or phenyl

deri ive; represents a nonoval ent group

conprising an al kyl group or phenyl derivative), or

-OH, and q represents a nunerical value of (the

val endeneitbér rernessalitsVe miahggen aronfhanpailityl group
wiGQROSd 190N AL Highd,0 H aliMah kAREr &b ud RE PRIt 8

conposition contains at | east, one kind of rosin- based
CaE Ao PP @@ Fir dHG e Syridupedidiedshg fofd £0 3
indegidhden 1651 Rr@derd \Aatniae mnd e MRindd Josiifterend fifen

I nt_.conmpgsition according to claiml or 2, erein

R S R L Confortn (P S v Gl g o
with 1 to 8 carbon atoms, an alkoxyl group with 1 to 8
carbon atoms, an alkenyl group with 2 to 8 carbon atoms, an
alkynyl group with 2 to 8 carbon atoms, a hydroxyl group,
or a halogen atom; and R* represents a group represented by
formula (2), a 5,6,7,8-tetrahydroisoquinoline group or an
isoquincline group which may be substituted by at least one
halogen atom, or a group represented by formula (3) or
formula (4);

the formula (2} is:

wherein Y represents a halogen atom, an alkyl group
with 1 tc 8 carbon atoms, a phenyl group, or acetyl group;
and m is an integer of 0 to 3 and Y's may be the same or

different from each cother when m is 2 or 3;
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metal . 4. The paint conposition according to any one
of clains 1-3, wherein the conponent (A) is a

nmet hyl (di phenyl ) borane conpound. 5. The paint
conmposition according to any one of clains 1-4,
wherein the conponent (A) is at |east one kind of

nmet hyl (di phenyl ) bor ane conpound sel ected fromthe

gr oupphecdrsiwitliang 30f imyri di ne- met hyl (di phenyl ) bor ane,
3- ne%@ Igyrlg ne- et hyl (di phenyl ) bor ane,

3- bronDpyrldlne- met hyl (di phenyl ) bor ane,

4- i SOPBESEYIDYY | HPREESABERYA ( atpﬁéﬁytyﬁbﬁaﬂealkyl group

Wlﬂmt buty Iy rdgdiggr R ILdipheIRer NGyl group with 3
henylpyrldlne- met hyl (di phenyl ) bor ane,

Ch ctAFEEN RS-/ ﬁEthl(dlphenyl)borane and

3- (Zteltdnﬂolaremwaoma))- is:

propxﬁyﬂ {4d|phenyl)borane 6. A paint
conp05|€|on conpr ang a resin P conprising a polyner

( PA) wilstraiime®’byeppebgnesi 2i aAgronghki-ndadn ahybenfpgeoup

m}@mqs tf JEONQITEILS)at fd), re@ﬁ%%eaﬁe%fﬂ AV f ﬁdgﬂgarcﬁﬁ;) with 3
and/ or a copolynmer (PAB) obtalned ,JyNerizing one
Tiddd cerraRo agCeTfor @NENAE G IRHE nﬁf@ﬁrﬁ ( SFPEAPEHfhe

st@@qglﬂtnd:y@rld Wa K MReeKivids of tomomRisn (Bothidh a

|s/glre q&? ygﬁ'uﬁ‘g%ﬁwe?t rr]ﬁ?tr&r?e rmnomer (tsC) (A)a[%gd

Ki nd aer conp oorenivor (@) klﬁd&x@ﬁﬂbﬂﬁﬂﬂ@@&ﬁh,mgpnes@mﬁed by
coﬁ-r%fg%_n%_ &Qi:t_s_ A ezrg.l)v% C{?[%J\m?rer oel yéngez:rhi ng%it utr# t e% metal—
Sa@isqqm9§u%ﬂﬂﬁﬁnﬂaﬁﬂmqﬁdnhy-qumuhﬁtrﬁ].to 20 carbon

at omgs_aad, RlbodRlZ1and sR13 may be the

wherein R® represents an organic grcup including an

unsaturated bond, represented by any one of the formulae
CH,=C(CH3} -, CH,=CH-, HOQC-CH=CH-, and HOOC-CH=C (CHj}-
wherein -COOH may be in a form of metal salt or ester; k
represents an integer of 0 to 2; M represents a metal atom;
L represents -OCOR®, which is an organic acid residue,
wherein R® represents an alkyl group or alkenyl group,
~R’-CO~CH,-CO-R?, wherein R’ represents a divalent group
obtained by detaching two hydrogen atoms from a straight-
chain or branched alkane or phenyl derivative; and R®
represents a monovalent group comprising an alkyl group or
phenyl derivative), or -CH; and g represents a numerical

value cf (the wvalence number of metal M) minus 1.

2. The paint ccmposition according to claim 1, wherein
the paint composition contains at least one kind cof rosin-
based compcund selected from the group consisting of a

rosin, a rosin-derivative and a metal rosinate.

