SF-1128 | TITLE CYCLI C CARBOXYLI C ACI D COVPOUND AND
USEr THEREOF 5 TECHNI-CAL FI ELD [ 0001] The present
invention relates to a novel cycloal kenyl carboxylic
acid, a novel bicycl-oal kenyl carboxylic acid,
derivatives thereof, a conpoundi ng agent for
antifoul ing paint which coggrises 10 said acid or
derivative, an antifouling paint conposition, an

~wWth the antifouling coatin
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invention relates to a novel cycl oal kenyl carboxylic
acid, a novel bicycloal kenyl carboxylic acid,
derivatives thereof, a conpoundi ng agent for
antifouling paint which conprises said acid or
derivative, an antifouling paint conposition 20 having
extEtirerdaIstrrmge stability and capable of forming an
antifouling coating filmwhich is a small burden to

t hep Vil MeMefte s dist UdH i oh eFodad ate @ Jiysper ate
over a long period of tine, can maintain excellent

B AR T G hertsvance in the

Iﬂﬁ%@ﬁéf&%ﬂgéﬁ f§¥}5g£¥if¥ acid, derivatives therecf, a
compounding agent for antifouling paint which comprises
said acid or derivative, an antifouling paint composition,
an antifouling coating film, a ship, an underwater
structure, a fishing tackle or a fishing net coated with
.the antifouling coating film, and an antifouling method
for them.

More particularly, the'present invention relates

. to a novel cycloalkenylcarboxylic écid, a novel
bicycloalkenylcarboxylic acid, derivatives thereof, a
compounding agent for antifouling paint which comprises
said acid or derivative, an antifouling paint cdmposition
having excellent storage stability and capable of forming
an antifouling coating film which is a small burden to
the environment, is uniformly eroded at a given rate over
a long pericd of time, can maintain ex;ellent antifouling

performance for a long period of time, exhibits excellent

fil
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in the static environnent and has an excel | ent bal ance
okF-1tthgse properties, an antifouling coating film a
ship, an underwater structure, a fishing tackle or a
fishing net 5 coated with the antifouling coating
film and an antifouling q?thod for them BACKGROUND
ART [0002] Bottonms of ships, underwater structures,
fishing 10 nets, etc. are exposed to water for a |ong
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nrmars=-su ers; an fracles,

and ghant%_ uch as. seameeds_apg bacteri a
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such animal s and 15 plants adhere and propagate, not
ofh§sappearantéssof aphentsheppl bodt 6Ast10AdEr WRt e Ship, an
structures, fishing nets, etc. are deteriorated but
absdefuateronsruheneef aréishpagredckl§0003f fishing net
Particularly in the case where such aquatic organisns
adbetedawndtpr tpagaheiboul hegbobaoimgf £5hnp, a2l surface
roughness of the whole ship is increased to sonetines

i aducechovesi Rgtebashbp webacity and increase of fue
consunption. Further, in the case where bacteri a,

slime (sludge substances) or |arger organi sns adhere
and propagate on the surfaces of underwater.

s%&gﬁ ﬁéﬁﬁDSﬂﬁ? SF-1128 3 as steel structures, the
struciures may be corroded or '

[0002] Bottoms of ships, underwater structures, fishing
nets, etc. are exposed to water for a long period of time,
so that wvarious aquatic crganisms, e.g., animals such as
oysters, mussels and barnacles, and plants such as
seaweeds and bacteria, are liable to adhere to their
surfaces and propagate thereon. If such animals and
plants adhere and propagate, nol only appearances of the
ship-bottoms, underwater structures, fishing nets, etc.
are deteriorated but also functions thereof are impaired.
[0003] Particularly in the case where such aquatic
organisms_adhere and propagafe on the bottom of ship,'
surface roughness of the whole ship is increased to
sometimes induce lowering of ship velocity and increase

of fuel consumption. Further, in the case where bacterisa,
:slime {sludge substances) or lardger organisms adhere and

propagate on the surfaces of underwater structures such

ot
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the anti-corrosion coating filns on the underwater
steprigipg es may be damaged, that is, there is a fear
that the strength, functions and lifetime of the
underwater 5 structures are markedly | owered. For
renovi ng such aquatic orgagisns from the underwater
structures, nmuch |abor and“working tine are required.
[0004] In order to prevent such damages, coating of

the base materials of ships, underwater structures,
et TS TR S0 G TR 1 hF

carried out. The existing antifouling nmechani sns of
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mechani sm of extraction type (diffusion type) wherein
arsantd fwid 3 mpeadgentdamagakt ridcted. r othar<eoat ingfddd mhat
and a nmechanismof a self 15 polishing type wherein a
surfeacet méngtitoahimg ifddsmars]  Tieheawete tor biHagraid mester
antifouling agent into contact wth seawater. The
exdtacioied e hesdicaaduaniaass, ofor Rereadi8d Buch
surface roughness and a short period of antifouling

tigmatdQ [DPR]: sPhereldf end he antifioil ing-Raits; ofpen
selT- polishing type are preferably enploye or the

base o mater 1,05, of, $HRS., Underpater, Structures, et
wni C 0

I‘GQU!I‘G ( g-te_rm antife(ﬁjullng 'property. I n case
gHrO]EOE@ é gﬁlt Ié{._z%%lf;%%élg%le%te%t()fsu%ﬂ fcfa?ncggylessrll rc]: at i%% otfh(?che
base materials of ships, underwater structures, etc. with
antifouling painfs has been heretofore carried out. The
exlisting antifouling mechanisms of the antifouling paints
are broadly divided into a mechanism of extraction type
.(diffusion type) wherein an antifouling agent is
extracted from a coating film and a mechanism of a self-
. polishing type wherein a surface of a ccating film is
renewed to bring a fresh antifouling agent into contact
- Wwith seawater. The extraction type has disadvantages of
increase in surface roughness and a short period of
antifouling time.
[0005] Therefore, the antifouling paints of self-
polishing type are preferably employed for the base
materials of ships, underwater structures, etc. which
require long-term antifouling property. In case of the

antifouling paints of self-polishing type, the surface of




the resulting coating filmis dissolved little by
l'igfli¢pg so that the coating filmsurface can be
mal nt al ned snmooth. Mreover, there is an advant age
that by controlling the dissolution rate of the
coating film the elution rgte of 5 the antifouling
agent can be controlled over a long period of tineg,
and thereby excellent antifouling property can be

maj.ntai ned for a long period of tine. AS ch
tu%%ﬁﬂ%?% -F%ngﬁﬂqﬁfhékéiﬂ ! su

antifouling paint conposition conprising rosin 10
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resin which serves to reinforce strength of a

r s redresied theoat iy &1 |advan tawawithd 0007 | cdierololsimy  the
is a natural conpound containing abietic acid and its

| sdineso last ivai ned tegreefliterd Sgozanichd teidsn Kt e kb idratrate of
the rosin is slightly soluble in seawater. Such rosin

| scivd el iy Rl e h @ 18 dBSIHE fin@b andd f o g 1ong
pai nt. [0008] For exanple, in Japanese Patent
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), a paint 20 conposition contalining, as essentia
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. ( COfT'pOUI’]. S SucC as rosin, . .
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which is collected from natural pine and a synthetic
resin which serves to reinforce strength of a rosin-based
coating film is known.

[00C7] The rosin is a natural compound containing abietic

aéid and its isomer as main ingredients, and it is known

that the rosin is slightly soluble in seawater. Such
rosin is widely employed as a resin for an antifouling
paint.

[0008] For example, in Japanese Patent Laid-Open
Publication No. 30071/1998 (patent document 1), a paint
composition containing, as essential ingredients, cne or
more compounds selected from rosin—based compounds such
as rosin, rosin derivatives and rosin metal salts, an

organic silyl ester group~-containing polymer and an

antifouling agent is disclosed. In this publication, it

I‘f-lp%l Js?ﬁ%‘fécggf)}g%tja%by Little, s
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5 is described that a coating fil mmade of the paint
commosig i on does not cause formation of a residue

| ayer on the surface of the filmeven after |ong-term
imrersion, 1is free fromdefects such as cracking and
peeling, exerts 5 marine orsanisn1adhesion-preventing
performance over a long period of tine and is
excellent in recoating property and marine organi sm
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10 frompnatural substances, so that there are a fear

“OfCOMPRET IR SIRBT Y Hn o e o 19Fe tehaust i asfidue layer

resources in the future. Moreover, there is a problem

t et Hhﬁe$wﬁiaﬁeba%eﬁh@oﬁbbmnageha&étearﬂabgfteymihmmersion,
gqualities and conposition attributable to grow ng

diist riircte firype dffels o reeh pur iddzoatiron aohdiddldms;, exerts
storage conditions, etc., so that it is difficult to
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and uniformqqualities. [0010] Under such circunstances

as, AR Ydhemh aovand hed ReSSR 1I1NMRNLQ S NaVe ing
earnestly studi ed for the purpose 20 of developlng a

?ﬁ%ﬁlf éﬁ&'ﬂ%%ﬂ%@ EFﬁﬁqg%alﬁﬂgéuﬁpgéé%e n1ng

ul'tng coating ving “proper so I|t
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[0002] However, the rosin-based compounds are derived
from'natural substances, so that there are a fear of
unstable supply and a fear of exhaustion of resources in
the future. Moreover, there is a problem that the rosin-
based compounds have ﬁariability in gualities and
composition attributable to growing district, type of
tree, purification conditions, storage conditions, etc.,
so that it is difficult to obtain antifouling paint
compositions of excellent and uniform gualities.

(0010] Under such circumstances as described above, the
present inventérs have earnestly studied for the purpose
of developing a novel antifouling paint composition
capablé of forming an antifouling Coating film having

proper solubility and long-term antifouling property.




[00. 11] By, the way, in the devel opnent of an
angplgyilng pai nt conposition, the foll ow ng probl ens
shoul e taken into consideration. [0012] First,
t here has been nuch nore desired than 5 before an
antifoul ing paint conpositi éﬂ capable of formng a
coating fil mwhich can exert” high antifouling
performance over a |long period of tinme even in the-
envi ronment, because in recent years
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t P31 F eCOmPRP FlokoTox dipt ef0 B pEnnist olst ene i hauich e taken
terribly contam nated sea area for a |ong period of

t i 3retc whems tdenetstap. at ports for chargi ng cargos or

during the outfit tinme (period of time for building
an[d0tEy iDirof, ahreshas Wedhansed miterdduliddah nghof
outside plating of the ship in the dock). [0013]

Fusd here atrh%@Hféﬂtﬂﬂg{w%ﬁ%@tcé@midmp%&r@%f
for a long period of tine after IS put on th

e
nefdeSling aa(‘%c?&lﬁqw_g SLE{ICQJIEL&?SC.E& n 1dxd r}ﬁgglﬂpéa%q:t t@llng

property 20 chang deterioration o

tero§c man(ie[ %%184 e pr esent %/ nc:,?gq,]s ellf?e\ll'g lﬁ]a trhe highly

edarnes
co g sition sati sf ng aII of the above requirenents,
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cycllc carboxylic acid formed by SF-1128
environmentdl pollution is getting worse and

contamination of seawater near the land has become
terrible, and for example, ships must stay in such a
terribly contaminated sea area for a long period of time
wheh they stop at ports for charging cargos or during the
outfit time (period of time for building an interior of a
ship on the sea after building of outside plating of the
ship in the dock).

[0013] Further, the antifoﬁling paint is sometimes stored
for a long period of time after it is put on the market,
and also iﬁ such a case, it is reguired that property
change and deterioration of the paint do not occur.

[0014] The present inventors have earnestly studied
aiming at development of a paint composition satisfyiné
all of the above requirements, and as a result, they have

found that a specific cyclic carboxylic acid formed by
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7 the addition reaction of a specific unsaturated
cagpayytic acid with a specific conjugated di ene
compound and a netal salt thereof are novel conpounds
and that one or nore conmpounds (A) selected fromthe
novel cyclic 5 carboxylic a&id, the nmetal salt thereof
and a netal salt of a derivative of the cyclic
carboxylic acid are preferable as a conmpoundi ng agent
pai nt _which fupctions as a

coating filmor an elution assistant 10 for an

found that an antifouling paint conposition

coapdi 3i gta hesclonpdwe(A)aseichoesl témnpyoids and that cone
carboxylic acid and a copolyner (B) for a

sebf -pot¢ stvmepundgre (Zantsdloudtieg padmtthpaidvell @pdyia
silyl ester copolyner, 15 has excellent |ong-term

stesagexplabiddiy, @nd ecoptddo: fhdradordmd dmetal salt
applying and curing the conposition has a favorable

hygh ok Y$d i v e ik @HGLId @M d N4 B dMacid are
antifouling property in the static environment or the
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i nvention . has. been acconplished. Patent docunent 1:
Jéﬁ%Hgééﬂ W%H?HE:Jﬂ¥%bé%?f%ihﬁékﬁﬁ¥§ﬁ§IQQHEﬁﬁE;Hngﬁgent

SF- 1128

for an antifouling coating film or an elution assistant
for an antifouling agent. The present inventors have
further found that an antifouling paint composition
comprising the compound (A) such as the cyclic carboxylic
acid and a copolymer (B) for a self-polishing type
antifouling paint, particularly a silyl ester copolymer,
has excellent long-term storage stability, and a céating
film formed by applying and curing the composition has a
favorable hydrolysis rate, is excellent in long-term
antifouling property in the static environment or the
dynamic environment and has an excellent balance of these
properties. Based on the finding, the present inﬁention
has been accomplished.

Patent document 1: Japanese Patent Laid-Open

Publication No. 30071/1998
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8 DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY
THER IINENTI ON [ 0015] The present invention is intended
to solve such problens associated with the prior art
as described above, 5 and it is an object of the
present invention to provide a novel
cycl oal kenyl carboxylic acid,” a novel
bicycloalkenylcarboxylic acid, a salt t hereof, etc.,
whi ch fﬂenp o) abl e as oundi n

anti YR pai nt because it can be nore stably
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supplied than rosin and has nore uniformquality than

rofP®l 5] tThes rewatangar objetiiof idelrprasent taventvensuch

to provide a conpoundi ng agent for an antifouling
papnthlerdd addahicapriSies the pp¥et art as described above,
cycl oal kenyl car boxylic acid, the novel

bi £y valien carshexylde Bfd b sdie spldntidieredfoandiqe a

has t he above propertles [0016] It is a further

ohjsedy Qﬂ’ ydiR@ 1e8 ARt ANUEALT 0N 150y Y QY

antlfou |ng pai nt “conposi ti on havi ng excel ent 20

' Hahi |t n apable f f

% .San%%él atcl\ér% ?; Iclm RV CP g‘lr%qihebﬁﬁocﬁen §ig- - each
the el Vi ronnent nlforn1y eroded at a |ven rate
oV WP HGhg pEPPIE YGRS Te A GRIFGRC G Gt an
coating film, can maintain excellent antlfoullqg
pé?ﬁﬁk @gf@ﬁlgt|§ﬁ@1&@mLijg rosin and is preferably

employable as a compounding agent for an antifouling
paint because 1t can be more stably supplied than rosin
.and has more uniform quality than rosin.

It is another object of the present invention to
provide a compounding agent for an antifouling paint,
which comprises the novel cycloalkenylcarboxylic acid,
the novel bicycloalkenylcarboxylic acid or the salt
therecf and has the above properties.

[Q016] It is a further object of the present invention to
provide an antifouling paint composition having excellent
storage stability and capable of forming an antifouling
coeting film which is a small burden to the environment,
is uniformly eroded at a given rate over a long period of
time (uniform erodibility of coating film), can maintain

excellent antifouling performance for a long period of

agent
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preferably 10 enployable as a conpoundi ng agent for an




SF-1128 9 tine (long-termantifouling
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p%ﬁ_?[i%ance- mai nt ai ni ng property), exhibits excell ent
antifouling perfornmance particularly in the highly
fouling sea area or in the static environnment and has
an excel l ent bal ance of these 5 properties, an
antifoul ing coating filn1ha§ing t he above properties,
a ship, an underwater structure, a fishing tackle or
a fishing net coated with the antifouling coating

SOLVE THE PROBLEM [ 0017] The novel

cyoit et kenyl cartbidxiytd e Id. et armdi it lol n g Free piaagentce
invention is represented by the following fornula

[ \artandi tdrel ynaivel - dyicjiaal kienyll icay gy ldea06d in the
according to the present invention is represented by

t herathiy faldiomeforand adVldn Novelient balance of these
cycl oal kenyl carboxylic acid [V]: [Conpound 1] SF-1128

1Q 4 pahar %lsn Rl '&ﬁﬂyﬂr Q:c?atﬂ 8fll hav:mg the above

3 nmet hyl - butenyl group lso re erre to as
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ropeny ‘group SG Teférred 10 ds a
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coating film, and an antlfouling method for them.

MEANS TO SOLVE THE PROBLEM

[0017] The novel cycloalkenylcarboxylic acid according to
the present inventiocn is represented bf the following
formula [V], and the novel bicycloélkenylcarboxylic acid
'according to the present invention is represented by the

following formula [VI].

Novel cycloalkenylcarboxylic acid [Vi:

[Compound 1]




when Rl is a hydrogen atom R2 is a 4-nethyl-3-
pe§$§¥?$ group (also referred to as a

"2 -2-penten- 5-yl group”) and R3 and R4 are
each a hydrogen atom when Rl is a 3-nethyl-2-butenyl
group (2-nmethyl-2- 10 buten-4-yl group), R2is a

met hyl group and R3 and R4 ¥re each a hydr ogen atom
when RL is a 2-nethyl-I-propenyl group (2-nethyl- :
2- propen- 3-yl group), R2 is a hydrogen atom and R3 and

hydr ogen atomoR an g kyl group of 1 to 10 carbon
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atons, SF- 1128 nd mare each a nunber of 0 or 1

(with hat it dogs not occur that m and n
are 0 RRand R8 are each a hydr ogen
atomor a

hydr ogen at
a hydrocar

5 yd@@ca'so grou ML 0, R7 is a
@ when mis I, %e&a)ﬁﬁ.rogen atom or
jjon gr oup, en nis 0, R31s a hydrogen
atom and [ , R8 is a hydrogen atomor a
hydr ocar bon

' i@h the p ® it does not
occur that : yorgéﬁtﬁggkggoups at the

I
R* H e [V]

wherein R' is a hydrogen atom, a 3-methyl-2-butenyl group
{also referred to as a “2-methyl-2-buten-4-yl group”) or
a 2-methyl-i-propenyl group (alsoc referred to as a “2-
methyl-2-propen-3-yl group”),

when R' is a hydrogen atom, R? is a 4-methyl-3-
pentenyl groﬁp (also referred toc as a “2-methyl-2-penten-
5-yl group”) and R® and R4.are each a hydrogen atom,

when R! is a 3-methyl-2-butenyl group (2-methyl-2-
buten-4-yl group), R? is a methyl group and R® and R?! are
éach a hydrogen atom,

when R' is a Z-methyl-l-propenyl group (Z2-methyl-
2~propen-3-yl group), R? is a hydrogen atom and R® and R‘
are each a methyl group,

R®> and R® are each a hydrogen atom or an alkyl

group of 1 to 10 carbkbon atoms,




tinme). Novel bicycloal kenyl carboxylic acid [VI]: 15 20

[ Garppugnd 2] SF-1128 12 RI3RLY D\ JS 22 R17(0CC In o

(r COO) 1R20 Rl1la(00C)2 o COO kR19 R16 R21 R12 R11

..... [V 17 wherein any. one of R* and R16 is an

i sopropyl group, [A] in tgj case where R' is an

i sopropyl group, R12 and 3 are each a hydrogen

atom 5 R14 is a nmethyl group, R15 and R16 are each a

hydrogen atom or an al kyl roup of 1_to 10 carbon
FA o

%]F(be . q_r( ;lmpﬁﬂt:lﬁethe .

proviso that it does not occur that mand n are 0 at
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ROV dia ’q,:trﬂf‘e)doe@ & AT a8 e i AFeyrY At the
the other is 1,
same time),

R’ and R® are each a hydrogen atom or a
hydrocarbon group,

when m is 0, R’ is a hydrogen atom,

when m is 1, R’ is a hydrogen atom or a
hydrocarbon group,

when n is 0, R® is a hydrogen atom, and

when n is i, R is a hydrogen atom ér a
hydrocarbeon group (with the proviso that it does not
occur that R’ and R® are hydrocarbon groups at the same
time) .

‘Novel bicycloalkenylcarboxylic acid [VI]:

iCompound 2]




R17 and R18 are each a hydrogen atom or a hydrocarbon

.gr%#312§ and 1 are each 0, 15 R19 and R20 are each a
hydr ogen

i atom R21 and R22 are each a hydrogen atom or
an al kyl group of 1 to 10 carbon atonms, when mis O,
R17 is a hydrogen atom SF-1128 13 when mis 1, Rl7 is
a hydrogen atom a hydrocarldon group or a netal atom
when n is 0, R18 is a hydrogen atom and when n is 1,
R18 is a hydrogen atomor a 5 hydrocarbon group (with

are hydrocarbon groups atMhe same tinme), and [B] in
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TFe cace vhere B ]SS an @opr Spy] g7 oup, SR aRd Bl
0 R1

are eacg?a hydr o at S a nethy? group,
R4 i R hy (0O REBm or an

al kyl group of PG |1 car b& ons, mand n are each
0, 15 R17 and R18 ane egch a hydrogen atom k and 1

18 Wi th t
.are eﬁ:. (e)@tqs)ner @f\ 2 (7 (l(lfOO)leg

R16 ’ R21
L V1]

wherein any one of RY™ and R'® is an isopropyl group,

[A] in the case where R is an isopropyl group,

R'? and R'? are each a hydrogen atom,

R is a methyl group,

R*® and R*® are each a hydrogen atom or an alkyl
group ¢f 1 te 10 carbon atoms,

m and n are each a number of 0 or 1 (with the
proviso that if does not occur that m and n are 0 at the
same time), preferably one of them is 0 and the other is
1,

RY and R'® are each a hydrogen atom or a
hydrocarbon group,

"k and 1 are each 0,

®R*® and R*® are each a hydrogen atom,

R* and R*? are each a hydrogen atom or an alkyl
group of 1 to 10 carbon atoms,

when m is 0, R' is a hydrogen atom,




proviso that it does not occur that k and 1 are 0 at

i? tlne) preferably one of themis 0 and the
er 's 1, 20 R19 and R20 are each a hydrogen at om

or a hydrocarbon group, R21 and R22 are each a

hydr ogen atom or an al kyl ]§roup of 1 to 10 carbon

atons, when k is 0, R19 is hydrogen atom SF-1128 14

hydr ocar bon group, when 1 is O, R20 i s a hydrogen

atom and mhen 1 is 1 R20 |s hydrogen atonror a 5

occur that R19 and R20 are hydrocarbon groups at the
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sagmecup igwe)a netal griefmerred enbodi nent of the present

‘invention, the cycloal kenyl carboxylic acid represented

by the 10ieor mulia bY] ri'S idesd naplyodepresant ethdy the
followng fornmula [Va], [Vb], [Vc], [Vd], [Ve], [Vf],

[Vg] or fMah n aBditheiicycl calkenybcarhaxyd & acid
represented by the fornmula [VIT is desrrab

(AT If%r d]gf%f@ﬁg%ﬁﬁ% 5 éﬁér%t% [rﬁ%l’le%] &%
PR R IY Dl .
“time), and

[Bl in the case where R'® is an isopropyl group,

R" and R'? are each a hydrogen atom,

R is a methyl group,

R' is a hydrogen atom,

R*® is a hydrogen atom or an alkyl group of 1 to 10
carbon atoms,

m and n are each 0,

R'" and R are each a hydrogen atcm,

k and 1 are each a number of 0 or 1 (with the
proviso that it does not occur that k and 1 are 0 at the
same time), preferably one of them is 0 and the other is
1,

R*® and R?® are each a hydrogen atom or a
hydrocarbon group,

R* and R?” are each a hydrogen atom or an alkyl
group of I to 10 carbon atoms,

when k is 0, R'? is a hydrogen atom,




(H), the hydrogen atomis omtted in these formul as.

They_ shall apply hereinafter.) 20 [ Conpound 3]
SR

6 [VJal SF-1128 17 The process for preparing
t he novel cycl oal kenyl carboxylic acid or the novel
bi cycl oal kenyl carboxylic acid according to the present
i nvention conprises subjectkhg [J] at | east one
terpene 5 based di ene conpound (conjugated di ene
conpound) sel ected_ from oup consi sting of

~at-toocrmehen-Feilfede, R

t he gé
My T ety EEe B i FerTe-ancR
LT- phel l andrene and [K] at | east one unsaturated

carydxytiebariaraum,ected from CV, B- unsaturated
nonocar boxyl i ¢ aci ds and nonoesters of a,8 10

unsat ur atwegndilcasboxyRFt iacidlshdragish tdtam,reacdi on. A
nmetal salt of the novel cycl oal kenyl carboxylic acid

of the inwentionson arfttal salfd@igdhetivelr a
bi cycl oal kenyl carboxylic acid of the invention is a

é%?ﬁﬂﬂ‘ﬁfyﬂﬁj(ﬁ%ﬁﬂxfﬁ%tpfggfgﬁu%%éﬁlfé“aefﬁnpot

reaction 15 of” a nonoc xyli'c acid represente

ot I'E?céLg.f {%ﬂaﬂ: [R\l,}3 ar’y EEZW ]ar\é’l h@d%o%%&%%n"%%%@data%%ei Ssame
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gener

time) .
In a preferred embodiment of the present invention,
the cycloalkenylcarboxylic acid represented by the
formula [V] is desirably represented by the following
formula [Va], [Vb]l, [Vec], [Vd]l, [Vel, [VE], [Vgl cr [Vh],

and the bicycloalkenyicarboxylic acid represented by the

 formula [VI] is desirably represented by the following

formula [VIa], {[VIb], [VIc] or [VId]. (If the atom or
the group bonded to a carbon atom in the formulas [Val to
[Vh] and the formulas [VIa] to [VId] is a hydrogen atom
(H), the hydrogen atom is cmitted in these formulas. The

same shall apply hereinafter.)

[Compound 3]




represented by the fornula (RCOO xM (M netal atom x:
vageng of metal atom). The structure, the production
pr é and other 20 details of the netal salt are
described later. [0018] The conpoundi ng agent (A) for
an antifouling paint according to the present

i nvention conprises one orl5nore substances sel ect ed
froma cyclic carboxylic acid formed by the addition
reaction of an SF-1128 18 unsaturated carboxylic acid

3y s . | . . y ) . I . it < £ il
with dLUIIJ ugou gd ~diene-con ounad,; a“daerryatrrve-or—tne
pt a netal palt), a neta

cycllc carboxy‘lc a (@__m ’
' carboxyli1c acid, a metal salt
aci d.

of a derivyg @ve he 5 cyclic
LOH

[0019] In &
agent for |k

i nvention, the@.-<yclic carboxylic a v b derivative
of the cyclic |carboxylic acid (except salt),
the metal salt of[&@ﬂthe cyclic carboxyjic fﬁB]j or
the netal salt) of a “derivative of the [
carboxylis 2¢1d is desirably the
cycl oal kenyfTar boxylic acid repres ed by the formul a
[V] or the |bicycl oal kenyl carboxylic dci d repr esent ed
by the forjmula [VI] . or a salt thergof. 15 [0020] The
antifoul ing paint conposition accordisng to the

antgif oul i ng pai nt accgy di ng 4lo

[Compound 4]




present invention conprises (A) the conpoundi ng agent

antifouling paint and (B) a copolyner for a
et ﬁ%%lishing type antifouling paint. [0021] The.
antifouling paint conposition of the invention 20
preferably further conprises an antifouling agent (O,
and as the antifouling agerd® (C), copper or a copper
compound (C) is desirably contained. SF-1128 19 | "1
[0022] In the present invention, an organic

antfouli nglagem (‘C2y~(except—copper-or-a copper

conpound (CI)) may R ntai ned as thelantifouling
agent (O). “in esent 1 nventlion, the

copol B a 5 self-polishingtype an '
pai nt i refepfibly a polynerizable uﬁéa Kzggm)lee

i nvention, t§ nmer (B) for

a self-pel®sh uling o@int A desirably
a 10 copol yfrer havi W | ecul e ™g& g@—OH
unit deriv

d a polynerizabl e unsaturate
car boxylic = KW?QUdroxy nmet al &k

the f\Qll gy n formula [1]: R1- 2 5
) is an unsaturated bontcgpt ai ni ng organic
gr oup -of CH2=C( CH3) -, CH2=CH, HOOg£H=CH or HO00-

(Me: methyl group)

[Compound 5]

HOOC




CH=C(CH3)-, -COCH may forma netal salt or an ester,

ang; { js a metal atom preferably a constituent unit
deri ve froma (neth)acrylic acid hydroxy netal salt,
nore 20 preferably a constituent unit derived froma
(nmeth)acrylic acid hydroxy zinc salt or copper salt.
[0025] In the present inverdflion, the copolymer (B) for
a self-polishing type antifouling paint is desirably
a polynerizabl e unsaturated carboxylic acid netal

conpound8E-PERG PG -baFerepgsi et itaviongLa
constituent unit derived froma polynerizable
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urrsatiraltlesh wardidhop v icl caciad dretal tleonpound cont ai ni ng

no hydroxyl group bonded to a netal atom preferably

a denstlidaledn wint drigeriMed ddiemsaccqolmericz aie present
unsat urated carboxylic acid netal conpound
r@ﬁ*ﬁéﬁﬁﬂdﬂj&Bmﬁﬂﬂéééﬂédﬁﬁé&iﬂ%?r@ﬁﬁiJﬂ|ﬂea§ﬁ”dhe terpene-
preferably a constituent unit derived froma

(ngt [ . I P _
h?%?%%?ﬁﬁxg#%up goﬁgggqu)gqﬁgﬁggigggﬁggggr fgudgﬂifleCted

prf?:fo ack?lley (fi’o]ugJ .ch)rlllsstilsttli% olfmatl l%%rcl i\fneeqlef r %@i%ene,
(neth)acrylic dacid zinc “salt or copper sdlt
cont ai ni ng no_hydroxyl group bonded to a zinc atom or
aWEH5EE  athrt e[ pO28Te Fortufaphalardigns mod {K] at least
Wierein R is an unsaturated bond-containing organic
150¢r G5 a¢f refEECre®p xy L icHR cidHs e ldabedCHEeR Gbr 8 -
HOOC-
unsaturated monocarboxylic acids and monoesters of «, 8-
unsaturated dicarbexylic acids to addition reaction.

A metal salt of the novel cycloalkenylcarboxylic
acid of the invention or a metal salt of the novel
bicycloalkenylcarboxylic acid of the invention is a
monocarboxrylic acid metal salt obtained by the reaction
cf a menocarboxylic écid represented by the formula [V]
or [VI] with a metal compound, and is generally
represenited by the formula (RCOO) M (M: metal atom, x:

~valence of metal atom).

The structure, the production process and other
details of the metal salt are described later.

[0018] The compounding agent (A) for an
antifouling paint according to the present invention

comprises one or more substances selected from a cyclic

carboxylic acid formed by the addition reaction of an




CH=C(CH3) -, -000H may forma netal salt or an ester,
Nggﬁhgﬁ;HEtal atom L is an organic acid residue

0 (R2 is an alkyl group, a cycloal kyl group, an
aromati ¢ hydrocarbon group which may have a
substituent, or an 20 aralkéE group), and nis a
nunber of "val ence of the tal M-1)". In the
present invention, the copolyner (B) for a
sel f - pollshlng type antifouling paint is preferably a

~ pORYAREF A & AUt i BOXY i & R IR Frdtadl - Heine

SF-1128 21 based copol yner which is obtai ned by
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c apoigaerd z i ngga)va 1 aretth)Eey wyal 1 @carbaxncl isalaciar
copper salt nononer and (b) another nononer
copoloar® iz able middl thhe areraner {A)t o Rnthe At ins
constituent units derived fromthe 5 (nmeth)acrylic

acd g el 158l dciQf, GORPES realdl MNANer (A)der i AMHNSE the
of 2 to 50% by m5|ght and constituent units derived

l£ anot her nonomer (b) in
ﬁ%ﬂ%ts é%ﬂggj o 98%ﬁ%y melght (constituent units (a)
ti.tuent 0% ight). 10 [ 0027
I N Oﬁﬂrebﬁprfesen r tel(cg J.meélgcol oF t% g)o ou[ncg.%ng agent
self po"ShHéQ type antlfoullng alnt i preferabl a

poiSfmét QQ:QQNQW%MHRﬂeQEﬁ%Hf the
based copol nore preferably a copol ymer havin

i £Y81ifolec Oéyldcc@ﬁéldirt (st demiivademioved femayclic
silyl

- carboxylic acid (exXcept a metal salt), the metal salt of
the cyclic carboxylic acid, or the metal salt of a
derivative of the cyclic carboxylic acid is desirably the
cycloalkenylcarboxylic acid represented by the formula
[V] or the bicycloalkenylcarboxylic acid represented by

.fhe formula [VI] or a salt thereof.

[0620] The dntifouling paint composition according to the
present invention compriseé (A) the compouﬁding agent for
an antifouiing paint and (B) a copolymer for a self-
polishing type antifouling paint.

[0021] The antifouling paint composition of the invention
preferably further comprises an antifouling agent (C),
and as the antifouling agent (C), copper or a copper

compound (Cl) is desirably contained.




15 unsaturated carboxyl ate nononer represented by the
fo$+8£%§g formula [I11A] and a constituent unit

de] from an unsaturated nononer copol yneri zabl e
wi th the silyl unsaturated carboxyl ate nononer,
particularly preferably a copol yner obtai ned by
copol yrmeri zing silyl 20 (nm8fh)acrylate and an

unsat urat ed nononer copol ynerizable with the silyl

(neth:acrylate. [0028] Formula[lllA] . _
R-HCEF B 1ip- Presgrer einv R tienareumsadanat ethtifouling
bond- cont ai ni ng organi c group of CH2=C(CH3) -,
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CH2ak: | (HOOC-CH=CH aarpidGO0 r SE-ddii8 2 20 @heu{r(cH3)C1) ) may
-COON may forma netal salt or an ester, L1 L and L 3

Metye beor thes readven o ffrariendu andy afgsreache) .
i ndependently a hydrogen atom an al kyl group, a

Cyph@ad Kyin QHUR - AR Ar QRIS hydr ogar hogy, or ah >or a

aral kyl group or an al kylsilyloxy group, "and these

ar > Wi V. ubsti.t t.. The antif '

c&%%ﬁi %?ﬁ%?%%ﬁo éfngaﬁ%%ﬁﬁ}ln g%%ﬁﬂ;fﬁ§£%%¥%$%Q}y 2
farnmed fr.om.t.he above-nentjone ant.i foul. i nt

cSHOGIT > o FOOSST TG Sy v 1he Urudmiicgy metal
structure according to the present invention are each
coftEdTRATH £o084t film forned fromthe

above-nmentioned antifoul i ng paint conposition.
[0024] In the present invention, the copoclymer (B) for a

self-polishing type antifouling paint is desirably a
copolymer having, in a moleculé, a constituent unit .
derived from a polymerizable unsaturated carboxylic acid
hydroxy metal compound represented by the following
formula [I]:

R'-CO0-M-OH ' [I]
wherein R' is an unsaturated bond-containing organic
group of CH,=C (CHs)~, CH,=CH-, HQOC-CH=CH- or HOOC-
CH=C{CH3) -, —~COOH may form a metal salt or an ester, and
M is a metai atom, préferably a constituent unit derived
.from,a {meth)acrylic acid hydroxy metal salt, more
preferably a constituént unit derived from a
{meth)acrylic acid hydroxy zinc salt or copper salt.
[0025] In the present invention, the copolymer (B) for a
self-polishing type antifouling paint is desirably a

polymerizable unsaturated carboxylic acid metal compound-




underwat er structure, a fishing tackle or a fishing

[0030] The fishing tackle and the fishing net
acgﬁﬁzﬁgg 15 to the present invention are each coated
Wi oating filmformed fromthe above-nenti oned
antifouling paint conposition. [0031] The antifouling
method for a ship, an underwater structure, a fishing
tackle or a fishing net accdrding to 20 the present

i nvention conprises coating a surface of a ship, an

mentioned antifoul ing paint conposition. SF-1128 23
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[ OO3Rmecrorlsll a1 g1t as thihes e sentbd yed | 04%.d tihet£1 af®@npound
provi ded a novel cycl oal kenyl carboxylic acid, a novel

bi eyet Opd ke C RO} 1C Aedih ashdesald 4 hedeof pagh
of 5 which 1s enployable as a hydrolysis controlling

a | froul. £ ' | usi on
I A O, S MR D £

' . I | th J ' h
B\ RIS S SUBBLL 80 O moun

SRS DARh(P QoA RSl I T L6 prissin

invention, there is  further provided a conpoundi ng
aduvRIFHP lah samoreddiaegt paiit Ssmivead doias ises t he
novel cycl oal kenyl carboxylic acid, the novel
bi @il & eyilcc adisk yeite laciakrorunicheagdlaining no hydroxyl
group bonded to a metal atom, particularly preferably a
constituent unit derived from a (meth)acrylic acid zinc
salt or copper salt containing no hydroxyl gronp bonded
to a zinc atnm or a copper atom.
[0026] Formula [II] R'-COO-M-L,
~ Wherein R' is an unsaturated bornd-containing organic
group 0f CHz=C{CHs)}-, CH;=CH-, HOOC-CH=CH- or HQOOC-
CH=C (CHz) -, —-COOH may form.a metal salt or an ester, M is
a metal atom, L is an organic acid residue —OCOR? (R® is
an alkyl group, a cycloalkyl group, an aromatic
hydrocarbon group which may have a substituent, or an
aralkyl group), and n is a number of “valence of the
metal M(-1}".
In the present invention, the copnlymer (B) for a

self-polishing type antifouling paint is preferably a

polymerizable unsaturated carboxylic acid metal salt-




15 thereof, is enployable as a hydrolysis controlling
ag r an antifouling coating filmor an elution

assistant for an antifouling agent similarly to

rosin, can be nore stably supplied than rosin, has
nmore uniformaquality than rosin and is preferable for
an antifouling coating fil Al 20 [ 0034] According to
the present invention, there are furthernore provided
an antifouling paint conposition having excellent

St SRR SR Iy BT apabYieE B¢ mpPaymerizing -(a)—a

antifouling coating filmwhich is a small burden to
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t henenviigamnnent ,adisi unirforsd Mt ernderbradr sqgitvemnater and
over SF-1128 24 a long period of.--time (uniform

er gsli bidddheomeatd NEodd Iy ler LA MR nlexeider (a),
antifouling performance for a long period of tine

(100g-darta Y idQu ding: 87 Figlien e Bl &Gt he
property), exhibits excellent antifouling 5

pemeomgf&l&?lt oy anly. i&f@%ﬁﬁi%%e%;gts&;@n%&%er (a)

area e static environnent

ex. elleqﬁﬂﬁgl e of(ﬁb se pr.operties, an.antifqulin

coat i i Havi 1§ He WhoVe BHogeit (<6 . i ==

ugfenmater structure, a fishing tackle or a fishin ,

nétS oAt e d Tt &Om%%%w%%h%mr}qﬂeran ) in

an antifouling method for them BRI EF DESCRI PTI ONOF

THEDBRAY RES 0G5 Y Vesibis @ensRispeat wnides gda) +

conpoundi ng agent
constituent units (b) = 100% by weight).
[0027] In the present invention, the copolymer (B) for a
self-polishing type antifouling paint is preferably a
polymerizable unsaturated carboxylic acid silyl ester-
based copolymer, more preferably a copolymer having, in a
molecule, a constituent unit derived from a silyl
unsaturated carboxylate monomer represented by the
following formula [ITIIA] and a constituent unit derived
from an unsaturated monomer copolyﬁerizable with the
silyl unsaturated carboxylate monomer, particularly
preferably a copolymer obtained by copolymerizing silyl
(meth}acrylate and an unsaturated monomer copolymerizable
with the silyl (meth)acrylate.

[0028] Formula{IIIA] R'-COO-Si (L'L2L?)

Wherein R' is an unsaturated bond-containing organic

group cof CH2=C(CH3)f, CHy;=CH-, HOOC-CH=CH- or HOOC-




15 (AD-1) for an antifouling paint, said conmpoundi ng
ag g gging used in an exanple of the invention or a
coﬁ%’# ive exanple. Fig. 2 shows an IR spectrum of a
compoundi ng agent (AD-2) for an antifouling paint,
sai d conmpoundi ng agent 20 being used in an exanple of
the invention or a conparatd2ve exanple. Fig. 3 shows
an | R spectrum of a conpoundi ng agent (AD-3) for an
antifoul ing paint, said compoundi ng agent SF-1128 25

b (@d -1/ -9 sicawm- ¢ oo ehetaverseilon cor-aa-ester,~ Ly

conparative exanple. Fig. 4 shows a M5 spectrumof a
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conpaurddilingmageht thADs3hefor dnhfdsrehaubhdgapai akch
sai d conpounding agent 5 being used in an exanple of
t hend EYend 4101 Pra an EOMRPSatd e XA Bley Fl @0 shows

an | R spectrum of ‘a conpounding agent (AD-4) for an

anty & oyl g RA AL, SB| dcarpeundi Ng-39enton bel g, usad

inan exanpl e of the invention or  a 10 conparative
oot B Gesd S oS SRR T B 2 I Sroves
Y (R GHT 4 GgHpar at Lve. exanpl o, T C
The antifouling coating film according to the
present Invention is formed from the above-menticned
antifouling paint composition.
[0029] The ship and the underwater structure according to
. the present invention are each coated with a coating film
formed from the above-mentioned antifouling paint
composition.
[0030] The fishing tackle and the fishing net according
to the present invention are each coated with a coating
film formed from the above-mentioned antifouling paint
composition.
[0031] The antifouling method for a ship, an underwater
structure, a.fishing tackle or a fishing net according to
the present invention comprises coating a surface of a
ship, an underwater structure, a fishing tackle or a

fishing net with a coating film comprising the above-

mentioned antifouling paint composition.




15 Fig. 7 shows a M5 spectrum of a conpoundi ng agent
(Aﬁ%g §onpound A-3) for an antifouling paint, said

co 'a%ding agent being used in an exanple of the

i nvention or a conparative exanple.” Fig. 8 shows an IR
spectrum of a conpoundi ng agent 20 (AD-6) for an
antifouling paint, said coﬁgounding agent bei ng used
in an exanple of the invention or a conparative
exanple. Fig. 9 shows an IR spectrum of a conpoundi ng

~agBRCECT ADE 73EI GEVGRVERR f oul i'ng paint, ~sai'd

~ conpoundi ng agent SF-1128 26 being used in an exanpl e
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of [0 ] Memrdimorta donparadéente exaampt von Fi ghedd are
shows a MS spectrum of a conpounding agent (AD-7) for
anpiediti ddil 4 ngRal Nty e S 1O GOPPOMNSH 01 BEeatid p Deldige]
used in an exanple of the invention or a conparative

ex@i@@loﬂ]&nﬁﬂcﬁ%%z?ﬂb |1 SPEGE TAM Of+ & herecf each of

conmpoundi ng agent (AD-8) for an antifouling pain

t

A GETOMAIG 90T B R L A ENEITL By foent cor

L SUTHCICh G e G p U

u%ﬁ?éd%f%éé?g% !J%égttJE%fo?Tgié§1§gsz, can_be nore
stably supplied than rosin, has more uniform quality than
rosin and is preferably employable as a compounding agent
for an antifouling paint.
[0033] According to the present invention, there is
further provided a compounding agent for an antifouling
paint, which comprises the novel cycloalkenylcarboxylic
acid, the novel bicycloalkenylcarboxylic acid or the salt
thereof, is employable as a hydrolysis controlling agent
for an antifouling coating film or an elution assistant
for an antifouling agent similarly to rosin, can be more
stably supplied than rosin, has more uniform quality than
rosin and is preferable for an antifouling coating f£ilm.
[0034] According to the present invention, there are
furthermore provided an antifouling paint compesition
having excellent storage stability and capable of forming

an antifouling coating film which is a small burden to

the environment, is uniformly eroded at a given rate over




conparative exanple. 15 BEST MODE FOR CARRYI NG QUT THE
I %q% [ 0036] The novel cycl oal kenyl carboxylic
actd, e novel bicycl oal kenyl carboxylic acid, the
derivative thereof, the conpoundi ng agent for an

-antifouling paint which 20 conprises the acid or

derivative, the antifouling4paint conposition, the

antifouling coating film the ship, underwater

structure, fishiqg tackl e or fishing net coated with
oy

27 to the present invention are described in detai
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“hefelmiaf taan ffd0ZAir dove] 1 eyt aat kbnyl Tar bmeeyddmrance for

aci d, novel bicycl oal kenyl carboxylic acid, derivative

t herleofg @ & compoundi N ragetd rif AAn € Of o d QHAMG mance-
paint > ( Novel (bi)cycloal kenyl carboxylic acid and

deyd Matd Mei nd hergRfr9y)[,0038]i Jihes nov&li11ent antifouling
cycl oal kenylcar boxyli'c acid, the novel

c | c ‘aci _
O e i e T oA ey caf ey 1 ey e Fogtthare®

referred.to as.".(bi)cycl oal kenyl carboxylic aci.d"
S CHbt i A T o 48 i PEelient balance
carboxylic acid formed by the addition reaction

(ﬁ%| ledey A ondditiissy an antifouling coating film having

the above properties, a ship, an underwater structure, a
fishing tackle or a fishing net coated with the
antifouling coating film, and an antifouling method for

them.

