ANTI FOULI NG AGENT FOR FI SHNETS The present invention relates to a heavy
metal -free antifouling solution for fishnets that effectively ptevents the
attachment of marine fouling organisnms toqnets, either for 'use in '
cultivation farms or for stationary net fishery, as well as to-itens v
submerged in water such as accessories for fishnets. Fishnets for use i'n
cultivation farnms or in stationary net fishery-and ropes = .puspgyW th

t hem are subnerged in seawater for a prolonged period and are prone to be
infested with extensive attachnments of marine fouling organisns including
seaweeds, barnacles, tubANTIFOUDRING ®GENTIFOR FISENETS attachnent of
these marine fouling organtSIE Prevents economcalr use of ftrshnets and
costs lots of |abour and noney in naintenance work. It has therefore been
desired to develop an antifouling agent for fishnets that renmains effective
and econom cal for a prolonged period and which is sinple to use w thout
causing pollution of the environnent. * Wth a.viewto attaining this

(lzbj ecti \ée, va?ﬂﬁ)pl'gsemtljd'v&mioamelamsaoGﬁﬁéaﬁélmﬁl-ﬁﬁe&t[ﬁ{ﬁﬁg ?,Bﬂnéﬁ fd,—%ﬁﬂﬁé}?r all'y
nown t hat | onpounds (e.g. tria or triphenyl tin
conpounds) th;art e%ﬁgif"ﬁéyt) gar\?gérﬁg?ﬁ’% Pg%cﬁ‘"rl%t °f)l'ﬂab‘g§ é&"“ﬂiﬁ@gfﬂs !ﬂ)BQtS.oépiﬂ'lehéor
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cont ai ni ng%ﬁ@bgﬁﬁ@m&@s‘éﬁﬁeéjﬁmwo users it not han-JI ed carefully. They
us

are al so ‘di sadvant ageo rom séwpoi nt of the need to prevent
environmental pollution. For thesc reasons, the advent of a heavy netal -

dostroa, TsRBETR: bSh INERRRDs B SRIK e RiaCRRe HHRE g ropes

ant i foul i ngs@D@Rth tRém are submerged in seawater for a prolonged period and are prone

‘ to be infested with extensive attachments of marine fouling organisms including

- seaweeds, barnacles, tube worms, polyzoans and mollusks. The attachment of
‘these marine fouling organisms prevents econoipical use of fishnets and costs lots
of labour and money in maintenance work. It has therefore bee'n desired to develop
an antifouling agent for fishnets that remains effective and economical for a
prolonged period and which is simple to use without causing pollution of the
environment.

With a view to attaining this objective, various studies and proposals have
been made and it is generally known that a series of organotin compounds (e.g. ¢
trialkyl or triphenyl tin compounds) are effective for practical purposes.
However, most of the previously proposed organotin compounds are highly toxic
and products containing them might cause damage to users if not handled
carefully. They are also disadvantageous from the viewpoint of the need to
prevent environmental pollution. For thesc reasons, the advent of a heavy metal-

and pollution-free antifouling agent for fishnets has been strongly desired.



marine structures that contains 3-isothiazol one as an effective ingredient.
Japanese Ratent Application (OPI) No. 34604/1981 (the term OPl as used
herei n neans an unexam ned published Japan%ée pat ent application) shows a
mari ne antiZf oul i ng agent or an antifouling%olution for fishnets that

enpl oys tetrachl oroi sophthal onitrile. Japanese Patent Application (OPl) No.
81505/ 1981 shows a marine antifouling agent or an antifouling solution for
fishnets that enploys a dialkyl sulfide or tetraal kylthiuramdisulfide
conpound. Japanese Patent Application (OPl) No. 118006/1981 shows a mari ne

ant | foul I N9 agJypaRiese Patitid PABLitALoS No!50UB4 2iad LROWS ah hiiboiiRE At for