3. The paint composition according to claim 1 or 2,

wherein the metal M in the component (B) is a divalent
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same or different fromeach other; and Uis

acryl oyl oxy group, nethacryl oyl oxy group,

mal ei noyl oxy group, fumaroyl oxy group, or itaconoyl oxy

group; and the formula (7) is: D14 15 B -R

---------- (7) J 2 wherein V is an hal ogen atom an

al kyl group with 1 to 8 carbon atons, or an al koxyl
megradup with 1 to 8 carbon atons; n is an integer of O

to 3 and Vs may be the sane or different from each

other when n is 2 or 3; Rl4 represents an al kyl group
4. t h Thet pag nardsew ostidmen arcaltkend ter aay aniet il dleims
1-8,cakor i3 e A eeny | (7gr GUp avntdt 1R, 1 @i h G 1IBWbrane

atons, an al kynyl group with 2 to 8 carbon atons,
CHPHSEI group, or a hal ogen atom and R15 denotes a

group represented by fornula (8), a 5,6,7, 8-

tetr dr.ai.soqui nol i .gr.o r i soqui nol i no .
s oLy SPLRIRAATIE SO 2 B SUSLLANS cloce
1+al oerredtromhea caprouentepifdsdrt ed byeasdr mulea K19 orf

mt ¥y A kD) \QE?EﬂéWédMﬁJ&HH“Eéléé@edSfrdﬁnthe roup

1
---------- 8%9 erein Z'is an halogen atom an al kyl

IS Wit 91 Pytrd B reamsdh vait G ephéiAa froup, or

mea SNy O -n@itth y1 (d ipHhyinteRgemef P-Hramdpifieiine-
fg:?{g;ul %lﬁ:b - NH2- 3%_6. .. ]%291} V\,her.eé.n R16 denotes a

me Y'%ﬁﬁl 1 25 BiSan ched P 88 Y %A ¥ %up with 3 to

meh ydarddqrneatydrigio rarek,  tdhe fhortmul gy (iind-s:

methyl (diphenyl)borane, 4-phenylpyridine-

methyl (diphenyl)borane, n-octadecylamine-

methyl (diphenyl)borane, and 3-(Z2-ethylhexyleoxy) -

propylamine-methyl (diphenyl}borane.

6. A paint compesition comprising:

a resin P comprising a polymer (PA) obtained by
polymerizing one kind or twc cr more kinds of monomer(s)
(A) represented by formula (6); and/or a copolymer (PAB)
obtained by polymerizing one kind or two or more kinds of
the monomer (s) (A) with cne kind or two or more kinds of
monomer (s) (B} which is/are copolymerizable with the
monomer (s) (A} and is/are different from the monomer (s)
(A); and one kind cr two or mcre kinds of borane(s)
represented by formula (7}, wherein

the formula (6} is:

wherein each of RY through R!? is a hydrocarbon group
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-NH2-R17-O- R18... (10) wherein R17 is a straight-chain

or branched al kyl group with 3 to 24 carbon at ons;

and R18 is a straight- chain or branched al kyl group

with 3 to 24 carbon atons. 7. The paint conposition

according to claim6, wherein the paint conposition

i ncludes a rosin conpound in an. anmgunt of 0.1 to 90
wirpls d%tice 24} iope b E@msesiamdPR'E, Rfeapdi Rt® may be the
saRRITRASILi£0R ACOMIRO LOCLANDE Gl MGG SNy

pai nt conposition includes a marine-aqrgani sm “adhesi on
IGONR - bMESH 33T LIOYHiBiM i9¥§ &l h 816 16Ty ey g oup
fdﬂéﬁayﬁaﬁy dFoubhe draiitta ATy Yraghorgidng to claim

rein uﬁ n@rlne or gani sm adhesi on inhibitor is
an oF Enit@ T Hi'dor Free of netal. 10. An

antifouling pain nflln1mhere|n the antifouling paint
filmis fo d fromthe paipt conposition of any one
of clainms 1-9/ 11. ub ged structure wherein the
subnerged gt r/ug surtace coated with an
antifoulin oBel fromThe“pal(ﬂ)
conmpositio of claims 1-9. 12. An

anti foul i ng nethod of subnerged structure
conprising a step of cdﬁtlng a surface of the
structure wth the palnt conposi tion of any one of

?! ?im%e%e%’n # her eby +q 'Eerﬁg a%%man i %Hl]éﬁg (ﬁ%d'ﬂ)t with 1

to 8 carbon atoms, or an alkoxyl group with 1 to 8 carbon

atoms; n is an integer of 0 to 3 and V's may be the same or
different from each other when n is 2 or 3; R' represents
an alkyl group with 1 to 8 carbon atoms, an alkoxyl group
with 1 to 8 carbon atoms, an alkenyl group with 2 to 8
carbon atoms, an alkynyl group with 2 to 8 carbon atoms,
hydroxyl group, or a halcgen atom; and R" denotes a group
represented by formula (8}, a 5,6,7,8~
tetrahydroisoquinoline group or an isoguinolinone group
which may be substituted by at least one halogen atom, a
group represented by formula (2) or formula (10):

wherein the formula (8) is:

wherein Z is an halogen atom, an alkyl group with 1
tc 8 carbon atoms, a phenyl group, or acetyl group; and m
is an integer of 0 to 3;

the formula (9) is:

—NHz-R*®- (9)

wherein R'® denotes a straight-chain or branched
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alkyl group with 3 to 24 carbon atoms; and

the formula (10) is:

-NHp-RY-0-R*®. (10)

wherein R!7 is a straight-chain or branched alkyl
group with 3 to 24 carbon atoms; and R'? is a straight-

chain or branched alkyl group with 3 to 24 carbon atoms.

7. The paint composition according to claim 6, wherein
the paint composition includes a rosin compound in an

amount of 0.1 to 90 mass% relative to the resin P.

8. The paint composition according te claim 6 or 7,
wherein the paint composition includes a marine-crganism-—
adhesion inhibitor for inhibiting adhesion of marine

organisms.

9. The paint composition according to claim 8, wherein
the marine-organism~adhesion inhibitor is an organic

inhibitor free of metal.

10. An antifouling paint film wherein the antifouling
paint film is formed from the paint composition of any one

of claims 1-9.

11. A submerged structure wherein the submerged structure
has a surface coated with an antifouling paint film formed

from the paint composition of any cne of claims 1-9.

12. An antifouling method of a submerged structure
comprising a step of coating a surface of the structure
with the paint composition of any one cof claims 1-9,

thereby forming an antifouling paint film.