BRIEF DESCRIPTION-OF THE DRAWINGS
_[0035] Fig. 1 shows an IR spectrum of a compounding agent
(AD-1}) for an antifouling paint, said compounding agent
being used in an example of the invention or a
comparative example.
Fig. 2 shows an IR spectrum of a compounding_agent
(AD-2) for an antifouling paint, said compounding agent
being used in an example of the invention or a
comparative example.
Fig. 3 shows an IR spectrum of a compounding agent

(AD-3) for an antifouling paint, said compounding agent

ity fUn o L co Ta@ Bok b il CSE- OB g s




reaction). of a specific conjugated di ene conmpound
\M§ﬁhf?§5 specific unsaturated carboxylic acid, a
derivative of the cyclic carboxylic acid (except a
netal salt), a nmetal salt of the cyclic carboxylic
acid or a netal salt of a derivative of the cyclic
carboxylic acid. O the abdve conpounds, the novel 20
cycl oal kenyl carboxylic acid [V] or a salt thereof (the
acid and the salt are together referred to as

- RRARFAIIES T idaroaH gt At bdse d- TeRIcg@RTd IvV]9~i-s-

represented by the following fornmula [V], and the
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unsat ur af &d- carBd

novagira i oy eadagnyd .car boxylic acid [VI] or a salt

t hereof (the SF-1128 28 acid and the salt are together
referredrtg.asg Shbeygckostkepylecanhoxy! kccagpdubdsed agent
compound [VI]) is represented by the follow ng

foramH A [V anThe ralrena oy els canpeunds doWp Andiilng lagent
are 5 obtained by subjectling, [i} at | east one

t eIpene~pased Ldizene Igated dign

conpgﬁﬁd) selgbféd ?%%ﬁ?%ﬁggaﬁgﬁgQJggh%ispiﬁb %f

Q ne, nyrcene, a-terpi nene and

~al C [
af%l%cﬁangrgng&ﬁﬁEEh'are di ene conponents cont ai ned

10 i n natur al tergene oi | _and, E at | east one .
YFi elalRdSPseredtedt s # oppmpounding agent

a, (3-unsat urat ed nonocarboxylic acids, a,(3- .
(AD-4} for an antifouling paint, said compounding agent

being used in an example of the invention or a
comparative example.
Fig. 6 shows an IR spectrum of a compounding agent
(AD-5, compound A-3) for an antifouling paint, said
compounding agent being used in an example of the
invention or a comparative eXample,
Fig. 7 shows a MS spectrum of a compounding agent
(AD-5, compound A-3) for an arntifouling paint, said
.compounding agent béing used in an example of the
‘invention or a comparative example.
Fig. 8 shows an IR spectrum of a compounding agent
(AD-6) for an antifouling paint, said compounding agent
being used in an e?ample of the invention or a
comparative example.
Fig. % shows an IR spectrum of a compounding agsent

(AD-7) for an antifouling paint, said compounding agent




unsaturat ed di carboxylic acids and nonoesters thereof
q(fl%jdotl on reaction (D els-Ader reaction). 15 The
no\sllf:e'l i ) cycl oal kenyl carboxylic aci d-based conpounds
[V] and [VI] may be obtai ned by, for exanple, form ng
salts of the novel (bi)cycloal kenyl carboxylic acids.
Novel cycl oal kenyl carboxyl iZ aci d-based conpound [V]:
20 SF-1128 29 [Compound 6] . (COOnNMR7 (COONR8 ....

~Cyr] In the formula [V], RL is a hydrogen atom a 3-

= rabdiig-2dnd anyl argr@e@nmlze et hiyhe 2irigrg et e ybr-group)

or a 5 2-nmethyl-I|-propenyl group
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20

(2compdwd t Rrprappmme Be yI group), R2 is a hydrogen
atom a nethyl group or a 4- nethyl-3-pentenyl group

(2- met hylri3- pent @iy la @EO%Bbct%%mag@ B4d@ﬁ%d%ﬁalﬁ§ agent
hydr ogen atom or a net hyl group 10 en Rl'is

hy n t
(Zmn%?ﬁyl%p?enn%ﬁ%f%ﬂgﬁ and &Jm}%{ are geac%ent

(Zggq{qga‘]%%fat ‘buten- ?Exﬁllegroojﬁpt)%e th‘ye§l glq%g:c}eﬁ/nyl g?(raggp
a%%ﬁ%%rg%lve é%gﬁple
Fig. 11 shows ah TR spectrum of a compounding
agent (AD-8) for an antifouling paint, said compounding
agent being used in an example of the invention or a
comparative example.
Fig. 12 shows a MS spectrum of a compounding agent
(AD—S} for an antifouling paint, said compounding agent

“being used in. an example of the invention or a

comparative example.

~ BEST MODE FOR CARRYING OUT THE INVENTION

[0036] The.novel cycloalkenylcarboxylic acid, the novel
bicycloalkenylcarboxylic acid, the derivative thereof,
the compounding agent for an antifouling paint which
comprises the acid or derivative, the antifouling paint
composition, the antifouling coating film, the ship,
underwater structure, fishing tackle or fishing net

coated with the antifouling coating film, etc. according




~hye olas hiohegrobpl N Went on | 3 @, des o1 sbedhymir deemi Bt omy—- =

15 each a hydrogen atom- SF-1128 30 when R is gr ou
p each a nethyl group, R5 and R6 are each a
hyéﬁggg% atomor an alkyl 5 group of 1 to 10 carbon
atonms, mand n are each a nunber of 0 or 1 (with the
proviso that it does not occur that mand n are 0 at
the same tinme), R7 and R8 Zire each a hydrogen atom or
a hydrocarbon 10 group, when mis 0, R7 is a hydrogen
atom when mis 1, R is a hydrogen atomor a

and 15 when n.is 1, R8 is a hydrogen atomor a

10

15

- 20

hyge oeambdnergroup (W th the proviso that it does not
occur that R7 and R8 are hydrocarbon groups at the

sapeo37 e . Nd e NOE e e Atdny Ratot Peif o mha dMeis a

hydrogen atom a 3-met hiyl™-2-butenyl group

gr%ug%vgﬂd ﬁgi?ggcloalkenylcarboxylic aclid and derivative
thereof )
[0038] The novel cycloalkenylcarboxylic acid{ the novel
bicycloalkenylcarboxylic acid (cycloalkenylcarboxylic
acid and bicycloalkenylcarboxylic acid are together
referred to as “(bi)cycloalkenylcarboxylic acid” simply)
cr a derivative thereof is a cyclic carboxylic acid
formed by the addition reaction (Diels—Alder-addition-
reaction) of a specific conjugated diene compound with a
specific unsaturated carboxylic acid, a derivative of the
cyclic carboxylic acid (except a metal salt), a metal
salt ¢of the cyclic carboxylic acid or a metal salt of a
derivative of the cycliic carboxylic acid.

Of the above compounds, the novei
cycloalkenylecarboxylic acid [V] or a salt thereof {the
acid and the salt are together referred to as
“cycloalkenylcarboxylic acid-based éompound‘[V])ris

represented by the following formula- [V], and the novel

bicycloalkenylcarboxylic acid [VI] or a salt thereof (the




SF-1128 31 R4 are each a hydrogen atom as indicated
insﬁg? 8foIIovving formula [Ve](5a) or [VI](5b). Wen
4 15 3-met hyl - 2- but enyl group (2-nethyl -
buten-4-yl group), R2 is a nethyl group and R3 and R4
are 5 each a hydrogen atom as indicated in the
following formula [Vc](4a) 28r [Vd](4b). Wien Rl is a
2-met hyl -1 -propenyl group (2-nethyl-2- propen-3-yl
group), R2 is a hydrogen atomand R3 and R4 are each

- m@ry&an@rbm@ salstiami-daredtherthef ¢ oredviogasd 0

formula [Va](3a) or [VWb](3b). Rs and R6 are each a

- hytsogenl @ bireroy 1 @arladskyl i c g olp-10dsdd t Corldbwed bpnr ]y is
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atons, preferably 1 to 5 carbon atoms, particularly

phﬁéﬁ@@éﬂtédt%a:ﬁeafmm&&% fdheupd kv\lrz]gr oup is,

for exanple, a branched al kyl 15 group, a chain aIkyI

group or @ LYekie abkuh QQ§?§dﬂéé” TR G G&honR ro

atons whi ch may have a tuent” suc the above

e l,.a chain alkyl group is
erﬂ%$ qﬁfﬁgﬁﬁﬁgﬁblévp0|nts of ease of preparation,
|nexpens |n1za i on of ydronS|s rate of an
20 ant1 TO01 G LEACFRGRF: FRresTEaTReRg Paene compoun

optinizatlon of elution rate of an antifouling agent,

et COTBUHRNE Gifenes GORPAURA) gt shdinme Tha wHoup

ethyl, n-propyl, i - propyl, n-butyl, t-butyl,

nqmaﬁ%ﬂtimghﬁ&wﬁl@@@imene, ocimene, myrcene, #-terpinene
and ¢ -phellandrene which are diene components contained
in natural terpene oil and,

[K] at least one unsaturated carboxylic acid
selected from@, f-unsaturated monocarboxylic acids, @, B-
unsaturated dicarboxylic acids and monoesters thereof to
addition reaction (Diels-Alder reaction).

The novel (bi)cycloalkenylcarboxylic acid-based compounds

[V] and [VI] may be obtained by, for example, formihg

salts of the novel (bi)cycloalkenylcarboxylic acids.

Novel cycloalkenylcarboxylic acid-based compound [V]:




~whf€oregen

SF 1128-32 cycl ohexyl. O these, preferable are alkyl
satisfyi ng the above requirenents. mand n are
a nurrber of O or 1 (wth the proviso that it
does not occur that mand n are 0 at the 5 sanme tine,
as described later). That is-to say, when mor nis O,
-(C00), and - (CO0). are e&h a single bond (-), and
when mor nis 1, - (COOm and -(COO" are each a
car bonyl oé}éé%roup COO ) (Al'so in case of k and 1

R7 and R8 are each a hydrogen atom or a hydrocar bon

10

15

group: ITnnore detail, R7 and R8 are each a hydrogen

atomor a hy al:Pon group, such as an al kyl group of
1to 10_ 15 carben atons, preferably an al kyl group of
lto &ar bon torrB the present invention, when m

of the ™= f nthefor Ia[\/]isO, R7 is
a hydroge 7 d@@ﬁ) 1, R7 is a

hydr ogen omor a ydrocar bon “%o group (e.g al kyl
group of to 10 carbon atons, preferably al kyI group
of 1 to5

at@n@,ot)sﬁgo say, when mis 0

and R7 i hglrege Re -(COO) R7 in the

forrruIRZ[\/] i SX“H, wh n6mis 1

R! H e [V]

In the formula [V], R' is a hydrogen atom, a 3-
methyi-2-butenyl group (2-methyl-2-buten-4-yl group) or a
2—mgthyl—1—propenyl group {(2-methyl-2-propen-3-yl gfoup),

R’ is a hydrogen atom, a methyl group or a 4-
methyl-3-pentenyl group (Z-methyl-2-penten-5-yl group),

R’ and R' are each a hydrogen atom or a methyl
group,

wheﬁ R' is a hydrogen atom, R? is a 4-methyl-3-
pentenyl group (2-methyl-2-penten-5-yl group) and R’ and

_Rﬁ are each a hydrogen atom,.

when R' is a 3-methyl-2-butenyl group (2-methyl-2-

buten~-4-yl group), Rz.is a methyl group and R® and R? are

each a hydrogen atom,




and R7 is H (hydrogen aton) , it is a carboxyl group (
SFed 128 33 COON)-, and when -mis 1 and R is a

hydr ocar bon group, it is -000R (ester) In the present

i nvention, however, it does not occur that mand n in
the formula [V] are O at the sane 5 tine, as

descri bed above. If mand Plare 0 at the same tine
(men=0), -(C00),R7 and -(CO0O) "R7 are each -H, and the -
conmpound [V] is neither a carboxylic acid nor a

derivati-Veethér edf-pe2gnetbytel ~psapelryBuehouprcdrpoatdy: -2
is not included in the conpound [V] of the invention.
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10pAdrecn{CQ0) ngRB1p N, tRie ifsormilyalrodken s tetmanar REoahHeR®
above-nentioned - (COO nR7. That is.to say, when n is

0,arfRBdch a hysrtogenymdgm (H, and when nis 1, Re is
a hydrogen atom or the sane hydrocarbon group as

descri bed® ahgvet & Accaf di '
is H (hydrogen aton), the -%O%ﬁﬁsﬁﬂﬁjﬁhﬁ%ﬁi&g

e s, Uyicaign a1t s carnon oo
7t “does Tt Setur enaacre0 BRI BB Pnothd Moanth aie
0S5 Do @ oups il o L T
same time),
R’ and R® are each a hydrogen atom or a hydrocarbon
group,
when m is 0, R’ is a hydrogen atom,

when m is 1, R’ is

jal]

hydrogen atom or a hydrocarbon
group,

when n is 0, R® is a hydrogen atom, and

when n is 1, R is a hydrogen atom or a hydrocarbon
group (with the proviso that it does not occur that R’
and R® are hydrocarbon groups at the same time).

In more detail, R' in the formula [V] is a hydrogen
atom, a 3-methyl-2-butenvl group {2—methyl—2—buten—4—yl
group) ér a Z-methyl-l-preopenyl group (2-methyl-2-propen-
3-y1 group).

When R' is a hydrogen atom, R? is a 4-methyl-3-

pentenyl group (2—methyl—2—penten—5—yl group) and R® and




conmpound [V] is a carboxylic acid or a derivative
thg&ggég and exanpl es of the carboxylic acids include
su -1128 34 nonocarboxylic acids a represented by
the forrmulas (3a) to (5b) and such nonocarboxylic
acids (nonoesters of dicarboxylic acids) as
represented by the formul as’l(8a) and (8b). Exanples
of the carboxylic acid derivatives 5 include netal
salts of these carboxylic acids. Preferred

~erbodititereshofa-thslnesea a toyot-eat- Kerdilcedrasbdyl-itgre
aci d- based conpounds [V] of the invention represented

the follow ng fornulas: 10 [Va]
(1,5,6-tWM@%Imy|i§'é23nﬁébM?i¥zprﬁéﬂ¥ﬂ)g&oup (2-methyl-2-
cycl ohexen-1-yl -carboxylic acid), [Vb

( pds e t4dpetdyd o dr ( Z2netshyl ﬂetﬁ%?%ﬁdﬁp 3nd R® and R! are

cycl ohexen- 1 -yl - carboxylic acid),

Cpfan e ot R s MBI s e fortoning
TR S e ™ ey

(1-nethyl -4-(4;nethyl -3-pentenyl )-4- cycl ohexen-1-y
- car boxyl'FERadi dy5 202 TMphvl-1-propenyl group (Z-m
(1- net hyl - 3- (4- et hyl - 3- pent enyl ) - 3- 5 )
cyIBekenYI- WraHboXy| L6 achifrogen atom and R™ and R

I
ethyl-2-

are each a methyl group, as indicated in the following
fermula [Va] (2a) or [Vb] (3b).

R® and R® are each a hydrogen atom or an alkyl
group of I to 10 carbon atoms, preferably 1 to 5 carbon
atoms, particularly preferably 1 to 3 carbon atoms.

The alkyl group is, for example, a branched alkyl.
group, a chain alkyl group or a cyclic alkyl group (6 or
more carbon atems) which may have a substituent such as

the above'alkyl group. Above all, a chain alkyl group is

preferable frbm the viewpoints of ease of preparation,
inexpensiveness, optimization of hydrolysis rate of an
antifouling coating film containing it, optimization of
elution rate of an antifouling agent, etc. Exaﬁples of

such alkyl groups include methyl, ethyl, n-propyl, i-.

. propyl, n-butyl, t-butyl, n-pentyl, n-hexyl and




~ure Y ek eial i -0 theme s beraduthlyle @ armlifduldnmyps —

[ Vg] - (2- et hoxycar bonyl - 3- (2- et hyl - | - propenyl ) -
Skgﬁgig§thyl-4-cyclohexen-l-yl-carboxylic acid), and
S é 35 [Vh] (nethyl 2-carboxy
-3-(2-nethyl -1 - propenyl)

5, 6-di nmet hyl - 4-cycl ohexen-1 -yl -carboxylate) . These
novel cycl oal kenyl carboxyl i3 aci d-based conpounds [V]
represented by the above formulas [Val to 5 [Vh] are
readi | y produced, can be inexpensively produced mnth

pai nt as an agent for controlling elution rate of an

- usE Yt t RESCERFGUAD S
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antatoul yngg agent aband canibesmisetlsas a conpoundi ng
agent for an antifouling paint. The conpound [V] is
desi r abl yn EhContsaiened dhn aamuadMdf ot ingcoat wigH idya
fromthe viewpoints of optimzation of hydrolysis

r38:€of sd hena@nid fidd %@Q%&@E thim mozﬁ’rtxdi M zatd o Of the

elution rate of an antifouling agent and i nprovenent

of . ant Jof2) The above conpounds of

the I nvgentl onnagsarcgésgac ﬂé’ 1%’ n@g as a m xture of

i somers i the c urse of r oduct.i on, re

L oTe v ehan St Sl 2878 w&spa RS B afl -

various i sonmers are gresent and therefore, in the
894ecBRPSuraiing 220 ag&Rt ¥ 6F anis 1.

antlfoullng pai nt, there are advantages that

cryKiG+i 2adi o CP) t hereorpolind FATROBBACKHgIpaRAt (DECO-) .

a
(Also in case of k and 1 which are described later, the

same shall apply.)

R’ and R® are each a hydrogen atom or a hydrocarbon
group.

In more detail, R’ and R® are each a hydrogen atom
or a hydrocarbon group, such as an alkyl group of 1 to 10
carbon atoms, preferably an alkyl group of 1 to 5 carbon
atoms.

In the present invention, when m of the - (CO0) R’
part in the formula [V] is 0, R’ is a hydrogen atom (H),
and when m is 1, R’ is a hydrogen atom or a hydrocarbon
group (e.g., alkyl group of 1 to 10 carbon atoms,
preferably alkyl gfoup of 1 to 5 carbon atcms).

That is to say, when m is 0 and R’ is H (hydrogen
atom), the -(C00) R’ in the formula [V] is -H, when m is 1

and R’ is H (hydrogen atom), it is a carboxyl group (-




coating filmis suppressed and a coating film having
exggljspt adhesion to an adherend and having
plastiCity 1is obtained. SF-1128 36 Rosi n having been
wi dely used heretofore is a substance conposed of nany
ki nds of isonmers simlarly to the novel . '

cycl oal kenyl carboxyl i ¢ aci ddbased conmpound [V]
(conpoundi ng agent for antifouling paint) of the 5
invention and is characterized by having the above-

~mefPPBhecradvARTage s S Theary ch balsenylieadseiare Suii: it

based conpound [V] resenbles the rosin. 10 15 20
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SFid1280GY [(@sheaund 7] SF-1128 38 [ Conpound8] COOWe
(8) COON LvgJ Vh

In the present invention, however, it does not
occur that m and n in the formula [V] are 0 at the same
time, as described above. If m and n are 0 at the same
time (m=n=0), -(C00).R’ and —(CO0).R’ are each -H, and the
compound [V] is neither a carboxylic acid nor a
derivative thereof (e.g., ester, salt). Such a compound
is not included in the éompound [V] of the invention.

The - (CO0)R® in the formula [V] is similar to the
above-mentioned - (C00) R’. That is to say, when n is 0,
R® is a hydrogen atom (H), and when n is 1, R® is a
hydrogen atom or the same hydrocarbon group as described
above.

Accordingly, when n is 0 and R® is H (hydrogen
atom), the —(CO0),R® is -H, when n is 1 and R® is H
(hyd;ogen atom), it is a carboxyl group (~COOH), and when
n is 1 and R® is a hydrocarbon group, it is —-COOR? (ester).

In the present invention, it does not occur that
R’ and R® in the formula [V] are hydrocarbon groups at the
same time. |

That is to say, the cycloalkenylcarboxylic acid-based
compound [V] is a cafboxylic acid or a derivative thereof,

and examples. of the carboxylic acids include such




/ I (8a) 1, i (8b) 3 (Me: methyl group) The novel
& | kenyl carboxylic acid [VI]
§ oal kenyl car boxyl i ¢ aci d- based conpound [VI]) of
5 the invention is represented by the follow ng
formula [VI]. Novel bicycloal kenyl carboxylic
aci d-based conpound [VI]: 3fConpound 9] R13 R14 15 (r)
R22 R17(0OCC o | (COO) 1R20 18(OCOCC)R In 2 (r) R16 R21
Rl12 Rl I VI ] SF-1128 39 In the formula [VI], R is a

atom R13 and R14 are each a hydrogen atomor a
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20

T netdy(Sgr eupl RIER am:dlcmmbﬁ/laaﬂacadwdmemsaim arf

an al kyl 5 group of 1 to 10 carbon atons
(pardd - mdsarliy REGIY)S asSonBlidmRe (@ S0P oGHaWY | (

in, n, k and 1 are each a nunber of 0 or 1,

and (8b). Examples of the carboxylic acid derivatives
include metal salts of these carboxylic acids.

Preferred embodiments of the novel
cycloalkenylcarboxylic acid-based compounds [V] of the
invention represented‘by the formula [V] include

- compounds represented by the following formulas:

[Val {1,5,6-trimethyl-3-(2-methyl-1l-propenyl)-4-
cyclohexen—l—yl—carboxylic acid),

[Vb] (%,4,5-trimethyl-2~{(2-methyl-1-propenyl)-3-
cyclohexep—1—yl—carboxylic acid),

[Vec] (1,4-dimethyl-3-(3-methyl-2-butenyl)-3-
cyclohexen-l-vl-carboxylic acid),

[Vd] (1,3-dimethyl-2-(3-methyl-2-butenyl)-3-
cyclohexen-l-yl-carboxylic acid),

[Ve] (1—methyl—4—(4—methyl-3~pentenyl)~4—
cyclohexen-l-yl-carboxylic acid), |

[VE] (1l-methyl-3- (4-methyl-3-pentenyl)-3-
cyclohexen-l-yl-carboxylic acid),

[Vg] (2-methoxycarbonyl-3-(2-methyl-1-propenyl)-

5, 6-dimethyl-4-cyclohexen-1-yl-carboxylic acid), and

hyRRTEATREamn ior et ds e o agresdis d- R e af digrdrlagen( 3a)




R17, R B, R19 and R20 are each a hydrogen atomor a
hyggj?g%bon group (preferably alkyl group of 1 to 10

¥ n atons, nore preferably alkyl group of 1 to 5
carbon atons, particularly preferably alkyl group of 1
to 3 carbon atons; the sanme shall apply hereinafter
respect to the hydrocarbon Iroup), with when m n, k
or 1is 0, Rl7, R18, R19 or R20 is a 15 hydrogen atom
correspondlngly thereto, when m n, k or 1 is 1, R17,

Rte; Ri-g-o¥hR2GmpEhal- %yﬁanggﬁyaﬁoﬁﬁomeﬁhmydtnpapp@nyi%-
group (preferably the aforesaid group)
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C Ob r @simelt gl y4 + drer o x andl + he-¢arboww hgte) .
requirenents (i) and (ii) are 20 satisfied: (i) in
the case Twhese rRYE1 $v@n dag ®Rh ar®caup, i Rz ianghRE3

are each a hydrogen atom (H), 4 is a nmethyl group,

k ok h e
o 0 (B T gf ife MG PgCRoAkaMd va) to

E*H‘P‘i%*e 4y P dle SRRl e
ey”%ftﬂz%%o” i Jaf?°%ﬁ1e°c§a§#£b%hﬁ%%7gﬁ3%§ b

occur that R19 and R20 are
paint as an agent for controlling elution rate of an

antifouling agent, and can be used as a compounding agent
for an antifouling paint. The compound (V]! is desirably
contained in an antifouling coating film from the

| viewpoints of optimization of hydrolysis rate of the
antifouling coating film, optimization of elution rate of
an antifouling agent and improvement of antifouling
property.

The ab§ve compounds of the invention are each
cbtained as a mixture of iscomers in the course of the
production reaction, and it is very difficult to isolate
them. In the mixture, various isomers are present, and
therefore, in.the use of the compound as a compounding
agent for an antifouling paint, there are advantages that
crystallization of the compound in a coatiﬁg paint or a
éoating film is suppressed and.a coating fiim having
excellent adhesion to an adherend and.having plasticity

is cbtained.




hydr ocar bon groups at the sane tine, and it does not
ocgﬁr %Qat m n, k and 1 are 0 at the sane tine). R21
R3%%are each a hydrogen atom or an al kyl group of
1 to 10 carbon atons. 10 In a preferred enbodi nent of
the invention, any one of Rl11 and R16 in the fornula
[MI] is an isopropyl group,3tand R' to R22 (except
R11), m n, k and 1 in the formula [VI] desirably
satisfy the followi ng relationships. Preferred

enbodimeessof - Haherignbes-ont del v icese di tfoXjo rwherea
R11 in the formula [VI] is an isopropyl group and in

a sasethBfewbergoRH oh dhdey f BiRBEacEM fohsransinilarly to

i sopropyl group are described below in detail. [A]

Caﬁ@e“ﬁ@ﬁ@lF@}cl@al@éﬁ&fﬁ%@b&i?yﬁgégc5@2baééﬂt&Ehﬁ@ﬁfﬁ (V]
to

where R11 is an isopropyl group,

e PERagrad, %é’é‘%&z R T S

R S Tl UEA T ot G PRy gPali ol e (PR

carbon atons_simlarly to R and Rb.in the fornula
VTS AT AR e e TG0 6 e e PORRg g i
and R6
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based compound IV] resembles the rosin.




5 mand n are each a nunber of 0 or 1 (with the
proviso that it does not occur that mand n are 0 at

t het-1s4he time), preferably one of themis 0 and the
other is 1, and R1l7 and R78 are each a hydrogen atom
or a 10 hydrocarbon group (preferably the aforesaid
group) simlarly to R7 and38 in the fornmula [V] (with
the proviso that it does not occur that RL7 and R18
are hydrocarbon groups at the sane tine). In the

are each a hydrogen atom That is to say, -(COO kR 9

~Therefore, taking, (E(O@B consider

and -(COO)1R20 in the formula [VI] are each -H.
tion that it does

not occt a and n are 0 at th
' ar bonyl oxy

;‘f Iﬁi n the

ils an i sopropyl

groups (dPO or |carboxyl groups
formula [\#] .is%up to 1 or 2,
contai ning 3y0r 4 groups is not im
Consequently] i e case where R
group, the p cygggglkenylcarboxylic
! : 83%> [MI] is ayonoganbofy)ic acid or a
,thereof simlarly to\tpe
cycl oal kephyl carboxylic acid-baséd conpound [V].




(In case of nmFn=0, -(COO)RLl7 and -(0O0O) nR'H both 5
H, .and taking it into consideration that
C%E;Eaﬁ9 and - (C0O0) 1R20 are each -H as descri bed
above the conpound [VI] is not a carboxylic acid,
~and such a conmpound is not included in the conpound
[VI] of the invention.) 168R21 and R22 are each a
hydrogen atom or an al kyl group of 1 to 10 carbon
atons S|n1IarIy to RS and RB in the formula [V]. In

in the fornmul a [VI] |s 0, Rl7 is a hydrogen atom and

15 when mis 1, R17 is a hydrogen atomor a

hydr ocar bon grouptaﬁsgfgfrably the gf oresai d group).
Accor di ngl y,i_when and R17 |s H (hydrogen

aton, mR17 is - & ORI K es H
(hydr oge it is a carbox @groug -COOH), and
when 20 and R17 is a hydrfcarbon group, it is(8)
- COOR17 ; Ekﬂkbﬁdly to the -(CA)NR7 in the
formula [ When fe - (COOBL8 Egng)&ﬁ

at om en n

formul a [V_Ij ifgé]lRw is a hydroger

is 1, R18 128 43 hydr ogenat om[&fh}
hydr o¢ n dgrd@p (preferably hg//.ﬁoqgg |d group) .
Accordi ngly, the -(C00)I,R18 is , a carboxyl group

(Me: methyl group)

The novel bicycloalkenylcarboxylic acid [VI]
(bicycloalkenylcarboxylic acid-based compound [VI]) of
-5 the invention is represented by the following formula
[VI].

Novel bicycloalkenylcarboxylic acid-based compound [VI]:

[Compound 9]
15 R22
R”(OOC);_% /— (COOR?
RIS(OOC),% N (COO), R
R16 R21
12
R I{ll ..... [V I]




(-000H) or an ester (-COOR8), sinmlarly to the
-ﬁé&gi% R8 5 (or -(CO0)R7) in the formula [V].

( Hov %, it does not occur that RL7 and hydrocarbon
groups at the sane tinme.) RIB are As descri bed above,
in the case [A] where R' is an isopropyl group, the
-(C00)kR19 and -(C00)1R20 P& ts of the 10 four parts
-(Q00) "R17, -(CO0)"R 8, -(COO KR19 and -(COO) 1R20

whi ch can have a carbonyl oxy group (COO) in the

for mut-a—Ivithearforeadh-<[MIlso R hats thehydrogen-atom-or-an
bi cycl oal kenyl carboxylic aci d-based conpound [VI] can

10

15

becorer @p b noearhoXdF i £sagi Hydebgihs adef, vati weid R are
(salt), but it does not beconme a di-, 15 tri- or

t edd@cad DOVt FeriGl tth |y thend i vl @rdfh) . further, it
does not OCCLWééthat R17 and Rl ar%rhg%%ocarbon

groups aty'the, sae é% ea ﬁagﬁggg%gggBaQQFﬁéor an alkyl

Therefore, when the bicyclo oxy

aci d- hase d 1] is an O ester, it is.d .
SR TP I Gl 'S et ity R 1

di carboxylic acid, and . a diester (except cyclic

di BEEAIGT A i RSN iU i s not inciuded. [B

Case where R16 is isopropyl group SF-1128 44 In the

case wheFe Ri6kXi dngnli 3s8r 6p¢h §r duperi2ft 0 or 1,

R, RrR'®, R and R20 are each a hydrogen atom or a
hydrocarbon group (preferably alkyl group of 1 to 10
carbon atoms, more preferably alkyl group of 1 to 5
carbon atoms, particularly preferably alkyl group of 1 to
3 carbon atoms; the same shall apply hereinafter with
respect to the hydrocarbon group),

when m, n, k or 1 is 0, RY, R'®, R'® or R*® is a
hydrogen atom correspondingly théreto,

when m, n, k¥ or 1 is 1, RY, R'Y, R!® or R?* is a
hydrocgen atom or a hydrocarbon.group.(preferqbly the

‘aforesaid group) correspondingly thereto, and

the following réquirements (i} and (ii) are
satisfied:

(i) in the case where R* is an isopropyl group, R’
and R' are each a hydrogen atom (H), R is a methyl
group, k=1=0, and Rw_énd R*® are each a hydrogen atom (H),

and




R22 except R), m n, k and 1 in the fornula [VI] are
arsﬁlﬁ%%é) That is to say, in the formula [VI], R
are 5 each a hydrogen atom R13 is a nethyl
group, R14 is a hydrogen atom and R15 is a hydrogen
atomor an al kyl group of 1 to 10 carbon atons
simlarly to the above. 1040n the fornmula [VI], m and

n are each 0, and R17 and R18 are each a hydrogen
atom k and 1 are each a nunber of 0 or 1 (with the

“provi-so-thHa)-ith-tbes case-voeme Riatik-amd sorue0-group;

the sanme tine), preferably one of themis 0 and the
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otlief RS abbl R Erad descH G Saydrod&EOQtdRL7/(BNd R is a
-(COOMR18 in the fornmula [VI] are each -H

Thesedr eyrdigki Rehd =2t (iGonsd deratdanidtdiat, iitt deaSs not-

not occur that k and 1 are 0 at the sane tlms as

prevd, oushy; deser i hedyist he ny £ %?Egggylagx}fhe same

groups (COO) or carboxyl gro ps ent in

qrig a a[n\é fsdo 1+l Yefee nd%aj{ludergg oghioment

Con ai’ni ng Or | gr OUpS 'S no not arSnl y in
RS EEEE ARG ararss St na gy oqsd St fors A9t
occur that m, n, k and 1 are 0 at the same time).
R** and R* are each a hydrogen atom or an alkyl
group of 1 to 10 carbon atoms. |
In a preferred embodiment of the in&ention, any one
of R" and R*® in the formula [VI] is an isopropyl group,
and R to R?? (except R*), m, n, k and 1 in the formula
[VI] desirably satisfy the following relationships.
Preferred embodiments of the invention in a case

[A] where R in the formula [VI] is an isopropyl group

" and in a case [B] where R'® in the formula [VI] is an

isopropyl group are described below in detail.

[A] Case where R'Y is isopropyl group
In the case where RM is an isopropyl group, R'Y7? to
R*?, m, n, k and I in the formula [VI] are as follows.
That is to say, in the formula [VI], R and R are
each a hydrogen atom,

R'"Y is a methyl group,




Consequently, also in the case where R16 is an
'sggfgggl group, the bicycl oal kenyl carboxylic

ed conpound [VI] is the same conpound as
previously described, such as a nonocarboxylic acid
or a netal salt 5 thereof. R19 and R20 are each a
hydrogen atom or the sanme 4lydrocarbon group as above,
simlarly to R17 and R18 in the case where R' is an

|sopropyl group (or RS and R6 in the formula [V]). 10
R21-and-R2-areé Rdchra-hydhogehyvdrogenraanmabkykralkyt
group or 1 to 10 carbon atons, simlarly to R15 and
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Rigromp dhel casel owher hdt dSomd 4 SOPI0PY 19F O er RR5in
and R6 in the formula [V]). In the present invention,

fu e rt.4d,n,t :
fo?%rﬁl?f%@”?ﬂg ISRIE%E%%E%}?%S;%#@ L:{rodrhﬂ) a‘%ﬁ C\1/\(,?1%%]:lkbecj

i sedy £19Jsz@ hydrogen atomor the same hydrocarbon
grod% as EreV|oust descri bed. Accordingly, when k is

0 and R19 H_th kR1 H. wh 1 and
ngnls H" b%dlg Srgaﬁﬁéi§¥?1%63§Fbﬁs E- efgﬁ)% &%@'ﬁ%@

k 1 9.s d b , It -
(PSS ST i PP T A0 TR T (Pch 1ol £t the
[VI. Wien 1 of the -(000 "R20 part in the formula [VI]

i sSPne g s PuffdEr Aremofarddiaihdrs © iahd tiReetler is

a SF-1128
1, and

R'"" and R'® are each a hydrogen atom or a
hydrocarbon group {preferably the aforesaid group)
similarly to R’ and R® in the formula [V] (with the
proviso that it does ﬁot occur that RY and R'® are
hydrocarbon groups at the same time).

In the formula [VI], k and 1 are each 0, and

RIS and R?® are each a hydrogen atom.

That is to say, —(CO0)R'® and -(C00}:R*® in the
fqrmula [VI] are each -H. Therefore, taking it into
consideration that it doés not occur that m and n are 0
at the same time as previously described, the number of

carbonyloxy groups {CO0) or carboxyl groups {CCCH)

' present in the formula [VI} is up to 1 or 2, and an

embodiment containing 3 or 4 groups is not included.
Consequently, in the case where R' is an isopropyl

group, the bicycloalkenyicarboxylic acid-based compound




46 hydrogen. atom or the same hydrocarbon group as
prgﬂiqggly described- . Accordingly, the -(C0OO 1R20
i's fﬁ, car boxyl group (-COON) or an ester (-COCRS),
simlarly to the -(COO nmR1l7 5 in the formula [VI] in
the case where R' is an isopropyl group. (Also in the
case where R16 is an isopr | group, however, it
does not occur that R19 and R20 in the formula [VI]

=tolt¥h

are hﬁ rocarbon groups at the sanme tine, simlarly 10
descri bed above, also in the case [B] where R16 is an
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I sepmopytlgrioupihd heye &0 &R D-arteh » ¢ 000) AERRO-pasd &
of the four parts which can have a carbonyl oxy group
(GEpdmd hpevformula [VI] are each -H so that the 15
bi cycl oal kenyl carboxyl i c aci d-based conpound [VI] can

becone a monecarbowlicaci d @bd)tgdervat i) (&a thotnh
but it does not becone a di-, tri- or tetracarboxylic

ac &5l ”iﬁ,gﬁioﬁ’ud ftoai{)l"]}e% e eix%ﬁoc‘! _8/%}% £ F%aeéf’%l?nthat -

i sopr opyl p clear trom above

descri ptiions of , ko and 1 in the formula [VI],
mhé(%ééa)lt%l eaasrfcg)o_n@ooéB 15 arfd 5 €3 1",}Pbao? tfqeo?cﬁl%‘?% above,
becone 0, and when at |east one of k and 1 is 1, both
of Chf LAIRP L die lo.1soaifde ueitiipx Y i © tafel SorAfstingach a
of the formula [VI], a nonocarboxylic acid

compound is not included in the compound [VI] of the

invention.)

R** and R?? are each a hydrogen atom or an alkyl
group of 1 to 10 carbon atoms similarly to R® and R® in
the formula [V].

In the present invention, when m of the —(C00).R"
part in the formula [VI] is 0, R'" is a hydrogen atom, and
when m_is 1, RY is a hydrogen atom or a hydrocarbon group
- (preferably the aforesaid group).

Accordingly, when m is 0 and R'Y is H (hydrogen
atom), the —(C00) R is -H, when m is 1 and RY is H
(hydrogen atom), it is a carboxyl group (-COOH), and when
m is 1 and R'" is a hydrocarbon group, it is —COORY’
(ester}, similarly to the —(C0OQ) R’ in the formula [V].

When n of the - (CO0).R'® part in the formula [VI]

is 0, R is a hydrogen atom, and when n is 1, R*® is a




~CnBHEESTeR) atamdot-ai kEtepcisbaot urnebutede TRrabyrtide

SF 1128 47 and its salt are included, but a poly-- (d
F ggg carboxylic add such as a di-, tri- or
§ & boxylic acid is not included. Therefore, an
ester and a salt of the tri- or tetracarboxylic acid
are not included. 5 Further, when the
bi cycl oal kenyl car boxyl i ¢ actd-based conpound [VI]
represented by the fornula [VI] is an ester of a
di carboxylic acid, it indicates a half ester

enbodi nents of the novel 10 bicycl oal kenyl carboxylic

acetobasaddconpaouhds [VI] of the invention

represented by the fornmula [VI] include conpounds

repr esentpextcmdltﬂaﬁyf olﬂr@/\n-n@dcgr et ass [V & carboxyl group
(lI-i-propyl -4-nethyl-bicyclo[2,2,2]2 - - bct en-

5-ylesampoxyl i @stdh), (1Sodpd )bl 51mllarly to the -(COO0),R®

(1-i - propyl - 4- met hyl - brcyclo[i 2] 2-oct’en-
6-
(6¥+-g?(%§?M§iﬁe§ﬁy?%%|%g%ﬁhﬂﬁ évé]Z oct en-

IC aCI

| ?6y! S?BS@? 5 r?errh;% &Oa?cr %[\{2 Cgfcéljrz Hatelk spd RY® are
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1- carbox ic acid). The novel
Wé%}l%%%()ﬂrq i RmaskEd e conpounds [ W1]

represented y the above fornulas [VIa] to [VId] have
advant agé$ @@@ﬁrébeéagboaﬁ pE@pahat icese [A] where R™ is an

isopropyl group, the -(C00)R'® and =~ (C00),R?® parts of the
four parts - {C00).R'7, —(C0OO),R*E, - (CO0) R* and —-(C00):R*®
which can have a carbonyloxy group {(C00) in the formula
[VI]-are each -H, so that the bicycloalkenylcarboxylic
acidfbased compound [VI] can become a monocarboxylic acid
or its derivative (salt), but it does.not become a di-,
tri- or fetracarboxylic acid.

| In the formula [VI], further, it does not occur
that R and R'® are hydrocarbon groups at the same time,
as described above. Therefore, when the
bicycloalkenylcarboxylic acid-based compound [VI] is an
ester, it is a monocarboxylic acid ester or a moncester
of a dicarboxylic acid, and a diester (except cyclic
diester) of a dicarboxylic acid is not included.

[B] Case where R'" is isopropyl group




I nexpensi veness and uniformqualities and can be added

"to ﬁﬁ]% 28 48 an antifouling paint as a conpoundi ng
agé t

r an antifouling paint g p, particularly as
an agent or controlling elution rate of an
antifouling agent. The conpound [VI] is desirably

~contained in an antifoul i ng¥ coating filmfromthe

vi ewpoi nts of optimzation of hydrolysis rate of the
antifouling coating filmand_ optimzation of elution

rateof éﬁTﬁﬁﬁﬁfQﬁﬂ6ﬂw?eaqeﬁ%@“iﬁtanpbﬂ@@rdﬁﬂlﬂﬁrcUp?“T92“to*
Conpoundi ng agent (A) for antifouling paint [0039] The
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coRpourdcrgtagent, @) of,ork amdrnt ifrodHaNEPaiulta [VI] are as
according to the invention conprises one or nore

'SFEd 128449 substances selected froma cyclic

carboxylic acid forned by the addition reaction

(Di el s- Aliglgr- addidy Qi eac! en) fé)q:fénﬂ% YRt urat géjnd R are
e |

carboxylic acid wth a conj ugat ene ~ conpound, and

cstare AT AR ST A of the cyelic carboxylic acid).

R is a methyl group,

R is a hydrégen atom, and

R is a hydrogen atom or an alkyl group of | to 10
carbon atoms similarly to the above. |

In the formula [VI], m and n are each 0, and R
and R*® are each a hydrogen atom.

k and 1 are each a number of 0 or 1 (with the
proviso that it does not occur that k and 1 are 0 at the
same time), preferably one of them is 0 and the other is
1.

- That is to say, —(COO),R'" and -(COO)R'® in the
-formula [VI] are each ~H. Therefore, taking it into
consideration that it does not occur that k and 1 are 0
ét the same time as previously described, the number of
carbonyloxy groups (CO0) or carboxyi groups (COOH)
present in the formula [VI] is up to 1 or 2, and an
embodiment containing 3 orr4 groups is not included, not

only in the case where R' is an isopropyl group but also

in the case where R'® is an isopropyl group.




[0040]in a preferred enbodi nent of the conpoundihg

agsgt %gr an antifouling paint according to the
in ﬂg n, the cyclic carboxylic acid or the

“derivative of the cyclic 10 carboxylic acid (e.g.,

ester or netal salt of the cyclic carboxylic acid) is
desirably the novel cycloadkenyl carboxylic acid [V7,
t he novel bicycl oal kenyl carboxylic acid [VI] or a
salt thereof. Preparation of novel

cycltoatképpiscartsmtivt c-adaiod:imonet-cse-where-R**is~an
bi cycl oal kenyl carboxylic acid and derivative thereof
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| NL¢der g oL essownd, titee | mvent 1 onl toty prefad:t i ¢ cyeld€based
carboxylic acids and esters or salts thereof

| nedriskhungd t ier novel ticy od nad kedhid St Oxy | Lo Rlds 1 § he

novel bicycl oal kenyl carboxylic acid (both acids being

2094 poeihed, relaf rad 4 ondsh o eisdid s & f%]oi ld e

of the 1nvention and sa tscﬁrg(%e% l,da[ )%téllcegg%éj%%% salt
teﬁﬂgggafased di ene conpound (conjugated diene

conpound)” sel ected fromthe group SF-1128 50

consi sti ngs of al l,@oci mene,. oci nmene, rcene,
a-terpin e I%-pﬁ%?l%%ﬁ?eﬂehﬁﬁﬁo?gg AEOT 3kt LhReSaMmeE

unsat urat ed carboxylic acid, ester thereof or salt

't HEFESIC (Rt IO & < 50y | i TiiHdiagl 15 Teaded and RY in

compound) selecteqlfrona, B-unsaturated nnnocar?oxyli%
acils cagq Iharsatiur at ®oarli taepoxyyl coreips (or R® and R® in

the formula [V]).

R*' and R* are each a hydrogen atom or an alkyl
group or 1 to 10 carbon atoms, similarly to R'® and R in
the case where R is an isopropyl group (or R® and R® in
the formuia [V]).

In the présent invention, further, when k of the -
(CO0) R part in the formula {VI] is O, R'? is a hydrogén
atom, and when k is 1, R* is a hydrogen atom or the same
‘hydrocarbon group as previously described.

Accordingly, when k is 0 and R'® is H, the -
(COO)xR™ is -H, when k is 1 and R is H, iﬁ is a carboxyl
group (-COCH), and when k is 1 and R!® is a hydrocarbon
group, it is —-COOR'Y (ester), similarly to the —{C0O) R’
in the formula [V].

When 1 of the —{C00).R?*® part in the formula [VI]

is 0, R*®. is a hydrogen atom, and when 1 is 1, R? is a




and nonoesters thereof are subjected to addition
reagti@R. In the present invention, it is possible
that the terpene-based di ene conpound [J] and an
unsaturated 10 carboxylic acid as the unsaturated
carboxylic acid-based conpound [K] are allowed to
react with each other first#and then esterification
or formation of a salt is carried out. The cyclic

caangglic acids, esters thereof and 15 salts thereof
opt é{ ﬁ i
cyclic carboxylic acids and salts thereof, can be

f a#8FabIL{etdsed as conpoundi ng agents for antifouling
paints, etc. for the aforesaid reasons. In the present

I nvent i oricaymdimyloar bdwy |14 CGEI@S° 29 -t hes ¢ddotPE group
above-nentioned ones, esters thereof and salts

t h¢reobHEaprben aksoef ayorabky) Usedy @5 COpPAUN OG- (coo) R
agents for antifouling paints, and these conpounds can

5beinatge poeparedi®y; uthl{gin L thon ;reagt i
(D6l S SF-1128 51' Al Her a%%iét?%%gf"ég%?%o%) & an i¥opropyl

un §5H§§ted carboxylic acid with a conjugated di ene
commpound [ 0041] Exanples of the conjugated diene

compound s PV aRe Lot LI ILacEL e, o Ll el
gﬂg%&%éé%atﬁér%?vfoné Ioo{:r]cdpc’él'lljgte Pcizﬁa!apldcg%)oi%ndtsﬁe formula
[VI] are hydrocarbon groups at the same time, similarly
10 to the case where R' is an isopropyl group.)