CQI'TbI nati on of hr ee conponents nentl one wever,

conpounds, WafitiA@kerubtiFeyitBad! éa‘fztaf’zﬁﬁe 30136 szﬁ;x?ec EQr anéﬁ'e&f@& tlhﬁ?édlent

purposes since they are conparatively lowin elr ability to preve

atit achment ofapaiésePstent gl catiod (OPT) N& 34!604%8]1 (tBB teiar OPI a¥/'usbd Hepsin
exhibit a desired antifouling efficacy against a broad spectrum of fouling

organi sns. Anfeansgin snezaniined published aJapatiese guﬂexiﬂ”lﬁppheaﬁoxh) sliewss patnarise
are being comercialized, there still is a nee devel op an antifouling

agent for fiahtifoulingatageatpot ax iagtifoulingisviation dorefishinetszthat amploys
toxicity to fish and which {et shows satisfactory results in practical

appl i cat i onstetrachlgroisophthalonifxile., Japanesediatent Arpphcntmn (@EﬁiNhﬁsﬁl&ﬂ&lSBl
antifouling conposition for fishnets conprising (a), | east one conpound
of the fornushows p mariye antifeuling agent[en an-qué 8()‘3911&011 for fishnets that

rrl-ter] dnploye’a Manc suflfe o fetrdalky ihivram disulfide compound. Japanese
Patent Application (OPI) No. 118006/1981 shows a marine antifouling agent or
an antifouling solution for fishnets that employs a combination of the three
components mentioned above. However, these compounds, when taken
individually, are not satisfactory for practical purposes since they are
comparatively low in their ability to prevent attachment of marine antifouling
organisms. In addition, very few of them exhibit a desired antifouling efficacy
against a broad spectrum of fouling organisms. Although some of the proposals
made in the above listed patents are being commercialized, there still is a need to
develop an antifouling agent for fishnets that is potentially low in environmental
hazard and toxicity to fish and which yet shows satisfactory results in practical
applications. |



nore of hydroxy, hal o, cyano, alkylam no, dialkylam ne, ary|]am no, carboxy,
car bal koxy, al koxy, aryloxy, alkylthio, arylthio, hal oal koxy, .

cycl oal kyl ami no, carbanoxy, or isoBhiazol onyl; an unsubstituted or<;

hal o-substituted ([err]-[err])al kenyl or alkynyl; a ([err]- [err])aral kyl
optionally substituted with one or nore of halogen, ([err]-[err])alkyl or
([err]- [err])al koxy; or an aryl optionally substituted with one or nore of
hal ogen, nitro, ([err]- [err])alkyl, ([err]-[err])al koxy, phenoxy, hydroxy,
tri hal omgg aspéct' i PR&VK ' ; oXy or

sul famyl , ra&“}l‘g ai“ antga Qgé%g?ﬂelhg%&é%hi nde&&?g@tﬁ/ﬂﬁﬁ%&ﬁ%ﬁt}t@?&{?Q]I'l)?\gilékyl or

hal ogef®MBHINY b) one or both of (i) at | east one conpound of the

for nul qd)l di)iedst bhe cofpourdNér-th&Xforal @ N each R is i ndependent |y
([err]-[err])alkyl and mis an integer of from2 to 10; (ii) at |east one
conpound of the formula (111) [ERR] wherein each [err] is independently Y’
([err]-[err])alkyl. Prefgrably, the gntifouling conposition of the

i nvention additionally co | rachl or oi sophthalon itrile. -4- The

i nvention al so provides a frethod off preventing or inhibiting the growth of
marine fouling prganisns ofi fishnens yubnerged in water, conprising

I ncorporating onto a fish a coffposition as defined above. According to

t he studies conducted byX& he ¥ €sent inventors, compounds of the genera
formulas (1), (I1) and (I11) and tetrachl oroisophthalonitrile, when taken

wherein Y is (C1-Cqg)alkyl or (03-012)cyc|oalkyl each optionally substituted with one or ]
more of hydroxy, halo, cyano, alkylamino,' dialkylamine, arylamino, carboxy, carbalkoxy, "/
alkoxy, aryloxy, alkylthio, aryithio, haloalkoxy, cycloalkylamino, carbamoxy, or -

isothiazolonyl; an unsubstituted or halo-substituted (C2-Cg)alkenyl or alkynyl; a (C7-

Cio)aralkyl optionally substituted with one or more of halogen, (C1-Cs)alkyl or (C4-

Ca4)alkoxy; or an aryl optionally substituted with one or more of halogen, nitro, (C1-

Ca)alkyl, (Cq -C4)a|k6xy, phenoxy, hydroxy, trihalomethyl, (01—04)a|kyl-acylémino.
carb(C1-C4)alkoxy or sulfamyl,

and X' and X2 are each independently H, (C1-Cg4)alkyl or halogen; and

(b) one or both of

(i) at least one compound of the formula(il)
(1) R-S8Snh- R

wherein each R’ is independently (C1-Cgp)alkyl and m is an integer of from 2 "/
to 10;
(ii) atleast one compound of the formula (lll)
(111y Re R2
' :N-ﬁ-s-s-(l)-N-.<
. R2 S g R2
wherein each R2 is independently (C1-C4)alkyl. _ N

Preferably, the antifouling composition of the invention additionally comprises
tetrachloroisophthalonitrile.



i ndividually, are Jowin their ability to prevent attachnent of marine
antifoul i ng organi sms and :hence are not” satisfactory for “®se in practical
applicatigns. However, when the conpound (l) and one or both of the
conmpounds«£11) and (III) are used in cenpination, or if they are conbi ned
wi th tetrachl oroi sophthalonitrile, unexpectedly high synergistic effects
are exhibited and antlfog I ng;agents that contain them show bal anced

ef fects in.practi EANIgH AISP PLvidassa method qirpé@:@ntmmgr inblhimsimwtoym of matne and
m ni mal Houlihg ©rYanishiz &M wmmg
replresen{ 133 egaf::%pgeral h?ic?reir?uof'%wd@‘u %ﬁp %ﬁmﬂ in g preterr cri%t%at at

| east one off sifign-; as definedabave. ncI ude:
5-chl oro- 2- phenethyl 3-isot hi azol one, 4- brono-2-n- dodecyl 3-isot hi azol one,

met ny <5 ot or BEEPPERR S Bl ehRied by ths prepeat inveators, compounds of the

3o et CHMRLITIML o ——,
2-

mth :éégglzgflﬁ ”@ﬁ%’?ﬁ%}&r’one%ﬁpﬁ?ﬁiﬁy ?%?%?lé%ﬁ §f it dRegiide
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not the sol SewWeVER, Whed tROERAOERA (1) dPbne BF gbﬁwqaelcadﬂaﬁnaﬁm%d (mP)

I nvention. Exanpl es of the conpound represented by the genéral formula (
include: di airigyl ugedt astl f cémbit Dty betrapulfiéy, dresopsmibined with
teh{al fide, téitachlokvlédbhtrﬁldnﬁhfea%%)fﬂe‘éfedlﬂhibﬁ% @‘i’é?&:ae?%'c g.% exHitiely !

S

ul fide, di-t-nonyl pentasulfide, pent asul fi de,
di t et radecyIa-ndelmﬂﬁmlimglexgeultmdhaﬂe:o;atamethmu!showlebalanded effects in practical

applications while presenting low toxicity to fish and minimal risk of

environmental pollution. _

| Examples of the compound represented by the general formula (1), in
which it is preferred that at least one of X' and X2 is halogen, include:

5-chloro-2-phenethyl-3-isothiazolone, 4-
bromo-2-n-dodecyl-3-isothiazolone, 4,5-dichloro-2-n-octyl-3-isothiazolone, 4-
U methyl-5-chloro-2-(4’-chlorobenzyl)-3-isothiazolone, 4,5-dichloro-2-(4’-chloro-
.benz'yl)-3-isothiazolone, 4,5-dichloro-2-(4’-chlorophenyl)-8-isothiazolone, 4,5-
dichloro;2'-(2’-methoxy-3’-chlorophenyl)-3-isothiazolone, 4,5-dibromo-2-(4’-
chlorobenzyl)-3-isothiazolone, 4-methy1-5-chloro-2-(4’hydroxypheny1)-3-
isothiazolone, 4,5-dichloro-2-n-ﬁéxy1-3;isothiazolone, and 5-chloro-2-(3',4'-
dichlo_rophenyl)-3-isothiazolone. Oof éourse, these are not the sole exa_mples of
compound (I) that can be used in the present invention.
Exéhxples of the compound represented by the general formula (II) include:
diethyl pentasuifide, dipropyl tetrasuifide, diisopropyl trisulfide, di-t-buty!l
| ditetrasulfide, dihexyl pentasulfide, dioctyl tetrasulfide, di-{-nonyl pentasuifide,