As described above, also in the case [B] where R!'°
is an isopropyl group, thé ~{C00) xR*® and - (COO0)R?® parts
of the four parts which can have a carbonyloxy group
(COO) in the formula {VI] are each -H, so that the

15'_bicycloalkenylcarbéxylic acid-based compoﬁnd [VI] can
become a monocarboxylic acid or its derivatiﬁe {salt),
but it does not become a di-, tri- or tetracarboxylic
acid, similarly té the case [A] where R™ is an isopropyl
group.

- 20 ' As is clear from the above descriptions of m, n, k

and 1 in the formula {VI], when at least one of m and n

is L, both.of k and 1 become 0, and when at least one of

k and 1 isll, both of m and n become 0. Consequently, in

the compounds of the formula [VI], a monocarboxylic acid




isoprene 1, 3- pent adi ene, al |l ooci nene, oci nene and

: ﬁq?ﬁg and cyclic conpounds, such as furan
cyc

opent adi ene, 1, 3-cycl ohexadi ene, a -terpinene and
a- 10 phell andrene. [0042] O the above conjugated
di ene conpounds, butadi ene, cycl opentadi ene,
al | ooci nene, nyrcene and Of”—terpinene are preferable
in the invention. [0043] Fromthe viewpoints of
antlfoullng property and_ 15 proper erodibility of the

~r Rt ity it THYE I PR e e arge@ b df ke Toriputhre)

is preferably conjugated di ene having a nol ecul ar

10

15

20

wet gHeoxf L 184 3@ b00Ich 006143 Exanptes- obr thetracarboxylic
unsat urat ed conpounds (di enophiles) which are

enptioy ald excforirtdieidamt ha@sies eGlore?0 arhe sayd ia@id a salt of
carboxylic acids including the novel conpounds [V] and

[ Mie cfrit-hesd meantdan raded 10 4he £on) ugatiety.
di ene include unsaturate carboxyllc aci ds and vari ous

COMRAUnds ofhdinsLnAt ek Cfcacrgdr?%%i JICSF éﬂ%gaa%?ed

[0045] Exanples of the unsaturate I c acl

bl ra iy L e
d d ; .
rmﬁ%a Gt %ﬁta%@@l%wer

I ou
g(monoester) and a diester is not included.

Preferred embodiments of the ndvel
bicycloalkenylcarboxylic acid-based compounds [VI] of the
- invention represented by the formula [VI] include
compounds represented by the following formulas:
[VIa] (l-i-propyl-4-methyl-bicyclol[2,2,2]2-octen~
5-yl-carboxylic acid),
[VIb] (l-i-propyl-4-methyl-bicyclo[2,2,2]2-octen—
: 6¥yl-carboxylic acid), -
[VIc] (6-i-propyl-3-methyl-bicyclo[2,2,2]2-octen~
8-yl-carboxylic acid), and
{VId] (6-i-propyl-3-methyl-bicyclo[2,2,2]2-octen~
T-yl-carboxylic acid).
The novel bicycloalkenylcarboxylic acid-based
compounds [VI] represented by the above formulas [VIa] to
[VId] have advantages such as ease of preparation,

inexpensiveness and uniform gualities and can be added to-




1 to 20) which are half esters of unsaturated
dig@npﬂgylic aci ds, such as nononet hyl nal eat e,

nonoet hyl nal eate, nonopropyl nal eate, nonobutyl

mal eate, 10 nonophenetyl nmal eate, nononethyl fumarate,
nonoet hyl  fumarate, nonopropyl fumarate, nonobutyl
fumarate, nonopentyl fuma e, nononet hyl itaconate,
nonoet hyl itaconate, nonopropyl itaconate, nonobutyl
itaconat e ppnpentyl itaconate, nononethyl

pnper |
i ettt @1 HORT HYF A5 i EPRRUIRA S BrRETRCEUE AR

citraconate; and nonoaryl esters which are half

estier st Ol 1ng ap kAt edP il Carblosd@d ¥ 25 aik dsgestuchras
nonophenyl mal eate and nonopent achl or ophenyl

f urmenateel 1 0P 46 uion hes abavie amsattur adeldi reardpxytt i ¢ The
acids, 20 (neth)acrylic acid is preferable. [0047] As
anairiierurcd emophi €, dés henzionwdrone: ded amaidrabireti fouling
[0048] As the dienophiles for use in the invention,
COIROUNGS MaMh NG GE 1EVE W QHRSIN ISUCE a5 (CaE DO o 0TUP
(conpound having this group: e.g., p-benzoquinone),
Shiykh28 A3 Niftsrdide tq{eo%tj]@otlﬁq_rg;r %"c—ﬁiflfé ageN, and
group, acetoxy group, p enyl group, sulfore "group,

F@éﬁﬁﬁm@y'ﬁ%ﬂo%if%f A oER Mo kAl AU e

0
g9
a

0 available in addition to the 5 above-nenti oned
uﬁi&?ﬁ%’ rboxylic acids. '

Compounding agent (A} for antifouling paint

[0039]) The compounding agent (&) for an antifouling paint

according to the invention comprises one or more




[ 0049] Exanples of the cyclic carboxylic acids forned
bySF}@ 8addition reaction (Diels-Al der reaction) of

t he Oohj ugat ed di ene conpound with the unsaturated
carboxylic acid that is one dienophile include: 10
nonocycl i c carboxylic acids represented by the
following formula (1) and f& ned by the addition
reaction of cyclopentadiene (CPD) with acrylic acid
(AA), such as bicyclo[2,2,112 -hepten-6-yl-carboxylic

acPdb ¢ Epnposnsceatedvigigihtaotval vol cdg xviB8)yacidd-formed-
nmonocycl i c carboxylic acids represented by the
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f ob¥y omnagadior hudbm )ctanch f o eds byl dde adiditi@n reaction)
reaction of cyclopentadiene (CPD) with nethacrylic
achfl 4P satuBaEdd asaiodBiYE acid with a conjugated diene
bi cycl o[ 2, 2, 1] 2- hept en-6-yl -carboxylic acid (conpound
A ompPMind 52dnd 20 FONACKALd G £AROXYE L @CkdShoxylic acid
represented by the following fornula (3) and forned
by additi . I : 1 .
el gyl 16 Set o T S By O HER LD carbonylic
1%§j@ifrinEthyI-3(2-nethy|-i-propenyl)4-cyc|ohexen
-1-fl- carboxylic acid (conmpound A-3a, Mw 222) and
1,4 5 SF-1128 54 trinethyl-2(2-nethyl-1 _
pr R VB & 7 w9 Flbocdaas AT Cheei GPIIRBHSErH agent
A-3b, Mw 222), nonocyclic carboxylic acids
r éiftte sEhtatt Bl s peiingwiasy frobimd £q Hharndertied, the
by the addition reaction

cyclic carboxylic acid or the derivative of the cyclic

carboxylic acid (e.g., ester or metal salt of the cyclic

carboxylic acid) is desirably the novel

cycloalkenylcarboxylic acid [V], the nowvel
~bicycloalkenylcarboxyvlic acid [VI] or a salt thereof.

Preparation of novel cycloalkenylcarboxylic acid, novel

biéycloalkenylcarboﬁylic acid and derivative thereof

In the process of the invention for preparing
cyclic carboxylic acids and esters or salts thereof
including the novel cycloalkenylcarboxylic acid, the
novel bicycloalkenylcarboxylic acid (both acids being
together referred to as “cyclic carboxylic acid”) of the
invention and salts thereof,

[J] at least one terpene-based diene compound

(conjugated diene compound) selected from the group




5 of ocinene with nethacrylic acid (MAA), such as 1, 4
di hﬁ%#-S (3-net hyl - 2- butenyl ) 4-cycl ohexen-1-yl -
carboxyl'ic acid (conmpound A-4a, Mwv 222) and 1, 3-

di met hyl -2 (3-net hyl - 2- butenyl) 3-cycl ohexen-1-yl -
carboxylic acid (conmpound A-4b, Mv 222), 10

- nmonocyclic carboxylic aC|dsﬂ}epresented by the

following formula (5) and formed by the addition
reaction of myrcene with nmethacrylic acid (NM%Q such

asConfAEshyhg -4t (alheyhitheBe pentEnyhy; - myrcene; "G =tarpimere =

4- cycl ohexen- 1-yl -carboxylic acid (conpound A-5a, Mw

10 -

15

- 20

22and aad phamithyreded anet hyl -3 15 pentenyl )3
-cycl ohexen-| -yl -carboxylic acid (conpound A-5b, M

1222K] dtcyshit &g hoxedteracidscaepsesent eseby, tderer

following fornula (6) and formed by the addition

re@iér@@f &f Odrt enpinene wWilb.aerytie achoh{AN. Such
as |

bi 2- | - [
22,6’%%’%00”%%& N e o G R e M
(TR At o8] | A S5 oBe8a e eyarFELic acids
CAae G et Byt eéfﬁﬁ%fgoguﬁaigg*sg@ﬁ%“odifi?w‘é'nareacuon

a- phel | andr ene MAth acrylic acid (AA), such as 6-i-
propyl - 31Rethyl PEREgRE ol RVRNZfignoctidn is- possabBexyhiad the

terpene-based diene compound [J] and an unsaturated
carboxylic acid as the unsaturated carboxylic acid-based
compound [K] are allowed to react with each other first
~and then esterification or formation of a salt is carried
out.

The cyclic carboxylic acids, esters thereof and
salts thereof obtained by the above process, such as the

- novel cyclic carboxylic acids and salts thereof, can be
favorably used as compounding agents for antifouling
paints, etc. for the aforesaid reasons.

In the present invention, cyclic carboxylié acids
other than the above—mentionéd ones, esters thereof and
salts thereof can be also favorably used as compounding
agents for antifouling paints, and these compouﬁds can be

also prepared by utilizing the addition reaction (Diels~-




5 acid (conpound A-7a, Mwv 208) and
6-$Fﬂﬁg§yl-37nethyl- bi cycl o[ 2, 2, 2] 2-

octen-7-yl -carboxylic acid (conpound A-7b, Mwx 208).
Further, al so avail able are nonocyclic carboxylic
acids represented by the following fornmula (8) and
formed 10 by the addition Yeaction of alloocinmene

wi th nmononet hyl nal ei ¢ acid, such as [Vg]:

2- met hoxycar bonyl - 3-

carboxylic acid (conpound A-8a, Mwv (nole weight): 266)
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arelC TVh i thret ydn Riaedrdob /i Sad ommpdipld | - propenyl ) -5, 6
15 di net hyl - 4- cycl ohexen-1 -yl - car boxyl ate (conpound

A-B)4Mv  Erehpleei ght Yhe266hiub@@20] dTbasecenspaunds
(cyclic carboxylic acids) are usually obtained as

M SHPI SNt RINitHE B 1OUSs | SUBMShe ARA tAKING A0
consideration difficulty in isolation and 20 excel I'ent

Prapeid | 88191460 When r%xfgl)(tégrlﬁ%cg{ﬂc%sio r S'au'{dS [S\}ﬁeq)f‘sahe

a conpoundi ng agent for an ant ain uch as

pr. i.es. t. stal.lization _in a paint or .
COIR i R S S S R efharitape
SE-1128 56 excel | ent =adhesi on .and pl asticity is
obt"Eede 1t ﬁe?'&ﬁ@t&rﬂe@ﬁl%s@&wqwn@m REEeEtce 206k
isomer m xtures. [0Q051] The synthesis of the cyclic
cIBGaNSG ¢ 286 §YER b & CFRINSE ol idlsi Fvggmpubl i cly
known Di el s- Al der reaction.

cyclopentadiene, 1,3-cyclohexadiene, @-terpinene and a@-

phellandrene.

[0042] Of the above conijugated diene compoundé, butadiens,
cyclopentadiene, alloocimene, myrcene and & -terpinene are
preferable in the invention.

.{0043] From the viewpoints of antifouling property and
proper erodibility of the resulting coating film, the
conjugated diene compound is preferably conjugated diene
having a molecular weight of 54 to 600.

[0044] Examples of the unsaturated compounds

(dienophiles) which are employable for the synthesis of
the cyclic carboxylic acids including the ndvel compounds
[V] and [VI] of the invention and édded to the conjugated
diene include unsaturated carboxylic acids and wvarious

compounds of unsaturated carboxylic acids.




5 1n the synthesis, a publicly known catal yst such as

a gﬁhﬁ%%acid can be used when needed. Although the
reacti product can be used wi thout being purified,
it my be purified by a known nmet hod such as vacuum
distillation or recrystallization. 10 The cyclic
carboxylic acid can be synt¥esized by Diels-Alder
reacti on of a conjugated di ene conpound with an
unsat urated carboxylic acid. In the reaction of the

~cohf Ut dacamrhres cofrpbueding a turdte dirssithray b -actds-

carboxylic acid, a catalyst is preferably enpl oyed,
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andhtchedeat al yst 15 is, for exanple, a solid acid such
as activated clay or heteropoly-acid. In the

react i onunke tiite teenndei-edbotivene eefpeyndg nd Jshe
unsaturated carboxylic acid, a catalyst such as

actrhaat itk G) By | S added; Ady & t jof il L9 20 i
Weit ght ,) prlé]k ercabl y 0.05 t%%%%%;/&nmel%gnh??er%c b%cségd'/ %lelc

t amuyn he. conj t Wol conpound, and they
ap%react e(f%or# tﬁﬁcggéé&g%dﬁ%%ns o) feiziex

a reaction

t erat.yre of. 60 to 1Q0C ef erably .70 to 90C,

r éac C?agln e S &bu ﬁnﬁ £ATHOL JLGRS, Olg ach(y?llo group:
hours, .and a pressure of 0.8 to 10 atm preferably 0.9

t o §htdh shitioe e S 5 &dc NG tprGdRd

contai ning the cyclic carboxylic acid (usually isoner
mSHAFEP XL ich@diflsentsiusi ¢an misaoslstthiviedhaleate, monoethyl

maleate, monopropyl maleate, moncbutyl maleate,
monophenetyl maleate, mcnomethyl fumarate, monoethyl
fumarate, monopropyl fumarate; monobufyl fumarate,

| monopentyl fumarate, monomethyl itaconate, monoeithyl
itaconate, monopropyl itaconate, monobutyl itaconate,
monpentyl itaconate, monomethyl citraconate, moncethyl
citraconate and monobutyl citraconate} and monoaryl
esters which are half esters of unsaturated dicarboxylic
acids, such as monophenyl maleate and
monopentachlorophenyl fumarate.
[0046] Of the above unsaturated carboxylic acids,
(meth)acrylic acid is preferable.
[0047] As another dienophile, p-benzoguinone is available.
[0048] As the dienophiies for use in the invention,
cgmpounds having active groups, such as carbonyl group

(compound having this group: e.g., p-benzoquinone),




The reaction product can be used as it is without 5
begﬁgiggrified, as descri bed above, but if necessary,
it can be used after renoval of insolubilities by

~ filtration or renoval of |ow boiling point substances

~a-RHBRH: fethedP suehtrasor@ari fhabheyen, gvagpumacetoxy-groupy

such as unreacted substances by distillation
(unreacted substances usualdy have | ower boiling
point than the 10 desired cyclic carboxylic acid of
the invention) The reaction product may be purified by

distillation, recrystallization or solvent
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fracenphagronp, 15u20018F-did8o 581 B0&2hv] Conpopndadiljome thyl
CPD CPD Al'l ooci nene AA MAA ~~COCH Conpound A-1 ( Mw

138yotio npedndy Andmné My 1 1p2)uonpolnl Ardaafieer22)o
Cci nmene ,
unsaturated bonds, are also available in addition to the
above-mentioned unsaturated carboxylic acids.
[0049]) Examples of the cyclic carboxylic acids formed by
the addition reaction (Diels~Alder reaction) of the
conjugated diene compound with the unsaturated carboxylic
acid that is one dienophile include:
monocyclic carboxylic acids represented by the
following formula (1) and formed by the addition reaction
of cyclopentadiene (CPD) with acrylic acid (AA), such as
bicyclo[Z,2,112-hepten-6-yl-carboxylic acid (compound A-1,
- weight of 1 mol (Mw): 138),
monocyclic carboxylic acids represented by the
following formula (2) and formed by the additiocn reaction
of cyclopentadiene (CPD) with methacrylic acid (MAA),
such as 6-methyl bicyclo[2,2,1]2-hepten-6-yl-carboxylic
acid (compound A-2, Mw: 152),
monocyclic carboxylic acids represented by the
following formula (3) and formed by the addition reaction
0f alloocimene with methacrylic acid (MAA), such as
1,5,6—trimethyl~3(2~methyl—1—propeny1)4—cyclohexen—1—yl—

carboxylic acid (compound A-3a, Mw: 222) and 1,4,5-




4 Conmpound A-4a (Mw 222) Conmpound A-4b (Mw 222) (3)
Co _cili?g A-3b (Mwv. 222) (1) SF-1128 [0053] [ Compound
12?‘?& er | nerve raid A-b (Mwy,: 22; do wound A -Eta
(MMw, 208) Omurrd A-S ( 208) 59 ad: A-l1la.(4r2 U
ConmoowdA- 7 SF-1128 60 [ Conpound 13] ~Mononet hyl mal ei ¢
acid [Vg] (8a) Allooci men¥ COOMe (Me: nethyl group)
(Mwr 266) OF the above cyclic carboxylic acids, the

trinethyl=2.(2=methyl~l=propenyl)-3-cyeclohexen—l—yl—-
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carboxylic acid (compound A-3b, Mw: 222),

monocyclic carboxylic acids represented by the
following formula (4) and formed by the addition reaction
of ocimene with methacrylic acid (MRARA), such as 1,4-

‘dimethyl-3(3-methyl-2-butenyl) 4~cyclohexen-1-yl-

: carboxylic‘acid (compound A-4a, Mw: 222) and 1, 3-
dimethyi-2 (3-methyl-2-butenyl)3-cyclochexen-1-yl-
carboxylic acid (compound A-4b, Mw: 222),

monocyclic carboxylic acids répresented by the
following formula (5) and formed by the addition reaction
of myrcene with methacrylic acid (MAA), such as l-methyl-
4(4—methyi~3—pentenyl)4—cyclohexen—l—yl—carboxylic acid
(compound A-5a, Mw: 222) and l-methyl-3(4-methyl-3-

'pentenyl)3—cyclohexen*1—yl—carboxylic.acid {compound A-5b,

Mw: 222),

dicyclic carboxylic acids represented by the
following formula (6) and formed by the addition reaction
ofra—terpinene with acrylic acid {(AAa), such as 1-i-
propyl-4-methyl-bicyclo([2,2,2]2-0octen-5-yl-carboxylic
acid (compound A-6a, Mw: 208) and l1-i-propyl-4-methyl-
bicyclo!l2,2,2]2-octen-6-yl~carboxylic acid (compound A-6b,

Mw: 208), and




compounds (2), (3), (5) and (8) are particularly 5
pr%?qqﬁple fromthe viewpoints of antifouling property
proper erodibility of the resulting antifouling

coating film [0054] In case of, for exanple, the
carboxylic acid represented by the fornmula (1) or (2)
(conmpound A-1 or 10 conpoﬁﬁd A-2), the follow ng four
i soners are present dependi ng upon direction and -
p05|t|on of the addition_of (neth)acrylic acid to

'LyLIUpenlauﬁgﬂéc(éﬁﬁﬁoﬁwgﬂci§Q&Q§aﬁe@§@§ﬁp§ﬁdu§§dthw

production of endo formexo form 15 SF-1128 61 [0055]

[ CompletHidnal - THE L of CHaNd 0056e T Hey seme ashbll i appfaaction
also to the | ater-described 5 preparation exanples of
carboxyphelashdsc(dADvi handrAR- 3)id[ 08AY] kOchhes 6-i-
case where alloocinene is used as a raw nmaterial for

preefuasy Ing e rgar-boxyld 1o @id, 2 thes cdd -apgineng-Hd:sel fc
is a mxture of the following three 10 isoners.

5 Sheilk?8 KAdRRRBIA - IFRMEUND DL and 6-i-propyl-3-methyl-
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bicycle[2,2,2]2-octen-T7-yl~carboxylic acid (compound A-7b,
Mw; 208).

Further, also available are monocyclic carboxylic:
acids represented by the following formula (8) and formed
by the addition reaction of alloocimene with
monomethylmaleic acid, such as [Vg]: Z-methoxycarbonyl-3-
(2-methyl-1-propenyl) -5, 6-dimethyl-4-cyclohexen-1-yl-

. carboxylic acid. (compound A-8a, Mw (mole weight): 266)
and [Vh]: méthyl 2-carboxy-3-{2-methyl-1l-propenyl) -5, 6~
dimethyl-4-cyclchexen~l-yl-carboxylate (compound Ar8b; Mw
(mole welght): 266).
f0050] Thése compounds (cyclic carboxylic acids) are
usually obtained as mixtures containing various isomers,
and taking into consideration difficulty in isolation and
excellent properties given when a mixture of isomers is
used as a compounding agent for an antifouling paint,
such as properties that crystallization in a paint or a

coating film is suppressed and a'coating film having




Al l ooci nene(1) Alloocinene(2) Alloocinene(3) [0059]
Th &? e, It can be thought that there are the

fogfg %g 24 isomers in the resulting conmpound A-3
(carboxylic acid). The sane shall apply also to the

| at er-descri bed preparati on exanpl es of carboxylic
acids (AD-4) and (AD-5). 1% 15 SF-1128 63 [0060] -

[ Compound- 16] C DOH CDOH (9} SF-1128 64 [0061]

[ Conpound= 1-7] [0062] As described above, the

conpohbitny -agdensturand phtstoul tng paibita aoedr dingy-are

to the invention conprises SF-1128 65 one or nore
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subStamceseselectied foam asttyecd) o farhoxyt 116l ahdes .

fornmed by the addition reaction of an unsaturated

carboxy] i chaci ghihdhi & gonjugat ech di eNL-COPOLIRAGs-fd can be
carried out utilizing publicly known Diels-Alder reaction.
In the synthesis, a publicly known catalyst such as a

- 8olid acid can be used when needed. Although the
reactionlproduct can be used without being purified, it
may be purified by a known method such as vacuum
distillation or recrystallization.

| The cyclic carboxylic écid can be synthesized by

Diels-Alder reaction of a conjugated diene compound with
an unsaturated carboxylic acid. In the reaction of the
conjugated diene compound with the unsaturated carboxylic
acid, a catalyét is preferably employed, and the catalyst
is, for exaﬁple, a solid acid such as activated clay or
heteropoly-acid. In the reaction, to the conjugated
diene compouhd and the unsaturated carboxylic agid, a
catalyst sﬁch as activated clay is added in an amount of
b.Ol to 2% by weight, preferably 0.05 to 0.5% bj weight,
based on the amount of the conjugated diene compound, and
they are reacted under the conditions of a reaction
temperature of 60 to 100°C, preferably 70 to 90°C, a

reaction time of 6 to 60 hours, preferably 12 to 40 hours,

and a pressure of 0.8 to 10 atm, preferably 0.9 to 5 atm,




derivative of the cyclic carboxylic acid (except a
534 2 salt), a nmetal salt of the cyclic carboxylic
4% a metal salt of a derivative of the cyclic
arboxyllc acid. The cyclic carboxylic acid derivative
for constituting the conpoundi ng agent for an
antifouling paint is, for %¥Xanple, an esterification
product, an am dation product, 10 a hydrogenati on
product, a disproportionation product, a heat

treheneny- @rodeaction- Nr@@$CEthemtaddmnguunproyuch a
M chael addition product or a Diels-Al der addition

pr odust= ol i theccyckisugnl Poxydier agi dtul8P63F The invention
esterification product of the cyclic 15 carboxylic
actgh (sychheacaehoxylic acid ester) is specifically
an ester fornmed fromthe cyclic carboxylic acid and

an al CthIheOfre]aédﬂexa %herg{nfig : c?ra?sbllyt Ls tAdhout

carbon atons

h f oyel rboxyl .

2SR R S o e & %"é%ylﬁgv?" & %%%%racryf it
d dat d h

carto l%SE%c?%t%S‘%m?va'cﬁ? el bl ahstity  €ireration

speci ficall am de fornmed fromthe cyclic

| ca‘?%WQ‘@%c‘P% e Rl i hero Bt 1swles igness borcatdhs,
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preferably 1 to 8 carbon atons, SF-1128 66 and

ex#n st adhersod tamd udy Wyidroichrdioionyr bupcent aédi ng

am des, such as al kyl ami des and aryl am des.
substances usually have lower boiling point than the
desired cyclic carboxylic acid of the invention). The
reaction product may be purified by a known method such

as rectification, vacuum distillation, recrystallization

or solvent fractionation.




[ 0065] The hydrogenati on product of the cyclic
cag?qﬁzélc acid is, for exanple, a conpound obtai ned
he“addition 5 of hydrogen to hydrocarbon doubl e

ond in the cyclic carboxylic acid nolecule or a
conmpound .obt ai ned by cl eavage of cycl ocarbon ring by
the addition of hydrogen idP the cyclic carboxylic
acid nolecule. [0066] The heat treatnent product of
the ¢ clic 10 carbox I|c acid is, for exanple, a

'LUHpU At b%@%@%@@dby “heat= treat1ng“rhEWtyciic“
carboxylic acid at 250 to 350C in an inert gas. By

carrying out such heat treatnment, reaction between
nol ecul es of the cyclic carboxylic acid sonetinmes 15
takes place to forma disproportionation product. As a
matter of course, such a disproportionation product is
enpl oyabl e as the cycligygqrboxylic gefyh defQGHative of

t he i nventFor @l on progdyct

group suclggs an aIkyI group of b at ons,
preferably I to 8 carf8n atons, o#mmgﬁmé}iﬁ& ?oup is

added to a carboxyl gro B of the cycl cmwmmxyllc
acid. Such=s V|ny &PPYddi tion p s SF-1128

67 prepa til Z|ng a_ppocess |p dsed in; for
exanple i 2

[ 0067 he vi nyl et @
~of the c 2Q. ca bOX¥LLQ%ﬂQId I $ pound
wher ei n. org nyl et cont ai ni n@-a Hyereocar bon

Compound A-2 {Mw: 152}

Alloocimene

Compound A-3a (Mw: 222)  Compound A-3h (Mw: 222)

\\”//COOH

e

CO0H

. Qcimene

Compound A—4a (Mw: 222) Compound A-4b (Mw: 222)




Japanese Patent Lai d-Open Publication No. 262076/ 2001.
[ 0§68],gThe M chael addition product of the cyclic
carboxylic acid is, for exanple, a conpound formed by
the 5 addition reaction of an active met hyl ene
conmpound of 1 to 18 carbon atons, preferably 1 to 8
carbon atons, such. as mal%hic acid ester,
acetoacetic acid ester or cyanoacetic acid ester,
mﬁ} olarlzed carbon carbon double bond |n the

Further, i conpound mhereln t he car boxyl group IS

added 1o { he doubl e bond of the unsaturéwég cyclic
car boxyl il acid by sel f-M chael addltlg' S al so
avai | abt'e. ™ ' &L

add|t|0§‘@f Q@:lene ?ff'u'h%thgﬁgga

. prefefdbly 4 to 20]ca

‘“'c aC|d netal +C
reactlgg of a nmonocar boxylic: ‘Q
formul &¥F3*™ or [VI] with a nggf
generally represented by the f&r
(RCOO is a SF-1128 68 v

a=Terpinens

Compound A-Ta (Mo 208)  Campoiand A-Th (Wi 208)

a-~Fhaliiidhers




cyclic carboxylic acid residue, Mis a netal atom and
X $§4?2§a[ence of the netal aton). To the fornmula (a),
a I'igand such as water, acid or base nay be bonded or
coordi nated, and the netal salt 5 nay be a netal salt
which is not constituted of a netal and a carboxylic
acid (nore precisely, carbd®yl group in the
carboxylic acid) in an equivalent weight ratio

(equi val ent nunber of netal/equival ent nunber of

an 10 excess netal salt of a carboxylic acid in which

the "anoynt of the netal is larger than the equivalent

wei ght ati@, %Q%ngkggéinunber of netal/equival ent
nunber carboxyfic a0|3 >|1/1) or may be §

car boxyl i c=acid @1 salt i{n which the anpgat ofpobie
netal|[is | es$s tfhan the & ¢ NOOMei gff j

(meani ng of Ithel term "excp&s sal t oxyl i c(8)
aci d": e Jap at enfl _Lai Open Publ@cat il :
97406/ 2(1 2 cor 2 & ggMeDate 3 COCH
Appl i catlj on No. 290907/2000 previously propgsed by

the pr. t applicant) DOf2d) Exanphes gt t H¥hI

met al of the cycli Car paxyl i c aciZls and #he

netal salts of the cyclic |cab i id derivatives
incluﬂE°W@W§I salts formed b&E ?ﬁ%ﬁh&ﬂaﬁ' g

cyclic carboxylic acids 6¥w )cycl{iacgg;gogég%ggg%id
derivatives (except netal salts) with SF-1128
Of the above cyclic carboxylic acids, the
compounds (2), (3), (5) and (8) are particularly
preferable from the viewpoints Qf antifouling property
and proper erodibility.of the resulting antifouling
coating film.
{G054] In case of, for example, the carboxylic acid
represented by the formula (1) or (2) (compound A-1 or
compound A-2), the following four isomers are present
depending upon direction and position of the addition of

(meth)acrylic acid to cyclecpentadiene (CPD) that is a raw

material used, or production of endo form/exo form.




69 netals, such as zinc, calcium copper, nmagnesium
st gg%%nl manganese and nickel, or with netal

ﬁ@ s containing these netals. O such netal
salts, nmetal salts ofzinc or copper are particularly
preferable from5 the viewpoints of coating film
erodibility and - antifoul iflg property. [0073] The
carboxyllc acid netal salts can be prepared by

varlous processes publlcly knomn such as t he

process and direct 10 process. (Double deconposi tion

10

process) The doubl e deconposition procegs is a process

sol uti on of odi um salt of a carboxyfic aC|d a

pot assi her eof , ror(ciErg)i ke doObbig
deco - Or' a car boxyl salt and
pur i T Rt extrac

PP QESCH 3)

conprising heat¥'ng an oxide of a netal, acetic

‘acid salt thereof, a hydroxide thereof or the like

together with a carboxylic acid of a nmetal carrier to
distill ter SF-1128

72

H (l’JI‘CHﬂ) COOH

COOH

H (orCHa)

[0056] The same shall apply also to the later—described
breparation examples of carboxylic acids (ADwi) and (AD-
3).

[0057] In the case where alloocimene is used as a raw
_material for preparing the carboxylic acid, the
alldocimene itself is a mixture of the following three

isomers.




70 oran acetic acid and thereby obtain a carboxylic

ackg al salt. In this process, it is possible that
the reaction is carried out in an organic solvent,
and water or an 5 acetic acid is distilled off by
azeotropic distillation or the |like, when needed.
(Direct process) The directéZprocess is a process
conpr|3|ng allowing a netal itself to directly react
Wi a 10 carboxylic acid to obtain a carboxyllc acid

nmet a@5%}a| tCompiEIdakboxyticaci-d-metat-—satts-mentioned
above can be readily prepared also in the course of

5

10
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the production of paint using the carboxy]ic acids.
For exanpl the carboxylic aC|d zinc salt| can be 15

in theilpresente of a 20 known for
pai nt i ecessary to obthin a carboxyl g acid zinc
- salt and {jhen compoundi ngithe salt with Such various
conponent § as added to a paint conpositign, to
prepare esired paint osition (a ul i ng
pai nt cdnposktion).
-Alloocimene(1) Alloocimene(2) Alioocimene(3)

[0059] Therefore, it can be thought that there are the

foilowing 24 isomers in the resulting compound A-3
'(carboxylic acid). The same éhall apply also to the

later—described preparation examples of carboxylic acids

(AD-4) and (AD-5).




SF-1128 71 If-the carboxylic acid and zinc white are
pr ﬁ?ﬁ in the conpoundi ng ingredients for preparing a
paint, % netal salt of the carboxylic acid is forned
inthe resulting paint. 5 In the above process, in
order to increase a production rate of a netal salt,
wat er may be added, or in®rder to renove water
produced by the reaction or water content added, a
dehydrating agent publicly known may be properly

ustRoab-jouruThe-lédnponent (A ~has-excettent '
conpatibility with the | ater-described copol yner (B)

for a self-polishing type antifouling paint,
particularly|a silyl ester copolyner, and an
anti f oulN ng_pai np cooposi N on L conyabrieng tye

conponent 3 and (B) exhiy pf oper 15 el I Nt®po 1
seawat er 4 @xcel lent i &t es such
coating fi osi on accel ers property a

antifouling
coating fi

is contaimed in an amount of @nl to 300 part
- wei ght oréf%rably 1 to 200 parts by weight,
preferably 5 to 100 parts by weight, particularly
preferably to 50 parts by |weight, based on 1p0
parts b i

COOQH

(3}

CoOH

&)

COO0OH

{12)




- hydrol yzabl e copolyner (B) for a self-polishing type
SF-#é‘ﬁ 72 antifouling paint (non-volatile matter)

ﬁ [ %d in the bel owdescribed antifouling paint
conposition of the invention, particularly a silyl
est er-based copol yner (non-volatile matter) . Wen the
conponent (A) is 5 containgd in such an anount,
hydrolysis rate of a coating film(antifouling

coating film hydrolyzable resin filnm forned from
“thedPest-t¢empanedt-dutling - paint-conposition—fg ==
appropriately controlled, and as a result, antlfoullng

performance of the coating film particularly
antifoul i ng~10 performance in the highly fouling sea
area or in the static environnept, is exhibi
a long period,jof tinme, so that puch an anount
| e t he

desi rabl y Aisege icp@H anmoynt 5 qfcasual 01 to 90

parts by gnt, preferab 4 50 pa

wei ght 169parts by t he antilf ngs< ©CH
[ [ 007 s

Antifouling paint conposition > The antifoul 1 ng paint
conposi tion_of the invention 20, conprises the
compoundi ng nt (A) (or (AD)) for an antifouling
pai nt and a cppol yner (B) sel f- polishi
antifoulin ai nt. coon

.-ll‘f”’,

ﬁ@COOH an

COOH
SCOOH

(19)

,/’\\z//

22)

l .““\“ C O O H

[0062] As described above, the compounding agent for an

antifouling paint according to the invention comprises




~-coRRFOPFIMGragenbstinens es et ¢ohedsErerant cysbicthatboxylic

[0078] It is preferable that the antifouling paint
cosﬁqgg%ion does not substantially contain an

ant’tf ing SF-1128 73 agent which is a | arge burden
to the environnent, such as a tin conpound, and
consequently, a coating filmhaving no evil influence
on the environment can be f@rned. Mreover, the
coating filmcontains the conmpoundi ng agent 5 (A) for
an antifouling paint, which functions as a hydrolysis

the hydrolysis rate of the copolyner (B) for a self-

10

15

20

pokcsdi hgriypebantihd oudid hgi ai néacohdal aedahnubhbeturated
coating filmis favorably controlled, and the erosion

rateriobxyhec 1ccoabing £idanisgapiatai oed ééﬁ}f@&@ld, a
(constant) over a long period of tinme. Therefore, the

el 4t OPaf B8be Of A éyﬁiI@H%éfEbﬁng ééi&oW§£?%$Fg%qnetal

the antifouling agent™ exhibits excellent cont

reég§§pbiéiﬁg aﬂr55¥¥“3%0@he %ég?i%té£§%$+£n%gaég£d and a

conposition of ‘the Tnvention exce

b6 Bhrti uad B SRS e nor pe MR hRT Y acid.

fouling sea area and to underwater structures, , ,

f i 5HF rfgY $akk | SERMY FiS MG ekl (alelve nfehecar sl ifeuting

envi ronnent. 20 [0079] Copol yner (B) for

selite pemrhinginy peert ifouldmenipafonling paint is, for
example, an esterification product, an amidation product,
a hydrogenation product, a disproportionation product, a
heat treatment product, a vinyl ether addition product, a
Michael addition product or a Diels-Alder addition
prdduct of the cyclic carboxylic acid.
[0063] The esterification product of the cyclic
carboxylic acid (cyclic carboxylic acid ester) is.
specifically an ester formed from the cyclic cérboxylic
acid and an alcohol of 1 to 18 carbon atoms, preferably 1
to 8 carbon atoms, and examples thereof include
hydrocarbon_esters of cyclic carboxylic acids, such as

~alkyl esters and aryl esters of cyclic carboxylic aéids.
'[0064] The amidation product of the cyclic carboxylic
acid (cyclic carboxylic acid amide) is specifically an

amide formed from the cyclic carboxylic acid and an amine

of 1 to 18 carbon atoms, preferably 1 to 8 carbon atoms,




As the copolyner (B) for a self-polishing type
ang'f?g%%ng paint, which is a filmform ng conponent,
a %ﬂl ri zabl e unsaturated carboxylic acid hydroxy
nmetal  SF-1128 74 salt-based copolynmer (B-a) and/or "a
pol yneri zabl e unsaturated carboxylic acid netal
conpound- based copol yner (6 b) containing a
constituent unit derived froma polynerizable

unsat urated carboxylic acid nmetal 5 conpound

~comdieranp Hos itk oxyl - groupd¢ - Iopirdtasett yo rdandet tatning

a netal atonf is enployed. [0080] As the forner

pohiyiees z ahlah uns ad Liral etin O Hoxiyd | £r v Rcamh deyly oxy

metal salt-based copolymer (B-a), a (meth) acrylic

aci oo wprmey Hf%ﬁ:!l&ig&%?éﬂicﬁ@%&@@@' yiefhd i dydilid Scarboxylic
preferably enpl oyed, and as the latter "polynerizable

uns@fyrad ed: carboxyliL, aci d et al g CompoHnds k}ﬂﬁgfgqrel adfition

copolynmer (B-b) containing a constituent unit

DO T i S R b T St O B caliy s

IS LA A4 B B
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group bonded to a netal atomis preferably enpl oyed.

[ DAY tHe QIRHAPREFEION itd et iRl Hyft Bdieitoq of hydrogen

sal t-based copolynmer (i), such a resin Rp- COOM OH

(R Besevwdsion, carke:mlig meiat amlercwlopper at om

(divalent netal atom) as
[0066] The heat treatment product of the cyclic
carboxylic acid is, for example, a compound obtained by
heat-treating the cyclic carboxylic acid at 250 to 350°C
in an inert gas.

By carrying out such heat treatment, reaction
between molecules of the cyclic carboxylic acid sometimes
takes place to form a disproportionation product. As a
matter of course, such a disprcportionaticn product is
employable as the cyclic carboxylic acid derivative of
the invention.

[0067] The vinyl ether addition product of the cyclic
carboxylic acid is a compound wherein one vinyl éther
containing a hydrocarbon group such as an alkyl group of
1 to 18 carbecn atoms, preferably 1 to 8 carbon atoms, or

an aryl group is added to a carboxyl group of the cyclic

carboxylic acid. Such a vinyl ether addition product is




descri bed in Japanese Patent Laid-Open Publication No.

2q%g93§é996 or Japanese Patent. Laid-Open Publication
; 933/ 1997 is enployable. SF-1128 75 [0082] - As

the copolynmer (ii), i.e.,the (neth) acrylic acid

nmetal salt-based copolyner (ii) containing no

hydr oxyl group bonded to a tal atom a (meth)acrylic

acid netal salt-based copol ymer described in the 5

par agr aphs [0036] to [0049] of Japanese Patent

Lab R gt - P bt Tt 4 g No: D828 89/ 4099l predi bust forexample; =

proposed by the present applicant or a resin
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defsgrarbett iFnttdret fJariatrGphs POkt ton 044 620f76/2001.
Japanese Patent Lai d-Open Publication No. 302572/ 1999

| s[ cogpd Joyald e1i b 100831 d b herqeses itejon,c the

polynerlzable unsaturated carboxylic acid hydroxy

metalpsaltrdased; i %Opcfl&&mgxa(rﬂ 1d S é’fﬁng{cﬁﬁw Brmed by the

copolyner having, Iin a e, a constituent unit

éﬁﬁ?& o 90 aIygE{ %?Néilég“ﬁg t%Q Ccﬁ&?%&d of 1 to

roxy ne repr esen

ld f la [l V\/n RL |
aﬁl f%fhf’aét%%n%r]@w%ﬁyn o hi R R A Gt as
=C(CH3).-, CH2 =CH, HOOC- CH=CH or HODO- CH:C(CH3)

- EEATHE) F0 IS Hegt al2 CEH0R T igh assCeres tad or cyanoacetic

acid ester, with polarized carbon-carbon double bond in
the cyclic carboxylic acid (or ester thereof).

[0063] Further, a compound wherein the carboxyl group is
added to the double bond of the uﬁsaturated cyclic
carboxylic acid by self-Michael addition is also
available.

.[0070] The Diels-Alder addition product of the cyclic
carboxylic acid is, for example, a compound formed by the
addition of a diene component of 4 to 50 carbon atoms,
preferably 4 to 20 carbon atoms, to the hydrocarbon
double bond of the cyclic carboxylic acid.

[0071] The metal salt of the novel
(bi}cycloalkenylicarboxylic acid of the invention is a
monocarboxylic acid metal salt obtained by the reaction
cf a monocarboxylic acid répresented by the formula [V]

or [VI] with a metal compound, and is generally

represented by the formula  (&): (RCO0).M (RCOO is a




20 Mis a nmetal atom such as Zn or Cu. [0084] From
th§ﬁ¥h?%p0|nts of properties of the resulting coating

copolymer (i) is nore preferably a (neth)
acrylic acid hydroxy netal salt-based copol ynmer
having a constituent unit derived froma (neth)
acrylic SF-1128 76 acid hydroxy metal salt, still nore
preferably a. (nmeth) acrylic acid hydroxy metal salt
based copol ymer having a constituent unit derived from

“a-¢rethy acayboeyaerac iy droxidnet-af - sata-whier biat eme-and-x:

nmetal atomMis zinc 5 (Zn) or copper (Cu),

partizuvatdycpref erfablnyetr]l (amedrh) . acrylic acid hydroxy
netal salt-based copol yner having a constituent unit

derived fipmiR (ERIRIACTH ) ¢ a%eaﬁbﬁdgeéx ggt pht8dltacig
wherein Mis zinc (Zn) . [0685 Ih the presen

' Wﬁ%é@é"méﬂﬂ%é eIy ae Ty '&&Cdﬂqag\?d G oup tiDasedsaie

copo yner (17) contal ning no hydrox onded to
rlé%}f C}E@ﬁa?l ga%olr %ﬁ'ﬁ{gﬂ s ergc!ry tm!1 c}”cplg a Imetal
ecule a cons uent uni erived Troma

E’SL%%E Py ARG A1 1 AR 9zoue in

15 R1- C00- MLﬂ 1], eran Rl is an unsaturated
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boTtE RTINS GG dn Gro sl @rdd aight ratio
CH2=C(CH3) -, CH2=CH-, HOOC- CH=CH and
HOGUUErEG(aoHR b a@OoH it of loraauel vegteal t saimbasr ah

ester,
carboxylic acid = 1/1), that is, the metal salt may be an

excess metal salt of a carboxylic acid in which the
amount of the metal is larger than the equivalent weight
ratio (equivalent number of metal/equivalent number of
carbeoxylic acid > 1/1) or may be a cafboxylic acid metal
salt in which the amount of the metal is less than the
eguivalent weight ratico (meaning of the term “excess
metal salt of carboxylic acid”: see Japanese Patent Laid-
Open Publication No. 97406/2002_corresponding to Japanese
Patent Application No. 280907/2000 previouély proposed by
the present épplicant).

[0072] Examples of the metal salts of the cyclic
carboxylic acids and the metal salts of the cyclic
carboxylic acid derivatives inclﬁde metal salts formed by
the reaction of the cyclic carboxylic acids or the cyclic

carboxylic acid derivatives (except metal salts) with




Mis a netal atom preferably a nmetal atom other than

- Si is an organic acid residue -OCOR 2 (R2 is an
al ﬁ@ﬁ%*

oup of 1 to 25 carbon atons, a cycl oal kyl
group, an aromatic hydrocarbon group, preferably a
phenyl group, or an aral kyl group, which may have a
substituent; this organic &id residue may be an
organic acid residue derived from SF-1128 77 the novel
cycl oal kenyl car boxylic acid-based-conmpound [V] or the

novetabseyshtlal&enytrar boaddien; -acopedas adagoapbumgd
[VI] of the invention which is one kind of an organic

acstyontinmy henddree samndsn ekl f fer entth root&l, cantounds
5 [0086] n is a nunber of "valence of the netal ‘
Mecddtainl 098 cdirfdes1 s I heyCapply MR- 1l i9a1tS M8 a1

preferably a copolynmer containing: a constituent unit

- degiyved ffom % péffé/ﬁé%%aaﬁ ﬁrféﬁiy%f@ Uob1e from
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contai ning no hy group bonded to a metal atom
a LS rt] r 0 .prefe ly. a q#.ner havi ng
Soch PR A o athh e RAEH T o
conséi uent unit derived froma (nmeth) acrylic acid
Zi HEE SR GHY dUppET $Al t contai ning no  hydroxyl group
bonded to the zinc or copper atom [0088] The
colftht {erThB) ooy det fagish imdi g 334eS 1%Rakes foaRaiged by
paint for use in the invention, preferably a (neth)
acrat i o s qallisdsedaoopol yarerl dmstheonfpllowing
termslight water-solubility as a vehicle conponent '
armbuble decomposition process, melting process and direct

process.

(Double decomposition process)

The double decomposition process is a process
comprising introducing an agquecus solution of a metal
salt {copper sulfate or the like) into a (aqueous)
solution of a sodium salt of a carboxylic acid, a
potassium salt thereof or the like, performing double
decomposition to form a carboxylic acid metal salt and
purifying it by solvent extraction or the like.

(Melting process)

The melting process is a process comprising

heating an oxide of a metal, an acetic acid salt thereof,

a hydroxide thereof or the like together with a

carboxylic acid of a metal carrier to distill off water




has a function of inparting long-termantifouling

gg% %% to the coating film Such a (meth)acrylic

net al conpound- based copol yner is, for

exanple, a copolyner which is obtained by
copolynerizing a (neth) acrylic acid netal conpound
(a) (polynerizable nononmerj0 and "anot her nononer" (b)
copol ynmeri zable with the metal conpound (a) (nonomer
(a) ) and contains SF-1128 78 11 constituent units

~tepven-frehithectdetiy teybby-abtdi byanenghtyyTic-acid

preferably 2 to 50% by wei ght, and constituent units
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deméved $£0m the anot her nononer (b) 5 copol yneri zabl e
with the nononmer (a) in the residual anounts, i.e.

99. 99 to 10, Q%D rMeight , ipr ‘?Lfser;ﬁ:@é’ll:%% t@la@Q%eb)feactlon
wei ght ((a)+(b) = 10096by melght) 0089] In th

prf§e@£rwg&% %}g n‘%ﬁ%my anlsed, 'V@atl%r or an

expreSS|ons suc aC|d net al

nd bas d. co " po zab) e
unsa r%t%%ﬁ c%ﬁb $$$i%% %f%y@¥ ?%@l%d?%sﬁﬁﬁﬁﬁflon
ol yner", nmean that n_the preparat|on of the
%5 %m% 1i L i%re 44 rmedi atel y before "-based"
ﬁé? (neth)acryllc acid netal conpound in case of
Ihyﬁééryﬁp@eéﬁﬂd metal 15 conpound-based) or its
analogous conmpound such as its derivative is used as

~an essenflhal dimgcédpentesbutisi B psocess comprising

allowihg a metal itself to directly react with a
carboxylic acid to obtain a carboxylic acid metal salt.

The carboxylic acid metal salts mentioned above
can be readily prepared also in the course of the
production of paint using the carboxylic acids.

For example, the carbdxylic acid zinc salt can be
readily obtained by mixing zinc white {(zinc oxide} with
the carboxylic acid.

In this process, the carboxylic acid and zinc
white are kneaded by a dispersing method using.a
disperser or varibus mills in the presence of a-publicly
known solvent for paint i1f necessary to obtain a
carboxylic acid zinc salt and then compounding the salt
with such various components as added to a paint
compositionf to prepare a desired paint composition

(antifouling paint composition).




 not al ways restricted to a case where the substance is

usgﬁlig the | argest anount anong the conponents used
Ph*%n amount of not |less than 50% 20 [ 0090]
Exanpl es of the netals Mfor constituting the (neth)
acrylic acid netal conpound include netals of G oups
Ib, Ila, Ilb, 1Illa, [I1lIbll IVa, IVb, Va, Vb, Vlb,
VIIb and VIII of the periodic table, specifically
SF-1128 79 di val ent or higher netals, such as Cu, Zn,

Ni=Co,; R thle- C&&hoxyﬁidedmithﬁﬁeuﬁw amﬂIZha&EEpresent”'
preferable. [0091] The (neth)acrylic acid netal

compottne ¢aposndingaligradi @StErtof Pramy.a aint, a
[ 0092] Pol yneri zabl e unsaturated carboxylic acid netal

sahdthaseh €oppl yercdBhdx YWhen Mid wefsﬂﬁé@'ﬂl (ﬂﬂa

is a netal atomother than Si, such as Cu, Zn or M,

H@ﬁ&ﬁﬂ%ﬁgﬁgcamd nmalcmmmmd(mmmmmis

represente e followng 10 fornula (B-11).
0093 B-11) In the fo
L Qn?lﬁp??ee BRGTEaPEyEorhe. Sdme TAEh RESETCTERRE 2
f I ticularl this f I B-1
| Pl G o G T 55 HHE I [Addedmor

is the aforesald netal atomother than Si, such as

C CUR AT Mp nemaye he tefomezaiurest dahithe reaction or
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water content added, a dehydrating agent publicly known
may be properly used.

'[0074} The component (A) has excellent compatibility with
the later-described copolymer (B) for a self—polishing
type antifouling paint, particularly a silyl ester
copolymer, and an antifouling paint composition
containing the Components (A) and (B) exhibits proper
elusion into seawater and is excellent in properties such
as coating film erosion acceleration property and
antifouling performance improving;property when a coating
film is formed from the composition.

[0075] The compounding agent.(A) for an antifouling paint
is contained in an amount of 0.1 to 300 parts by weight,
preferably 1 to 200 parts by weight, more preferably 5 to
100 parts by weight, particularly preferably 5 to 50
parts by weight, based on 100 parts by weight of the

hydrolyzable copolymer (B} for a self-polishing type




exanpl es thereof include nonoval ent carboxylic acids,

acid which may be the sanme or different fromR1,
prg%g&g Iy the aforesai d carboxylic acid residue

- , and n is the sane as above. 20 Wien L in
the formula (B-11) is a carboxylic acid residue

(- OCOR2), the carboxylic acid (HOCOR2) from which
such a group can be derived/d2may be a chain carboxylic
acid or may have an alicylic or aromatic ring, and

SFant2goglisgchadstpfophondtaatidsmeateri ccastdinetieisthe
acid, linoleic acid, linolenic acid, stearic acid,
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vebsabwedeackbedbarti toatindg (peifdtcobiabbedibn of the
rosin), naphthenic acid, (nmeth) acrylic acid, benzoic

aCkﬂvehB@oﬁPVﬁbrél8&9599&k@”%iﬁ?ib@éﬁékcbaééﬁdcgﬁéﬁgmer
conpound [V] of the |nvent|on and t he novel

?LE@%‘J@%?E#Q‘"’I&%@%M o SRR At
acég?ggigé C?Hpi?ﬁgsﬁ% ?Qgﬁp;ﬁg?gglthe f?&?“'of a coating

|nc ude

(%gﬁﬁﬁfﬁﬁzz @Fﬁé&%ﬁg %%géy@iy%able resin film)

[ , magnesi um acryl ate

[ ( Exmm)gm@]re% oy q@ﬁ*ﬁgmy}@gepalnt composition

[ (CH2= CXC}B) COO ) 2Cu], copper acrylate

[ (CH2=TH Qo013 2Ly | coti o Merdatan@ apthaceyhht e antifouling

performance of the coating film, particularly antifouling
performance in the highiy fouling sea area or in the
static environment, is exhibited over a long period of
time, so that such an amount is preferable.

[0076] For the same reasons, the compounding agent (A)
for an antifouling paint is desirably used in an amount
of usually 0.01 to 90 parts by weight, preferably 0.1 té
50 parts by weight, in 100 parts by weight of the
antifouling paint composition (except solvent).

[0077] < Antifouling paint composition >

The antifouling paint composition of the invention
comprises the compounding agent (R) {or (AD)) for an
antifouling paint and a copolymer (B) for a self-
polishing type antifouling paint.

[0078]) It is preferable that the antifouling paint

composition does not substantially contain an antifouling




(CH2 C(CH3) COO ) ((C3H7) 3C-C00-) Zn], zinc versatate
E%ﬁ [ (CH2= CI—I-CCD)((OSI—I?)SC—CCD)Zn], zi nc
%%tl ate nmethacrylate [ (CH2=C (CH3) -COO)
(napht henic acid residue)Zn], zinc naphthenate
acrylate [(CH2=CH 000- )(n ’Eht heni ¢ acid residue)Zn],
zi nc benzoate nethacryl ate

[ (CH2=C( CH3) - C00-) ( ( C6H5) 000-) Zn], zinc benzoate

acrylate [(CH2=CH C0O0- )((06H5) OOO )Zn], magnesi um

~benzoatevhperhberytlary§ (OHGE OH3) LIBOB ) ({CBHBnt i “such-as=

000-) My], nagnesi um ver sat ate acryl ate
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1 (m@mgmwﬂ@ oDy &yt 1 v, coppest ey sid bi ehaving

nmet hacrylate [ (CH2=C(CH3)-COO ). ((C3H7)3C SF-1128 81

COb ) &3 1 - Doppesndengoatie: neihaesyhet ecdd G formed.
C( CH3) - C00= C6H5) 000-) Cu], copper naphthenate

M hacsyi At ecnd (%qmrr&?%aﬁmtﬂ?@' forﬁ%t%ding agent

resi due) Cu], copper napht henate acryl ate
( ) dHS? nd
)at es eraeléﬂafp Cﬁ%%gano CSA nonco(%rjr:le?n%b 5 @
rlzablevvl t he net h acryllc aci d net
%ﬁ%%%% el o Lt S O e e haant, 50
n@’s and aromatlc type and |s for exanple a
afé‘reymx@%ycﬁle%tr@rteorofa KhsyFora Wiffond) Heas iy self-
a hydroxyl group and/or an amno group. [0096]
Bnipl Eslngf Gie (ardtifjcadriyld eaicid estterisiecdernipl dysblapating
as the "another nonomer (b)" include nononers of
alfiiphatiic fappe;abdyc lwoas meetlmyd, (avet Hlecrapdatienn etdtyd of the
coating film is maintained stable (constant) over a long
period of time. Therefore, the elution rate of an
antifouling agent is constant and the antifouling agent
exhibits excellent controlled releasability. In addition,
the antifouling paint composition of the invention has
excellent long-term antifouling property and can be
preferably applied particularly to ships running in the
highly fouling Ssea area and to underwater structures,
fishing tackles and fishing nets used in the static

environment.

[0079} Copolymer (B) for self-polishing type antifouling

paint
As the copclymer (B) for a'self—polishing type
antifouling paint, which is a film-forming component, a

polymerizable unsaturated carboxylic acid hydroxy metal




(meth)acrylate, n-propyl (nmeth)acrylate, i-propyl 15
(ﬂgéhi crylate, n-butyl (neth)acrylate, i-butyl

ﬂ %crylate, t-butyl (rmeth)acrylate, 2-ethyl hexyl
(nmeth)acrylate, lauryl (neth)acrylate, stearyl
(nmeth)acrylate, glycidyl (nmeth)acrylate and 2-
nmet hoxyet hyl (neth)acrylaté”—nnnoners of alicyclic
type, 20 such as cycl ohexyl (meth)acrylate and

|sobornyl {éneth)acrylate and nononers of aromatic

scqprekigte iR telacnydAre - dmdodlemeptizable
(neth)acrylate [0097] The vinyl nononmer (b) having a
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hydr iyl r yresiipeadnod yori @ne @il mos tgh o upresrplraladd e s
t he "anot her nononer SF-1128 82 (b) " copol ynerizabl e
W ¢dpd hemdetEnb jacdod i Li Gl fl At s comanndi(ia) Rasived

only to have any one of a hydroxyl group and an am no

Or Ok £ m/e].kaezaqﬂr@nﬁ{geerw@aeémar mglr e e

i ke, and exXxanples thereof 1nclude 5 conpounds havi ng

acrynﬁcyate YR Yah Ao, DY ALONME Wl (TR 1y

roxy opyl
ro t aq;ylate nd 2 hydroxybutyl
({ac#§1éfé‘t%g$ add it % hydr oxyet hyl
(netggacrylate wth ethylene OXIde 10 propyl ene
Xl FﬁﬁePokﬁﬂﬂﬁﬂ%ﬁﬁ%ﬂu?%ﬁﬁiqqﬂ¥eq|qa¥boxyllc

dimers or trimers, such as 2-hydroxyet hyl

( rietid dsisicatve e 12 Smldr BAP(Bte) d&rylat &

(meth)acrylic acid hydroxy metal salt-based copolymer (i}
is preferably_employed, and as the latter “peolymerizable
unsaturated carboxylic acid metal cecmpound-based
copolymer (B-b) containing a constituent unit derived

- from a polymerizable unsaturated carboxylic acid metal
compound containing no hydroxyl group {(-0OH) directly |
bonded to a metal atom”, a (meth)acrylic acid metal salt-
~based copolymer (ii) containing no hydroxyl group bonded
to a metal atom is preferably.employed.
[0081] As the {meth)acrylic acid hydroxy metal salt-based

~ copolymer (i), such a resin Rp—-COOM-OH (Rp: base resin,
M: zinc etom or copper atom (divalent metal atom)) as
described in Japanese Patent Laid-Open Publication No.
202005/1996 or Japanese Patent,Laid—Open Publication No.

286933/1997 1is emplioyable.




nmononers having plural hydroxyl groups, such as
gl%%g ?% (meth)acrylate; etc. are also enpl oyable. 15
0 ? he nmononer (b) having an am no group nay be
any one of primary to tertiary nononers, and exanpl es
thereof include primary to secondary am no
group-contai ni ng nononers,7>such as (meth)acryl am de
and butyl am noethyl (neth)acrylate; and
dlnethylan1noethyl (meth)acrylate, 20

di-ed By hrimodrhytoorsrmgact b bitel e ety ammm%yllc e
(nmeth)acryl ate, di nethylam nobutyl (neth)acryl ate,
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di ot ¢ | rest nbed Ayt -amdd) @spyl aher, il infet do taam mioed hyd
(et h) acryl am de and di net hyl am nopr opyl
(meydn @edy| ardge. borkdd hes , a hedef oevddn © Pagheth) acrylic

nmononers, such as SF-1128 83 V|nylpyrroI|done

Vi ne, . angd, vd
en%lﬂo%/)g%%%l [esoa099] él\//br eo&gEg carlﬁoxéaslrl cl%aescc?dls such as

I f d
s cCl n(frca@%écf[cpﬁé estt derl vozjgl‘farpoa%aﬁsﬁelse 2C|tbd.%/]rﬁl Open

(R re”‘ﬁ%ﬁﬁiﬁ%&%‘* C N SRS o b

etc. are al so enpl oyabl e. [0100] The
( RITa PRty \ARRISERT 1Rt (P iteshen ()9 Rakprgraphs

the "anot her nonomer (b)" can be each used 10 singly
or[AH Torfisi natd4on off thawaore srorks tanidd.a kN Bhblication

monomers (a) and (b) are copolynerized at the
No. 302572/1999 is employable.

[0083] In the present invention, the polymerizable
unsaturated carboxylic acid hydroxy metal salt-based
copoliymer (i} is preferably a copolymer having, in a
molecule, a constituent unit derived from a polymerizable
.unsaturated_carboxylic acid hydroxy metal salt
represented by the following fcrmula [Ij:

R'-COOM-CH [I]
wherein R' is an unsaturated bond-containing organic
group of CHy=C (CHs)-, CHp=CH-, HOOC~-CH=CH- or HOOC-
CH=C{CH3)—, -COOH may form a metal salt or an ester, and
M is a metal atom, such as Zn or Cu.
[0084] From the viewpoints of properties of the resulting
coating film, the copolymer (i) is more preferably a
(meth)acrylic acid hydroxy metal salt-based copolymer

having a constituent unit derived from a (meth)acrylic




carbon-carbon unsaturated bond site to forma (neth)
acrﬁ aC|d nmet al conpound- based copolyner. In the
co , constituent units (a) and (b) derived from
15 these nmononers (a) and (b) may be arranged at
random or bl ockwi se, but they are often arranged at
random [0102] The (neth)ad&ylic acid netal

compound- based copol yner obtai ned by copol yneri zi ng
such nmononers (a) and (b) has a wei ght-average

~nokeédt-hyduekghnet My satt20sustiahyrabput tereboyta

100, 000 and a glass transition tenperature Tg of

abqueth?8€rydi¢100Cd [10A03%vImethe anttipukeAgcppbNimer

conmposition, the (neth) acrylic acid netal

CORROUAY- hasefls EOPRENABANL £ d@f?@@&a?k%mcgntﬁb@ﬁga@§y§1c
resin solid content in an SF-1128 84 anount

' USHéhEthQrggg} t&@'?giﬁs t%ﬁ%%@ftﬂelﬂe£%%796&HyMths zinc
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m5|g ht, nore er ab

I d- based
co 1) B AT "?ﬁ@wiﬁfw%%ﬁﬁké Bai nt s
nTRPDb] FoOV LIS et A SAHPLI o by 48 L Agose copolymes

erodlblllty so  that such an anmount is preferable

[ ORBUINY t2 | Cconfelsi Fanitle Wikl derel (et Fyerery| (eebll gorylic

netal conmpound- based copol yner is contained in an

andehd bfdaxugieidl dalo Woepsin S bis weight (Zn) .

preferably 10 to 70
[6085] In the present invention, the (meth)acrylic acid
metal salt-based copolymer (ii) containing no hydroxyl
group bonded tc a metal atom is, for example, a copoclymer
having, in a molecule, a constituent unit derived from a
polymerizable unsaturated carboxylic acid metal compound
represented by the following formula [II]:

R*-CO0-M-L, [IT1)

wherein R' is an unsaturated bond-containing organic
group selected from CH,=C{CHs) -, CHz CH-, HOOC—CH=CH— and
HOOC~CH=C (CH3) -, —-COCOH may form & metal salt or an ester,
M is a metal atom, preferably a metal atom other than Si,
L is an organic aéid residue ~OCOR? (R? is an alkyl group
of I to 25 carbon atoms, a cycloalkyl group, an aromatic
hydrocarbon group, preferably a phenyl group, or an

aralkyl group, which may have a substituent; this organic

acid residue may be an organic acid residue derived from




parts by weight, based on the total 100 parts by

wej of the conponents of the antifouling paint
-coﬁ%gi%§

i.on except a solvent. When the (neth)acrylic
acid netal conpound-based copolyner is contained in
such an anmount 15 in the antifouling paint
conposition, the surface of/the coating filmtends to
have excellent stable erodibility and antifouling
property for a long period of tinme. [0105] The

reledn)reved- ey abdall et vl cagnporhte beskd-b zopdt yompowed - [V

be readily prepared in accordance with or 20 by naki ng
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r ebergne endwe I hel pyaressios Wl setiasedl 1 @, a & 0d-b&xedpt@upound
Japanese Patent Publication No. 64985/ 1995, Japanese

Patent daithOpeny bl dicaiiomh Nos 80205/ 1995 ar

Pat ent Lai d- Open Publication No. 80269/1992, Japanese

Paj end Lai %a%%n%a:%%(%g% 'S%B &%&%réﬁ'ﬁ%@nd

85 Japanese ['icat1on
12 (ggg_é?%%b J%R%?e e Pat.ent Laid-Q? Publicatijon .,
No.%)l 084/ 838, ae;ranoeée vlf_’gteé}ﬁe L] % erﬁetafl\ﬂml) ’
Pu&#' tion No. 16809/1989, Japanese, Patent Lai d- Open
pubt 5 1 gH T 1 g ek e e erably a
Lai d- Qoen Publication No. 158547/1998 and Japanese
PR ST -AO5E PRI Gatdosis INGUSIBR sy gl ivephefrom a
(neth) acrylic acid nmetal conpound-based copol ymer can
belngridpacay gy, dard eediidl eompourochewftdie foliowyiyoxyl
processes (1) to (4).
group bonded to a metal atom, and is particularly
preferably a copolymer having Zn or Cu as the metal atom
M and containing a constituent unit derived from a
(meth)acrylic acid zinc salt or copper salt containing no
hydroxyl group bonded to the zinc or copper atom.
[0088] The copolymer (B) for a self—pblishing type
antifouling paint for use in the invention, preferably a
(meth)acrylic acid metal salt-based copolymer, has long-
term slight water-solubility as a vehicle component and
has a function of imparting long-term antifouling
property to the coating film. Such a (meth)acrylic acid
metal compound-based copolymer is, for example, a
copolymer which is obtained by copolymerizing a
(meth)acrylic acid metal compound {a) (polymerizable

monomer) and “another monomer” (b) copolymerizable with

the metal compound (a) (monomer (a)) and contains




~potsaRiizatonhis tdtoveduttrasthe = pueyit)acrylicacid

10 [0106] (1) In a first process, a (nmeth) acrylic

ﬁ@ conpound (a) (nononer (a) ) and anot her
(b) copolynerizable with the netal conpound
(mononer (a)), such as 2-nethoxyethyl (neth)acrylate

or nethyl (nmeth)acrylate, are mxed with an organic

solvent, and 15 they are suBjected to sol ution
pol ynerization at a tenperature of 60 to 180C for 5
to 14 hours in the presence of a radical

per oxyoctoate or azobi si sobutyronitile (AlIBN),
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whershy ddiee@opd| jarerircamdmifora®dis@Ol 1PI0.A1 (t2) 9N 99%
a second process, a (meth)acrylic acid netal conpound

( @yl )we iaftot heas-amdedmery (D)cConed Yeriaahe, anM tdbdde tuent

nmononer (a-1), and a saturated aliphatic carboxylic

agird vt r campong, Un? S A efhalhoyclic

car boxylic acid netal conpoun or an aromatl c

C%H?Q%Qﬂéif%%ﬂf@%ﬁﬁ%&%%e 2ﬂe§ogﬂ Ebjeéie$%$%aal

organi c sol vent ey a

soI ut i n’gajlgmlerzl tLﬁBS ﬁ)é 3% eral tgf%%f%?f%&tag)&ly 98 to

po rrerlzatlonlnltlator such asSt buty

 petBx Pt st tor ( @A6Hidi SoBGr 1 twaéﬂ'{@&l BN)

wher eby the copol ymer can be forned. [0108] (3) In a
t Hi%03 90r deeddie aramesdt dnaead idoubltée Borer comegieni ngsed

carboxylic acid (a-1), such as
in expressions such as “(meth)acrylic acid metal

compound-based copolymer” and “polymerizable unsaturated
carboxylic acid hydroxy metal salt-based copolymer” meéns
.that in the preparation of the copolymer, the substance
immediately before “-based” (e.g., (meth)acrylic acid
metal compound in case of (methjacarylic acid metal
compound-based) or its ahalogous compound such as its
derivative is used as an essential ingredient, but it is
not always restricted to a case where the substance is
used in the largest amount among the components used or
in an amount.of not less than 50%.

[0090] Examples of the metals M for constituting the
(meth)acrylic acid metal compound include metals of
Groups Ib, IIa, IIb, I1I1Ia, I1IIb, IVa, IVb, Va, Vb, VIb,

VIIb and VIII of the periodic table, specifically




(meth) acrylic acid, and another nononmer (b) 10
copgpliypgri zable with the nononer (a-1) are mixed with
an organic solvent, and they are subjected to
solution polynerization at a tenperature of 60 to
180C for 5 to 14 hours in the presence of a radical
pol yneri zation initiator, Buch as t - butyl

per oxyoctoate or 15 azobi si sobutyronitile (AIBN), to

for‘na'cogol mer having at the side chain end a

~catbbxy R gr St HE ¢ Vet 2 bt Fechuagafurabed-—Houbfer—Pbi—Al

bond- cont ai ni ng carboxylic acid (a-1) [0109]

SubSedifettdy, Gthéheesul CGingicbgal yaner pra feaebdeyl i ¢
acid netal conmpound capable of introducing a 20 netal

at bW M Eulihe atnetpperr {10 datd méeaTacdgodngr ap iofa
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t he copol yner, e.g., copper acetate, a carboxylic acid
( HOOOR?, alRzes tdie sane asyshaye) bonded to the metal
atom M and capable of introducing an end group (L)

SUCH0 @8] 3o LAY IG agidh esidue & FRA i RaicfdSnetral

sane as above) SF-1128 87 Tnto -the srde charm end;

e-%lt%%@@cﬁaoﬁgﬁﬁg v@leric acid, oleic acid or

i ' Td; ure water) are placed in a
reactor, . then they _are_reacted a, tenperature of

to 180C FhARIM S5 oG B4R @t‘rt)hérseé‘fn?‘SF? LREOR ofher
t%%ast.ure i%arai sed to 120 to 140C to separate and

r deeti i aditd “Or  ERe 95 RE pridfuc@etds agrylic acid
gé}-product, whereby a hydrol yzable (neth)acrylic acid

e lc SRmach dgeacnssol yiserranragsirdied coothe Ifollmwing

’formula (B—II).
[0093] R'-COO-M-1, | C (B-IT)

In the formula (B-II), R', M, L and n are basically
the same as those in the formula [II]. Pafticularly in
this formula (B-II), R' is the same organic group as in
the formula {II!, M is the aforesaid metal atom other
than Si, such as Cu, Zn or Mg, L is the aforesaid organic
acid which may be the same or different from R?,
p;efexably thé.aforesaid:carboxylic acid resiﬁue (—OCOR%,
and n is the same aé'above.

When L in the formula (B~II) is a carboxylic acid
residue (-OCOR®), the carboxylic acid {(HOCOR?) from which
such a group can be derived may be a chain carboxylic

acid or may have an alicylic or aromatic ring, and

examples thereof include monovalent carboxylic acids,




the sane as above) is introduced into the side chain
isSFﬁngbtained. [0110] (4) In a fourth process, an
unsat uiat ed doubl e bond-containing carboxylic acid
(a-1), such as (neth) acrylic acid, and anot her
nmononer (b) copolynerizable with the nononer (a-1)
are mixed with an 15 orgam® solvent, and they are
subjected to polynerization in the presence of a
radi cal polynerization initiator, such as t-butyl

the side chain end a carboxyl group derived fromthe
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unsaret at ed aliotbl el ek oot @l ¢ ngt & cardoky] i cersidic

(a-1), simlarly to the third process. [0111]

Subsbduesbigtid b st did Ceopol Ve@rin ard®tid) , Pxpenenic

capabl e of introducing a nmetal atom M such as zinc

(Z0gid Nt nd 19 LD 2 HOURL Oz 118 £ORP! VITRL .1 Sl -

zinc oxide (zinc white), a carboxylic bonded to the

met 12 M and ¢e f i duci n

endya%lr%%%ge{%i suc%ﬁélam“ car C?J)%%asf)éc&aégqmdﬁue%?od e]I i% }%e

t ' i , .e.d.., -propioni.c aci.d alerjc :
hlen'\?‘érgﬁocrp%nr& %rl]%r I]IOIY%O:H éf]tc a%]ToaaElﬁ(eéw& ya]rjec acid-

acid, olelc aci

_pl.aced,in a reactor, then they are reacted 5 at a
: 60 Y

ST Rt TR O PO AV EF IA® -hour s, and
thereafter, the tenperature is raised to 110 to 120C
t o VSJaraeerang Pémbie r@sdti)@enmtisr asvid meta keompounds

produced

represented by the formula (B-II) include zinc
methacrylate [ (CHp=C (CH;3)~-C0O0-},Znl, ~zinc acrylate

' (CH,=CH-CO0O-) zfzin] , Mmagnesium méthacrylater [ (CH,=C (CH3) ~
CO0-) Mg], magnesium acrylate [ (CH;=CH-COO-),Mg]l, copper
methacrylate [ fCH2=¢ (CHz) —COO~) 2Cul, copper acrylate

[ (CH,=CH~COC-),Cu], zinc wversatate methacrylate

[.{CH2=C (CH3)} ~COO-) { {C3H7) 3C—C.OO—) Zn], zinc versatate
acrylate [ {CH,=CH-COO-) ((CsHy)3C-CO0-)2n), zinc
néphthenate methacrylate [ (CHz=C (CHs)-C0O0-) (naphthenic
acid residue)Zn], zinc naphthenate acrylate [ (CH,=CH-COO-
) (naphthenic acid residue)Zn], ziné benzoate methacrylate
[ (CHz=C{CHz) -COO-) ( (C¢Hs) COO-)Znl, zinc benzoate acrylate
[ (CH2=CH-CCO-) ( (CeHs) COO-)Zn], magnesium benzoate
methacrylate [ (CH;=C (CHs)-COO-) ( (CeHs) COO-)Mg], magnesium
versatate acrylate [ (CH;=CH-COO~) ({C3H;)3C~-CO0-)Mg], '

copper versatate methacrylate [ (CHs=C (CH;z)~CO0-) {(CsH,);C~




as a by-product, whereby a hydrol yzable (neth) acrylic

ac%gJQE%al conpound- based copol yner in which
- ,(M 10 L.: the sanme as above) is introduced

into the side chain is obtained. [0112] Pol ynerizabl e

unsat urated carboxylic acid silyl ester-based

copol ymer (B2) Next, a caseMhere the copolymer (B) is
a 15 polyneri zabl e unsaturated carboxylic acid silyl
ester- based copolynmer is described. [0113] Wen Mis

S Cag-Helstr i grRP eboRenzea o nathaor rhi be | E3 G s CO0— -

3, and in this case, the copol yner becones a
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pol yhedHszabbe) Gndat opaped caphaxyhiteamedhsiclryll aest er
20 (nononer) represented by the follow ng formula

( Bf 128, =~RTHPOESD-L InkBhi2kniwhareln rRE ibsel) bR 1SaBBpper

organic group as in the formula [Il], and each L may

ben et isaim: Ora &hi-§ 1 of enf (@l dis L chaj
wiﬁwaowaﬁal oZSEgﬁ%naHmsJ@%ﬂﬁ%éﬁg%&d

o e S o e re s branch, o '
o g B Dt i TRt ST Gyl the
W BT TP TS £ b gte borfieTOTE] (Thersy or, othe@t
‘“gfqgﬂg€¥¥ﬂ€§ﬁgfﬁgff§§é¥£c type and aromatic type and is
’
for example, a (meth)acrylic acid ester or a vinyl
moncmer having a hydroxyl group and/or an amino group.
[009€] Examples of the (meth)acrylic acid esters
emploYable as the “another monomer (b}” include monomers
of aliphatic type, such as methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl {(meth)acrylate, i-propyl
(meth)acrylate, n-butyl (meth}acrylate, i-butyl
(meth)acrylate, t-butyl {(meth)acrylate, 2-ethylhexyl
.(meth)acrylate, lauryl ({(meth)acrylate, stearyl
'(meth)acrylate, glycidyl (meth)acrylate and 2-
methoxyethyl {(meth)acrylate; monomers of alicyclic type,
suéh as cyciohexyl (meth)acrylate and isobornyl
{meth)acrylate; and moncmers cof aromatic type, such as
phenyl (meth)acrylate and benzyl (meth)acrylate.

[0097] The vinyl monomer (b) having a hydroxyl group

and/or an amino group employable as the “another monomer




carboxylic acid silyl ester-based copolyner is a

cogﬁhgggr having, in a nolecule, a constituent unit
deriv fromthe polynerizabl e unsaturated carboxylic

10 acid silyl ester. [0115] That is to say, RL is an

unsat urated bond- containing organic group represented
by CH2=C(CH3) -, CH2=CH, $00C CH=CH or

HOOC- CH=C(CH3) -, and -COCH nay forma netal salt or
an ester. 15. [0116] Three of L, nanely, L1, L2 and L3

ey b~ £pRo e aebbe -t evlemt-he o aney Bhot e dangtal

are each a hydrogen atom or any one of a chain al kyl
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groupeofnd (@) 2basashbn tationse piefernabby 4 hed26kyl group
carbon atons, nore preferably 1 to 10 carbon atonms,

whiedn @myamaw@ GrHEBNCond LY WO, kibnomfr IrOUPiméN, 5
aromati ¢ hydrocarbon group, preferably a phenyl group,

angr afe @l dy| sid y1 o1y, aLuphgrel o Eﬁtﬁggééi‘ginﬁ@&@ s

the same as above, each of which may

e IR TR A bV R P E RS e e e

and L3 et same e

a e e any .one of. .a chain al kyl group
o;h%}léfcéx%%cﬁ bgﬁééfnﬁ%gylﬁ%ﬁ’er%_ﬂfﬁﬁoxwoéﬁ}ﬁc ar bon
atg&;, nore preferably 1 to 18 carbon atons, 5 stil

mol"e PHESrE5 §e 1 3 VHF Cati P oe tipac At 1Igpd 2-
preferably 1 to 6 carbon atons, which may have a
knq¥§g9xybutyl (meth)acrylate. Further, adducts of 2-

hydroxyeth?l (meth)acrylate with ethylene oxide,
propylene oxide, vy-butyrolactone, ¢ -caprolactone and the
like; dimers or trimers, such as 2-hydroxyethyl
{meth)acrylate and 2-hydroxypropyl (meth)acrylate;
monomers having plural hydroxyl groups, such as glycerol
(meth)acrylate; etc. are also employable._

(0098] The monomer (b) having an amino group may be any
Qne of primary to tertlary monomers, and examples thereof
include primary to secondary amino group-containing
monomers, such as (meth)acrylamide and butylaminoethyl
(meth)acrylate; and dimethylaminoethyl (meth)acrylate,
diethylaminoethyl (meth)acrylate, dimethylaminopropyl
(meth)acrylate, dimethylaminobutyl (meth)acrylate,
dibutylaminoethyl (meth)acrylate, dimethylamiﬁoethyl
(meth)acrylamide and dimethylaminopropyl (meth)acrylamide.

Further, heterocyclic basic monomers, such as




a cycl oal kyl group of preferably 3 to 10 carbon atons,
nnre greferably 3 to 8 carbon atons, and a phenyl

8 whi ch may have a susbtituent. These L may be
the sane or 10 different fromR [0117] Such a
copolynmer (B) is a copolyner having, in a nolecule, a
constituent unit derived f&oma silyl wunsaturated
car boxyl at e mononer represented by the follow ng
formula [II1A] and a constituent unit derived 15 from

aninysay uratedomenowary topiol § e T zabt el wwtha therold yd e e

unsat urated carboxyl ate nononer. [0118] R1-COO S
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(d142leppidldAleln the formula [ITTA, R, L', L2 and
L3 are the sane as above, and three of L, nanely, L'

L?O@@Q Lskﬁﬁ%ov%Q'tQ%rﬁg l@% B%%dsRl%uQ%gaglqme@hgE%ryllc

eIom#descrlbed formla , respectively. The
I
kA o L L

ester_c ound") contai.n a constituent . unit

s AT VEET (IR he DOTEH L5 o ot oSt r e
carboxylic acid silyl ester (B-12) is described bel ow
| ek P 1 Uepel 19T IERB VP LY eBSY er(vebhp egAT LOB2F Tibp, Vinyl
use in the invention contains a constituent unit
ek Salee £ romY heb Sopioinghs i &bt ¢ amsatlgategployable.
carboxylic acid silyl -ester.
[0100] The {meth)acrylic.acid metal compound {monomer

{a)}) and the “another monomer (bf” can be each used
singly or in combination of two or more kinds.

[0101] The monomers {a) and (b) are copolymerizasd at the
carbon-carbon unsaturated bond site to form a
(meth)acrylic acid metal compound-based cdpolymer._ fn
the copolymer; constituent units fa) and (b).derived from
Vthese monomers (a) and (b) may be arranged at random or
blockwise, but they are often arranged at random.

[0102] The (meth)acrylic acid metal compound-based
cépolymer obtained by copolymerizing such monomers (a)
and {b) has a weightmaverage molecﬁlar wéight {Mw) of
usually about 1,000 té 100,000 and a glass transition

temperature Tg of about -20°C to +100°C.

- [0103] In the antifouling paint composition, the

(meth)acrylic acid metal Compound—basedrcopolymer is

preferably contained as a resin solid content in an




[0120] (a) Constituent unit derived from polynerizable
unsaturated carboxylic acid silyl ester Exanples of

t 6%§yner|zable unsaturated carboxylic acid silyl
esters include silyl esters of 10 unsaturated

nonocar boxyl i ¢ acids such as acrylic acid and

met hacrylic acid, silyl esi%ers of a, 3-unsaturated

di carboxylic acids such as itaconic acid, nmaleic acid,
fumaric acid and citraco-di basic acid, and silyl

di carboxylic 15 acids. [0121] The constituent unit

',dengvsg Weoght henmopolpyrerezabl e UBSabukas asly cas bexyl | cihen
acid silyl ester is preferably a silyl (nmeth)acrylate

C@Hét'ﬁé€H§aHP {icrepieseatgd QMm&Pﬁn&ﬁ%&é@ﬂrﬁbﬁ@lﬂﬂéﬁ is
[TIT] 20 [0122] [ Conpound 18]

PR oag%nargé%ﬂsn%o#noggaléﬁﬁfa Bifglegine
dro en_atom orma 9 Sisalt or an

s Tutgnep,sipr (1 GO00H .ol el g oy o
e%%hlSOU%lng eEgéégggﬂgeeégfbigngggsgggigéegéogfg flgy,
so that suCh an amount is preferable.
[0104] Tt is desirable that the (meth)acrylic acid metal
compound-based copolymer is contained in an amount of
10 usually 1 to 99 parts by weight, preferably 10 to 70
parts by weight, based on. the fotal 100 parts by weight
of the components of the antifouling paint composition
_exceptra solvent. When the (meth)acrylic acid metal
compound-based cépolymer is contained in such an amount
15 in the antifouling paint composition, the surface of the
coating fiilm tends to have excellént stabie erodibility
and antifouling property forla long periocd of time.
[0105] The (meth)acrylic acid metal compound-based
éopolymer can be readily prepared in accordance with or
20 by making reference to the processes disclosed in, for
_exémple, Japaﬁese Patent Publication No. 64985/1995,
Japanese Patent Laid-Open Publication No. 80205/1992,
Japanese Patent Laid-Open Publication No. 80269/1992,

Japanese‘Patent Laid-Open Publication Ne. 80270/1892,

~eghenstuhivhuat gy hatfo e39er byoveaghQ “prnetetalat gdl 0 to- =




5 hydrogen atom an al kyl group of the sanme nunber of
csﬁgqgsatons as previously nentioned (i.e., chain

a group of 1 to 25 carbon atons, preferably 1 to
20 carbon atons, nore preferably 1 to 18 carbon
atoms, still nore preferably 1 to 10 carbon atons,
part|cularly preferably 18 1 to 6 carbon atons, mhlch
may have a branch), a cycloal kyl group of the sane
number of carbon atoms as previously nentioned (i.e

cyebeoatkytPyrenip: Iﬁldp@ml@r BB Gt tiear bono at6has e
nore preferably 3 to 8 carbon atons), an aronmatic
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hydpanass@o?mgwmjmaﬁfd&pm 1Puli bi cafr bom Mt onk2 whE €hl vy,
have a substituent, preferably -a phenyl group, or an

akyhsk sy Daeegr mw@n nphibei @dkydn M oupchas/ t hes,

same nunber of carbon atons as nenti oned above.

[ @%ﬁéﬁe@%&& afz fdheosabsipit uent s; Wt Wi tho@s /1993,

rogen 20 at-om of the aromatic hydrocarbon group

YRt Bk - %@8—@%@%‘2&%%?%9{%@%%%‘%%% fje an

5%%@%?%%@%“%% REEC T R e L e [EEVEIREEED

the follo ormula (111-a0): SF-1128 93 [0126
: ﬁg?ﬁu? %ﬁﬂqéﬁxﬁLc[quggrnT ) DRI, WY~ 8K @é)copglymer can

be prepared by, for example, any one of the following
processes (1) to (éj.

[0106] (1) In a first process, a (meth)acrylic acid metal
compound {(a) (monomer (a)) and another monomer {b)
éopolymerizable with the metal compound (monomef {(a)),
such as 2-methoxyethyl (meth)écrylate or'méthyl
{meth)acrylate, are mixed with an orgénic solvent, and
they are.subjected to solution pblymerizationiat a
temperature of 60 to 180°C for 5 to 14 hours in the
presence of a radical polymefization initiator, such as
t~butyl peroxyoctoate or azobisiscbutyronitile (AIBN),
whereby the copcolymer can be formed.

[0107] (2) In a second process, a (meth)acrylic acid
metai compound {a-1), another monomer (b) copolymefizable
with the monomer (a-1), and a saturated aliphatic
carboxylic acid metal compound or a saturated alicyclic

carboxylic acid metal compound or an arcmatic carboxylic




CRII COOSi Rt 2R13RI4  -- {lI1-a0) [0128] wherein Ris
the sane as Rin the formula [I1l] 5 and is a hydrogen
abhl&t - 000H, preferably a hydrogen atom (H), R' is
the same as R11 in the fornula [II1] and is a
hydrogen atom or a nmethyl group, and R12, R13 and R14

rare the sane as R12, R13 &sd R14 in the fornula (1,

may be the sanme or different and are each the sane
hydrogen 10 atom al kyl group, cycloal kyl group,

“phehy rigradupr b alnid e evsesdr weitIs tat usr S10rc s o Tvant;”

al kyl si |l yl oxy group as nentioned above. [0129]
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Exaaptiesy afrd hausidoted med HaGIH A e (Jdr8fdtion at a
include silyl (neth)acryl ates wherein p,12, R13 and R

HES hy@%%sm?i%%f%%@ Ff.rte% oyl Sifgge in the

I I h J
TR 57 LR S otaz.argf ALy ouen oo

e S at%kre%ﬁﬂ%é f5py rﬁ%q{%/lig:f{f%é% ey e,

(neth)acr ates wherein R12 R13 and Rl4 are partially

oL b ywARIFEIINtCHFT fif e ™sKEL-1128 94 anot her,

such as di. sec-butyl nethylslyl (nmeth)acrylate,

sECL MUt yidi rlet by | Sidnd rmetddac ey atrésaturated double

di met hyl propyl silyl (neth) acryl ate,

nosroiretdnytadirpropyd st opt v 1 (aretdi)daciray1at,e szm‘rd as
{meth)acrylic acid, and another monomer (b)
copolymerizable with the monomer (a-1) are mixed with an
organic solvent, and they are subjected te solution
polymerization at a temperature of 60 to 180°C for 5 to
14 hours in the presence of a radical polymerization

initiator, such as t-butyl peroxyoctoate or

azobisisobutyronitile (AIBN), to form a copolymer having

~at the side chain end a carboxyl group derived from the

unsaturated double bond-containing carboxylic acid (a-1).
[C109] Subsequently, the resulting copolymer, a
carboxylic acid metal compound capable ofrintroducing a
metal atom M such as copper (Cu) into the carboxyl éroup
of the copolymer, e.g., copper acétate, a garboxylic acid
(HOCOR?, R%: the same as above) bonded to the metal atom M
and capable of introducing an end group (L} such as a

carboxylic acid residue {-OCOR?, R?: the same as above)




5 net hyl et hyl propyl silyl (meth)acrylate. [0130] The
above silyl (meth)acrylates can be used in

4t i on. [0131] O such silyl (neth)acryl ates,
preferable are those wherein R12, R13 and Rl14 are
each i ndependently an 10 al kyl group of about 1 to 18
carbon atons, such as nmetW®yl, ethyl, n-propyl,
i sopropyl, sec-butyl, tert-butyl or isobutyl, and

~nmore preferable are those wherein R12 is a branched

each the sane as R12. Also preferable are those 15
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WET®l b ldec tadad dwinbato 1ofi cafdioh, adwdsedieRlpurdlIvater)

and R14 is about 5 to 21. O such silyl

(4B D BcEyh af£Sa réadﬂoioprt@@ﬂ Sihed AFRtia Ay A &
trlsobutyIS|Iy (meth) acryl ate,

sec %ﬁdy n(?%h%lé St}A ledncg”EL acr y?/a(?éle%nh 1%rr5? " saélcd 20
e ol (R el o it el L o o

- prepar t f the si | (meth)acrylate ¢ r a
DR AR pF T RO o mad s oy h g ey a5 a

control of self-polishing SF-1128 95 (a) derlved from
e RIotasE 4 bt leeb Wi rfs it latr adak ok He) adald Giagid

ester. The constituent unit (b) does not have 10 to be
reriesls aranyo wohtle et dapaiheesi |y wst@r d8poiMmer(M, Lp:
[0133] The constituent unit derived from polar group-

the same as above) is . introduced into the side chain is
obtained.

[0110] (4) In a fourth process, an unsaturated dbuble
.bond—containing carboxylic acid (a—l), such as
(meth)acrylic acid, and anéther moncmer (b)
copolymerizable with the monomer {a-=1l) are mixed with an
organic solvent, and they are subjected to polymerization
in the presence of a radicél polymerization initiator,
such as t-butyl peroxyoctoate or AIBN, to form a
cdpolymer having at the side chain end a carboxyl group
derived from the unsaturated double bond-containing
carboxylic acid (a-1l), similarly to the third process.
[0111] Subsequently, the resulting copoclymer, a metal
oxide capable of introducing a metal atom M such as zZinc

(Zn) into the carboxyl group of the copolymer, e.g., zinc

oxide (zinc white), a carboxylic bonded to the metal atom




containing (neth)acrylate is not specifically
rggtricted provided that it is a constituent unit
defilVéd from a (et h) acryl at e- based nmononer having a
pol ar group, but 15 preferable is a constituent unit
represented by the following fornmula [1V]: [0134]

[ Conpound 20] property of &h antifouling paint
conmposition conprising the silyl (meth)acrylate
copolymer. [0132] (b) Constituent unit derived from

= pigl-andgrappbleonf aimi myhfoeh ) aaceytag eod Ot heuch~as~a

present i-nvention, (b) a constituent unit derived

10-
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f tanbpol af c g OUP- CatRid NGtHNELB) sBgeytldenisend, e.q.,
desirably contained together with the constituent unit

| £$§£Qnié_5%1@ngﬁﬁ%iC'acﬁ¥M Shell28-98 [P133holeic acid,
m%ereln Ris a hydrogen atomor COOH, preferably a

h t . 1S_a en t
g%lgéagx’ggge? o (). RS 4 Sy rgggki%g7’t%rgn%}§é¥gag§ h¥lcteqa

I'S an 'oxygen atom or

Yo% e URER A Then ST it oxy By el BaF il Cyrdh U e and

R EE R MR AT T AR LM ST

I nt eger of _ .
separate and remove reactiocn water or the like produced

as a by-product, whereby a_hydrolyzable'(meth)acrylic
acid metal compound-based copolymer in which —COO-M-I,(M,

Ln,: the same as above) is introduced into the side chain

is obtained.

[0112] Polymerizable unsaturated carboxylic acid silyl

ester-based copolymer (B2)

Next, a case where the copolymer {(B) is a
polymerizable unsaturated carboxylic acid silyl aester-
based copolymer is described.