~di-t-butyl decasulfide. O course, these are not the sole exanples of
conmpound (I1) that can be used in the present invention. Exanpl-es of the
conpound represented by the general fargula (111) include:, N
tetraethyl thiuram disulfide, tetraisopropylthiuram disulfide, am¥
tetra-n- butylthiuramdisulfide. O course, these are not the sol e exanples
of conmpound (II1) that can be used in the present invention. The

antifoul ant conposition of the invention is customarily incorporated in a
sol vent such as xyl ene, solvent naphtha, diethylbenzene, pseudocunene,

nesi tyl edist-dodecyd ipehtasulfide, ditetradeyyl taeeisalifide Vdindnadeeylaetiteuifdy, and

napht ha, pseudocunene or butyl acetate being preferred. The m xi ng

pr opor t i dnt-batyltdecasunifjdeur@f doursethesan arenobtlidisaié eamplespheomipoyrid Mand
(111), and tetrachl oroi sophthalonitrile if this is used, and the total ‘
amount othatieahbenssedindhe presentiinventionany val ues since these factors will #
vary both with the antifouling performance required of the final. product

and with tFxamepiestafdhe componndrepresented: by theigenieral farmuledd) Anclude: v

t hese corrpougr‘l;gs &n_d opti Qnab_éi etrach| oroi so%&hal onitrile are used in
anount s tRtrastgayithigram gasulfide. tatsaisepropypithénram idisutade agds tefirasnt o 30

ts, desi ly f ts, 100 t f the fin d :

The. m xi ARPBRSSRE aLiife: 3 BOrYo SR A7 298 oA 3ok SBRRLes ok SREEBBbUNds
(rr) and I and, t he optj,onal copponent tetrachl oroi sophthalonitrile can
be vari e@#é&%bﬁﬁﬁ?ﬁb#?ﬁ? Y§R®ROR-ondi ti ons of the environment in
which the antifouling agent of the present invention is used. Additional .

i ngredi entgy tah%ul?ﬁwgﬂoﬁ of E\S ifvdritioh s Busidifariy irRofRYatéd Woa B6ivent o

i ncorporated a ers the advantage that nore bal anced effects are
anti ci pauchdsaylenassolvent naphthandiethylbenzene. REpusiogmenaresitylene, -

tristhylbenzene and butyl acetate, with zylene, solvent naphtha, pseudocumene or butyl
acetate being preferred. '

The mixing proportions of the compound (I) and one or both of the compounds (i)
and (ITI), and tetrachloroisophthalonitrile if this is used, and the total amount of
their use are not limited to any values since these factors will vary both with the
antifouling perforﬁzance required of the final product and.with the conditions of

the environment in which it is used. Normally, these compdunds and optionai
tetrachloroisophthaionitrile' are used in amounts giving a total active ingredient

concentration ranging from 3 to 30 parts, desirably from 8 to 20 parts, per 100 parts of \.J
the final product. .
The mixing proportions of the compound (I) and one or both of the compounds (i)

and (IIT) and the optional coinponent tetrachloroisophthaldnitrile can be_varied in
accordance with the specific conditions of the environmenf. in v}hi_ch the
antifouling agent of the present invention is used. Additional iﬁgredieﬁts that
are known to be effective and safe may also be incorpdrated and this offers the
advantage that more balanced effects are é.nticipated against various marine .

fouiing organisms.



-6- The antifouling solution for fishnets of the present invention can be
prepared w th -ease. Conpound (1) and oné or° both of the conpounds (Il) and
(1), ang optionally tetrachloroisophthalﬁnitriIe may be dissolved in

sol vent s &irch- as xyl ene, solvent naphtha aHd pseudocunene together wth
resins such as natural resins, oily resins, synthetic resin and synthetic
rubber-base resins that are enployed in ordinary paints, and optional

addi tives such as colorants and plasticizers that may be incorporated as
requi red. Advant ageous resins include polyacrylics, polybutenes, rosins,

counar one resiTie aﬂﬁ?diﬂix?%koﬁm ?diﬂﬁsﬂét%ﬂ%gﬁ?s{)eﬁl?ﬁ{rénﬁaﬁw Hegp?gpgred

and et hyl ene/vinyl aceta copol ynmer resins. oW ng exanpl e

given for ilhtistensd. TorhPSuh@(ILhAl (e 8 Lol Rthi R pdithRIED! 2@ (T), and
fishnets of the present Tnvention. It should however be noted that the

priesent i nveptibaally StetachlorissphthialbhRei1Ymayebe dysyIvbdsin bolviedes such as
foll ow ng exanpl es, the anmounts of all ingredients incorporated are

expressed i myletiegbtiveat aaphthiidhiipdeuocumene together with resins such as natural