[0113] When M is Si as described above, n in the formula

[IT] becomes 3, and in this case, the copolymer beccmes a

polymerizable unsaturated carboxylic acid silyl ester
(monomer) represented by the following formula (B-12):
R*-CO0-Si-L;s (B-12)

wherein R' is the same organic group as in the formula

-[I1], and each L may be the same or different and is any

one of a chain alkyl group of 1 to 25 carbon atoms,




2 to 50) or an al koxypol yal kyl ene gl ycol group
resented by the formula -(RRONR"' (Rx is an
lehe 10 group, RY is an alkyl group, and n is an
|nteger of 1 to 100), and when Z is -NR 17, R17 is an
al kyl. group which may be substituted wth any one of
a hal ogen, a hydroxyl grou¥, an ami no group, a
substituted am no group, an acyl group 15 and an
al koxy group, and R16 is a hydrogen atom 1In the

=t prefiéaapT il tdre Murerontatanbomateors: efer ey - 1-to-T0-

hydr oxyal kyl group is preferably 1 to 18, nore

10

15.
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pt efesabh Yows I ondi clandayheatenbebrahcEAar horyatoas kgfl group,
the hydroxycycl oal kyl group is preferably 3 to 10,

D €2 20nPr &f &f@abl 33t o 8yr Jie, nuwber, 0 b&ﬁbﬁ&P”@roup,
of the alkyléene group in the polyalkylene gl'ycol

R et at e R R T S L
e " 0 %‘%‘e'ar%f'fe”%r%f%@a %%ﬁ"voe'?ep S,

R SO N L RO  ielal ] e 8,

a cyclic structure. The substituted am no group is,
f%ﬁr@&%ﬁbﬂéaq}dnﬁkiYkHe%¢%ﬁ?@¢®@QuﬁQRPkﬁmﬁﬁ)%ﬁ 4 to 6
carbon atons, and the acyl group is, for exanple, an
ﬂmbme@r@mmg; 1int & Grebedole, a constituent unit
derived from the polymerizable unsaturated carboxylic
acld silyl ester.

[0115] That is to say, R' is an unsaturated bond-
‘containing organic group represented by CH,=C (CHs) -
CH,=CH-, HOOC-CH=CH- or HQOOC-CH=C(CHsz)-, and —-COCH may
form a metal salt or anléster.

[0116] Three of L, namely, L', L? and L°> may be the same
as or different from one another and are each a hydrogen
atom or any one of a chain alkyl group of 1 to 25 carbon
atoms, preferably 1 to 20 carbon atoms, more preferably 1

to 10 carbon atoms, which may have a bfanch, a cycloalkyl

group, an aromatic hydrocarbon group, preferably a phenyl

~group, and an alkylsilyloxy group wherein the alkyl group

"~ is the same as above, each of which may have a

substituent.




atons or an al koxy group of 1 to 6 carbon atons.
[0136] The unsaturated nononer from which the

uPSat4f ated nonomer constituent unit (b) can be
derived is 10 represented by the follow ng formula
(I'V-a) [0137] [Conmpound 21] CHR) 1l 15 16 CR COZR
- - - - (IV-a) [0138] wher@in Ris a hydrogen atom or
-COOH, preferably a hydrogen atom (H), Rl15 is the
same as R15 in the fornula 15 [IV] and is a hydrogen

“at omor Ta et e fgres Zhas  the TS arer as™ Zakn behe he ~ same

formula [IV] and is an oxygen atomor - NRL17, [0139]
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WaenoZ dis Rl &y defot e SR Hes oty HOXYal &Y lan rQiP o
whi ch may have a substituent, a hydroxycycl oal kyl" 20

; I : I
Pornotar Ribo) 1 TR 20 A B Gt "y 1
5 8 i,nt f2t Q
T
formula - (R O, RY (RY i | kyl , IS
L G P TS o Shidger o T S0 S 51y
when_Z is -NR17, R17 is an al kyl group which may be
SRS With QAR Gftodshal . mRhyREKyd branch,

group,
‘a cycloalkyl group of preferably 3 fto 10 carbon atoms,

more preferably 3 to 8 carbon atoms, and a phenyl group
which may have a susbtituent. These L may be the same or
different from R'.
[C117] Such e copolymer (B) is a copolymer haviang, in a
molecule, a constituent unit derived from a silyl
unsaturated carboxylate monomer represented by the
following formula [IXIIA] and a constituent unit derived
from an unsaturated monomer copolymerizable with the
silyl unsaturated carboxylate monomer.
[0118] R'-COO-51i (L'L’L?) [TIIA].

In the formula [IIIA];'RI, L', L% and 1? are the

same as above, and three of L, namely, L', L? and L’° are

‘the same as R'?, R and R! in the below-described formula

B {III],-respectively.

The polymerizable unsaturated carboxylic acild
5ilyl ester-based copolymer (B2) (also referred to as a

“"silyl ester compound”) containing a constituent unit




an am no group, a substituted am no group, an acyl
g$€ﬁ$2 and an al koxy group, and R16 is a hydrogen
atlori2¥ n the case where Z in the formula (I'v-a) is an
10 oxygen atom exanples of the unsaturated nononers
(I1'V-a) include 2-hydroxyethyl acrylate, '

2- hydr oxyet hyl  net hacryl dtle, 2-hydroxypropyl

acryl ate, 2-hydroxypropyl nethacryl ate,

3- chloro 2 hydroxypropyl nethacrylate 3-

acrylate, 15 2-hydroxybutyl acrylate, 2- hydroxybutyl
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nethaceyl al eesber hyBr DXy hexylle@ct ybati€pelow in detail.
1, 4- cycl ohexanedi net hanol nonoacryl ate, polyethyl ene

ot yeob] nonenethagny late - B52bourRol ¥eh henesal yeokne
nnnonethacrylate (n=4), polyethylene glyco

NPReLERE agT ¥LAL &1 Q )eo e@ﬁl@'&&? vé® from the
po yet

nononet hacryl ate ene yco

t 1 ol th ne

E‘%ﬁ%ﬁ%ﬁ%@% S t%%t‘e%o?%r %\;fﬂe%egai‘f@ Gilvl ester.

cry pol ypropyl ene gI c
O nacy) BpstnEedac b n;}%r cRbFEHEa0 Uit Belimogizable
99 nnnonethacrylate(n -12 2- met hoxyet hyl acryl ate and
n‘é‘%%&‘&%?%t%%@?éybﬂlc%ﬂl@m%bhé heeF§tate (n=45).
[0140] In the case where Z in fornmula(lV-a) is -NRL7
exanpl es Bkampéhsnphohlee spdhehadézable unsaturated
N- net hyl ol acryl am de, 5 N net hoxynet hyl acryl am de,
Natihoxyhet hytbdrylani destdN-include silyl esters of
unsaturated monocarboxylic acids such as acrylic acid and

methacrylic acid, silyl esters of &, 8 -unsaturated
dicarboxylic acids such as itaconic acid, maleic acid,

fumaric acid and citraco-dibasic acid, and silyl esters

which are half esters of o, f—unsaturated dicarboxylic

“acids.

[0121] The constituent unit derived from the
polymerizable unsaturated carboxylic acid silyl ester is
preferably a silyl (methiacrylate constituent unit
represented by the following formula [III]:

[0122] [Compound 18]

CH(RY

CR"'COOSIRRPPRM ----[1]]

|




di met hyl am nopr opyl acryl am de, N, N-di met hyl am nopr opy!

ngéhacrylan1de di acetone acryl am de. [0141] These
4tldP at ed nononers (I'V-a) can be used singly or in

conmbi nation of two or nore kinds. 10 [0142] O these

unsaturated nononers (1V-a), hydroxyl

group- cont ai ni ng nononers & e preferable. O the

hydr oxyl group-contai ni ng nonomers, 2-hydroxypropyl

acryl ate, 2- hydroxybutyl nethacrylate and the like are

~ptelepabiyensen Because rarantdrt oitidme rcoMaary fidaf by

havi ng appropriate el ution property can be obtai ned.
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[ 8183fir66¢n Unsah UulA) £d-0DORNMRE Yy COOBH | 4 URRta UNsd: Ther an

silyl ester copolyner usually contains an unsaturated

NpYEaR!I /ONSLI ta“ﬁ?ﬁrléﬁleh G& bl %ranhlE'tH?lt 8rol e and R!?,

constituent unit a) and the constituent unit 20

The at,ud t
clgns;é?l?ugnt%yt di ere Sbtrfonciﬁgﬂ{ conséétituencih &
|ts d (b 28 100 44 Exa
Baeh 2 Bl om AL 2500 ot wh %h aw%ﬁnuﬁber of
unsat ur at ed nononmer constjtuent unit can
d%?}?*a% FhePades R%‘fmue%m%th%de o din galkyl
methyl 5 (nmeth)acrylate, ethyl (neth)acr Iate and '
0TEGIP ?ﬁe¥h§%c¥@l%ﬁ%bon atonms, preferably to 20 carbon

atoms, more preferably 1 tc 18 carbon atoms, still more
preferably 1 to 10 carbon atoms, particularly preferably
1 te 6 carbon atoms, which may have a branch), a
cycloalkyl group of the same number of carbon atoms as
previously mentioned (i.e., cycloalkyl group of
preferably 3 to 10 carbon atoms, more preferably 3 to 8
carbon atoms), an.aromatic hydrocarbon group of 6 to 12
carbon atoms which may have a.substituent, preferably a
phenyl group, ©r an alkylsilyloxy‘group wherein the alkyl
group has the same number Of carbon atoms as mentioned
above.

[0124] Examples of the substituents with Which a hydrogen
atom of the aromatic hydrocarbon group such as é phenyl
group can be repladed include alkyl,.aryl and halogen.
[0125] The silyl (meth)acrylate(s) from which such silyl
(meth)acrylate (type) consitituent unit can be derived is

represented by the following formula (ITI-a0):




styrenes, such as styrene, vinyltoluene and a'-

ngﬁh¥lstyrene; vinyl esters, such as vinyl acetate,
v §12810 benzoate, vinyl propionate and vinyl

‘butyrate; and crotonic acid esters, itaconic acid

esters, fumaric acid esters and maleic acid esters. O
these, (nmeth)acrylic aci ®3esters, styrenes and vinyl

esters are preferable because an antifouling coating
filmhaving 15 proper filmstrength is obtained.

[*0245% - The-mbloyv et Tisat Wrated nonomers—are-used-singty
or in conbination. [0146] In the present invention,
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i {0187 deptdmddend hied] 1n the silyl ester copol ymer
(B2), the polynerizable 20 unsaturated carboxylic acid
silyl ester constituent units (a) are contained in

-amounts of; 20 to 80% by weight, preferably 30 to 70%

by w@ﬂﬁﬂR,)the pol ar group- containing (nmeth)acrylate
consffi tuent units (b) are contained in anmounts of O
to 46% .y weight,,prefergbly SF-11 101,0.01 to 20%
by @&Rd C%Siﬁ%ﬁ?gﬂﬁunsatvfat Iﬁ%égmer

constituent units (c) are contained in anobunts of 5 to
80% by weight,. preferably 10 to 60% by wei ght

a)+(b)+(c) = .100% by weight), fromthe vi ewpoi nts of
(f022§])wéegein é%'o Y ght) RS in the fg@mula [TII]

is the same as
and is a hydrogen atom or —-COOH, preferably a hydrogen

atom (H), R“’is.the same as R*' in the formuia [III] and
is a hydrogen atom or a methyl group, and RH, R and rR™

13 and RY in the formula [III], may

are the same as R'?, R
be the same or different and are each the same hydrogen

atom, alkyl group,. cyclecalkyl group, phenyl group which

"may have a substituent or alkylsilyloxy group as

mentioned above.

[0129] Examples of the silyl (meth)acrylates (III-aO0)
iﬁclude silyl (meth)acrylates wherein R, R'? and R' are
the same as one another, such as trimethylsilyl |
(méth)acrylate, triethylsilyl (meth)acrylate,
Tripropylsilyl (meth}agrylate, triisopropylsilyl
{meth)acrylate; tributylsilyl (meth)acrylate, tri-sec-
butylsilyl (meth}acrylate and triiscobutylsilyl

13

(meth)acrylate; and silyl (meth)acrylates wherein Ru, R

and R'Y are partially or completely different from one




5 coating filmstrength and erodibility. [0147] The
me'ght-average nmol ecul ar wei ght (Mv) of the silyl
e%@'%z%opolyner (B2), as neasured by gel permneation
chromat ography (GPC), is, desired to be not nore than
200, 000, preferably 5,000 to 100,000, fromthe

vi ewpoi nts 10 of ease of pPreparation of an antifouling
pai nt containing the silyl ester copol yner (B2),

‘storage stability and painting workability of the

= rassitd mg-antt-fatdirgsgadbnt t y Tresidrerosi on e Enendcy ate ;s

crack resistance of an antifouling coating film:- 15
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[ $dA8Juthrlepaleati yns Ofy ST ndriesd@ryeopol ymer (B2) In
order to obtain the silyl (neth)acrylate 'copolymner

( % oy, wej i1yl (meth)acryl ate
(%@eﬁtﬁl&%@eﬁg egdlb%%/lt “g‘r%ho}%frfulf%%’l a0, 0 to 40% by

e E R A B R B s o

anot her uynsat ur at.ed monomer, .(.cl opol yneri zable wth
o PG i d Y ASHORET 11 V- )
((al)+(bl)+(ci) = 100@6by wei ght) have only to be . |

r W AR i eld by M A Prfces s Rudiiegs -
sol ution SF-1128 102 pol yneri zation, bulk
pesisigyd et -on, enul sion  pol yneri zation and

suspensi on polynerization, in the presence of a

- fEdildalCipduaters iZlatl omatiiltadcatyoratda tgmweferable are
those wherein R, R* and R' are each independently an
alkyl group of about 1 to 18 carbon atoms, such as methyl,
ethyl, n-propyl, isopropyl, sec=butyl, tert-butyl or
isobutyl, and more.preferable are those wherein R'? is a
branched alkyl group or a cycloalkyl group. R*® and RY
may be each the same as R*¥. Also preferable are those
wherein the tetal number of carbon atoms of RY, RY® and
R'" is about 5 to 21. Of such silyl (meth)acrylates,
triisopropylsilyl (meth)acrylate, trisobutylsilyl
(meth)acrylate, di-sec-butylmethylsilyl (meth)acrylate,
sec-butyldimethylsilyl (meth)acryiate and tri-sec-
butylsilyl (meth)acrylate are most preferably employed,
taking intc consideration ease of preparation of the

silyl {meth)acrylate copolymer and film-forming property,

storage stability and ease of control of self-polishing




pol yneri zation, a chain transfer agent may be
eggl ed. [0149] As the radical polynerization .

it %or hitherto known azo conpounds, peroxi des,
etc. can be wi del y enpl oyed. Exanpl es of the azo
conpounds include 2,2'- azobisisobutyronitrile,
2,2'-azobis(2- nethylbutyr@nitrile ) and
2,2 -azobis(2,4 10 dinethylvaleronitrile) . Exanples
of the peroxides include benzoyl peroxide, tert-butyl

peropyatetateinteant Ffout yirgperdonyoctophe] t Coumeoenprising”
hydr operoxi de; tert-butyl peroxide, tert-butyl

10

15

pERexyDepZoahetnh | &k ty Daty| copsI gayt sopr opyl _
carbonate, tert-butyl hydroperoxide and 15 persulfuric

ﬁbﬁsé?' '{E (POhasstWm Skt i + AFEPDL LM §§éﬁ1)pol£91é%u£‘5

e chaln ransfer agent, a hitherto known conpound

fo?ﬁ99£8¥ﬁﬁefme@$ga€%ﬁp es thereof include the

oW n ounds described in the
par agra 0077 [.0086], .of Japanese Patent
Lai d-Op TEASO BN L6080 2065 SRR {7t

[0151] [Conpound. 22] |1 OCH SH (Ma |) HSCHZ
STESRAC 2D p1ad CHI C2PRE) 221 oot Fpkplate is

desirably contained together with the constituent unit -

- (a) derived from the pOlymerizable_unsaturated carboxylic

acid silyl ester. The constituent unit (b) does not have

_ to be necessarily contained in the silyl ester copolymer.

[0133] The constituent unit derived from polar group-
containing (meth)acrylate is not specifically restricted
provided that it is a constituent unit derived from a
{meth)acrylate-based monomer having a‘polar group, but
preferable is a constituent unit represented by the
following formula [IV]:

[0134] [Compound 29]

CHR")
CR®COZR® -.__[Iv]




0 O HSC2H4 CO (C2H4O) 4 C- C2HASH M 11 11 I1 (M 3)
H§g2l—l4 CO (C2H40) 1r G- CZHASH 1 H \

0N ~0 OViNtC-SH (Ma) S Hs- Il HH S |
CH3( OC3H6) 30(CZH4)ie HN 1-0 (M6 1 SH . S CH OC H
(O-HA HNCO ) ( 336 10 4 327 11 - ~-SH (M7) S
HS CS O C NHC2HA0C2HAOCEHY HN-1- 0

“[0135]“wherein=R* s a~hydrogen-atom or-=CO0H; preferably =
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a hydrogen atom (H), R is a hydrogen atom or a methyl
group, Z is an oxygen atom or —NR'7,

when Z is an oxygen atom, R'® is a hydroxyalkyl group
which may have a substituent, a hydroxycycloalkyl group,
a polyalkylene glycol group represented by the formula -
(R*%0),H (R!® is an alkylene group, and n is an integer of
2 td 50) or an alkoxypolyalkylene glycol group
represented by the formula - (R*0),RY (R* is an alkylene
group, RY is an alkyl group, and n is an integer of 1 to
100), and

when Z is -NR'', R' is an alkyl group which may be
substituted with any one of a ﬁalogen, a hydroxyl group,
an émino group, a.substituted amine group, an acjl group
and an alkoxy group, and R'® is a hydrogen atom.

In the formula [IV], the number of carboﬁ atoms of
the hydrexyalkyl group is preferably l'to 18, more
preferably 2 to 9, and the number of carbon atoms of the
hydroxjcycloalkyi group is preferably 3 to 10, more
preferably 3 to 8. The nﬁmberrof carbon atoms of the
alkylene group in the polyalkylene glycol group is

preferably 1 to 8, more preferably 2 to 4. The number of

~carbon atoms of the alkylene group in the

alkoxypolyalkylene glycol group is preferably 1 to 8,




S S O C NH C3HB0( C2Hg0) 2C3Hs HN-1-. 0 CH3002HA000HZSH
8 CH30 (C2H40)11 (C3H60) 5CCHZSH 11 HSC2H400.

(&-H61) 1000ZH4SH B 11 0 0 -SHrO v~ -SH (M 10) -
[0152] [ Conpound 23] CH20C2H40002H4ASH O 11 C H20 (C
H2C RO 40C CH2 SH pl o

HSCH200( CH2CH20) 4CH21- CH2®F CH2CH20) 4- CCH2SH

CH2O( CH2CH20) 4000H2SH (M 12) O S HS il OC_ H

morepreferablye2-tos ¢ The nunber-ofcarbonatoms o=
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the alkyl greoup is preferably 1 to 8, more preferably 2
to 4, and this alkyl group may form a cyclic structure.
The substituted amino group is, for example, & mono- or

dialkylamino group of 1 to 6 carbon atoms, and the acyl

'group is, for example, an alkanoyl group of 1 to © carbon

atoms or an alkoxy group of 1 to 6 carbon atoms.
[0136] The unsaturated monomer from which the unsaturated
monomer constituent unit (b) can be derived is

represented by the fcollowing formula {(IV-a)

[0137] [Compound 21]

CH(R")

CRUCOZR'® ---- (IV-a)

[0138] wherein R® is a hydrogen atom or -COOH, preferably
a hydrogen atom (H), R'® is the same as R'® in the formula
[IV] and is a hydrogen atom or a methyl group, Z is the
same as Z in the formula [IV] and is an oxygen atom or -
NRYT,

[0139] when Z is an oxygen atom, R'® is a hydroxyalkyl

'group which may have a substituent, a hydroxydycloalkyl

group, a polyalkylene glycol group represented by the

formula —(R™0),H (R*® is an alkylene group, and n is an




00 n (XC2H40)I0(CI-|ZCI—IO),C CC2H4SH CH3 ~Jj ~/~ H O-
SH 03 /3 p/2 | Xllp(M8) HS (I HH

CEINEO -. 0NiNI11-0 SSHO (M9) HSL SHDGCN O p~
~ 0 O~ 15 SH (ms) Q [0153] In the

| at er - descri bed Preparation Exanple (S-8) of a

pol ynmer (copolyner), the ¢8ain transfer agent

TrategeEro T2 eS0T AN AT KOy P o lyalky le negrycol=group
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represented by the formula —(RﬁﬂhR? (R* 18 an alkylene
group, RY is an alkyl group, énd n is an integer of 1 to
llOO),.and

when 2 is ;NR”, R is an alkyl group which may be
substituted with any one of & halogen, a hydroxyl group,
an amino group, a substituted amino group, an acyl group
and.an‘alkoxy group, and R'® is a hydrogen atom.

In the case where Z in the formulé (IV-a) is an
oxygen atom, examples of the unsaturated monomers (IV-a)
include 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl
methacrylate, 3-chloro-2-hydroxypropyl methacrylate, 3=
phenoxy—2—hydr§xypropyl acrylate, 4—hydroxybutyl acrylate,
2-hydroxybutyl acrylate, 2fhydroxybutyl methacrylate, 6-
hydroxyhexyl acrylate, l,4—cyclohexanedimethanol
monoacrylate, polyethylene gilycel monomethacrylate (n=2),
polyethylene glycbl monomethacrylate (n=4), polyethylene
glycol moncomethacrylate {n=5),'polyethyiene glycol
monomethacrylate (n=8), polyethylene glycol
monomethacrylate (n=10), polyethylene glycol
monomethacrylate (n=15), polypropylene glycol
monomethacrylate (n=5), polypropylene glycol

monomethacrylate (n=9), polypropylene glycol




represented by the above formula (M1) (poly(n=4)

"SE-1128 105 et-hyl ene gl ycol bi s(3-nercaptopropi onate)

-11%%ed. In the case where the above pol yner is used
in an antifouling paint, the solution polyneri.zation
process or the bul k polynerization process wherein
the polynerization is car9ded out in an organic
solvent is preferabl e anong the aforesaid various
pol yneri zation processes. Exanples of the organic

“SobrvenE shaseEdl et he=13 0} vk Fioat pok yeery z e ¢ oyl f el ade:

aromati ¢ hydrocar bons, such as xylene and toluene; 10
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esters, as ethyl acetate and butyl acet at e;

ak @?«E‘@' St SUED @Ssd SME’é @CPMuﬁé‘gl\P—UéV' RY

al coho 15 ethers, suc i oxane an dlethyf ether

Lt e %%zos@%%ﬂv%cﬁ% 0L S PP e
. 54
Igf%?‘g%%"ﬁ%@iit‘%’%%m% e h%l%%é T[rwgﬁe#}f%?%aﬁigo N, N-

able as the silyl ester copolyner (B2) is a

-S@}W¢¥Qﬁ%gmegﬁggqgg%§crylamlde, N,N-dimethylaminocpropyl

methacrylamide, diacetone acrylamide.
[0141] These unsaturated monomers fIV—a) can be used

singly or in combinaticn of two or more kinds.

~[0142] Of these unsaturated monomers (IV-a), hydroxyl

group-containing monomers are preferable. Of the
hydroxyl group-containing monomers, 2-hydroxypropyl
acrylate, Z-hydroxybutyl methacrylate and the like are
preferably used because an antifouling coating film
having appropriate elution property can be obtained.
[0143] {c) Unsaturated moncmer cpnstituent unit

The silyl ester copolymer usually contains an

unsaturated monomer constituent unit (¢) in addition to

" the constituent unit (a} and the constituent unit (b).

The unsaturated monomer constituent unit (¢} is a
constituent unit different from both the constituent -

units {a) and (b).




copol ynmer containing: SF-1128 106 a silyl (neth)
acrylate constituent unit (d), represented by the

fYH-LB® ng formula (111 a): - [0155] [ Conpound 24]

CR20CO0SI RZIR22R23 - - - - (I11-a) 5 [0156] wherein R

~is a hydrogen atom or -COON, preferably a hydrogen

atom (H), R20 is a hydrogmm atomor a nethyl group
R2' and R22 are each independently a straight-chain
al kyl group of 1 to 10 carbon atons, a phenyl group

g hy T AT SRSt AR et e e Sidyhoxsrom Wik

group, and R23 10 is an al kyl group of 1 to 18 carbon

5
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phenyl group of 6 to 10 carbon atons which may be

subst j t ut. trimethylsilyloxy group; and a silyl
S

acr e constltuent unlt (e) 15 represented by

1Ro4RIERB®

(meth)acrylate, ethyl {(meth)acrylate and octyl

the follo fornu a (Ll - 20 SF-1128 107 0157]
E%%?h*a % e%h ?

[ Conpound-

(meth}acrylate;

styrenes, such as styrene, vinyltoluene and &-
methylstyrene;

vinyl esters, such as vinyl acetate, vinyl
benﬁoate, vinyl propionate aﬁd vinyl butyrate; and

crotonic acid-esters, itaconic acid esters,
fumaric acid esters and maleic acid esters. Of these,
{meth)acrylic acid esters, styrenes and vinyl esters are
preferable because an antifouling cocating film having

proper film strength is obtained.

[0145] The above unsaturated monomers are used singly or

in combination.

[0146] In the present invention, it is desirable that in
the silyl ester copolymer {B2), the polymerizable
unsaturated carboxylic acid silyl ester constituent units
(a) are contained in amounts of 20 to 80% by weight,
preferably 30 to 70% by weight, the polar group-
cbntaining (meth)acrylate constituent units.(b) are

contained in amounts of 0 to 40% by weight, preferably‘




- m;(lll-b) [0158] wherein R is a hydrogen atom or

Q@Qtﬁ preferably a hydrogen atom(H), R0 is a

"hydrogen atomor a nethyl 5 group, R24 and R25 are -

each i ndependently a branched al kyl = or cycl oal kyl
group of 3 to 10 carbon QB and R26 is a

strai ght-chai n al kyl groaﬁ of 1 to 10 carbon atons, a
branched al kyl or cycl oal kyl group of 3 to 10 carbon

TR RIS 0.0 (2 D S0 SO ) S noner

[0159] The constituent units (d), (e) and (f) for
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are described below in order. [0160] (d) Silyl (neth)
Aty st evediaindti. rusrlienatilty 19 The &Y yy (Westditacryl at e
constituent unit (d) is represented by the foll ow ng

f-oraul @) (d)- &) .1 (8% Bk28valiGh )01 & on] GarpoatirgGntis of

'CH(R) CR20CO0Si RR1R22R23  [0162] In the formul a

(dddtid)g MRS S RYLNe0eh AP ALi1i7yQ00H, pref er abl y

‘a hydrogen atom (H), R20 is a hydrogen atomor a

”fézhfw ] 9reHp, w&%h@ngvgggg@rﬁof@&ﬂléfdﬁ8§gg§nwﬁ¥ &f the
rai ght -chai n alkyl group of to 10 carbon atons,

silyl ester copolymer (B2}, as measured by gel permeation
chromatography (GPC), is desired to be not more than

ZOO,QOO, preferably 5,000 to 100,000, from the viewpoinis

- of ease of preparation of an antifouling paint containing

the silyl ester copolymer (B2), storage stability and
painting wquability of the resulting antifouling paint,
and ercsion rate and crack resisténce of an ant;fouling
coating'film;.

[0148] -Preparation of silyl ester copolymer (B2)

In order to obtain the silyl (meth)acrylate

“copolymer (B2), 20 to 80% by weight of the silyl

(meth)acrylate (al) represented by the formula (III-a0),

0 to 40% by weight of the unsaturatad monomer (bl)-
répresented by the formula (IV—a)'and 5 to 80% by weight

of another_unéaturated monomer (ci) copolymerizable with

. the monomer {III-a0) and the monomer (IV-a)

((a1)+(bl)+(cl) = 100% by weight) have only to be random-

-copolymerized by various processes, such as soluticn




n-propyl, n- butyl, n-pe

‘ preferably 1 to 8 carbon atons, more preferably 1 to 6

CﬁiTgﬁ atons, a phenyl group which nmay be substituted
or a trinethylsilyloxy group. Exanples of the
straight- chain al kyl groups include nethyl, ethyl,

ntyl, n-hexyl, n-heptyl,
n-octyl, n-nonyl and n-&ngl [0163] Exanpl es of
substituents with which a hydrogen 15 atomin the

R OG- 10 TEAY R 9 RS g Blp-<F

phenyl group can _be replaced include alkyl, aryl and
i g
carbon atons, preferably 1 to 12 carbon atons, nore

-5

10

15

20
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structure or a branch, SF-1128 109 phenyl group of 6

- toederoar hoh satons,cqir efenalini 6 tias icdriboriat.omEp the

whi ch may be substituted, or a trimnmethylsilyloxy

B OUP(iCHD 391,09 .cHAAI6Hr Aoy esyenft swsh kad kydploved.
groups include: 5 the above-exenplified straight-chain

adydo9rounge RIARGhed Alydr i00URS, iS4 A%y, hitherto

i sopropyl, isobutyl, sec-butyl, tert-butyl and

BRSO B0 ol Al 10 D ldgyp!

ohexXarie ring, norbornene ring), such
'%%ﬂ%%%kghexﬁxgmpigéag% %EgygEgeggﬁggggﬁgykhclude 2,2~

azobisisobutyronitrile, 2,2'-azobis(2-

méthylbutyronitrile).ana 2,2 —azobis (2,4~
dimetﬁylvaleronifrile); Examples of the peroxides
include benzoyl peroxide, tert-butyl peroxyacetate, tert-
butyl peroxyoctoate, cumene hydroperoxide, tert-butyl
peroxide, tert-butyl peroxybenzoate, tert-butyl
peroxyisopropyl Cérbohate, tert;butyl hydroperdxide énd
persulfuric acid salts (potassium salt, ammonium salt).
[0150] As thé chain transfer agent, a hitherto known
compound is employable, and eﬁamples_thereof_include the
folloWing mércapto compouﬁds.descfibed in the paragraphs

[0077] to [0086] of Japanese Patent Laid-Open Publication

No. 206069/2002,




[0166] R21 R22 and R23 may be the sanme or different
qﬂgljﬂ{e each preferably nethyl, ethyl, n-propyl,
n bu n- hexyl, trinmethylsilyloxy, particularly
preferably met hyl, n-propyl, n-butyl or n-hexyl,
anmong t he above groups. 15 [0167] The silyl -
(meth)acrylate (dl) fronﬂ@ﬁlch the silyl
(meth)acrylate constituent unit (d) can be derived is
rgpresented by the faollow ng fornula (III-a 1) [0168]

ﬂd"g?ﬂp)zz]u; CR2COOBIR2TR22R23 === :
(III-a- 1) SF-1128 110 [0169] wherein RO, R20, and R21

to R23 are the sane as R, R20 and R21 to R23 in the -
fornula III-a) rgpresenting the constituent unit (d).

' 0170$ qgles ofl the siloylny (meth)acryl ates (III-a 1)
5 i Hethae™ G Prali st yI * (neth) acryl at es wherein
R21, R22 and® R23 are the sane as one anot her, such as

tri el L clp@i h) @as vl ate, triethylsilyl
(neth%acrylate tri-n- propylsilyl (meth) acrylate,

. tri-n-bu IS|IyI ﬁb (neth)acrylate tri=n-pentylsilyl
( ”E'HBME&JC W BIHED) A 4SH . .

[ It _(M3)
. HSCzH4’“ o{ag (02H4O)19—"G—C2H4SH

(M4)

HS ﬁ‘ N__C_“oﬂ{ /\t:ff\

CH3(053H6)30(02H4)1g—HNﬂﬁ——o——C -
s

CH3(033H6310{0C2H4)32‘HN"" ﬁ—o
s

. .
HS ” /\C/\
\/J\/D—O—C—NH%WOCZH@%W-HN—G“

(M~10)

O_C’\C‘

s
Hs— - i
v&/;}'O—C—chaHEO(CZH@)zGaHe HN-—C—“

. - s i
HS 1§ ' B
S (e

S
) GH3002H¢0?0H23H

CHyD (CH,0) o (GaHs0) sCCH,SH

HSG:H::[H:U (C4He® wﬁ:czHﬁH
0




- hexylsilyl (meth)acrylate, tri-n-heptylsilyl
_($?tﬂ §crylate tri-n-octylsilyl (meth)acrylate
nonyl silyl (meth)acrylate and tri

-n-decylsilyl (meth)acrylate; 15 aromatic or

si | Qxane-based silyl (netﬂéﬁcrylates wherei.n R21, R22
and R23 are the sanme as o anot her, such -as
triphenylsilyl (neth)acrylate and
trlsgtrlnethyIS|Ionxy)S|IyI (neth)acrylate and

=gl Pphati-cCenpyndrathyacrylates wherern=R2t;—R22-and"
20 R23 are partially or conpletely dlfferent from one

another, such as ArmeX hyl - n- prapyl si |yl
(meth)acrylate, i Pr PUCIHIPRECHHLSH |yl
~ (meth)acrylate, di“-Butyl- isobutylsilyl :

(meth)acryl ate, n- hexyl di net hyl si I% (met h)acryl ate
te,

sec- but yl di rret hyl si |yl SRSl Ea"‘y“-l SF-1128 111
monomnet hyl -di  n- propyIJ |yl

(neth)acr-yl ate Gﬂs%tﬁﬂgr’lcé*iqwaoc%ﬁ'bpyl silyl
(meth)acrylate, ethyl |l enfo)cg%r%wl di met hyl silyl

(et h)acryl at e and trlrﬁs &1 91 oxydi net hyl si | yl
(met h)acryl ate (CH2=C (CH3) SIO (CH3) 2 (Csi (CHI)
3, CH2=CHCOGOSI (CH3) 2)ed &80, cﬁ)an[ 0171] In the
present invention, the |S| |yl met h)acryl at es

(11 -a- ﬁs)CbeaquzeHMdz—s?—hgwo(cHﬁHmhmmﬁ nation of two

or nore Kkinds
CH20(0H20H20)4OCGHZSH -12)

HSCH2C0{CH2CH20)1O‘®' OO(CHchZO)mcc:stH
CHS
9 | ' 9
HSCQH{GG{C':HCHzﬁ)zo T C(CH,CHO)6CCoH,SH
CH
CHy- CHy 3

CH3

- o
]
Q0(02H403-16(CH2?H0)10'C_:CzH,;SH
CH, :
S
o)
. 2

HS B H O,\tsz\
?—o——c-—-w\/\of\ AN
\vf;:]\.»o -9
HS I H

{M-5)

feo{°
‘ O—C—N O 0 o
[0153] In the later-described Preparation Example (S-8)
of a polymer (copolymer), the chain transfer agent

represented by the above formula (M-1) (poly(n=4)




10 (e) Silyl (meth)acrylate constituent unit The silyl

(g@ﬁ?%?crylate constituent unit (e) is represented by
lowing formula (I11-b). [0172] [Conmpound 28] 1

CH(RO): CR20COCS i RRaR25R26 | - - - - (111-b) 15
[0173] In the formula (I11-b), Ris a hydrogen atom or
- COH, preferably a hydrid§en atom R20 is a hydrogen

~atom or-a nethyl group, and R24 and R25 are each
|ndependently a branched al kyl group of 3 to 10 carbon

at bglengrafereabiii-stdgnag eantrorr arinmator-was-use
cycloalkyl group of 20 3 to 10 car bon at ons,
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Exanpl es-o-f -the -branched-al kyl groups i ncl ude

1 5091 PPyl ind sebidy,  trsecsduitilon @Ity Vdatanch process or
~neopentyl, simlarly to those in the formula (lI11-a).

[ 04 Shu Bx aspl 85 10f 2 4 £ Yok Qad dy g oups el ude 5

- cycl ohexyl” and ethylldenenorbornyl [0176] R26 is a

;‘é ?g?%%ﬁy 1 toajgzéaar olgétgt%jr}tsjlﬁmc;dr%%r eral:fjit‘ﬂﬂ:‘f?|2 -

pfgfgraﬂo A oarrrnsdnga kf'lreanacg]oerdesaalukc}/lvaorrlous polymerization

processes. Examples of the organic solivents used in the

~solution polymerization include:

aromatic hydrocarbons, sudh as xylene and toluene;

aliphatic hydrocarbons, such as hexane and
.heptane;

esters, such as ethyl acetate and butyl acetate;

alcohols, such as isopropyl althol and butyl
alcohol;

ethers, such as dioxane and diethyl ether; and

- ketones, such as methyl ethyl ketone and methyl isobutyl

ketone.
These solvents are used singly or in combination
of two or more kinds.

[0154] Silyl ester copeolymer (B2-1)

In the present invention, also employable as the

silyl ester copolymer (B2} is a silyl (meth)acrylate

. copolymer containing:'




cycloalkyl group of 3 to 10 carbon atons, preferably 3
téﬁ_ carbon atons, a phenyl group of 6 to 10 carbon
atons preferably 6 to 8 carbon atons, which may be
substituted, or a trimethylsilyloxy group. [0177]
Exanpl es of the straight-chain al kyl groups, the
branched al kyl or cycloalQ?I groups and the phenyl
groups 15 include the same groups as descri be above.
[0178] R24, R25 and R26 may be the same as or

'u.||EIEHLSlﬁﬁéni@ﬁéhéﬁgfﬁéﬁteaﬁ@nﬁﬁéﬁuﬁﬁgyhaFE tfe

same, they are each preferably isopropyl, sec-butyl

10

15

20

OWeFPISIﬁtﬂItWEtd Ipartthec dodrdioy e flarrabl ya i @dﬁr—@pyl or

. sec- butyl, anmong the 20 above groups. [0179] Wen

RZZE,SH%ZS[Cambd%ﬁﬁi arsg partially or conpletely.
different fromone another, R24 and R25 nay be the
same or different and are each preferably isopropyl,
i sobutyl, sec-butyl or tert-butyl, and R26 is

pref abI% met hyl, SF-1128 113 et hyl -

propZdH{Rs9propyl -, -n=butyl,,, - i bbﬁtyl-

tri thyIS|Ionxy [0180] The silyl (neth)aérylate (el)

fro 8i t4qret h) acryl onstituent unit
(e) %ﬁzaﬁoﬁﬂgl e |I§ repr esent égleyft he foll ow ng

fornqla (I'll1-b-1): [0181] [ Conpound 29] CH(R)

[0156] wherein R® is a hydrogen atom or -COOH, preferably

"a hydrogen atom (H), R*® is a hydrogen atom or a methyl

group, R*' and R*? are each independently a straight-chain
alkyl group of 1 to 10 carbon atoms, a phenyl group which.
may be substituted or a trimefhylsilyloxy group, and R’
is an alkyl group of.l to 18 carbén atomé which may have

a ring structure or a branch, a phenyl group of 6 to 10

. carbon atoms which may be substituted or a

. trimethylsilyloxy group; and

a silyl (meth)acrylate constituent unit (e)

represented by the following formula (III-b): .




11 CR20COCSIi R24R25R26 (111-b-1) [0182] wherein R R20,

E%ﬂi ﬁ?S and R26 are the sane as R, R20, R24, R25 and
% the formula (I11-b) representing 10 the

constituent unit (e). [0183] Exanples of the silyl

(meth)acrylates (I11-b-1) include: silyl (meth)

acryl ates wherein R24, RM7and R26 are the sane as

one anot her, such as triisopropylsilyl 15

(neth%acn%ugte trllsobutyIS|IyI (neth)acrylate and .
l o b-t‘U- b o A A i o i 3

tdy@dSdemethyacrytate—and-sityt
(neth)acrylates mhereln R24 R25 and R26 are partially

10

15

(111 -

or conpletely different fromone another, such as
di i sopropyl cycl ohexylsilyl (nmeth)acrylate, 20

~diisopgropyl phenylsilyl (neth)acrylate,

d||so ropﬁgjrlnethylsiloxysilyl‘(neth)acrylate,
Inethylsilyl (et h)acryl ate
butylethyIS|IyI SF-1128 114 (neth)acryhate " odi

b hyl |yl h
fiép@ S EQOBTRER IR vl ety (PR e ‘01847

I'n thp present invention, the silyl 5 (nmeth)acrylates
F-l) can be used singly or in '

[0158] wherein R° is a hydrogen atom or —-COOH, preferably

a hydrogen atom (H), R?*® is a hydrogen atom or a methyl
group, R? and R? are each independently a branched alkyl

or cycloalkyl group of 3 to 10 carbon atoms, and R2° is a

- straight-chain alkyl group of 1 to 10 carbon atcms, a

branched alkyl or cycloalkyl group of 3 to 10 carbon

atonms, a phenyl group of 6 to 10 carbon atoms which may -

be éubstituted or a trimethylsilyloxy group.
[0159] The constituent units (d), (e} and (£} for
coﬁstituting the siLyl (meth)acrylate copolymer (B2-1)
are described below in order.
fOl6Qj (d) Silyl (mefh)acrylate constituent unit

The silyl (meth)acrylate constituent unit (d) is

represented by the‘following formula'(III—a).




conbi nati on of two or nore kinds. [0185] Taking into

qﬁﬂ?L rati on ease of synthesis of the silyl
(e a

crylate copolymer and filmform ng property,
storage stability and ease of control of
sel f-polishing 10 properﬁﬁ of an antifouling paint
conposi tion conpri sing & silyl (meth)acryl ate
copolymer, it is preferable to use a conbination of
one or nore conpounds sel ected from trinethylsilyl

trethyacrytate;~triethytsityt=(trethyacrylate;

tri-n-propylsilyl (nmeth)acrylate, tri-n- 15 butyIS|IyI

10

15

‘(HﬁlﬁythQQQnQPDQQzﬁﬁxyld|nethyIS|IyI (met h) acryl at e,

n-octyl di nethyl silyl (neth)acryl ate,

i sopropyl di met hyl silyl (meth)acryl ate, :

et hyl ijdenenor bor nyl di net hyl si |yl (neth)acryl ate,
trimetlhyl silyl oxydi net hyl silyl (meth)acrylate, 20
bis(t¢ﬁﬂgéfélsiIyloxy)nethylsilyl (et h)acryl ate and
tris( yl silyloxy)silyl (meth)acryl ate anong the
silylf(meth)acrylate (l111-b-1) and one or nore

conpohpds) .. select ep i i sopr opTFTLI
(et %’}@cr ﬁééglﬂﬁ%t ylsiTyl™ n(elﬂ)%icr yl at e,
tri-spc-butylsilyl SF-1128 115 (neth)acrylate,,d
-sec- fbutyl nethylsi-lyl.(neth)acr-ylate,, .

‘di i sopropyl trinmethylsilyloxyslyl (neth)acryfate and di

sec- butyltrinethylsilyloxysilyl (meth)acryl ate anong

the sil met h) acr Iates III- 1
[0162] fh éhe fgrmuy ( Q 1% a hydrogen atom or —

COCH, preferabiy a hydrogen atom (H), R*® is a hydrogen
atom or a methyl group, R* and R* are each independéntly
a straight-chain alkyl group of 1 to 10 carbon atons,
preferably 1 to & carbon atoms, more preferably 1 to 6
carbon atbms, a phenyl group thch may be substituted or
a trimethylsilyloxy groﬁp. Examples ofwthe straight-
chain alkyl groups include methyl, ethyl, n-propyl, n-
bﬁtyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl and
n-decyl. _

[0163] Examﬁles of_substituenté with which a hydrogen
atom in the phenyl gréup can be replaced include alkyl,
aryl and halogen. | _

[0164] R?® is an alkyl group of 1 to 18 carbon atoms,
préferébly 1 to 12 carbon atoms, more preferably 1 to 9

carbon atoms, which may have ‘a ring structure or a branch,




5 [0186] It is nore preferable to use a conbi nation of
tg#_ -butylsilyl . (nmeth)acrylate anong the silyl
(negﬁ?%

crylates (I1l1-b-1) and triisopropylsilyl
(meth)acrylate anong the silyl (meth)acrylates
(I'1'1-b-1). (f) Unsaturated nononer constituent unit

10 The unsaturated monong%constituent unit ()
constitutes the silyl (neth)acryl ate copol yner of the
i nvention together with the constituent unit_(d)

theP RS tIE Ut Turfi-tE ) Cardp s adaqm%reﬁﬁe#err@ﬂalafotﬁw £0 B

the constituent units (d) and (e) The unsaturated

10
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constituent unit (f) can be derived is, for exanple,

t i npet eyl sgriouipyx e atcaini (NG Hsires hy-acr yl ate (b)

- represented by the formula (1V-a) or the unsaturated

noooser HxGr1 I o Whicah eyl wisatdy atred wanoner
constituent unit (c) can be derived. 20 [0187]

Exanpl egp@f 2gu6h- @Q@ﬁg@ﬁ§1éacEHgﬁlgﬂﬁdﬁ%ﬁﬁ%thkyl groups;
(methyl )yacrylic acid esters, such as

SN L, TR
d he SF 28 6 hyd hi
?S?%% Tl P TN el AT i o DY opht T ¢

(meth)acryl ate, drox propyl met h)acryl ate,
2- hydro?}%ﬁﬁ§91€n€% Yécﬂépgpé hgv ng clic structure

(cyclohexane ring, norbornene ring), such as.cyclohexyl
and ethylidenenorbornyl.

[0166] R?, R?? and R?® may be the same or diffefent and
are each preferably methyl, ethyl, n-propyl, n-butyl, n-
hexyl, trimethylsilyloxy, particularly preferably methyl,
n-propyl, n—butyi or n-hexyl, amcong the abdve groups.
[0167] The silyl (meth)acrylate (d1) from which tﬁe silyl
(meth)acrylate conétituent unit {d) can be derived is
represented by the following formula (III-a-1):

[0168] [Compound 27]

CHRY

|

CRPCOOSIRPRZR?  ---- ([-a-1)




hydr oxybutyl (neth)acryl ate, 2-nethoxyethyl 5

(ﬁ@{ acryl ate, al koxypol yethyl ene gl ycol

nono(nmet h) acryl ate and. al koxypol ypropyl ene gl ycol
nono(net h)acryl ate; styrenes, such as styrene,

vi nyl t ol uene and - nethyl styrene; 10 vinyl esters,
such as vinyl acetate, vild91 *© benzoat e, Vi nyl

propi onate and vinyl butyrate; and organi c carboxylic
acid esters, such as,jtaconic, acid.esters and maleic

A s tegoier HoneSe — GRECRY hoFy G- AEPdLbST &FRE-as-RY/—

strenes and 15 organic carboxylic acid vinyl esters

10
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a¥ e pred Rabke Rbecauddea camiilioul Ty adoatng Senlting the
havi ng proper film strength is obtained. [0188] By

tdve ausic vef it heibydrdophi lic (nmeth)acrylic acid esters,
erodibility of the coating filmcan be increased, 20

and 7foar Fhing 1R RES &heC @TORONBNS AW lates (III-a-1)
hydrophilicity, such as acrylam de derivatives, are

alsq g/l oyable. [0189] The unsaturated nmononers (fl)
are used singly or in conbination of two or nore

Kinds. ST3lha8; 114100190k tn) LOG RLESENLy oL DYENRIONR22 4ng
-it is ges%rabﬁe %ﬁa? in_, %%e gle% (ne?%?acrylate
%Qp%hxgeéhetgghgiégqone another, such as triméthylsilyl
(meth)acrylate, triethylsilyl (meth)acrylate, tri-n-—
propylsilyl {meth)acrylate, tri-n-butylsilyl |
(meth)acrylate, tri-n-pentylsily}l (meth)acrylate, tri-n-
hexylsilyl {meth)acrylate, tri—n~heptylsilyl
(meth)acrylate, tri-n-occtylsilyl (meth)acrylate, tri-n-
nonylsilyl (heth)acrylate_and tri -n-decylsilyl
(meth)acrylate; |

aromatic or siloxane-based silyl. (meth)acrylates
wherein R?*, R*? and R?’ are the same as one another, such
as triphenylisilyl {(meth}acrylate and
tris(trimethylsilyloxy}silyl {meth)acrylate; and

22 ang

aliphatic silyl (meth)acrylates wherein R*", R
R* are partially or completely different from one another,

such as dimethyl-n-propylsilyl (meth)acrvylate,

-isopropyldimethylsilyl (meth)acrylaté, di-n-butyl-

isobutylsilyl (meth)acrylate, n-hexyldimethylsilyl

(meth)acrylate, sec-butyldimethylsilyl (meth)acrylate,




(meth)acrylate constituent units (d) are contained in
agag?%i of 0.5 to 50% by weight, preferably 0.5 to 25%
b ight, the silyl (meth)acrylate constituent

units (e) are contained in amounts of 10 to 70% by

wei ght, preferably 30 to 65% by wei ght, and the
unsaturated nononer constliltuent units (f) other than
the constituent wunits (d) and (e) are contained in
anmounts of 20 to 70% 10 by weight, preferably 30 to

~GUER Y e Y (BRI )y L b e vt Y1 gk tharl=—

t he viewpoints of. prevention of occurrence of cracks

impropatsny i (mednd@eelatg, resistance, film
strength and erodibility of a coating film 15 [0191]
Tdreh el @it e @y Esagey It reetht @ s ef g htmd 1) a af y T dtee sahg |
(meth)acryl ate copol yner (B2-1), as neasured by ge

PeF IRat h @1 £ Pafaphy1  GRE) . (hsSridestFerht® be not
nor e théﬁ 20%%00 , preferablyﬁ%,ooo to 100, 000, nore

5 Preferabhy, 500808: ter100.L200.carticul arly preferably
: 'ZB Siégb}¥% gg,%ﬁg, %an1t e.G?%mpoints of- ease of
of ' i l\i ng pai nt containing the _
§?$£?ﬁﬁ%¥§ﬂﬁ?%%?§|@#@-@%%BP frer, storage stability and
pai nt j rkability of the resulting antijfouling
et S "G Pt ot Sttt i LY
-crack-resistance of- -an ant fouling coating film
(meth)acrylates (III-a-1) can be used singly or 1in
combinaticon of two or more kinds.
10 (e) S5ilyl (meth}acrylate constituent unit
The silyl (meth)acrylate constituent unit (e) is

represented by the following formula (III-b).

[0172] I[Compound 28]

|

CH(R%

CR®COOSiR*R¥R* -~~~ (HI-b)

|

15 .[6173} In the formula (III-b), R° is a hydrogen atom or -

| COOH, preferably a hydrogen atom, R*® is a hydrogen atom
or a methyl group, and R** and R?® are each indepéndently.
a.branched aikyl group of 3 to 10 carbon atoms,
preferably 3 to 8 carbon atoms, or a cycloalkyl group of

20 3 tec 10 carbon atoms, preferably 3 to 9 carben atoms.




'[0192] Preparation of silyl (neth)acrylate copol ymer

(§E_# 8In order to obtain the silyl (nmeth)acrylate
copolyrmer (B2-1), 0.5 to 50% by wei ght of the silyl
(meth)acrylate (dl) represented by the fornula
(I'11-a-1), 10 to 70% by wei ght of the silyl
(meth)acrylate (el) reer@ented by the fornul a
(I'11-b-1) and 20 to 70@6by 10 wei ght of the

unsat ur at ed nDnoner (fl) copoalynerjizable wth the

TrbPrbfrit sER L %ﬁnﬁ?eﬂbe(Q%ﬁ%qﬁ%ﬂ)@%#H% GG, e Lude-

wei ght) have only to be random copol yneri zed b
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vasdPpusry br oceswesy L susdr axiigol ut i ot gol e razati e ety L,
bul k pol ymerization, enulsion polynerization and
ssipenst b 15 (ol yrern zidtd o rnul 4 hel pr-esence of a

radi cal polynerization initiator. In the :

Pob YIBT | 2kl s SME 1B €hal dh Tk ansfefupgentic Rsde
previously nentioned may be used. [0193] As the

r aglk £ PO1 VARY | 2@ty P lAd A Himyhi therto known azo
conpounds, peroxides, etc. can be wdely 20 enpl oyed.

Eg@g’ﬁ’ést’@f Lhe 8EPa EQHPQHQQ%' ngg%zggoap of 1 to 10

sob yron| -azo

‘%IE;‘{ o“c’g':r téﬁlelt'f%ll' %}nld %Engchpaqz e%a%igoq haet%%? oxrfl%res

|nclude benzoyl perOX|de tert- butyl £ero§¥acet
tRF¢ Sy gl 199 %Lﬁ':%/lf %r“‘b’%%%'t alk

hydr operoxi de, tert-butyl
cyclealkyl group of 3 fo 10 carbon atoms, preferably 3 to

9 carbon atems, a phenyl group of 6 to 10 carbon atoms,

- preferably 6 to 8 carbon atoms, which may be substituted,

or a trimethYlsilyloxy group.

[0177] Examples of the straigﬁt—chain alkyl groups, the
'branched alkyl-or cycloalkyl groups and the phenyl groups
include the same groups as describe above.

[0178] R*, R* and R*® may be the same as or different
from one another, and when they are the same, they are
each preferably isopropyl, sec-butyl or isobutyi,

particularly preferably isopropyl or sec-butyl, among the

above groups.

[0179] When R*, R*® and R*® are partially or completely
different from one another, R* and R®® may be the same or
different and are each preferably isopropyl, isobutyl,

sec-butyl or tert-butyl, and R?® is preferably methyl,




-peroxide, tert-butyl peroxybenzoate, tert-butyl

_?ﬁ%isopropyl carbonate, tert-butyl hydroperoxide
and persulfuric acid salts (potassiumsalt, anmoni um
salt). 5 [0194] In the case where the above polyner is
used for an antifouling paint, the solution
pol yneri zati-on process o3t he bul k pol yneri zati on
process wherein the polynerization is carried out in
an organic. solvent is preferabl e anpng the aforesaid

AT Hus RGN Her EANORYI0 - robeydes L SBRR e S Tof—t he

organi ¢ solvents used in the solution polynerization

15

20

i einedery larldimita>y -hydr ocar bons, such as xyl ene and
tol uene; aliphatic hydrocarbons, such as hexane and
higptearie; 1heesikys, (Bech) asretdyd aekl af eomndh bt ythe

‘acetate; alcohols, such as isopropyl alcohol and

kit @eaoheldrather somsuahuastdivexang sandati ekhylerived
ether; and ketones, such as nethyl ethyl ketone and

@gi%@prégéﬂﬁggm&ﬂHﬁﬁ@&QQQOW{E%SQO§9bﬂ%nH§I@L%—Q$Qd

'singly or in conbination of two or nore kinds. [0195]

_'[rblts'l%_ at%toi %Lﬂl!ﬂof‘@ﬁai nt conposition of the

i nvent'i on,” the conmpoundi ng agent (A) for an
antifoubing pai nt and the copol yner (B) for a
selJHQRI) shing type SF-1128 120

CRPCOOSIRMRPRY®  ---- (I-b-1)

[0182] wherein R?, R?®°, R?*, R*® and R®® are the same as R,

R?°, R?*, R®® and R?® in the formula (III-b) representing

the constituent unit (e).

[0183] Examples of the silyl (meth)acrylates (III-b-1)
include: | |

silyl (meth)acrylates wherein R**, R* aﬁd R*® are
the same as one another, such as triisopropylsilyl

(meth)acrylate, triisobutylsilyl (meth)acrylate and tri-

sec-butylsilyl (meth)acrylate; and

silyl (meth)acrylates wherein R**, R?® and R*® are
partially or completely different from oné another, such
as diiSopropylcyclohexylsilyl (meth)acrylate,
diisopropyiphenylsilyl (méth)acrylate;

diisopropyltrimethylisiloxysilyl {(meth)acrylate, di-gsec-

- butylmethylsilyl (meth)acrylate, di-sec-butylethylsilyl




-antifouling paint are contained as essenti al

1 nts; and it is desirable that the conponent (A)
is contained in an amount of usually 0.01 to 80% by
wei ght, preferably 0.1 to 50% by weight, and the
conmponent (B) is containjg 5 |n an amount of usually 1
to 60% by wei ght, prefer ﬁ to 40% by wei ght.
[0196] Wien the conponents (A) and (B) are contained

in such anmpbunts j.n the antlfoull t Qsi t.i on
oree-a Rt F -t e ativy q%ﬂetﬁvﬁ# riy e of

the 10 conponent (A) contalned is favorably
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clawtitold e Ladimd adsl d SoprasitL~ Eter@%afthm@@'—wllsmlwénds
to becone excellent in the |long-termantifouling
pimggeitaryplaritd cul arly antifouling performance in the
hi ghly fouling sea area or in the static environnent.

15 (009 7]n Find hefesddt iisvdesiirahl eHdati ityhe
compoundi ng agent (A) for an antifouling paint is

09[@@1 ned-y @y @moupl-19f suald YDk ik190 oRariks by
wei ght, preferably 0.1 to 75 parts by weight, and the

g%%?glned'rnQHﬁqgmlOr(§bx§p Qi atile matter) is

e residual 20 anmount, i.e., usually 10

b[‘;O ggliﬁarr}rgstlﬁe % &o%] fiﬁ&prtefo%{a sye o% t tn%%re%l%,ar I8 the
ﬁpe&%%} §%: gﬁﬁ%? A B ) %%gﬁhtfrﬁyﬁ% property,
storage stability and ease of control of self-polishing
property of an antifouling paint composition comprising
the silyl (meth)acrylate copolymer, it is preferable to
use a combination of one or more compounds selected from
trimethylsilyl (meth)acrylatg, triethylsilyl.
(meth)acrylate, tri-n~propylsilyl (meth)acrjlate, tri-—n-
butylsilyl fmeth)acrylate, n-hexyldimethylsilyl |
{meth)acrylate, n-octyldimethylsiiyl {meth}acrylate,
isopropyldimefhylsilyl (meth)acrylate,

ethylidenenorbornyldimethylsilyl (meth)acrylate,

r:trimethylsilYloxydimethylsilyl {(meth)acrylate,

bis (trimethylsilyloxy)methylsilyl {meth)acrylate and
tris(trimethylsilyloxy}silyl (meth)acrylate among the
silyl (meth)acrylate (iII—b—l) and cne or more compounds

selected from triisopropylsilyl (meth)acrylate,

triisobutylsilyl (meth)acrylate, tri—sec—butylsilyl




coating film proper erodibility of the coating -film
a§$4 gpating filmproperties. [0198] According to the
an '%ouling pai nt composition containing the
conmponents (A) and (B), a paint having 5 excellent
storage stability is obtajned. Mreover, an
antifouling coating filmwhich rarely suffers
occurrence of cracks, is favorably controlled in

h droI SIS rate and is excellent jin antifouli

'pt'YW Séla*ia%mcilcLﬁeaqﬂaﬂtM%%Wgylpewe&}%%ﬂ%te

the highly fouling environment 10 and | ong-term
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aht T sui omg! pemiadiislitiel V1 eX vht By hetie floeoo] v igles and di-
antifouling paint conposition of the invention may :
f &1 ¢ Hmwt wlomt et hadlrd idus] adels 11 vk s (md 0200 r ihat e | ey the
say, the antifouling paint conposition of the

| SWEAL | oRet0OH@ IS tde conpayndi ng agent (A) for 15

an antifouling paint and the copolynmer (B) for a self

- Ppdi Sy no: tyPenand iUt d g, Pai il @se esseMp Blation of tri-

conponents and in addition to the conponents (A and
i f jng agent
(C)bL%e/ rei ;{{Q?l &?@dﬁ éei)%(l(:%%%earm%;q%}{ré csng er conpound,
\Aﬁ‘%% k}%r%ﬁjslilcatzo @%ﬁ%ﬂ gaar@ ent%ﬁC’prorPy ldjeyfzmc
i - sag g/anti-setting a elutio
; %ﬁ@r%ﬁﬁ%mtﬂﬁf%& R GG Y LR of T I B 1)
Lénents such as col oring pignent and extender

et S 2 WHra s MRt sTekS Bt ity 1Ue T esi n and

SF-1128
The unsaturated monomer constituent unit (f)

constitutes the silyl (meth)acrylate copolymer cf the
inventioﬁ together with the constituent unit (d) and the
constituent unit (e), and is different from both the
constituent units (d) and‘(e). The unsatUrated monemer
(fl) from which the unsaturated monomer.constituent‘unit
{£) can be derived is, for example, the polar group-
containiﬁg {(meth)acrylate {b) represented by the formula
(iV—a) or the unsaturated monomer (c-1) from which the
unsaturated monomer constituent unit (¢) can be derived.
10187] Examples of such mcnomers inclﬁde:

hydrophobic (methyl)acrylic acid esters, such as

methyl {(meth)acrylate, ethyl (meth)acrylate, n-, iso-, -

“tert-butyl (meth)acrylate, Z2-ethylhexyl {meth}acrylate

and cyclohexyl (meth)acrylate;




122 pol yal kyl vinyl ether (.vinyl -ether-,based (,co)
Qﬁiyﬂﬁg) -.(.9 , a plasticizer (H such as

| orinated paraffin, an anti- foam ng agent, a
segregati on preventing agent, a |leveling agent and a
sol vent, may be containeq; 5 [0201] Next, such various
addi tives are descri bed. 1FOZOZ] Antifouling agent (O
The antifouling agent (C) may be any of an inorganic

antifoulin ent and an. or c antifoulin
*dnulnlrnlpgap%ﬁé%ﬁ AW@FPéGFgMEHQgéﬁ%é Sgﬁgﬁg %ﬁﬁdéﬁy

enpl oyed. In the present invention, (C) copper
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dRIOr= e nelit 'Qﬁe((§5n2ﬂ¥QﬁXﬁﬁﬂRY
antifouling agent is preferable. [0203] The copper
afmel/ or) tdey ledpper? dompound (i@ (wideptcr wWragani ¢+

copper conpound such as pyrithione, the sanme 15 shal

appinohenaiyiaf trerh Wi atey, e reamiadiyechyn t he
antifouling paint conposition of the invention is

d@@dﬂ hed-Jhalw 4102041 As,dihe carpey: wapound (d)

use |n the inventian, any of inorganic copper

r A% &Y ‘ahig, M&@@wﬁeﬁu@f glhe1

inorganic copper conpounds I n¢l ude cuprous oxide,

198 ate (cuprous thiocyanate, copper
%%Bgaép%#% dopper sul fate, copper chloride and

copper oégggneg{ %Ec% as'styrene, vinyltoluene and -

methylstyrené;

vinyl esters, such as vinyl acetaté, vinyl
benzoate, vinyl pﬁopionate and vinyl buty;ate; and

.organic carboxylic acid esters, such as itaconic
acid esters and maleic acid esters. |

Of these, (ﬁeth)acrylié acid esters, strenes and
orgénic carboxylic acid vinyl esters are preferable
because an antifouling coating film having proper film
strength is obtained.
[0188] By the use of_the hydrophilic (meth)acrylic acid
esters, erodibility of the coating film can be increased,

and for this purpose, comonomers having hydrophilicity,

such as acrylamide derivatives, are also employable.

[0189] The unsaturated monomers (fl) are used singly or

in combination of two or more kinds.




~=copY-titort For- RIS etnvemandr oeurithers - dsadda - 196 & 1»

SF-1128 123 -cuprous-oxi de and--copper thiocyani de,
gﬁgﬁﬂﬁg,rhodanide)_ are preferably enpl oyed. [0205]
uch copper conpounds can be used singly or in
conbi nation, instead of copper or together with
copper. [0206] The copper,_and/ or the copper conpound
(Ad) is desirably contaildéd in the total amount of
usually 1 to 70% by weight, preferably 3 to 65% by
wei ght, in 100% by weight of the antifouling, pain

parts by weight of the 10 copolyner (B) (non-volatile
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netd erid)l lor (Mg tdhe [ACIpalaitehiae o lise -anthief ¢ullivdg pai nt
contained in the antifouling paint .conposition,

pinef ter)aliny ltshe sidndt igsteert- hasdd clepolayprercen(B)ined in
(non-volatile matter), the copper and/or the copper

coroind fC0). 5 sdesiy ab weaemitgi fee figradle tatalto 25% by
amount 15 of usually 3 to 1400 parts by weight,

prefprablpnel i1 L3R S 1Ry Rights: Q237 lu.nken (o)

t he copper and/or the copper conmpound is contained in
the, ahoue amunt, i he ARl AQUNG PR weignt,
conposition, an antifouling coating film having

excel | ent. 20 antifaquling property can.be far :
B £ Do e By, Baff S e Tt ated
antifoulin agent (C2). can bhe ed together with the
Wrar?@%&tl &t dogier (dfg nﬁﬁ]ﬁ‘& (t%l § KP4 FEnt
t he copper and/ or

units (d) and (e) are contained in amounts of 20 to 70%
by weight,.preferably 30 to 60% by weight {dy+(e}+(£) =
100% by weight), from the viewpoints of prevention of-

occurrence of cracks in a coating film and peeling

resistance, film strength and erodibility of a coating

film.

[0191] The weight-average molecular weight {Mw) of the
silyl {(meth}acrylate copolymer (B2-1), as measured by gel

permeation chromatography (GPC), is desired to be not

- more than 200,000, preferably 3,000 to 100,000, more

preferably 5,000 to 100,000, particulariy preferably
5,000 to 80,000, from the viewpoints of ease of |
preparation of an antifouling paint contéining the silyl
(meth)acrylate copolymer, storage stability and painting

workability of the resulting antifoulingrpaint, and




the copper conpound (C) Exanples of the organic

%ﬁi} 124 anti-fouling agents (C2)--enpl oyable

ihc e metallic - pyrithiones and organi c copper
conpounds. In particular, netallic pyrithiones are
preferable. [0209] Exanples of the netallic
pyrithiones include 5 nmet!ld |ic pyrithiones of sodium
magnesi um cal cium barium alum num copper, zinc,
iron and lead. O the netallic pyrithiones,

- REPEr b A b b pEc s T et retpyiauliinghe s

and particularly preferable is copper pyrithione. 10
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[©2d0indxaphes of the organic copper conpounds
i nclude basic copper acetate, oxine-copper, copper

‘npny$ phepodsatd ot eo f coppel hnslat Ayt enede asbpe) ymer (B2-

bi s(dodecyl benzenesul fonate), copper napht henat e,
copper rosinate and copper bis(pentachlorophenol ate)
.15 [0211] In the antifouling paint conposition of
the invention, the gotaan ¢ pntdihoy! '(R@tﬁ?ﬁgﬁ:g&%tteo

desirably contained in an anpunt “of usua

SO Y A 90 U B3 QR s
CBPPLATI ) OISR 20, PO ). 1B game-an,

the antifouling paint conposition, preferably the

st yio elterRipasddiosdl yg B)YY ngirth) acrylate (el)

‘represented by the formula (III-b-1} and 20 to 70% by

weight of the unsatufated monomer {fl) copolymerizable
with the monomers (dl) and (el) ((dl)}(e1)+(f1) = 100% by
weight) have only to be random-copolymerized by various
processes, such as sclution polymerization, bulk
pélymérization, emulsion polymerizatibn and suspension
polymerization, in the presence of a radical
pélymerization initiatqr. In the polymerization, such a
éhain transfer agent as previously mentioned may be used.
[0193] As the radical polymerization initiator, hitherto
known azo compounds, peroxides, etc. can be widely
employedJ 'Examples of the azo compounds include 2,27’ -
azobisisobutyronitrile, 2,2’ -azokis(2- |
methylburyronitrile) and 2,2"-azobis(2, 4~
dimethylvaleronitrile}. Examples of the peroxides

include benzoyl peroxide, tert-butyl peroxyacetate, tert-




vol atile matter), the organic antifouling agent is
SEFH%?§ 125 desirably contained in an anount of
usuallTy 0.3 tao 300 parts by weight, preferably 2 to
200 parts by weight. [0212] In the present invention,
the foll ow ng antifouling agents (other antifouling
agents) may be 5 contai nell% ogether with the

pyrithi one conpound or instead of the pyrithione

conEound. As the other antifouling agents, various
aptF

exanpl es thereof include tetranethylthiuram

FouPPREMRBHIEE B t HieReloe— Ryidupb e ex el oyt ghuart———
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- trichlorophenyl mal ei m

dpstpride, ‘carbdrmtel compoxyiden{eaige, d&rztimctyl

di met hyl di t hi ocar banat e, manganese 2- _

ephybenebdschp i ocarham@t€) , tréHMuyl hydroperoxide and

tetrachl oroi sophthalonitrile, NN .

dbershyFeh Chl Q8 OPNanyl 411 B30 t 25 SBEHYS A1 O-Asd & ium salt) .

but yl am no- 6- cycl opropyl am no-s-triazi he,

ool £ 08 Orige Iondls Gt s 4ol @ezogalggae% ufed v an
e, pyri enyl

ine-tri orane” an
j j harane, [ . 1n the present. '
AL EERd L AN A bl SR ap arrees o
or. | mbi nati on of two or nore kinds, 20 together
W THE B PO THb GURRAS THtA TS vt t hi ones)
such as zinc pyrithi one and copper pyrithione. For
%fl%ﬂﬁﬁﬁﬂ Hﬁﬂqqqﬁkﬁgaqgﬁ“kﬂ &} gxganic . solvent is

- preferable among the aforesaid various polymerization

‘processes. Examples of the organic solvents used in the
scolution polymerizafion include:
aromatic hydrocarbons, such as xylene and toluene;
aliphatic hydrocarbons, such as hexane and
heptane;
esters, such as ethyl acetate and butyl acetate;
alcohéls, such as isopfopyl alcohol and butyl
alcohol;
ethers, such as dioxane and diethyl ether; and
ketones, such as methyl ethyl ketone and methyl
isobutyl ketone. These solveﬁts are used singly or in
combination of two or more kinds.
t0195] In.the antifouling paint composition of the
invention, the compounding agent (A).for an antifouling

paint and the copolymer (B) for a self-polishing type




pyrithione, and _
4,§&qi%hloro-2-n-octy|-4-isothiazo|inee3 one can be

u§ C ? conmbi nation. SF-1128 126 [021. 4] Thet ot al
anmount of various antifouling gents contained in the
antifouling paint conposition, such as  copper and/or
t he copper conpound (C) Hid the organic antifouling
agent (C2), depends upon the types of the 5
antifouling agents and the filmform ng copol ynmer used

iAntiheupiepapathonavé - thetantdd ol T eagspRE DL T Sonponsats
composition or the types of ships (e.g., for ocean
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parts by weight of the components (&) and (B) {((A)+(B))

routeiorisoassatablOUtieat fle V@il OMise €2 (RS €as, o
wooden or steel ship), etc.. to'be %oatedrv\?thc %ﬁalned

and i £0Udhden Pab Aty 'd'cPln dBRN D %’
-det erm ned |nd|scr§§?ﬁgfely ﬁbmeverqafaﬂeléh esp¥%£ﬁ¥§bly
t hat _[%Jcé'bsarg| f.ou | are _cont ai ne . :

t ot al am)unt of dg{]tgl ?/E'q’icg 1?10 4856 ‘?rl”‘:% V\ﬁgqﬁntalned
piﬁfiﬂf%y t 130%ﬂé? by MEIght based on 100

parts Yy Wel Chf ‘ot T J yB)w?W}ht’VdPrﬁﬁQ@bly ?
At t ) for 15 sel f-polishing type antifouling

pai n Pef BBty t he silyl ester-based copol ymer (B):

on- vo atile matter en e total anmount o
ﬂ) | atil tt 0215 Wh the total t of
& it e En ity spEmeneands ((A)t bedab®le amngenteriackd in

resi stance and antifouling property tend to becone
éﬂgg|agqupt203F021ﬁﬂammiﬁbaldagethEﬂBcﬁﬁmﬂﬁﬁition or the
pyrithione and cuprous oxide (CU20) are used in
corifpatlioy avathecamtiliQuhlyBgolysis rate of the
component (A) contained is favorably controlled, and as a
result, the coating film tends to become excellent in the
long-term antifouling property, particularly antifouling
performance in the highly fouling sea area or in the
static environment.

[0187] Further, it is desirable that the compounding
agent (A) for an antifouling paint is contained in an
amount of usually 0.0l to 90 parts by weight, preferably
0.1 to 75 parts by weight, and the copolymer component

(B) (non-volatile matter) is contained in the residual

amount, i.e., usually 10 to 99.99 prarts by weight,

preferably 25 to 99.9 parts by weight, in the total 100

r

from the viewpoints of antifouling property of the




agents of the antifouling paint conposition, it is
dgﬁhﬁg@le that the copper pyrithione is contained in
an anobunt of 2 to 100 parts by wei ght based on 100
parts by SF-1128 127 wei ght of the copol yner--.(, B)
(non-volatile matter)--for-a-, self-polishing type
antifouling paint, preferbbly the silyl ester-based
copolyrmer (B) (non-volatile matter), and the cuprous
oxide is contained in an nount of usually 5 about 10

-+ 6033009 pht 48 byrore R adetl-bhy100-pae t sodyivei ght-and-

of the copolyner (B) (non-volatile matter) [0217]
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: conﬁggFiEB *

ZFpet by del{mipeomdritieds (D) In the antifouling paint
conposi tion of the invention, zinc oxide (zinc white)
Dl @98 berconmt @ medio £ Byt heowben®fpi her antidauld ng,

pai nt conposition containing zinc oxide, strength of
t dxen L840 d d Nigh € 03k i a a .
sel f-pol i s%i ng pr op%t?%eyﬂﬂosli‘ q%)e%%%a |)Ir} n:??ﬁ?anlw canhabvelnq
effecti Y, I s ). F t he, vi oints of -
contr olé/rg&f or ogi%?léi-t%%l&nl%}% CC%?] % El\égteloﬁﬁl_ﬁfi P

- vi 21 i i.s _desi.rabl ontained in an
et Mol o 5" By A b e ety rence
Lo 25% \NE.I%&[% in the antifaouling paint .

n. ioeab la Seg e e pld thy dgyp Wsiightradte and

the copalyner (B) (non-volatile matter) for a self 20

i %??gl%%Fpé%rﬂqtﬂégmlﬁ@gpaﬁaitf,orﬂfrae"f@famafttiml@mlw
antifouling performance in the highly fouling environment
ahd long-term antifouling-performance, is obtained.
[0199] The antifouling paint composition of the invention
may further contain various additives.
[0200] That is to say, the antifouling paint composition
of the inveﬁtion contains the compounding agent (A) for
an antifouling paint and the copolymer (B) for a self-

polishing type antifouling paint as essential components,

and in addition to the conmponents (A} and (B), various

- additives, e.g., an antifouling agent (C) (particularly

(C1) copper and/or copper compound, ({(CZ) organic

antifouling agent), zinc oxide (zinc white) (D), &

~ dehydrating agent (E), an anti-sagging/anti-setting agent,

an-elution acceleration component (F) such as rosin,
various pigments such as coloring pigment and extender

blgment, various resins such as acrylic resin and




est er-based copol yner (B) (non-volatile matter), zinc
o4t gerd s desirably contained in an anpunt of usually
1.5 to 1200 parts by weight, preferably 4 to 600
parts by weight, in the antifouling paint
conposi tion. SF-1128 128 [%219] I nor gani c. dehydrat i ng
agent.(.E) To the anti f oul ng pai nt conposition of the
i nvention, a dehydrating agent of inorganic or organic
a dehydrating

: f er abl : 0
B R R S Mt

ent_ of inorganic ty%‘ @)

the addition of the dehydrating agent to the
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ant Foull gz epaltht <sHposist icen ordnerggerstabifingy agf anti=
the conposition can be further inproved. [0220]

Beanples oferithe detnmiratd migpragenteernmialoidegent) a leveling
anhydrous gypsum (CaSO»4), synthetic zeolite type

- atsaibeis A tdadenigmeia MbecidataiSieyves, etc.), ortho

esters, such as nethyl orthoformate and net hyl

ordhoeceatate, ﬁéﬁ%ﬂ&;@%@df@i&%s&aﬁ ldGatresHelnd
I socyanates (trade nane: Additive Tl1l, etc.) In 15

Paydd LUl Als 1 WA PUS;GuPswm and Mol ecul ar Si eves are
pref-er aﬁﬁ{y—u@e&a%ni c dehydrating agents

(D) These i_narganic_dehydrati agents (D) can_be
2 RY9BNh Gagenvdral | 0g BISTEE SRy GRRalt

~used singly ( ion .
|[J10{§)r21 szr:]ce adnethiyfdoru tilnn aaggeel’lrg *nd aa{rz Iocruc_:;laa}lrilcy eghk%ei fouling

agent, and hitherto known antifouling agents can be
widely employedf In the present invention, (Cl) copper
and/or a copper compound or {C2) an organic antifouling

agent is preferable.

[0203] The copper and/or the copper compound {(Cl) (except

orgahic copper compound such as pYrithione, the same
Shail apply hereinafter) which may be contained in the
antifouling paint composition of the invention is
described below.

[0204] As the copper compoﬁnd (Cl) for use in the
invention, any of inorganic copper compounds 1is
emplbyable, and examplés of the inocrganic copper
.compounds include cuprous oxide, copper thiocyanate
(cuprous thiocyanate, copper rhodanide), basic copper

sulfate, copper chloride and copper oxide. Of these,




20 dehydrating agents, are desirably added in the

t gt gk ,g amount of usually 0.02 to 100 parts by weight,
preferably 0.2 to 50 parts by weight, based on 100
parts by weight of the copolynmer (B) (non-volatile
matter) for a self SF-1128 129 polishing type
antifouling paint, preferably the silyl ester-based
copolymer (B) (non-volatile matter). [0222] Further,
t he inorganjc dehydrating agents are desirab

-COMREP R ¢ 176 TP SOt O OFisiral (5P RP L 5 e bl
by weight, preferably 0.1 to 8% by weight, in the
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ant ¢ ot i aipplal miiklony®di tion. When the inorganic
dehydrating agents are contained in the above anount

i B0Z9he Gnth fayphay @Eaiptucdspos theonsest ariagely or in
stability tends to be enhanced. 10 [0223] El ution
acoeberati@n domranehtof Ropret her arddd0id 4 ngi Pai tdpper.
conposition of the invention, an elution acceleration

COMPOHENthd Ropidt hehd contal dhediddie cammanant (¢B) is

not included in the elution acceleration conponent

(&3 rAnd, exarmles. 4 het eeg,te A DCI R oS M. d@Si 1y 1 to
rboxyl i

derivatives, organic ca c acids and organic :
e Y e RO B 3 8T oY i el Tay 3008 by
Q&éiéﬁgigk éﬁéLdnéyg%égghéﬁpgfg¥négﬁﬁégition 0of the
invention. EUrther, based oﬁ 100 parts by weight of the
Coleymer {B) {non-volatile matter) for-a‘self—polishing
.fype-antifouling paint contaiﬁed in the antifouling paint
'composition, preferably the silyl ester-based copolymer
{(B) (non-wvolatile matter), the copper and/ocr the copper

compcund (Cl) is desirably contained in the total amount

of usually 3 to 1400 parts by weight, preferably 10 to

- 1300 parts by weight.

[0207] When the copper and/or the copper compound 1is
contained in the above amocunt in the antifouling paint
composition, an antifouling coating film having excellent
antifouling propexiy can be formed.

[0208] In the present invention, an organic antifouling
agent (CZ) can be used together with the copper and/or

the copper compound (Cl) or instead of the copper and/or

the copper compound (Cl). Examples of the organic




enployed in the |nvent|on Exanpl es of the rosin 20
d%ﬁVM@?'VeS i ncl ude di sproportionated rosin,

| ow-rel'ting point disproportionated rosin,

hydr ogenated rosin, polynerized rosin, naleic rosin,
al dehyde nodified rosin, polyoxyalkylene ester of
rosin, reduced rosin (rosi? alcohol), netal salts of
rosin (e.g., copper salt, zinc SF-1128 130 salt-and
magnesi um sal t-of rosin) and rosin am de. These r05|n

anatll B3P HEr pganteesCRhnehplupad s gt yues e sTTTE

conbi nation of two or nore kinds. [0225] Exanpl es of
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t RET bilybones candoaybianiactsispédnck wndé | PhaL i 8G1ds 41,

of about 5 to 30 carbon atons, synthetic aliphatic

anetsl bind prapt tiendSe aCh fe 85 0f the netal salts
of organic carboxylic acids include Cu salt, Zn salt,

Mposedt mndnCa$ It. of an
carboxylic a%?% a(g% %ﬁ%eﬁs%ednemﬁaﬁap ﬁ%tt%lf OTh fdlcoqujgcgem c
G BoXyil be, used a salt conposed  of an
or ganll%:/ldam and ta#J SRR ’emneeﬁ}?r%al@ﬂtm%tl 0

(oT ¢ | lyﬂﬁf% used 0226], The above el ution
acceJl er’at| S EERbordRES arf e el @inshldeast- | A the
quaﬁ_lon of two or nore kinds. 15 [0227] In the
RS WHér &Y PN Foumted spabde  agsnposindomodrtdions
these sol ution accel erati on conponents, the sol ution
0k IZ%eRgt POF Idbmsatentgdaperticularly preferable is

copper pyrithicne.

[0210] Examples of the organic copper compounds include
basic copper acetate, oxine-copper, . copper
nonylphenolsulfonate, copper bis(ethylenediamine) -
bis(dodecylbenzenesulfonate), copper naphthenate, copper
rosinate and copper bis(pentachlorophenﬁlate).

[0211] In the antifouling pailnt composition of the
invention, the organic antifouling agent is desirably
contained in an amount of usually 0.1 to 50% by weight,
preferably 0.5 to 25% by weight. Further, based on 100
parts by weight of the copolymer (B)’(non—volatile
matter) for a self-polishing type antifouling paintr
contained in the antifouling paint composition, |
preferably the silyl ester-based cepolymer (B) (non-

volatile matter), the organic antifouling agent is




desirably contained in the total anount of 0.1 to 30%
Qy-119Ri ght, preferably 0.1 to 20% by wei ght, nore
preferably 20 0.5 to 15% by weight, in 100 parts by
wei ght of the antifouling paint conposition. Fromthe

vi ewpoi nts of antifoulinggperformance and wat er

resi stance of the. resulting coating film the anmount
of the elution SF-1128 131 accel eration

ihsqdesi kabbyountt be akowely. 0.Batge300
?%%g%]g%gé}?%%gﬁglbasedon166“Opartsvbym1ghtUfthe
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g)%igg_%gag,{ ggﬁ%#&(tgo _-r_\é%_le%wg___@ﬁ%?_rz)o__c__f__gfaﬁ_s______py weight.

ype an ul'tng paint contained in

the antifoulin aint .co sitio ref-erahly the
Sy e dror i u e ER L1y (s O e

matter), the elution accelerat,ion . .component r
cediirtahl i b rgATSd (o PeRe SO B RS T s Aat ye
0.3 to 600 parts hy weight, preferably 2 to 300 10 ‘
pantts imedwei gethgro2agh hen Rte ol RS GPrRo® %4t i on
conponents are contained in the above anpunt,

antdtfeoid i) reopentithicde scodidindg + y A6 thge OF88HI ti ng
coating filmtend to becone excellent. 15 [0230]
\Qr{%fcﬁllhﬁ{dg bagact  C o)paloprerar(iG fFeing radents hitherto

et her - based (co)pol yner has a vinyl

known are employable, and examples thereof include

tetramethylthiuram disulfide; carbamate compounds (e.d.,
zinc dimefhyldithibcarbamate,»manganese 2~
ethylgnebisdithiocarbamate),“2,4,5,6—
tetraéhloroiSophthalonitrile, N, N-
dimethyldichlorcphenylurea, 2-methylthio—-4-tert-

Butylamino—6—cyclopropylamino—s—triazine, 4,5-dicloro-2-

~n—octyl—4—isothiazoline—3—one, 2,4,6-

trichlorophenylmaleimide, pyridine—triphenylborane and

amine-triphenyiborane.

[0213] “‘In the present invention, such antifouling agents
caﬁ beruséd singly or in combinatioh of twp or.mofe kinds,
togethér with the pyrithione compounds (metallic
pyrifhiones) such as zinc pyrithione and copper
pyrithione. For example, copper pyrithione and/or zinc
pyrithione, and 4,5—dichloro~2—n—octyl—4—i$othiazoline~3—

one can be used in combinatiomn.




7 eﬁhg}4ESF 1128 132 [.0232] These viny

et her constituent unit, contributes to inmprovenents in
CKpgkogesi stance, peeling resistance and elution rate
stablﬁlty of the resulting coating filmand functions

.20 also as a filmform ng conmponent. [0231] Exanpl es

of the vinyl ether-based (co)polyners include
pol yvi nyl methyl ether, p vinyl, ethyl ether,
pol yvinyl isopropyl ether and polyvinyl isobutyl

afRe -t RN Samer SE (TR E AP RS d@%ﬂ%ﬁb%l%n%mﬁéd

in the total anmount of usually 0.1 to 10 parts by
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WePQheinpdeilerdid it Diewl bnpapadnbycompehtiofpn 9000 2s
parts by weight of the antifouling paint 5

coaposit and/ocFuriderqpibasedonpot part say wee ghtgahic
the copolynmer (B) (non-volatile matter) for a self-

- peht shonyity pegant | for) j ngepahat @g@ﬁam@dt%@e& hef the

antifouling paint conposition, preferably the silyl

eshef £has ety Capal pereind BQhénPE‘lMDfé‘Hdr?g ﬁc?jwmef hEsed in
10 vinyl ether-based (co)polyners are deS|ra

gg@% 215%519%\%% cgrheofp?éek?é QIE?HP% giltl@%%ﬂl c?r&gcggl@%)n or

ht. [0233] ,\When th ther b |
AP0 LRI RE I T nis Shin el GRotEen o GLHC 1o StAnEe

peel | 15 resi stance and eIutlon rate stablllt of

tHeay rsu$ce‘f AFECES iFF i3re3endleh BRRGHR fe&c%ir@%htshlp

etc. to be coated with the antifouling paint composition,

and cannot be determined indiscriminately. However, it

~is desirable that such antifouling agents are contained

in the total amount of usﬁally 10 te 14900 parts by weight,
preferably 20 to 1300 parts by weight, based on 100 parts
by weight of the copolymer (B) {ﬁon—volatile matter) for
a self-polishing type antifouling paint, preferably the
silylrestermbased copolymer (B) (non-velatile matter).
[0215] Whén the total amount of the antifouling agents is
in the above range, crack resistance and antifouling
preperty tend to become excellént.

[0216] In,the case where copper pyrithiorne and cuprous:

oxide (Cuz0) are used in combination as the antifouling

agents of the antifouiing_paint composition, it is
desirable that the copper pyrithione is contained in an

amount of 2 to 100 parts by welght based on 100 parts by




[0234] Instead of the vinyl ether-based (co)polyner or
toagifer with the vinyl ether-based (co)polymer,

vari ous hydrophilic group-containing polyners can be
enpl oyed. 20 Exanples of the hydrophilic

gr oup-cont ai ni ng pol yners___i ncl ude vari ous

(al koxy) pol yal kyl ene egJ&7 nmono( met h) acryl ate
(co)polynErs such as a (nethoxy)polyethylene glyco

th a ylate co ol yn use of suc
“ﬁ%? ﬁ

sane effects as, obtalned by the use of the, vinyl

Y- tnp tseiod B Yen e n e =
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etk 06 )tpi6TSy et L TOREE] st ik S Ty Adie
the plasticizer, a plasticizer usually used .5 for
paihrks, e@mhb@@e@itdmmﬂq,smorﬁm alcioch-estlertile matter),
chlorinated paraffin, phthalic acid ester or adipic

- aoidl tlesteprous engildyald exorfhesedliastarcinzanst cah weially

used singly or in conbination of two or nore kinds.

(8736 100 ddhe 30as @ MR & UL A iPIRSHLCIELN S pset by

the 10 amount of the plasticizer added to the

'%ﬁrpéﬂdﬂ@h%a'c% ol§%][&_?_he )| OfhdrSn e 196 8 e 1 T O

10% by MEIght pl asticizer contributes to

g#ﬁpﬁe o &f q%hj&§§q taqc&)of a.coating film

ing coating filnf in

th'S sp cation) 15.obtained fromthe antifouyling
pai nt' ¢ Hpgé?t?%ﬁ}%eﬂﬁ%ﬂg paln comp051 ion of %h

- invention, zinc oxide {zinc white) D may be contained.

By the use of the antifouling paint composition
.containing zinc oxide, strength of the resulting cocating
film can be enhanced and self-polishing property of the
coating film can be effectively controlled.

[0218] From the Viewpoints of control of erodibility and
control of coating film hardness, zinc oxide 1is desirably
oontained in an amount of usually 0.5 to 35% by weight,
preferably 1 to 25% by weight, in the antifouling paint'
composition. Further, based on 100 parts by weight of
the copolymer (B) (non-volatile matter) for a self-
polishing type antifouling paint, preferably the silyl
ester-based copolymer (B) (nen-volatile matter), zinc

oxide is desirably contained in an amount of usually 1.5

to 1200lparts by weight, preferably 4 fo 600 parts by

welght, in the antifouling paint composition.




above pl asticizers, chlorinated paraffin or
ogt.hphosphoric acid ester such as tricresyl phosphate
(TCP) is preferably enployed. [0238] The chlorinated
paraffin may be straight-chain or 20 may have a
branch, and may be quuigrgr solid (powder) at room
tenperature. As such chl ? nated paraffin, "Toyoparax
150" or "Toyoparax A-70" available from Tosoh

Oo at on can bginen qned In the present
,‘:"i'i‘i"'"?‘t‘t"'i’f,", “““ U LIL [] L VA'AY4 %? - { w \ 'l(: T IU\J T U.hl“ll 1 n at ed par aff ] nS R

dlfferent |n SF-1128 134 chl ori ne

cont , e, the guid Tenl gl PearboROrRESHE 1 on efc thgan
be used in conblnatlon [0239] In the case where the
chiestitiaed Ppatdffdretiinusagntas ft Hapremticioerqdpic
it i's desirably contained in an 5 anount of wusually

Oc 9% t @r2( quaatilsy by degiygitat iprefeereald yof OQlrongnrlis type
parts by weight, in 100 parts by weight of the

5 antridadring Qaipdr COMPSiddran. (Fiur hef ,bdaseikn B§O0the
parts by wei ght of the copolynmer (B):-(non-volatile

- mddieror ¥f argeldemRldaindg depe a idrul 4 g Rainhgl0
contained in the antlfoullng pai nt conp05|t|on

&gﬁ\e_Lr&I%%l tglecJ)%A “ het%%{] e %%%% dlciocgrp %'thé @on(ﬁ?)%‘ltlon

atile tter \%or inat e
nt ai_ ned |n an anount of 1 to 50 parts by

deSIrab@%_ g?
gﬁ% 6} eré%?ycﬁf ) 40 parts by weight. Wen the
aﬂ%ﬁ% %xamples 0of the dehydrating agents include

10 anhydrous gypsum {CaS04), synthetic zeolite type
adsorbents (t'rade_name: Molecular Sieves, etc.), ortho |
éstérs} such as ﬁethyl orthoformate and methyl
orthoacetaté, orthoboric acid esters, silicatgs, and
isoéyanateé (trade name: Additive T1, etc.). In

15 particular, anhydrous gypsum and Mclecular Sieves are
preferably used as the inorganic dehydrating agents (Dj.
These inorgaﬁic dehydrating égents {D) caﬁ be used singly
or in combination of two or more kinds.

[OZ?L] The dehydrating agenté, particularly the inorganic

20 dehydratiﬁg'agents, are desirably added in the total
‘amount'of usﬁally 0.02 to 1GO parts by weight, prefe;ably
0.2 to 50 parts by weight, based on 100 parts by weight |

of the copolymer (B) (non—volatile matter) for a self-




15 the chlorinated paraffin is in this range, the
q%ﬁgng coating filmtends to becone excellent in

|n Ition of cracks, filmstrength and danmage

(inmpact) resistance. [0240] In the case where the

ort hophosphori c aci d . est o is used as the plasticizer

(H), it is desirably contdi"ned 20 i n an anount of

usual l'y 0.05 to 20% by weight, preferably 0.1 to 15%

by we 100% b ht th t f ul -
b%?l Nul;;“ i (,g)l I{— {;If) %2%1 l]éu‘}vf]ﬂgq X a%%ﬁe%:ﬁa | r{é&%ai f yl

ght of the copolyner (B) non- volatlle natter) for
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(
zﬁ%ﬁﬁ¥ %@ﬁ?@h??@P%¥mqﬂzﬁ3135“Q%p%013tlle matter)
antifouling..paint.contained in the antifouling faint
coPpo3] tF@nth@ref@lreatﬁusonq@%fi | y¢hedrabimmsarents are
copol ynmer (B) (non-volatile nmatter) containing a
cbasi ralnent comi inaerin ecthd rioomt 4 heapohytesf z2edblally 0.01
unsaturated carboxylic 5 acid silyl ester, the
ofd hophasphesi ghacighasdeinis 0 dests apd Yo gomtiajited im the
an anount of 1 to 50 parts by weight, preferably 2 to

A0, PaFdS1 by Weh obt - o dnQRAR]r Mhen: tmférprﬂﬂéoea@%@lagal&

acid ester |s containéd in the above amount as the
t
PR L fEe Thonts SR el e in | g Sl Bndlibe in
f the co an be increased.

o o hE g A S ﬁor?aoopsal%%on%%%%?%ng%%%ﬁlw |

i-nventi on
tends to be enhanced.

[0223] Elution acceleraticon component (TF)

In the antifouling paint composition of the
invention, an elution acceleration component (F) may be
contained (the com@onent (B) is not included in the
elution acceleration component (F)), and.examples-thereof
include rosin, rosin derivatives, organic carboxylic
acids and organic carboxylic acid metal salts.

[0224] As the rosin, there can be menticned gum rosin,
wood rosin, tall oil rosin, ete., and any of them can be
employed.in the iﬁvention. Examples of the rosin
derivatives include disproportionated rosin, low-melting
?oint disproportionated rosin, hydrogenated roéin,

polymerized rosin, maleic rosin, aldehyde modified rosin,

polyoxyalkylene ester of rosin, reduced rosin (rosin

‘alcohol), metal salts of rosin (e.g., copper salt, zinc




may contain, in addition to the above conponents,
vafiig¥¢ 15 additives, such as an
anti-saggi ng/ anti-setting agent, various pigments
(e.g., coloring pignment and extender pignent),
various resins except the %Pove-nentioned Vi nyl
et her - based (co) pol yner (Egg., acrylic resin), an
anti- foam ng agent, a segregation preventing agent, a
20 agent and a solvent, which are described

I | i
—ef-bi- AT GRS - g1 Hy B SGHNT 1ip BigerAn e t nhese

anti-sagging/anti-setting agent, a hitherto known
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of the anti-sagging/anti-setting agents include
SFeil P8a 36 stfedmat esr afiodd, ki and=-Zn, - flLecithin
salt -and al kyl sul fonic acid salt, polyethyl ene wax,
hy o2 g e newt b 1 casiOr: e | o Mian 1 b 33806 WaXa c TH Xt I €Bude
t hereof, synthetic powder silica and pol yethyl ene

oxi gdenyex: Xid tdesmholyds ogenal edsqast cgtd&ﬁé, We¥nthetic

pol yam de wax, .synthetic powder silica an _
POl yot byl ene-:d de, ax. . Ak Pt ef of abl y.eppheved s ASe
such an anti-saggl ng/anti- setting agent, an agent
th i S t he. mar ked under, t he ., trade, nane -of
Rl e e IS o0 R S0 S0 e Cu salt,
ail 111gel\Irom Kusunmpt 0o Cheni cal s,
d

Mg (545208 drferit® L sol @énﬁhéggﬁ%gisggﬂtt R an

“pignents enployable in the

organic carboxXylic acid, an excess metal salt of an
organic carboxylic acid may be.used, or a salt composed
of an organic acid and-a metal in an equal equivalent
ratio or.lower may be used.

[O226] The above elution acceleration components can be
used singly or in cqmbination of two or more kinds.

[0227] In the case where the antifouling paint

composition contains these solution acceleration

cemponents, the solution acceleratiQn components are
desirably contained in the total amount of 0.1 td 30% by
weight, preferabiy 0;1 to 20% by weight, more preferably
0.5 to 15% b? weight, in 100 parts by weight of the |
antifouling paint composition. From the viewpoints of
antifouling performance and waterlresistance of the

resulting coating film, the amocunt of the elutiocn




i nvention include hitherto known organic or inorganic

v@f i pigs pignents, such as titaniumwhite, red iron

oxi de, 15 organic red pignent and talc). Various

col orants such as dyes may be al so included. [0246]
By the use of a pignent 'g a needle, flat or scaly
form it becones possiblé-@o further enhance crack
resi stance of a coating film 20 [0247] Exanpl es of

=Nrart

t he soI nts enployable in the |nvent|on inclu
A Oh R A0 e RN 1 T 50 Ot AN 1 1 P AES7e—

such as allphatlc sol vents, aromatic solvents (e g.
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xdAgrfe, tol uene), ketone-based sol vents, ester - based

sol vents and et her-based sol vents. Further, SF-1128

187 2%e Fealbhent,. hased faor 1fi0e paritsg bivh evegadytmer Zdts e
unsat urated carboxylic acid netal conpound-based

copal i @y bedmceidlded lieh matthe rsolacanta Mﬁm@dsmng
the antifouling paint conposition of the invention.

[{0ZA8lan¥arkicRus ne P tExdHHa% c0f iVarRUSHESIASl ing paint
i nclude acrylic resins which are other resin

) MiSn, SYGh f%%a%qryy g %‘i‘l‘%l (e%%)eQOJBHEPe!d cﬁﬁj’d&';}nfer
aci d ester (co)polynmer,” methacrylic acid (co)polyner,

h I I
gﬁﬁ 6% 9%%%%qu %&$e QO)Q% yng t%n%hfgﬁﬂleraﬁlqn

oxye acry do)poly
%%%%&ﬁgﬁ 990)%%H%~ Gir%%§%gag% le Eﬁg ég%gﬂﬂamount of

usually 0.3 to 600 parts by weight, preferably 2 to 300
.parts by weight.

[0229] When the sclution acceleration components are
contained in the above amount, antifouling property.and

erodibility of the resulting coating film tend to become

" excellent.

[0230] Vinyl ether-based {(co)polymer (G)

The vinyl ether-based (co)pelymer has a vinyl
ether cqnstituent.unit, coptributes to improvements.in
crack resistance, peeling resistance and elution rate
stability of the resulting coating film and fﬁnctions
also as a film—forming component.

[0231] Exampies of the vinyl ether-based (co)polYmers

‘include polyvinyl methyl ether, polyvinyl ethyl ether,

polyvinyl isopropyl ether and polyvinyl isobutyl ether.




Japanese Patent Laid-Open Publication No. 264170/ 1992,

%ﬂp@ﬁﬁ§e Pat ent Lai d-Open Publication No. 264169/ 1992,
apanese Patent Lai d-Qpen Publication No. 264168/ 1992,

15 Japanese Patent Lai d-Qpen Publication No.

196869/ 1990, Nati onal Pﬁgglcation of Internationa

Pat ent No. 500452/1985 panese Patent Lai d-Open

Publ i cati on No. 215780/1988 Nat i onal Publication of

ternational Patent 500452 985 (Japane Patent
B P Bl oW £ B o L R S

Lai d- Open Publ i cati on No. 18216/1995 may be contalned

| 9 ket | O HeEpaithtt i i 3t hasually 0T to
i nvention. [0249] Preparation of antifouling paint
cdhpesiits dry SFeildi?g 188 fEeblantd fHuld ny. geait by weilght,
conposition of. ,the invention can be prepared by

- pmroperd yarst Hig@ wa idier taf kiewarpriotesiksindqraiexanpl e,

t he conpoundi ng agent (A) for an antifouling paint,

thenenpal daer @ Brther, apseki- pal 1ol Rerkst YReweight of
antlfoullng paint, and if necessary, the antifouling

cc(p@ly&p&ft (gl é{ddtxfocﬂa)tlcl%orﬁ%rt@éw Oﬂ’orccaorg%rlf—

conpound, organlc antifouling agent) 2|nc oxi de

: (I:C))l’lsl{ll}le dﬁ E{J}tlﬁlgl%evegg p(ah nt( euc?'ltaﬁ{g}y P
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cular el I on acce eratlon

aé‘) J,é]qygltld{ F)ﬁq 10 g]o%apvosnlytlo%t,heprfe eraﬂol( CQQI’Pe()lsyi@yl
eéter—based copolymer (Bj {non-volatile matter), the
vinyl ether-based (co)polymers afe desirably contained_in
the total amount of usually 0.3 to 60 parts‘by weight,
preferably 0.6 to 40 parts by weight.

[0233])] When the vinyl ether base (co)polymers are
contained in the above amcunt, crack resistance, peeling
resistance and elution rate stability of the.resulting
coating film tend to become excellent.

£0234] Ihstead of the vinyl ether-based {(cc)polymer or
together with the vinyl ether-based (co)polymer, various
hydrophilic group—éontaining polymers can be employed.
Examples of the hydrophilic group-containing polymers
include wvarious (alkoxy)polyaikylene glycol

mono (meth)acrylate (co)polymers such as a
(methoxy)polyethylene ¢lycol mono {meth}acrylate copolymer.

By the use of such a polymer, it becomes possible to




the anti-saggi ng/anti-setting agent, the pignent
Qﬁllﬁ@e sol vent are added at the sane time or in an
itrary order, and they are stirred, m xed or
di spersed. [0250] The antifouling paint composition is
one-pack type, 15 has ex | ent storage stability and
satisfies various requir nts for antifouling

pai nts, such as adhesion, durability and antifouling
S Pe”-‘/théogam(lna% coating surfaces of )’i‘fh?&é_"é??' ded
nmauccriral D), SULCIT Aas UTroeT-wat €1 wat e
surface 20 structures, i.e., marine structures (e.g.
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WAFRY LT eblesTa R HAgeOObBRERg of atoni ¢ power

plant), polluted sludge diffusion preventive filns in
vEP22Gs Fhasheliempgmedii ng of bay coast roads,
submarine tunnels, port facilities, canals and

channel s, 2andhshppssanditeshi agplackl eszée. gsuaSEyl11h28d
139 rope,- fishing net) once or plural tinmes in a

CohY ephiRna] SBANEls anNEEsHINGsphbHei € oaPasidd ok,
antifouling paint filmcoated ships, marine

SEK UGE VR 88 d 8 Lra ML (XL D1 § cexeeh | &ite rc%: kaélplc acid

resi stance and antlfoul i ng performance can

ed T |foul a ne
déjgrtg%% yi%p% o gulr csjieésI r)T sccﬁrm%blovle %ﬁﬁ S gfsed
marin structure i ge qulled to surfaces of
TR Ifovet o S LrEie 1o dOTavi T Deen

coateg wth an undercoatlng o _
023¢] In the case where sSuch a plasticizer is used, the

amount of the plasticizer.added to the antifouling paint
composition is, for example, 0.1 to 10% by weight.
[0237] The plasticizer contributes to enhancement of
crack resistance of a coating film (also referred to as
an “antifouling coating film” in this specification)
obﬁained from the antifouling paint composition. Of the

above plasticizers, chlorinated paraffin or

orthophosphoric acid ester'suéh as tricresyl phosphate

(TCP} is preferably employed.

[0238] The chlorinated paraffin may be straight-chain or

may have a branch, and may be liquid or sclid (powder) at

room temperature. .As such chlorinated paratffin,
“Toyoparax 150” or “Toyoparax A-707 available from Tosoh
Corporation can be mentioned. In the present invention,

two or more kinds of chlorinated paraffins different in




| f|| f.or med n t he surfaces._ of 5he %pagf or the

10 material, such as anticorrosion agent or priner.
Ratthey, the surfaces of ships or marine structures
havi ng been previously coated with a conventiona
antifouling paint or the antifouling paint composition
of the invention may be ¢ pcoated with the
antifouling paint conposﬂé i'on of .15 the invention for
repairing. The thickness of the antifouling coating

ﬂ&?: .can. be.

et e Kty ﬁ\né% ------ FHE e dbove

speC|f|caII restricted, but it is, for exanple about
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3059 61T ST Foating time. 20 [0252] EFFECT OF

THE | NVENTI ON According to the present invention,

t ¥ lcdm Bdeolbeaianethare ditd fc&ﬂqrﬁglaﬁaadntpaa@ﬁ}‘dm tisorised
havi ng high storage stability and capable of formng

aas artd frdulsitng 1811128 ,140c cioatdexg rfadlm whirdheirsed in an
favorably cont=rolled in the- hydrolysis rate, is
exeldents urvantliv aulingperd garmncey (antdioulddiferably
activity), particularly antifouling property in the _
hi ghlue f1oUlaRG sS@R afdayd, 11 i HatdC 13y e Jranmetthe
or long-termantifouling property, rarely  suffering

g o{pa?.&ﬁ;c m tpfoc}PerFBi‘EHQESSEgggd Bas 180

i
exce f{ent ance o ese properties 0
SO0 0 1E ¥ o SR o 3

matter) for a self-polishing type antifouling paint

- contained in the antifouling paint composition,

preferably the silyl ester-based copolymer {(B) (non-

rvolatile matter), the chlorinated paraffin is desirably

contained in an amount of 1 to 50 parts by weight,
preferably 2 to 40 parts by weight. When the amount of
the chlerinated paraffin is in this range, the resulting
coating film tends to become excellent in inhibition of
cracks, film strength and damage (impact) resistance.
[0240] In the case where the orthophosphoric acid ester
is used as the plasticizer (H), it is desirably contained
in an amount of usually 0.05 to 20% by weight, preferably
0.1 to 15% by weight, in 100% by weight of the

~antifouling paint composition.

'[02411 Further, based on 100 parts by weight of the

cecpolymer {B) {non-volatile matter) for a self-polishing




coating filmhaving the above-nentioned excellent 10
psEpessti es, and a ship, an underwater structure, a
fishing tackle and a fishing net coated with the
coating filmare provided. [0254] According to the
present invention, furthe‘go an antifouling nethod
usi ng the antlfoullng palé 15 conposition, in which
there is very little fear of environnental pollution,
Ifrovidef_d. EXAMPLES The r.es

T g B WA TH 20 1 B Srehdg Lo M8 T o AL nt

exanples but it should be construed that the
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| TRAKAS S % (R SICRERL Y 15 &t o atiese Reesipicepotymer
SF-1128 141 [0255] In the foll ow ng-exanpl es

aem-- c@@@aw@thareﬂee(amﬂw {ive tediviniop dr tqeg)et iregad unit
"“part(s) by weight" unless it departs fromthe

plaposel thremedfhe el wendizsbdrs unera tvessierd rg bR xanid ¢
M5 spectra are 5 as follows. IR spectrum neasuring
condi tsiaRe  Rerdst n-tl areir thbphB sppeatirdimdnre Jdrasuriisng
met hod: neat nethod, using KBr plate ( M spectrum

MRASHNG eeRdidins iK0 AQikenht58%NBRo 50 parts by
welght, preferably 2 to 40 parts by weight.

[0242] When the orthophosphoric.acid ester is eontained
in the above amount as the plasticizer (H), a coating
fiim‘little suffering crecking and peeling can be formed,
and erodibility of the coating film can be increased.

[0243] Cther components

The antifouling paint composition of the invention
may contain, in addition to the above components, various
additives, such as an anti-sagging/anti-setting agent,
various pigments {(e.g., coloring pigment and extender
pigment), ﬁafious resins except the above-mentioned vinyl
ether-based (co)polymer (e.g., acrylic resin}, an anti-
foaming agent, a segregation preventing agent, a leveling
agent and a solvent, which are described below. |

[0244] Anti-sagging/anti-setting agent

As the anti-sagging/anti-setting agent, a hitherto
known agent may be added in an arbitrary amount.

Examples of the anti-sagging/anti-setting agents include




Measuring nethod: EL nethod Preparation of
cgﬁh?ﬁﬁhtadiene by thernmal deconposition of

di cyclTopentadi ene In a reaction vessel equipped with a
stirrer, a 15 dehydrator, a condenser and a heating
or cooling jacket, 600 parts of dicyl opentadi ene were
pl aced, and the dicycloﬂéﬁtadiene was heated at 160
to 170C for 8 hours wth stirring to obtain 400 parts
of cycl opent adi ene. [0256] Preparation Exanpl es of

- CORPOTMER FrgP ageht- CF AP Frantt ¢ Oty -k rtand

Preparati on of compoundi ng agent (AD-1) for
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antk¥ el fenipaamid mal regotlivrtivessed wgui gpatradiarinted

stirrer, a condenser and a heating or cooling jacket,

728 tpar tsi DfwaBEr 128y eacyas | ariaciwes thereof,

(AA) - -were--p-laced, -and thereto-.were dropw se added

Sh ekt Sc Ofowyet opentadi ane pd GRh PV&ie dspield ogh:0f OFf

2 hours with stirring at 25 to 35C. After the dropw se
0 ; r TRer. re

e S R D i i T

0 20 010 PO 0 DA S, (B s

of, Lhe. sampoundi ng ageqt (ADT) for;an antifouting

rsetting agent, an agent that is on the marked under the

trade name of “Dispercon A-603-20X"” or “Disperson 4200-207
available from Kusumoto Chemicals, Ltd. can be mentioned.

10245]1 Pigment, Solvent

Examples of the pigments employable in the
invention include hitherto known organic or.inorganic
various pigments, $uch as_titanium wﬂite, red iron oxide,
brganic red pigment and talc). Various cclorants such as
dyes may be also included.
 {0246] By the use of a pigmentrin a needle, flat or scaly
form, it becomes possible to further enhance crack
resistance of a coating film.

[0247] Example§ of the solvents employable in the
inventibn inciude various solvents usually added to
antifouling paints, such as aliphatic solvénts, aromatic
solvents (é.g., xylene, toluene), ketone-based solvents,

ester-based solvents and ether-based solvents. Further,




10 [0258] This compoundi ng agent (AD-1) for an
agélifeuling paint corresponds to a cyclic carboxylic
aCIé %gorrpound A-1) represented by the aforesaid
formula (1) and is the aforesaid isoner mxture.

[ Conpound 30] COOH Conpo A-1 15 [0259] (

Preparati on of conpoundi ﬁ]& agent (AD-2) for

antifoul ing pai nt ) In a reaction vessel equipped with

a stirrer, condenser and a he or cooI|
ale%e%Ol‘i%%% ‘b%ﬁq L% prﬁ?%%@%eﬁ% ng? AP

'for an antifouling paint and SF-1128 143 2. 7 parts of

5 -
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ek et ed ssp EEoan e i ar i grar g5t coqeeid- baggdced.

[ Conpound 31] COOH (AD-1) 5 Then, they vvere heat ed at
170 I wne AOmdmp Ures MCtJlud@diim_ihlgetmbm:taﬁ centrowd in the
solid conpoundi ng agent (AD-2) for an antifouling

pan it fowhigd dhaichta dodmesd Bt oned ghthef inwedotiod 600,

that is, a pol yester-nonocarboxylic acid produced by

t heo s&l fvM-chaelraddid i on of the conpound

Examples of various_resins includé aérylic resins
which are other resin components, such as acrylic acid
(co)polymer, acrylic acid ester (co)polymer, methacrylic
ac;d (co)polymer, methacrylic acid ester (co)pdlymer and
2-hydroxyethyl acrylate (co)polymer. Further, silyl
ester-based (co)polymers described in, for example,

Japanese Patent Laid-Open Publication No. 264170/1992,

~ Japanese Patent Laid-Open Publication No. 264169/1992,

Japanese Patent.Laid—Open Publication No. 264168/1992,
Japanese Patent Laid-Open Publication No. 196869/1990,
»National Publication of International Patent No.
'500452/1985, Japanese Patent Laid—Open Publication No.
215780/1988, National Publication of International Patent
No. 500452/1985 (Japanese Patent Publication No.
32433/1993} and Japanese ?atent Laid-Open Publication No.
18216/1995 may be contained in the antifoulihg paint
composition of the invention.

[0249] Preparation of antifouling paint composition




10 (AD-1) in the presence of the acid catal yst. _
[§eapopind 32] n: nunber of recurring units . ( AD
- 2) [0260] An IR spectrum of the conpoundi ng agent
(AD-2) for an antifouling paint is shown in Fig. 2. 15
[0261] ( Preparation of coppoundi ng agent (AD 3) for
antifouling paint) SF-11 144 In a reaction vessel
equi pped-with a stirrer; a= condenser and a heating or

and- 792 5??? EFO

cool i ng acke ggéga rts.of methacry

they were heated at 40C for 24 hours 5 with stlrrlng

gpgﬁggglgR@pQQéFéOBIg%e&%eaﬁav%ntlon ]
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t@%ﬂ?%lﬁ?%%@p \AGRP Hgent A 3 (9T o rkngyn
antifouling paint, which had a GC (gas

dbroretogr aghy)%xgmpﬂﬁy thegounrpCodpogn@ o3t (A) for an
Conmpound A-2 10 [0262] An IR spectrum of the

campiotmdi ingy ggeintt ,( Abre3)cdmrlymser afR)i fout iangsglafirolisshing
shown in Fig. 3, and a M5 spectrumthereof is shown

ity Gant4 £ 0263 pBhire ,C o undimig-agenty ( Abd)arftor f@ ing

antlfoullng pai'nt corresponds to a cyclic carboxylic

abd hf CRIPOIE-t ikR: 1A )y I &P zfdgi o bynd he af Eg=e°¢a|d

fornula (2) and is the afores i somer mxture. In

céﬁﬁbéﬂn&}"@bi?)gfgéhlér§ht1foullng agent), zinc oxide (b),

the dehydrating agent (E) {e.g., anhydrous gypsum,
Molecular Siewves), the elution acceierétion compbnent (F),
the vinyl ether-based (co)polymer {G), the plasticizer

(H), the anti—sagging/énti—setting agent, the pigment and
thersolvent are added at the samé time or in an arbitrary
‘order, and they are stirred, mixed oi dispersed.

[0250] The antifouling paint composiition is one-pack type,

‘has excellent storage stability and satisfies wvarious

requirements for antifouling paints, such as adhesion,

durability and antifouling property.

-[0251] By coating surfaces of various molded articles
{(base matefials), such as underwater/water surface
structures, i.e., marine structures (e.g., water feed or
drainage opening of atomic pbwer plant), polluted sludge

diffusion preventive films in various marine engineering

- of bay coast roads; submarine tunnels, port facilities,

canals and channels, and ships and fishing tackles (e.dg.,




same IR spectrumis obtained with good

repnogiici bility. [0264] ( Preparation of conpoundi ng
agent (AD-4) for antifouling paint ) SF-1128 145 n -
- a- h astirrer, a condenser and a heating or cooling
j acket, 960 parts of allqgginene, 525 parts of

nmet hacrylic acid and 0.5 part of hydroqui none
nononet hyl ether were placed, and they 5 were heated

,a}oé%¥;fighfﬁﬁrﬁggf1{£ﬁﬂ?€ﬂé[%fﬂ%&p&ifﬁ&fgéfﬁt.égﬁ%osition

unreacreud matertrars were arstrrrea ot naer-—reauced
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pai nt. 10 [0265] An IR spectrum of the conpounding
APt D LGt A AU o by Pai bt 1 C&HRm SHRPS

Fig. 5. [0266] This conpoundi ng agent (AD-4) for an

amy froul stgicipaier, corg.esponds a1 dy cdias ldarboxaraak
acid (conmpound A-3) represented by the aforesaid

fioramd ean(®) 4nd entitfeen ] ithy foedd fowmgh doraan o pt)e iarmi .

is the aforesaid i somer mxture. [Conpound 34]

Qo i, R Bt {dMig a 1222 )e chpSesipawnid Bt d MEr222)y applied

- to surfaces c¢f the above ships or marine structures, or

may be applied to surfaces of the above ships or marine
structures haﬁing been coated with an undercoating
material, such as anticorrocsion agent or primer. Further,
the surfaces of ships or marine structures having been.
previously coatéd with a conventional antifouling paint
or the antifouling paint composition of the invention may
be topcoated with the antifouling paint_composition of
the invention for repairing. The thickness of the
aﬁtifouling coéting film formed on the surfaces of the
ships or the marine structures in the above ménner is not
specifically restricted, but it is, for example, about 30

to 150 unﬂone_coating time.

[0252] EFFECT OF THE INVENTION
According to the present invention, there can be
obtalned an antifouling paint composition having high

storage stability and capable of forming an antifouling

PrEssure L, ]Loﬁgt%%%&{faaz %ﬁgeqﬁéw plsso U curing




SF-1128 146 [0267] ( Preparation of conpoundi ng agent
(gﬁﬁg% for antifouling paint ) In a reaction vesse
ilhped with a stirrer, a condenser and a heating or
cooling jacket, 1016 parts of 5 alloocinene, 540
parts of nethacrylic acid, 0.9 part of activated clay
and 1.0 part of hydroqui nd¥e nononet hyl ether were
pl aced, and they were heated at 90C for 24 hours with
stirring to conplete reaction. Thereafter, the ained

~produttoweslpuit ted ¢ 160V R Io Gt @ e byin-tohe

vacuumdi stillation to obtain 1055 g of a yell ow
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tnpaspayent rae d <onpoanbemy ageatt { Ak B)nd qvemfornance
antifouling paint. [0268] The conpoundi ng agent (AD-5)

f painanfant i AQUs & hDvi Pal Ntpyesi dhed- 5@l e f fQd DYy property
crystallinzation at room 15 tenperature. A neltlng

ppﬂl %h@fhia@w%ﬂ lﬁstsaéé |zt SPNpoundl ng: agen

(AD-5) for an antifo pai nt was neasured by DSC

A AL e L B

PRI S R RS B Do BRSS! ana

(AD-5) for an antifouling ai nt corresponds to a
d®%$|%nc%§?ﬁﬁ&ﬁm?:Qﬁﬂ%ﬁ%%: otHeE e Propertles

[0253] According to the present invention, further, a

- coating film having the above-mentiocned excellent

properties, and a ship, an underwater structure, a
fishing tackle and a fishing net coated with the coating
film are provided.

[0254] According to the présent invention, furthermore,
an antifouling method using the antifouling paint
composition, in which there is very little fear of

environmental pellution, is provided.

..EXAMPLES

The present invention is further described with
referenée to the following examples, but it should be
éonstrued that the invention is in no way limited to

those examples.




SF-1128 147 A-3)=represented by the aforesaid formula
(¢ is the aforesaid isomer mxture. [0271] (
Preparati on of conpoundi ng agent (AD-6) for
antifouling palnt ) 51n a reaction vessel equipped
with a stirrer, condenﬁﬁr and a heating or cooling
j acket, 1030 parts of ene, 470 parts of
nEthacryllc acid and 0.5 part of hydroquinone

et her were, pl aced, were heated at

th dth
BTGt G L L HO LT PP L6 oDl GPBPT6a CAEL FEATPLES -

Thereafter, the unreacted naterlals were distilled

oFHE Uil Viertiic el ‘priesmni ¢ Ray okt aitty 800 PErf sinlggss it
brown vi scous |iquid conpoundi ng agent (AD-6) for an
ateepd0td | frigompaihe . pQ2yY23 HeddRSpectrum of the
conpoundi ng agent (AD-6) for 15 an antifouling paint

i S showThien cbingli t8 onfs02°63] mERissirc appoRNdingg MEgemtectra are
(AD-6) for an antifouling paint corresponds to a

el #61 cardboxylic acid (conpound A-5) represented by
-the aforesaid formula (5) (i.e., the followng

LM sl s e elorasel dulsprer 20 mxture
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Perkin-Elmer FT-IR Spectrum One

Measuring method: neat method, using KBr plate
( M3 spectrum measuring conditions )

Agilent 5973MSD

Measuring method: EL method

Preparation of cyclopentadiene by thermal decomposition

of dicyclopentadiene

In a reaction vessel equipped with a stirrer, a
dehydrator, a condenser and a heating or ccoling jacket,
€00 parts of dicyldpentadiene were placed, and the
dicyclopentadiene was heated at 160 to 170°C for 8 hours
with stirring o obtain 400wparts of cyclopentadiene.

[0256] Preparation Exémples of compounding agents for

antifoulling paint

( Preparation of compounding agent {(AD-1) for antifouling
paint )
In a reaction vessel equipped with a stirrer, a

condenser and a heating or cooling jacket, 720 parts of




COCH 5 (5) Compound A-5a (Mwx 222) Conpound A-5b (Mw
2§%h %gPreparation of conpoundi ng agent (AD-7) for

a i} uling paint ) 5 1n a reactionh vessel equipped
with a stirrer, a condenser and a heating or cooling
j acket, 1070 parts of nyrcene, 506 parts of

met hacrylic acid, 0.9 parf*20f activated clay and 1.0
part of hydroqui none nononet hyl ether were placed,
and they were heated at 90C for 16 10 hours with

s@‘?lﬁf}r#ﬁ;Q@%Oﬁ%)et@ﬁeeﬁt%qcﬁﬁr“’ﬁi@éﬁeﬂ’é?t@"feﬁﬁéjrl 5e
product was purified (160 to 170C/ 2 mHg) by vacuum

didded | @l amites abt aiyrl8gkergardiens @Rl lowr a period of
transparent |iquid conpoundi ng agent (AD-7) for an
anthdotd iwigclpad itz rikhy [0274 tAn IR Speaifitem aghet Beopwise
conpoundi ng agent (AD-7) for an antifouling paint is ‘

shat i dh Fidk 1 O AN Grats MR r SReEd Wh thenedferise stawe for
in Fig. 10. SF-1128 149 [0275] This conmpoundi ng agent

(Z“ﬁ&QrJCH%beSéMHiJS§§' RA %g@ ESpands 19,2 an
cyclic carboxylic aci conpound A-5) represented by

the Aforesal S4armh AR A d S e AT ALERRIhdSGTR))
"purity of 93%.

[0257] An IR spectrum of the compounding agent {(AD-1) for
an antifouling paint is shown in Fig. 1.

[0258] This compounding agent {AD-1) for an antifouling
paint corresponds te a cyclic carboxylic acid (compound
. A-1) represented by the aforesaid formula (1) and is the
aforesaid iscmer mixture.

[Compound 30]

COCH

----- Compound A-1

[0259] ( Preparation of compounding agent (AD-2) for
~antifouling paint )
In a reaction vessel equipped with a stirrer, a
condenser and a heating or cooling jacket, 1380 paﬁts of

the compounding agent (AD-1) for an antifouling paint and




5 ( Preparation of conpoundi ng agent (AD-8) for
af.ifmauling paint In a reaction vessel equipped with
~a stirrer, a condenser and a heating or cooling
j acket, 953 parts of alloocinene, 867 parts of
nononet hyl mal ei ¢ aci d ang é 0 10 part of hydroqui none
nmononet hyl et her were pl d, and they were heated at
40C for 24 hours with stirring to conplete reaction.
re.distilled

Thereaft.er nreac materia
Bl R SRS el e SRl MR A R 2
yeIIOM/transparent i qui d conpoundi ng agent 15 (AD- 8)

G anti foul ing paint. [0276] An | R spectrum of the
compoundi ng agent (AD-8) for an antifouling paint is

skemprdund-igi]l 11, and a M5 spectrumthereof is shown
.in Fig. 12. This conpoundi ng agent (AD-8) for an
antifouling 20 paint corresponds to a cyclic

AC] Hsented by the following fornula

aforesaid i sonmer m xture. SF-1128
c acid COON All ooci nene (Me: nethyl

5 Then, they were heated at 170°C for 40 heours with
stirring to obtaln a brown solid compounding agent (AD-2)
for an antifouling paint, which had a molecular weight of
about 1600, that is} a polyester-monocarbexylic acid
produced by the self-Michael addition of the compound

10 (AD-1} in the presence of the acid catalyst.

[Compound 32]

— O . O
y ! !
C N
AN N OH
\0 0
i 1u
n: number of recurring units- - - - - {(AD—2)

[0260] An IR spectrum of the compounding agent (AD-2) for
‘an antifouling paint is shown in Fig. 2.
15 [0261] ( Preparation of compounding agent (AD-3) for

'antifouling paint )




[0277] Preparation Exanples of copolyners Preparation
g% ﬁggglyner (S-1) ) 51n a reaction vessel equipped

¥ stirrer, a condenser, a thernoneter, a
droppi ng device, a nitrogen feed pipe and a heating
or cooling jacket, 100 parts of xylene were placed,
and the xyl ene was heatedl44 a stream of nitrogen:
under the tenperature conditions of 85C with 10
stirring. Wth maintaining the sane tenperature, a

=nixture B S gartiomnfrasddlsopruimpest-wilthagr bt e1s0-a-—

parts of methyl nmethacrylate and 1 part of 2,2'-

10

- 15

azobisnsebuiyd oniheat enqson pobyimeds i yatkon, i 960 imdots of
was dropw se added over a period of 2 hours by means
Ohet REc2H1 OF OPPI NI (1gEN] Cend Ther eglt € .o Std§El MFeMBSdiene
perforned at the sanme tenperature for 4 hours, then

OxdrPapt 0842, #na ﬂ%@giﬁéﬁg%aﬁg i {414 @ pas, Adsgdy oy rs
and stirring was SF-1128 151 further perforned at the

Sﬁ[‘?htSE'Pz‘?{f‘ﬂ%r f&éta”’ji%?%ré%%ﬁoﬁ%ﬂ&‘[%%%%°[rir\.]1g§§ (B-2) )

transpafent "copol yrer ) ution.

heating resi due of the, resulti copol yoer , (S 1)
(Fob 10 APELF Ry ot Ly g PO PR e (475 M osc 5
hot air dryer) was 51.2% by wei ght, and the copol yner

hialyroma e syl R YEC of 898- cps, a nunber - aver age

nol ecul ar wei ght (M), as neasured by GPC, of 6618 and
alCompemed ater age nol ecul ar wei ght (My) of 19434. The
GPC :

COOH

...... Compound A-2

[0262] An IR spectrum of the compounding agent (AD-3) for
én antifouling paint is shown in Fig. 3, and a MS
spectrum thereof is shown in Fig, 4.
'[0263] This compounding agent (AD-3) for an antifouling
paint correspbnds to a cyclic carboxylic acld (compound
A-2) represented by the aforesaid formula (2) and is the
aforesaid isomer mixture. In case of this mixture, the |
same IR spectrum is obtaiﬁed wifh good reproducibility.
[0264] ( Preparation of compounding agent (AD-4) for

antifouling paint )




measuring conditions are as follows. 10 ( GPC
rrglaﬁ?lié ng conditions ) Apparatus: HLC 8120GPC
nmanufactured by Tosoh Corporation Colum: Super
H2000+H4000 manuf actured by Tosoh Corporation, 15
[0279] 6 nm|.D., 15 cm 20 Eluting solution: THE
(tetrahydrofuran) Flow rkt%: 0.500 m/nin Detector:
Rl Col umm constant-tenperature bath tenperature: 40C
[ 0280] Preparati on of copolyners (S-2) to (S8) )

s Co O Y MBS A GERE O - FBS Sle LEVHPEE 8- 8d- in-a i igaReE -
: manner as above, except that the nononer conponents

deopikse addet & dreczopod yoerdoatingn Jdarcidie, p? eparatiom!
-of the copolynmer (S-1) were changed as shown in Table
1lal Shedil@28el,52 Menpar s operigtneadmdsi ofadhe @opod yhegsct
(solutions) were neasured in the sane nmanner as above
[ O281}arhg: it tiso ke S tHETaRl e 1add282dnd they

(Preparation of copolyner (S-9) 5 Preparation of

5 mpoemele{ddl)at 40°c for 24 hours with stirring.
‘Thereafter, the unreacted materials were distilled off
under reduced pressure to obtain 220 parts of a brown
viscous liquid compounding agent (AD-4) for én
antifouling paint.

10 [0265] An IR spectrum of the compounding agent (AD-4) for
an antifouling paint is shown in Fig. 5.
[0266] This compouﬁding agent (AD-4) for an antifouling
ﬁaint corresponds to a cyclic carboxyiic acid (compound
A-3) represented by the aforesaid formula (3) (i.e., the

15 foliowing formula (3)) and is the aforesaid isomer

mixture.

[Compound 34]

Compound A-3a (Mw: 222) Compound A—Sb‘(Mw: 222)




In a reaction vessel equipped with a stirrer, a
cgﬁgﬁﬂ§er, a thernoneter, a dropping device and a
heati'ng or cooling jacket, 85.4 parts of propylene

gl ycol nononet hyl ether (solvent) and 40.7 parts of
zinc oxide 10 were placed, and they were heated to 75C
with stirring. Thereaft&f*® a mixture of 43.1 parts of
nmet hacrylic acid, 36.1 parts of acrylic acid and 5.0
parts of water was dropw se added at the sane

~t Bfetlat dr Breveradipari-od-ofoBPonbdiadhy ageafis~¢RDrhy—for-

dr oppi ng device. Then, stirring 15 was perfornmed at

10 -

15

20

t dvet Sanel irepperatiurle for 2 hours, and thereafter

36.0 parts of propylene glycol nononethyl ether were
added t ancanplesict it@ackisar,l wheteppda widhorerstirrer, a
solution (K-1) was obtai ned. [0283] Preparation of

copalar®ir (1@)a 204 iy reaEdon ueshel kegui pped pedtdy of
a stirrer, a condenser, a thernonmeter, a dropping

devi Gfoinferdd [ roge - feed piReand- @ fiealdng of. £eQling s
j acket, 15. 0 parts of propylene dglycol nononethyl

- 730 t f I g
Sy SR S g M, AR Gl fiHinethy)
heat ed- - i - t it d -t het t
O e SR ith Y P W T ke e o 7 e
same tenperature, a mxture _of 1.0 part of

ML P Tt U6 1 Pt STP IR ITSRT YR €, %E’Fe%lﬁgﬁg'

of
the aimed product was purified (160 to 170°C/2 mmHg) by

vacuum distillation to obtain 1055 g of a yellow
transparent liguid compounding agent (AD-5) for an
antifouling paint.

[0268] The compounding agent (AD-5} for an antifouling
paint was then sclidified by crystallinzdtion at room
temperature.
| A melting point of the thus crystallized
chpounding agent'(AD—S) for an antifouling paint was
measured by DSC, and as a result, it was 58°C.

[0269] An IR spectrum of the compounding agent (AD-5) for
an antifouling paint ié shown in Fig. 6, and a M3
spectrum thereof is shown in Fig. 7.

[0270] This compounding agent_(AD~5) for an antifouling

paint corresponds to a cyclic carboxylic acid (compound




2-met hoxyet hyl acrylate, 52 parts of the nonomner

%ﬂ%? [on. (K-1) prepared above, 10 parts of xylene,

i t of an a -nethylstyrene diner, 2.5 parts of
2,2' azobisisobutyronitrile as a polynerization
initiator and 7.0 parts of

2, 2' - azobi snet hyl but yronild/i e as a 10 pol yneri zati on
initiator was dropwi se added over a period of 6 hours
by nmeans of the dropping device. Thereafter, a mxture

xyl ene was dropw se added, then stirring was perforned

10

15

20

foofode o MUl Someri teatd .ng at t he sanme tenperature,
and 15 thereafter 4.4 parts of xylene were added to
opf & a ( lbight: weklhaw LEanspanenh g eRol XEEﬁt(S(ﬁﬁ)_-m for
solution. [0284] The heating residue of the resulting

C (S 9 lution (heating residue after
0%/1&%&%#% %ag%nrt:?i n a 105C hot air dryer) was 45.6%

by wei ght, .and .t 0 Ly . sardper. .. .
viscosi?&'gtrggﬁggP%nggggé %%@6 gﬁngaésgaggéF &d’i
the colunm, so that .accurate | ecul ar i ght
sS4 AT e c g e il 420 parts of
Preparation exanples of antifouling paint conpositions
sryraerse 1547 Q par s sfpreshac kbl e AcihApgd &-vart of
Exanmpl es- -1--to -7----)- - The conpoundi ng
ingteeiieimaens matmeeddpowidiay Wwerr iR asfowdtch thay ¢ere
2 to Table 4 were placed in a paint

heated at 90°C for 8 hours with stirring to complete

reaction. Thereafter, the unreacted materials were
distilled off under reduced pressure to obtain 890 parts
of a brown viscous liquid compounding agent (AD-6) for an

antifouling paint.

'[0272} An IR spectrum of the compounding'agént (AD-6) for

an antifouling paint is shown in Fig. 8.
{0273] This compounding agent (AD-6) for an antifouling
paint corresponds to a cyclic carboxylic acid (compound

A-5) represented by the aforesaid formula (5) (i.e., the

' following formula {5)) and is the aforesaid isomer

mixture.

ot D) Srepresof ted tut yheperyotastied-afr g pat-ene -1 - Ehe s




shaker containing gl ass beads as medi a (nixing

?$Fﬂﬁﬁ§ion 5 nedia), shaken for 2 hours and then

tered through a 100-nesh filter to obtain desired
antifouling paint conpositions. [0285] After the
antifouling paint conpositions were stored for 2
nonths at ordinary tenper¥tfure, storage 10 stability

was eval uated. [0286] The eval uation results are shown

in Table 2 to Table 4. Storage stability Eval uation

-of CeRBPERE 3t hbitity was carried-out=in==15"the

following manner. A viscosity (Ku value determ ned by

10

15

‘less than 10. Sk

Stormer's viscometer at 2Xgopt the paint (palnt
conposition) was neasw.ed /i nmedi ately after
preparation of the

nmont hs at ordinary enpefature t he nmeasured
val ues were conpar @d ard| 20 anifi M viscosity
was eval uated haséd ef.the riteria.

Eval uation critg¢ria 5: An in e@ifi W scosity is

: increase in viscosity is
and | essgl.t han 20. 3: /Mtg ncrease
less than 20 )

Ga)

not -less than 40
in viscosity is

Compound A—5a (Mw: 222)  Compound A-5b (Mw: 222}

( Preparation of compounding agent {AD-7) for antifouling
paint )

In a reaction vessel equipped with a stirrer, a
condenser and a heating or cooliing jacket, 10f0 parts of
myrceﬁe, 506 pérts of_methacrylic acid, 0.9 part of
activated clay and 1.0 pért of hydfoquinone monomethyl
ether were placed, and they were heated at 20°C for 16
hours. with stirring to complete reaction. Thereafter,
the aimed product was purified (160 td 170°C/2 mmHg) by
vacuum distillation to obtain 861 parts of a yellow
transparent liquid compounding agent (AD-7) for an.
antifouling paint.

[0274] An IR spectrum of the compounding agent (AD-7) for
.an antifouling paint is shown in Fig. 9, and z MS

spectrum thereof is shown in Fig. 10.




and less than 30. 5 2: An increase in viscosity is not
I$§§lj@an 30. 1. Because of bad fluidity, measurenent
0 val ue is inpossible. [0287] Further, static
antifouling property, erodibility and appearance of
coating filnms fornmed fro he 10 anti foul ing paint
conpositions were eval uat’¥d in the foll ow ng manner.
[0288] The results are shown in Table 2 to Table 4.

ntlfoulln test A sandb] ast teel | at e .
oL - ST, W A D300 T o8 SArLfouling.

(thlckness) was coated with an epoxy type zinc-rich

10

15

20

pP i HEr S nasaondie o v FE Y9 i tekiissey Sio i @t d beedieand
20 gm On the next day, the steel plate was further
Chral e ok apirtels e trasl ithyi eth e pofiordsgial amtrmgolra o6 Jorendai ntthe
so-that the dry filmthickness shoul d becorme 200 gm
20f Greddiel nexmedayniitherst eel plate was furthernore
coated wth the antifouling pai'nt conposition under

tesbrapoa-ibA J?bbgmgoﬁﬂdﬁﬁglggén§o Aﬁag tRgrde¥thichbMing

'thlckness shoul d becone ere y a test plate

tyai ned. SF 1128 156 |n fron1a test raft set up
in gasaki Bay, and after a |apse of 24 nonths, an

ar ea Ofgﬁﬁg £8§EF9 %tggsf Sgggﬁged wg%ﬂl%w%tlrrer, a

(barnacl'e, “serpt red wa

condenser and a heatlng or cooling jacket, 953 parts of
allococimene, 867 parts.of monomethylmaleic acid and 1.0
part of hydroquinone monomethyl ether were placed, and
they were heated at 4d°C for 24 hours with stirring to
complete reaction. Thereafter, the unreacted materials
Were distilled off under reduced pressure to obtain 1450
parts of a yellow transparent liquid compounding ageht
(AD-8) for an antifouling paint.
{0276] An IR spectrum of the compounding agent (AD-8) for
an antifouling paint is shown in Fig. 11, and a MS
epectrum thereof is shown in Fig. 12Z.

This compcounding agent (AD-8) for an antifouling
paint corresﬁonds to a cyclic carboxylic acid represented
by the following formula {8) and.is the aforesaid isomer

mixtire.




5 evaluated. ( Evaluation criteria 5: Nothing
gﬂﬂggess 4. The adhesion area is less than 5% 3: The
n area is not less than 5% and | ess 10 than
15% 2: The adhesion area is not |ess than 15% and
| ess than 40% 1: The adhesion area is not |ess than
40% 15 Evaluation of erd8Pbility and appearance of
coating film (1) Evaluation of erodibility of coating
film A sandbl asted steel disc plate having a di aneter

of€Cor@@mnenZmid-a-thicknessof = 3-nmmrwas-coat et withgn - m——

epoxy ‘type zinc-rich primer so that the dry film

thi ckness 20 shoul'd becorme 20 um On the next day, the
late was further coated with a nodified epoxy
t i Meemebyoakiqraiint; so that the diy film

t hi sho ICQOHbecoms 200 gm f ol | owed byobme ng

i ndgors fopr days. S £78. 15PqH 290, eaftetmt
sandbl ast ed Hteel disc CBI atd was radijla oat ed
the anjifoul IMgoga Nt 1g Bition unde z yt he
radi ug| di r ectiom f1m t1 ere@PMsf t heTdi sc p?ate by

{v a gap_of %00 wvg 9
; t?fggl ned. (FHfs afgh i cator

{Me: methyl group)
(Mw:266) (Mw:266)

Alloocimene

[0277] Preparation Examples of copolymers
K Preparation of copolymer (S-1) )

In a reaction vessel equipped with a stirrer, a
condenser, a ﬁhermometer, a dropping device, a nitrogen
feed pipe and a heating or cooling jaéket, 100 parts of

Xylene were placed, and the xylene was heated in a stream

of nitrogen under the temperature conditions of 85°C with
stirring. With maintaining the same temperature, a
mixture of 50 parts of triisopropylsilyl acrylate, 50

parts of methyl methacrylate and 1 part of 2,2'-

‘azobisisobutyronitrile as a polymerization initiator was
dropwise added over a ﬁeriod-of 2 hours by means of the
dropping device. Thereéfter, stirring was performed.at
the same temperature.for 4 hours, then 0.4 part of 2,2'-

azobisisobutyronitrile was added, and stirring was




~is an application device which is a box container with.

Isgﬁ Egving a leg length (gap) of 500 y m at the
b "3 of said container being provided with a paint

outlet. By placing the container containing a paint
on a steel plate 10 that is a coating object and then
moving it on the steel pldte in a given direction to
allow the paint to run out fromthe outlet, painting
(coatlng) can be carried out to give a coatlng

thbekhesspesfpeapdmit igh e osthe tegreeagere{gap) Houss—to-
The test plate was fixed to a notor and continuously

10

15

20

robabed docclonmbathstadnsperecunteprehymar (¥€l bcsdyudion.
15 knots in a constant-tenperature bath containing

seamab r ThE BO& igdr£4 DA DI bt yné degseBSEnd Ncopdl Pher (S-
thickness) in the vicinity of the circunference was

2_9% negsytedg £O294)c RUFtderarfpRgaEance uthe: £oatingoc
filmin the  neasurenent of decrease in filmthickness

15 T uohl oy RORET 52 A eYpLUEd SRS OneAEy gox nao
195, L0L 1, gPnouls qabogLyelon e confige i m
fﬁélecular weight (Mn), as measured by GPC, of 6618 and a
weightmaverage molecular weight (Mw) of 19434. The GPC
measuring conditions are as follows.
( GPC measuring conditions )

Apparatus: HLC-8120GPC manufactured by Tosoh
Corporation | |

Column: Super H2000+H4000 manufactured by Tosoh
Corporation, |
[0279] 6 mm I.D., 15 cm

Eluting solution: THF (tetrahydrofuran)

Flow rate: 0.500 ml/min

Detector: RI

Colﬁmn constant~temperature bath temperature: 40°C
(02801 ( Preparation of copolymers (S-2) to (S-8) )

Copolymers (S-2) to (5-8) were prepared in the
same manner as above, excepl that the monomer components

dropwise added for copolymerization in the preparation of

the copolymer (S-1) were changed as shown in Table 1.




5 3: Fine cracks are observed on the whole of the
coptipg film 2: Conspicuous cracks are observed on a
part of the coating film 1. Conspicuous cracks are
observed on the whole of 10 the coating film [0292]
Compound nanes and manuf uring or selling conpanies
of the conpoundi ng ingre nts indicated by the trade
nanes shown in the follow ng tables are as foll ows.
rosin:. WV rQsin de in China 15 ( t

WV : 1l oid
BAPHE 0 T At SR 1 1 e e A ah g vere

Hari ma Chem cals, Inc.) (3) copper rhodanide:

10

15

20

AEFTHDTE ¥7 TN SO BRPEGE Bampy o, , Ltd. (4)
Anhydrous gypsum D-1: available from Noritake 20 Co.,
LE@E81] I TieaSeeuhie tar povier) redmlpa tlicl e di aneter

15 gm (5) Disperon 4200-20: polyethyl ene oxi de wax,

avai 8 abl @ rlepame Kisunotfo copetiveals,(Skod. ) 20% xyl ene
paste SF-1128 159 -. (-6) Di speron A630-20X -aliphatic
amtt kea yetxi, on avRinatdned r@gmKusunot o Cheni cal s, Ltd.,
20% xyl ene paste 10 15 '

In a reaction vessel equipped with a stirrer, a
condenser, a thermometer, a dropping device and a heating
or cocling jacket, 85.4 parts of propylene glycecl
monomethyl ether (solvent) and 40.7 parts of zinc oxide.
were placed, and they were heated to 75°C with stirring.
Thereafter, a mixture of 43.1 parts of methacrylic acid,
36.1 parts of acrylic acid and 5.0 parts of water was
dropwise added at the same temperature over a period of 3
hours by means of the dropping device. Then, stirring
was performed at the same temperature for 2 hours, and

thereafter, 36.0 parts of propylene glycol monomethyl

ether were added to complete reaction, whereby a monomer

solution (K-1) was obtained.

[0253} Preparation of copolymer {S-9)

| | In a reacticn vessel equipped with é stirrer, a
condenser, a thermometer, a dropping device, a nitrogen
feed pipe and é heating or cooling jacket,'lS.O parts of
propylene glycol monomethyl ether, 57.0 parts of xvlene

and 4 parts of ethyl acrylate were placed, and they were




20 SF-1128 160 [,0293] [Table, I.]_._ a)‘ C HOIf]RIn
04l n 11En Ooininnmrr~r)in OmvOOO rnr (n o~Nr~'r
nC .i NNN W(n 0O nro

153

“hegted=in=g=gtream=of+nitrogen-under=the-tenperature:

10

15

20

conditions of 100°C with stirring. With maintaining the
same temperature, a mixture of 1.0 part of methyl
methacrylate, 66.2 parts of ethyl acrylate, 5.4 parts of
2-methoxyethyl acrylate, 52 parts of the monomer solution
(K-1) prepared above, 10 parts of xylene, 1.0 part of an
d—methylstyrené dimer, 2.5 parts of 2,2'~-
azobisisobutyronitrile as a polymerization.initiator and
7.0 parts of 2,27 -azobismethylbutyronitrile as a
polymerization initiator was dropwise added over a period
of © hours by means of the dropping device; Thereafter,
a mixture of 0.5 part of t-butyl peroctoate and 7.0 parts
of xylene was dropwise added, then stirring was performed
for 1.5 hours under heating at the same temperature, and
thereafter 4.4 paris of xylene were added to obtain a
light yeilow fransparent copolymer (S-9) solution.

[0284] The heating residue of the resulting copolymer (S-

9) solution (heating residue after drying for 3 hours in

a2 105°C hot air dryer) was 45.6% by weight, and the

copolymer had a Gardner viécosity at 25°C of Y. (The
copolymer was adsorbed in the column, so that accurate
‘molecular weight measurement of the copclymer was

impossible.)

Preparation examples of antifouling paint compositions
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(=Exampleg=d--te=2d-Comparative~Examples-l-femlm)
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The Gompounding ingredients iR Ehe GoEpouRding T

ratios shown in Table 2 to Table 4 were placed in a paint
shaker containing glass beads as media (mixing_dispersion
média), shaken for 2 hours and then filtered'through a

100-mesh filter to obtain desired antifouling paint

compositions.

[0285] After the antifouling paint compositions were
stored for 2 months at ordinary temperature, storage
stability was evaluated.

[0286] The evaluation results are shown in Table 2 to
Table 4.

Storage stability

Evaluation of storage stability was carried out in
the following manner. A viscosity (Ku value determined
by Stormer’s viscometer at 25°C) of the paint (paint

composition) was measured immediately after preparation

'Qf the paint and after storage for 2 months at ordinary

temperature, then the measured values were compared, and
an increase in viscosity was evaluated based on the
following criteria.

( Evaluation criteria )

5: An increase in viscosity is less than 10.
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dy=An=Increase~in-viscosity-is=not-less-thamn=10-

10

15

20

and leés than 20.

3: An increase in viScosiﬁy is not iess than 20
and.less than 30.

2: An increase in viscosity is not less than 30.

i: Because of bad fluidity,_measuremenf of Ku
value is impossible.

(02871 Further, static antifouling property, erodibility

and appearance of coating films formed from the

antifouling paint compositions were evaluated in the
following manner.,
[0288] The results are shown in Table 2 to Table 4.

Static antifouling test

A sandblasted steel plate having a size of 100 mm

®x 300 mm x 2 mm (thickness) was coated with an epoxy type

zinc-rich primer so that the dry film thickness should

~become 20 gm. On the next day, the steel plate was

further coated with a modified epoxy type anticorresion

paint so that the dry film thickness should become 200 um.

On the next day, the steel piate was furthermore coated

with the antifouling paint composition under test shown

in Table 2 to tzble 4 so that the dry film thickness

should become 100 um, whereby a test plate was obtained.
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1 m from a test raft set"ﬁp in Nagasaki Bay, and after a
lapse.of‘24 months, én area of the test plate where macro
organisms {barnacle, serpula, etc.) had adhered was
§ evaluated.
( Evaluation criteria )
5: Nothing adheres.
4: The adhesion area is less than b5%.
3: The adhesion area is not less than 5% and less
10 than 15%.
2: The adhesion area is not less than 15% and
less than 40%.

1: The adhesion area is not less than 40%.

15 Evaluation of erodibility and appearancé of coating film
(1) Evaluation of erodibility of coating film
A sandblasted sﬁeel disc plate having a diameter of
300 mm and a thickness of 3 mm was coated with an epoxy
type zinc-rich primer so that the dry film thickness
20 should become 20 pm. On the.next day, the steel plate
was further coated with a ﬁodified epoxy type

anticorroSion paint so that the dry film thickness shouid

become 200 pm, followed by drying indoors for 7 days.

(02891 The=test plate-wassuspended=at=the-depthof-abouts




Oa > Ol SF-1128 161 [0294] [Table 2] Table 2

Conmpoundi ng i ngredient (part(s) by weight)Examies ,
13018%5161718910 S 122 S-216 S 32218221811- S 4T-2-22
2222 72 Copol ymer solutionS-5 S-6 S-7 S 8 S-9 AD- 12
AD- 25 AD - 324 :

' 157

[0290TTrereatfter;thesandvlasted-steel-disc-plate-was

10
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20

radiallﬁmééatedmwith the antifouliﬁéwbaint composition
undér test in the radius direction from the center of the
.disc plate by means of an applicator having a gap of 500
pm, whéreby a test plate was obtained.' (This applicator
is an application device which is a box container with
legs having a leg length {(gap) of 500 um, at the bottom
of said container being provided with a paint outlet. By
placing the containér containing a paint on a steel plate
that is a coating object and then moving it on the steel
plate in a given direction to allow the paint tb run dut
from the outlet, painting (coating) can be carried out to
give a coating thickness corresponding to the leg length
(gap) .) |
The test plate was fixed to a moctor and

continuously rotated for 2 months at a circumferential
velocity of 15 knots in a constant-temperature bath
containing seawater of 25°C, and erodibility {decrease in
film thickness) in the vicinity of the circumference was
measured.

[0291] Fufther, appearance of the coating film in the
measurement of decrease in film thickness was visualiy

observed and evaluated based on the following criteria.

( Evaluation criteria )




Compoundi ng agent forPD 4242 antifoul i ng pai nt AD-52
Q%g D-72 Mrosin Tall oil rosin Cuprous

K 454545454545454545 2-Pyridinethio |-1-oxide
3333333333 copper salt 45-Dichbro-2-n- oc
| i sot hiazoline-3-one 2,4,5,6- Tetrachlo ro eo phthato
nitrlle 2-Methylthio-4-t-158Anti foul i ng
agent butylam rw6- cyclo pro pylami no-s- triazins
N-(2, 4, 6-

-

=Gr=Nothing~abrnormal-is-observed-on-the-coating

10

15

20

filmi

4: Fine cracks are observed on a part of the
coating film.

3: Fine cracks are observed on the whole of the
.coating film.

2 Conspicuous_cracks are observed on a part of
fhe coatiﬁg film.

1: Conspicucus cracks are observed on the whole of

. the coating film.

[0292] Compound names and manufacturing or selling
companies Qf the compounding ingredients indicated by the
trade names shown in the following tables are as follows.

(1) WW rosin: WW rosin made in China

(2) tall oil rosin: trade néme “Hartall R-X"
(available from Harima Chemicals, Inc.)

{3) copper rhodanide: avallable from Nihon Kagaku
Sangyo Co., Ltd.

(4) Anhydrcus gypsum D-1: available from Noritake
Co., Ltd., IIICaSQC,, white powder, mean particle diameter
15 um

(5) Dispercn 4200-20: polyethylene oxide wax,

available frdm Kusumoto Chemicals, Ltdr, 20% xylene paste




~property@l1A4SESEe55 AAGFA 1@@%}@1@%9@%@

t ichlorohen Omleim P ridine-tri en Iborane Co nes r
Qﬁ Z de Ti t ani um whi t e2222222222 Red iron oxi de

An rous gypsum D-11111111111 zinc white6666666666
Talc Dis ron 4200-201.51.51.51.51.51.51.51.51.51.5 D's
ron A-603-20X4444444444

Wane13. 516. 513. 515. 513. 5159513, 513. 513. 513. 5 |
Total100100100100100100100100100100 Evaluatlon
resultsSto stabili555555555 Anti fou

arance of coatin fil nb554555555 5 SF-1128 162 [ 029- 5]

10

15

20

[ Tedl balg] e Tabite RBiCoHpouridh eyl fakp edileht, (P&F t{8)eny paste
wei ght ) Exam | e 11121314151617181920 S-113 S-2
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S-3 S-418 Copol yner sol uti bnSé 5221822 S-622 S-722

S$B2238 S 935 AD-1 AD-2 AD- 3 Conpoundi ng agent for
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AD-72 Mrosin Tall oil rosin Cuprous

%§Lg 454545454545454545 2- Pyri di net hiol -1 -oxide
3 3 copper salt 4,5-1 33 octylisothiazoline-3-one
2456- 5 Tetrachl oroi sophthalonitrile 2-Methylthio-4-t-
Anti foul i ng agent butyl am no-6- cycl opropyl am no- s-
tdazine N (2,4, 6- trichﬂélrophenyDnale imde P
ridine-tri en Itnrane Co r rhodanide
[0294]-[Table-2]-
-+Table-2
. |compounding ingredient (part(s) by waight) Examples
3 ol 3] a4 5[ & 7 8 8 10
-1 22|
g5-2 TR R N N R RN SR AU N
....... wt] 22 15 22 18
54 2y 22 22 22|
| Copolymer solution ] .
,,,,, S6
57
58
5§
AD-1 2
) AD-2 5
**|Compounding agent for AD-3 2 3
———————— antifouling paint AD-4 2 4 g
: AD-5 2
AD-6 - 2
. AD-7 2
. |WW resin :
,,,,,,,, T&f oil osin . : .
Cuproug oxiie - 45 45| 45| 45l 45| 45) 45| 457 45| 45|
2-Pyridinethiol-1-oxide
copper salt 3 3 3 3 3 3 3 3 3 1 .
4.5-Dichioro-2-n-
loctvlisothizzoline—3-ong
245 6-
L ) Tetrachloroisophthalonitrile
Antifouling agent - [2-Methyithio—4—t-
butylaming—6-
cyelopropylamino—s—
triazine
' N~(2 4 6~
trichicoohenvimale imide
IPyridine—triphenylborane
Coppar rhodanide
_Intanium white ' 3‘ ol 2l ol 2 2f 2 2l 2 2] 2
______ Red imh oxide i
o JARhvdrous svpsum D1 1 1 1 3 1 i 1 1 1 1
. jzinG white 8 § 6 6 g 8 g § 6§ 6
" {Talc ‘
......... Diswamn 4200-20 15{ 15] 15| 15| 15] 15| 15t t5] 15| 15
_ IDisperon A-H63-20X ' 4 4 4 4] 4] a] a4 4 a4
... [ylere 135] 165| 1350 155] 135] 185 1a5] 135 135] 135
b , Totali fool . 100| 1co] 100/ 100 190| 100| 00| 100| 100f
Evaluation results Storage stebility 5 5 5 5] s 5| s 5 5| 5|
_____________________________ Antifouling property 4 4 3 5 5 5 5 5 5 5
___________________________ Erodibility 8 o 11 5[ 12| 16; 5| 16% 43[ 15
Appearance of coating film 5 5 5 4 5 5 5 5 5 5




Ti t ani um whi t e2222222222 Red iron oxi de Anh rous
g%]tprgl[l%[} 11111111111 zinc white6666666666 Talc Dis ron
4 151.51.51.51.51.5L51.51.51.5 Dis ron -

A-603- 20X4444444444

Wer e0. 513. 515. 513.513. 513. 513. 515. 515.513. 5

Tot al 10010010010010010010200100100 Eval uati on
resultsStara stabilit5555555555 Antifoulin m
rt4555555555 Er odl bl i 31202819181725301018 Appear ance

of0Loat T4l erb5b55555555 ~SFE-

Tabl e 4 Conmpoundi ng ingredient (part(s) by

T128-163-F0295 [ Tabtreg}r—mm

ggl) )CgExarreCom rative Exanple '212223241234567 S-126

S- 32653262222 5422 Cop* ratr—s ottt onrS—52236—56
Compounding ingrediznt (part(s) by weight) Examgla
11 12| 13| 14 15t 18] 471 18| 18] 20
5-1 18
5-2
83
S-4 18
Copolymer soluticn §-3 22 18 22
§-6 22
&7 22
S8 22 18
S8 35
AD-1
AD-2
Compaurding agent for ﬁg_i
antifauling paint ADS 2 2 2 2 r 3 3
AD-8 2 4
AD-7 2
WW rosin
Tall oit rosin
Cuprous oxide 45 45 45 45 45 45 45 45 45 45
2—Pyridinethiol-1 —oxide )
coprer sait 3 3 3 3 3 3 3
4,5-Dichlore—2-n—
ociylisothiszoline—3—one . 3 3
2,456~
Tetrachioroizophthalenitrile 5
 JAntifouling agent 2-Methylthio—4-t-
butylamino—§—
cyclopropylamino—s—
trizzine
N—(2.4,6—
trichloropheryDmaleimide
Pyridine—triphe nylborane
Copper rhodanide
Titaniurm white 2 2 2 2 2 2 2 2 2 2
Red iron oxide )
Anhvdreus gypsum D-1 : 1 1 1 1 1 1 1 1 1 1
zinc white 8 [ g i} 4] 6 6 g 8 [i]
. |Talc
|Disperon 4200-20 15 1.5 1.5 15 1.5 15[ - 156 1.5 15 15
- -|Disperon A-603—20X 4 4 4 4 4 4 4 4 4 4
Xylens 05 135{ 155| 135| 135] 135| 13.5| 465) 155( 135
Total| 100] 100] 100] 100| 100[ 100| 100 100 100} 100
Evaluation results Storage stahility 5 5 5 5 5 5 5 5 5 5
Antifouiing property 4 5 5 5 5 5 5 [ 5 5
Erodihility A 20 28 i85 18 17 25 30 10 18
Appagrance of coating fiim ] 5 5 5 2 2 5 5 5 5




S—718 S-8 S-94035 AD-1 AD-2 AD- 3 Conpoundi ng agent
§€91§ antifoulin AD-5262 g paint AD-6 AD-74 M rosin22
% rosin2 Cu us oxi de45455045454545454040
2-Pyridinethiol-I-oxide copper 133333 salt
4,5-Di chl oro-2-n- 233 oct¥lisothiazoline 3-one
2,4,5,6-Tetrachb ro i sopht@ah nitrile Antifouling
agent 2- Met hyl t hi 0-4-t-butylamro-6- 5 cych
progglan1no s-triazins
- Table -4
"';j'f.r;u;,‘z; """"""""" : ‘
Compunding ingredisnt {part{s? by we ght) Examgla Comparstive Example
- 21 22 231 24 1 2 3 4 5 6 7
§-1 . 25
5-2 26
&3 ' 26| 2ol 22
, 54 - 22
| Copalymer solution §-5 22] 80
&6
&7 18
&8 _
S-B : 40 35
AD-1
AD-2
Compounding agent for ig:i
antifouling paint D5 P p 2
AD-6
AD-7 4
_ |WW rosin : 2 2
Tall oif msin : 2 :
Cuprous oxide : 45| 45 50j 45| 45i 45| 45| 45| 40| 40f
2-Pyridinethicl-1 —oxide copger
salt 1 3 3 3 3 3
4.5-Dichloro—2-n- ]
ootylsothizzoline-3—ore 9 - al
_ 2,45 8-Tetrachkmisophthalonitrile
Antifiuling agent 2 -Methylthio——t-butylamino—G—
ayclopro pylamine—s—triszine
5
N=2 4 5-trishiorophe nyDrmaleimide
) 5
Pyridine—triphenyibarane 5
Copxer rhodanide 15
" [Titanium white . 2 2 2 1 2 2 2 2 2 2 2
- |Red kon oxide : 2 1
.. |Anhydrous gypsum D-1 3 1 i 1 1 1 1 1 1 1
zing white 3 g 6] & 6 6 & 8] & 6 &
. (Tale : 2 L
 |Disperon 4200-20 : 1.5) 15| 15] 15] 15[ 15| 150 15[ {5{ 15[ 15
| Disgeron A-603-20x 1 al ol o] Al _al ol _al 4] 4l 4] 4
Xylens : 135| 11.5| 255( 145) 11.5| 115| 115| $35| 135] 35] 65
.  Total| 100| 100| 100) to00] 100| joo| 100] 100] 100: 100 100
... |Evalugtion results Storage stabliity : 5 5 5 5 5 5 5 5 5 5 5
Antifouling prope by : 5 5 5 5 1 1 1 3 2 1 2
_________________________ Erodloliity - 25| 18] 39| 4 4 5 5 7 8; 17 20]
Appearance of matln_LLn 8] 5 5 5 ] 5 51 4 3 5 5




N-(2,4,6-trichlorophenyl)n l.eimde5 P idine-tri en
byr.ggd Copper rhodani del5 Titani um white22212222222
Red I ron oxide2l Anh sous gypsum D- 1111111111 zinc
whi t e6666666666 Tal c2 Db ron

4200-201.51.51.51. 51.51.51.51.51.51.51.5 0's ron

A- 603- 20X44444444444 X 164

enel3. 511. 525. 514. 5U. S11. 511. 513. 513. 5a565

Tot al @plOOtooloolooloolOOlOOlOOtoolOO Eval uati on

= praEsultS3to-strabt 55555555555~ Ant i-foulimro55551113212

Erodl bl i125183914455761720 arance of coatin

5

10

15

f pm 555585584 355 edfF CHTI® el ga TEL AR Xy 11K
cycl oal kenyl carboxylic acid represented by the
flaf | Gvé rigp ¥lorwiuloa fodmdra alVHoved a novel _
bi cycl oal kenyl carboxylic acid represented by the

+ frol dyovili gl Meoryd s oAy 1 iar aacishldedhereaafed [kGomeund 1]

wherein R is a hydrogen atom a 3-nethyl - 2-but enyl
FAUpwing formula [VI] or a salt thereof:

[Compound 1]

(COO) R’

(COO):rJl

e [V]

‘wherein R* is a hydrogen atom, a 3-methyl-2-butenyl group

or a Z-methyl-l-propenyl group,
when R' is a hydrogen atom, R? is a 4-methyl-3-
pentenyl group and R® and R! are each a hydrogen atom,
when R' is a 3-methyl-2-butenyl group, R® is a
methyl group and R® and R* aré each a hydrogen atom,
when R' is a 2-methyl-l-propenyl group, R? is é

hydrogen atom and R’ and R* are each a methyl group,

Crepresented




or a 2-methyl-I-propenyl group, 10 when. Rl is a
Eégrgggn atom R2 is a 4-nethyl-3- pentenyl group and
k R4 are each a hydrogen atom when R is a
3-nmet hyl - 2-butenyl group, R2 is a nethyl group and R3

and R4 are each a hydrogen atom -when R is a

'2-met hyl -1 - propenyl groupl65R2 is a 15 hydrogen atom

and R3 and R4 are each a nethyl group, SF-1128 165 and

'R6-are each a hgdrogen atom or an al kyl group of 1 to

 *1u carbdt: -atioh® aramehoh a-eh edchgen ramdercofa®-akk ¢l
‘(wth the proviso that it does not occur that in and n

10

15

afieolpabft heto Sl saneridneltomy, and R8 are each a
hydrogen atom or a hydrocarbon group, when mis O, R7

i's a hydy ogen 2tom Mhen .Mdisrkr RE IoS A hyotmw om

or a hydrocarbon 10 group, when n is 0, |s a
t
R B A e 53‘%31?2% PBTTT Goss The

not occur }hat and R8 are hydrocarbon gr oups at t he
sarne t?ﬂ%ﬁ 15 [ Conpound 2] R13 R14

R’ and R® are each a hydrogen atom or a hydrocarbon
grbup,_

when m is C, R’ is a hydrogen atom,

when m is 1, R’ is a hydrogen atom or a hydrocarbon
group,

when n is 0, R® is a hydrogen atom, and

when n is 1, R® is a hydrogen atom or a hydrozarbon
group (with the proviso that it does not occur that R’
and R? are hydroéarbon gréups at the same time);

[Compound 2]

' 15 iR?Z
R”(OOC)HTP% £ (COO)R
RIB(OOC) N (COO) R

wherein any one of R'™ and R'® is an isopropyl group,

[A] in the case where R' is an isopropyl group,




15 (r) 02 RL7(O0OC M (c) o (r) (COO,R20 R1s(OOC)n (c)
té )KkRI's (D7 Rl6 R21 R12 Rl' R7 ..... [V 1]

mﬁ 1 any one of R' and R16 is an isopropyl group,

in the case where R' is an isopropyl group,

SF 1128 166 -and R13 =are each a hydrogen- atom R14

is a nmethyl group, R15 anthéR16 are each a hydrogen

atomor an alkyl group of 1 to 10 carbon atons, 5 m

and n are each a nunber of 0 or 1 (with the proviso

that—it-RfdesndiR *oecereehbt-arhgndogearetomat - the= samg: ===

time), RL7 and R18 are each a hydrogen atom or a

10

15

20

hydrocarigéni group:tdPl kgamngo, 1 are each 0, R19 and R2
are each a hydrogen atom R21 and R22 are each a

hydr ogerz*at gig of*sapral Kykn dr ayprofed !aeoﬁaooga&?xoalkyl
atons, when mis 0, Rl7 is a hydrogen atom 15 whe

' &r&up%g isté‘ f‘(ydé%@n aé\‘%ﬁlg,r a

m,and,n are each a number of 0 or i (with the

proviso that it does not occur that m and n are 0 at the

same time),

R'" and R'*® are each a hydrogen atom or a
hydrocarbqn group,

k.and 1l are each 0,

R'® and R?° are each a hydrogen atom,

R?' and R* are each a hydrogen atom or an alkyl
group of 1 to 10 carbon atoms,

when m is 0, R'" is a hydrogen atom,

when m is 1, R* is a hydrogen atom or a
hydrocarbon group,

wheﬁ n is 0, R!® is a hydrogen atom, and

when n is 1, R'® is a hydrogen atom or a

hydrocarbon group {with the proviso that it does not

occur that RY and R'® are hydrocarbon groups at the same

time), and
[B] in the case where R*® is an isopropyl group,
R™ and R are each a hydrogen atom,

R'" is a methyl group,




‘hydr ocar bon group, when n is 0, R18 is a hydrogen

atom and when nis 1, R18 is a-hydrogen atomor a

B dkld€ar bon group (with the proviso that it does not

20 occur that R17 and R18 are hydrocarbon groups at

the sane tinme), and [B] in the case where R16 is an

i sopropyl group, R' andiRl2 are each a hydrogen atom
R13 is a nethyl group, SF-1128 167 is a hydrogen atom
is a hydrogen atomor an al kyl group of 1 to 10 carbon

“~atons; - Ri‘and - n-avel red

shi-@tobs RI7-and~Ri8~are-each—g
hydr ogen atom k and 1 are each a nunber of 0 or 1

10

15

20

(Wth the ipreviseirddah todoes Bel aGEur obap kfandtd 10
are 0 at the sane tine), RL9 and R20 are each a
hydiegen-atamor a 10 hydrocarbon group, R21 and R22

are each a hydrogen atomor an alkyl group of 1 to 10
carbon atong, when k_i , R19 is a hydrogen atom

when k %sang Eﬂ@rese%Eﬁy fogen atomor a

®'? and R'® are each a hydrogen atom,

¥ and 1 are each a number of 0 or 1 (with the

. proviso that it does not occcur that k and 1 are 0 at the‘

same time),
R™ and R?® are each a hydrogen atom or a
hydrocarbon group,

R** and R?*? are each a hydrogen atom or an alkyl -

~group of 1 to 10 carbon atoms,

when k is 0, R*® is a hydrogen atom,

when k is 1, R'® is a hydrogen atom or.a
hydrocarbon group,

when 1 is O,_R20 is a hydrogen atom, and

when 1 is 1, R?® is a hydrogen atom or a
hydrocarbon group (with the proviso that it does not
occur that RY and R?° are hydrocarbon groups at the same

time) .

2. The cycloalkenylcarboxylic acid or the
bicycloalkenyléarboxylic acid or the salt thereof as

claimed in claim 1, wherein the cycloalkenylcarboxylic




= Aid et prargaitaed Wy e represent B byt dseinl tewi- oyt e

15 hydrocarbon group, when 1 is 0, R20 is a hydrogen
atom and when 1 is 1, R20 is a hydrogen atomor a
Mtk ESar bon group (with the proviso that it does not
occur that R19 and R20 are hydrocarbon groups at the
same 20 tine). 2. The cycl oal kenyl carboxylic acid or
the bicycl oal kenyl carboxgBi c acid or the salt
thereof as clainmed in claiml1, wherein the

cycl oal kenyl carboxylic SF-1128 168 aci d"represented

formula [Va], [Vb], [Vc], [Vd], [Ve], [Vf] , [Vg] or

10

15

20 -

[ 8] 10vARt tﬂ&ﬁ:nhil%y(i['v%' ke[le Caf[bu_quyl @rajaci@e), [VE],

represented by the fornula [VI] is represented by t he

S algldo%ffg?[nulﬂr mjc’!n‘%l [tYI a]b1c[ \élll?zlal e\ﬁﬁgle C?quclxqu]c ’ad:LQ:l

a hy roge atom car bon

?%eopfm e%?_el_n% % ttth &d; 't o]i:(l)nu]ls Z[Q/I%F 1151 2r8e p1r6e% e[n%%lg) %‘ﬁ)“ q: he

following formula [VIa], [VIb], [VIc] or [VId], in saild

formulas, a hydrogen atom bonded to a carbon atom b_ei‘ng

omitted;




171 A- processforpreparing the cycloal kenyl carboxylic
acid or the blcycloalkenylcarboxyllc' acid of any one
ofFdild ms 1 and 2, conprising subjecting [J] at |east
one terpene-based 5 di ene conpound (conjugated di ene
conpound) selected from the group consisting of

al | ooci nene, ocinene, nyrp#ne, a terpinene and

a- phel l andrene and [K] at |east one unsaturated
carboxylic acid selected froma, . 8- unsaturated

“POsEEs Xy T cactrds—and=ronoesters=of-x;-(-:3-10=
_unsaturated dlcarboxyllc acids to addltlon reaction.

carboxylic acli d a netal salt)|” Y alg
derivative of t* '
compoundi ng agenf f antifoul ing pai ~as cl ai ned
in claimd4, mhervinfgﬂgrcycllc carboxyllc aj;ﬁb t he
~derivative~of t [

nmetal salt),

e netal salt of the




172 or the netal salt-of a derivative of--the cyclic
C%LQgﬁylic acid-is the cycl oal kenyl carboxylic acid or
the bicycl oal kenyl carboxylic acid or- the salt thereof
of any one of clains 1 and 2. 6. An antifouling paint
conposition conprising: A) the conpoundi ng agent for
an antifouling paint of one of clains 4 and 5, and
(B) a copolynmer for a self-polishing type 10
antifouling paint. 7. The antifouling paint

. LUTQJ'H%@?‘%I}GJrfl]asclarTreﬁlnciaTmG, U T HEr - CONPriSing =g

(C) an antifouling agent. 15 8. The antifoul i ng pai nt

conpositign as claimed 1n claim 7, wherein (d)

.copper orla cop@mund is coptained as the

ant i_f oul j . 9. The anti ' i At
conpostii claimed in 26.apy %;ﬁﬁdxkéeand
8, wh [ ) an organic antiffeul i ngl agent (except

cont ai ned as
the an \ﬁ\eg SF-
anti foui n§ pai nt 4 on as CH

1 10. The
> (3P one
of clains|6 Lﬁyg wherein the copoly : ﬁ%ﬁaor a
hi hg lpe antifouling pajntlLi _

abl e unsaturated caxbox

¢ aci d hydroxy

(Me: methyl group)

[Compound 5]

wherein Me is a methyl greoup.




5 sal t-based copolyner. 11. The antifouling paint

- %ﬂpfgﬁgtion as clained in any one of clains 6 to 10,
) n the copolymer (B) for a self-polishing type

antifouling paint is a 10 copolyner having, in a

nol ecul e, a constituent unit derived froma

pol ymeri zabl e unsat ur at ed7¢ar boxyl i ¢ aci d hydroxy

metal compound represented by the following fornula

[I] R1-COO0-MOH [I] 15 wherein RL is an unsaturated

“pond=coRt-aifiaRp SFakios  §rewp ren ICHReC( CH3) = CH2=CkE;
HOOC- CH=CH or HO00- CH=C(CH3)-, -COOH nay forn1a

metal o sladtdn prcarbestlare aane oM ithe metal atom 20 12

The antifouling paint conposition as clained in any

Qe yaf 1 6 Bt ey 0 4 b dbdy 1 iwhergian dhessppale/rer (1B)imsf ar and
- a self-polishing type antifouling paint is a copol yner

hzaw&gn s £ JTOhBCHH & st Ueistnide td8igetRAbased
fr'om a (ﬁ%thfggéyllc ggﬁhq%?droxy néial g%lt Fﬁt 11;§e

3.
> ]t%lAeég]ey Cogtg? @-ﬂ%l ST 1?16 erel rédlﬁ{eh copo e?r?e%?d From
( for a self- 0|IShI ype antifoulin aint is
t?{f‘ol%%%p ARSI T519 & Tstld @ e orfét t Irt)’rﬁ‘:tene' @

terpinene and a—phellandrene and [K] at least one
runsaturated carboxylic acid selected from o, 8-
unsaturated monocarboxylic acids and monoesters of «, 8-

10 unsaturated dicarboxylic acids to addition reaction.

4. A compounding agent for an antifouling paint,
comprising one or more substances selected from a cyclic
carboxylic acid formed by.the addition reaction of an

15 unsaturated carboxylic acid with a conjugated diene
compound, a derivative of the cyclic carboxylic acid
(except a metal salt), a metal salt of the cyclic
carboxylic acid, and a metal salt of a derivative of the
cyclic carboxylic acid.

20 |

5. The compounding agent for an antifouling paint
as claimed in claim 4, wherein the cyclic carboxylic acid,

| the derivative-of the cyclic carboxylic acid (except a

metal sali), the metal salt of the cyclic carboxylic acid,




derived froma (neth)acrylic acid hydroxy zinc salt or
copper salt. 14. The antifouling paint conposition as
id8¥ 10 in any one of clainms 6 to 13, wherein the
copolymer (B) for a self-polishing type antifouling
paint is a polynerizable unsaturated carboxylic acid
nmet al conpound- based cop®ld/ner having a constituent
unit derived froma polynerizable unsaturated
carboxylic acid netal conmpound 15 containing no

~hydrokglngtelipsdondet-4odariretral vatoftis citibic

antifouling paint conposition as clained in any one
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oEagbakfwl@ 40id 4 s Whes etPclbelrenpl yassokBlicfaria or the
sel f-polishing type antifouling paint is a 20
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derived froma polyneri zabl e unsat urated carboxylic

a epresented by the follow ng
féb%u a %?%11&%1@5%1& [11] SF-1128 175 wherein RL

I's an unsaturated bond- containing organi c group of
CH2=C(CH3) -, CH2=CH, HOOC- CH=CH or HOOC- CH:C(CHB)'
~COOH may forma netal salt or an ester,, Mis a neta

atom L 9s #h ad“rtgléﬂlbllé?ﬁ PFEt d‘E@“PQiﬁRl?IE F@ZOIP%”%%PQ

al kyl group, a cycloal k group, an aromatic

hydr ocar on tdreo o J{f@ FERiet afcsm@sn ianfdrtoulgngrpaint
aral kyl group), and n is a nunber of "val ence of the

of any one of claims 4 and 5, and

(B) a copolymer for a self—polishing tvpe

antifouling paint.

7. The antifouling paint composition as claimed in

claim 6, further comprising (C) an antifouling agent.

8. The antifouling paint composition as claimed in
claim 7, wherein (Cl) copper or a copper compound 1is

contained as the antifouling agent (C).

9. The antifouling paint composition as claimed in
any one of claims 7 and 8, wherein (C2) an organic
_antifouling agent (except copper or the copper compound

(Cl}) is comntained as the antifouling agent (C).




metal M-1)". 10 16. The antifouling paint conposition
as clainmed in any one of clains 6 to 15, wherein the

3§ner (B) for a self-polishing type antifouling
paint is a copolynmer having a constituent unit derived
froma (nmeth)acrylic acid nmetal conpound cont ai ni ng
no hydroxyl 15 group boriddd to a netal atom 17. The
antifouling paint conposition as claimed in any one
of clainms 6 to 16, wherein the copolymer (B) for a

=setfpoltshthg-typefantifigupbngtpatmposstacBOas=claimed=

copol ymer having a constituent unit derived froma

10

15

20

(iretdhachyl b€ aQizdn@ M t93ld, ehesepReR hsaldoreantai i (1g
no hydroxyl group bonded to a zinc atomor a copper

at oM, F1%k12811466118; 'tyffe %‘H’dlff%l’chll'l?lgj paint is a

pal nt -conposSition as --C- l-ained- in any one of clains

re
3) p0|lgﬁﬁng ;%gﬁh #Eﬁ%g&shlnt fa hydroxy metal

poltpg§|z l e unggturated carboxyllc aC|d netal

% c8PCop8Srer obt ai ned by copol yneri zi ng (a)
a-(meth)acrylic acid zinc salt or copper salt nononer
and (b) another nononer copolynerizable with the
mononmer (a) and containing constituent units derived
fromthel. (Heehpatiypitiaei BaznhccempPesstiesppéer cdalped
nmononmer (a) 10 in amounts of 2 to 50% by wei ght  and
constriyt veet otinictlseims 6 to 10, wherein the copolymer (B)

for a self-polishing type antifouling paint is a
copolymer having, in a molecule, a constitusent unit
derived from a polymerizable unsaturated éarboxylic acid
hydroxy metal compound represented by the following
formula [I]:

R'-~CCO-M~OH (11
‘wherein R is_an unsaturated bond-containing organic
group of CHf=C(CH$)~, CH,=CH-, HOQOC-CH=CH- or HOQOC-
CH=C (CHs3)-, —-COOH may form a metal salt or an ester, and

M is a metal atom.

12. The antifouling paint composition as claimed
in any one of claims 6 to 11; wherein thé copolymer (B)
for a self-polishing type antifouling paint is a
copolymer having, in a moleculé, a constituent unit

derived from a (meth)acrylic acid hydroxy metal salt.




derived fromthe copol yneri zabl e anot her nononer (b)
ié}:_1 unts of 50 to 98% by weight (constituent units
(q) constituent units (b) = 100% by wei ght). 15 19.
The antifouling paint conposition as clained in any
one of clains 6 to 18, wherein the copolyner (B) for

a sel f-polishing type antlifouling paint is a -
pol ymeri zabl e unsaturated carboxylic acid silyl ester-
based copolyner. 20 20. The antifouling paint

LU'l'lpUS'I' tion—as—clarmed—in-ctairm 19, WHerern-the s

copolymer (B) for a self- polishing type antifouling
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pai nt i$3a dbpokpmefohavhagpainh aompbedtiien as clalmed
constituent unit derived froma silyl SF-1128 177

uis adnyr atred ocardioxiydsatee gwonane whand ia odres tddpedntdsuni (B)
derived froman unsaturated nononer copolynerizable

Widh o he 1si-pd) unsiatginated searrexl iale fonaners =sai d

silyl unsaturated carboxyl ate nononer being

t _the ;.5 f g f | C uni
SHBFRE LN 7 A0, AT o

r nd-caqnt.ai ni. or. ' f
Ao et A 080§ hP Rinc s o
-000H may forma netal salt or an ester, L1, 10 L2 and
L5y ﬁélﬁhe_sane or different and are each

14. The antifouling paint composition as claimed
in any one of claims 6 to 13, wherein the copolymer (B)
for a self-polishing type antifouling paint is a
polymerizable unsaturated carboxylic acid metal compound-
based copolymer having a constituent unit derived from a
polymerizable unsaturated carboxylic acid metal compound

containing no hydroxyl group bonded to a metal atom.

15. The antifouling paint composition as claimed
in any one of claims 6 to 14, wherein the copolymer (B}
for a self-polishing type antifouling paint is a
copolymer having, in & molecule, a constituent unit
derived froﬁ a polYmerizable unsaturated carboxylic acid
metal compound represenfed by the following formula [II]:

R'-COO-M-L, - [II]




i ndependently a hydrogen atom an al kyl group, a
gﬁ;loalkyl-group, an aromati c -hydrocar bon group, an

al ¥l group or an al kylsilyloxy group, and these
groups may have a substituent. 15 21. The -antifouling
pai nt conposition as clained in any one of clains 19
to 20, wherein the copol yfier (B) for a self-polishing
type antifouling paint is a copolyner obtained by
copolynerizing silyl (meth)acrylate 20 and an

ﬁﬂﬂﬁf“"EédiﬁﬁﬂﬂﬁﬁﬁsabpﬁhyﬂdrbzHbﬁeowtﬁﬁntheferg§hiﬂ”'
(meth)acrylate. SF-1128 178 22.-An anti fouling
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conposi tion of any one of claims 6 to 21. 5 23. A
iR @30, uneepwakey $LLHCLURe-g0akadtWolnanacgeating is
filmfornmed fromthe antifouling paint conposition of

n f ai 6 _to - fjshi raz .
% éfrheocré% %tt&[{doalfn%ds v%tnt ﬁ)%:!g‘f&zﬂ': £ 1d NG dackrer (82 is

ing ne e a coating Tilmfornmed from

-t he tifoulin ai nt _.conposi tion_of any one.aqf, clains
6% (."ﬁg{]?’.l gr_o%ﬂ galwtqyfc&lfﬂai %Tregrtl%]é)’f i ?rs%agggr an

underwat er structure, conprising coating .a surface 0%
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film '

aralkyl group), and n is a number of “valence of the

metal M{-1)".

16. The antifouling paint composition as claimed
in any one of claims 6 to 15, wherein the copolymer (B)
for a self—polishing type antifouling paint is a
copolymer having a constituent unit derived from a
(meth)acrylic acid metal compound cohtaining no hydroxyl

group bonded to a metal atom.

17. The antifouling paint cdmposition as claimed
in any oﬁe of claims 6 to 16, wherein the copolymer (B)
for a self-polishing type antifouling paint is a
copolymer having a constituent unit derived frqm a

(meth)acrylic acid zinc salt or copper salt containing no

- hydroxyl group bornded to a zinc atom or a copper atom.




conprising the antifouling paint conposition of any
o§$4-?§ clainse 6 to 21. 26. An antifouling nethod for
aFid ng tackle or 20 a fishing net, conprising
coating a surface of a fishing tackle or a fishing net
with a coating filmconprising the antifouling paint
conposition of any one ofl®ains 6 to 21.

==]:8--The-aptifouling-paint-conposition-as-claimed-
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in any one of ciaims 6 to 17, wherein the copolymer (B}
for a self—poiishing tYpe antifouling paint is a
polymérizble unsaturated carboxylic acid metal salt-based
copolymer cbtained by copolymerizing (a) a (meth)acrylic
acid zinc salt or copper salt moneomer and (b) another

monomer copolymerizable with the monomer (a) and

~containing constituent units derived from the

(meth)acrylic acid zinc salt of copper salt monomer (a)

in amounts of 2 to 50% by weight and constituent units

"derived from the copolymerizable another monomer (b} in

amounts of 50 to 98% by weight (constituent units (a) +

constituent units (b) = 100% by weight).

12. The antifouling paint composition as claimed
in any one of claims 6 to 18, wherein the copolymer (B)
for a self-polishing type antifouling paint is a
polymerizable unsaturated carboxylic acid silyl ester-

based copolymer.

20. The antifouling paint composition as claimed
in claim 19, wherein the copolymer (B) for a self-
polishing type antifouling paint is a copolymer having,

in a molecule, a constituent unit derived from a silyl
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derived from an unsaturatéa moncmer copolyﬁérizable with
the silyl unsaturated carboXylate monomer, said silyl
unsaturated carboxylate monomer being'represented by the
following'formula [IIIA]:

| Rl-COO~Si(LlLéL3) | | [IIIA]
wherein R' is an unsatﬁrated bond-containing oréanic
group of CHp=C (CHi)~, CHy=CH-, HOOC-CH=CH- or HOOC~-
CH=C(CE3)—-, -COOH may form a metal salt or an ester, L,
L® and L°® may be the same or different and are each
independently a hydrogen atoﬁ, an alkyl group, a
cycloalkyl group, an aromatic hydrocarbon group, an
'aralkyl group or an alkylsilyloxy group, and these groups

may have a substituent.

21. The antifouling paint composition as claimed
in any one of claims 19 to 20, wherein the copolymer (B)
for a self-polishing type antifouling paint is a
copolymer obtained by copolymerizing silyl (meth)acrylate
and an unsaturated monomer.éopolymerizabletwith the silyl

. (meth)acrylate.
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antifouling paint compééition'of any one of claims 6 to

' 21.'

23. A ship or an underwater structure coated with
a coating film formed from the antifouling paint

compdsition-of any one of claims 6 to 21.

24. A fishing tackle or a fishing net coated with
a coating film formed from the antifouling paint

coemposition of any one of claims 6 to 21.

25, An antifouling method for a ship or an
underwater structure, comprising coating a surface of a
ship or an underwater structure with a coating film
comprising the antifouling paint composition of any one

of claims 6 to 21.

26. An antifouling method for a fishing tackle or
a fishing net, comprising coating a surface of a fishing
tackle or a fishing net with a coating filﬁ comprising
the antifouling paint composition of any one of claims 6

to 21.