4,5-Di chl oro-2-n-octyl - 3-1 sot hi azol one 5%

Tet r aet hyl t mesingnoidy snesinsjesynthetic resin and synthetic rubber-base resit3%batr are c

resin (in 50%xyl ene solution) 20% Xyl ene

65% EXAVPLEemdoyed énordinany pdingsi sodhoptionshadditives such as colorants and

5% Di -t-nony|l pentasu|fide . . . 10%

Acrylic resplasticizerndhal majkbe dnconponpted as required. Advantageous resing juglude
)

03 C polyacrylics, polybutenes, rosins, coumarone resins, polyvinyl chloride,

chlorinated rubbers, alkyd resins, and ethylene/vinyl acetate copolymer resins.
The following examples are given for illustrating the formulation of the

antifouling agent for fishnets of the present invention. It should however be

noted that the present invention is by no means limited by these examples. In the

following examples, the amounts of all ingredients incorporated are expressed in

weight percent.
EXAMPLE 1
| 4,5-Dichloro-2-n-octyl-3-isothiazolone | 5%
~ - 'Tetraethylthiuram disulfide 10%
Acrylic resin (in 50% xylene solution) 20%
Xylene - 65%
EXAMPLE 2
5-chloro-2-n-decyl-3-isothiazolone 5%
‘ Di-t-nonyl pentasulfide ' 10%
Acrylic resin (in 50% xylene solution) 22%

Xylene _ 63%



-7- EXAMPLE 3 4, 5-Dichl oro-2-(4 -chI orobenzyl) 3- |soth| azol one

5% Tetraet hyl t h| uram di sul fide X » 10%
Acrylic resin (in 50% xyl ene sol ution) 22% -
Pol ybut ene -7- ‘ 5%xf/1 ene
48% Pseudocunene 10%
EXAMPLE 4 4,5-Dichl oro-2-(4'-chl orophenyl)-3-i sot hi azol one
3% 4- Met hyl - 5-chl or o- 2- (4' - hydr oxyphenyl ) - 3-i sot hi azol one 2%
Tetraet hyl t hi uram di sul fi de 10% Acrylic
r5§05/(|) gs((ahgoggzéﬁgl ene sol ution) EXAMPLE 3 . 22% Xyl ene 0%
o6 Tot 1 S0 DT R Al Shaperaf P9 2bRE, e | 5%,
re-sit nd?%%%}?g%gﬁgﬂéo tllﬁ(‘)ir?) 22%.C0'una?ggé%0ryl °
EZX%LE%II%??@(}%%% :(:));lgngs?lutfocxﬂl or obenzyl) - 3-i sot hi azol one 2%°
5% Tet r Palpbhtehieur am di sul fi de 580
Xylene 48%
Pseudocumene ' : ' - 10%
EXAMPLE 4
4,5-Dichloro-2-(4’-chlorophenyi)-3-isothiazolone ' 3%
4-Methyl-5-chloro-2-(4-hydroxyphenyl)-3-isothiazolone : : 2%
Tetraethylthiuram disulfide : 10%
Acrylic resin (in 50% xylene solution) : - 22%
Xylene . ' 53%
Pseudocumene | 10%
EXAMPLE 5
4-Bromo-2-n-decyl-3-isothiazolone 5%
Tetraethylthiuram disulfide : 6%
Di-t-dodecyl pentasulfide : : 6%
Acrylicresin (in 50% xylene solution) 22%
Coumarone 3%
Xylene ' 58%
EXAMPLE 6
4-Methyl-5-chloro-2-(4’-chlorobenzyl)-3-isothiazolone 5%
Tetraethylthiuram disulfide 6%

Di-t-nonyl pentasulfide 6%



D -t-nonyl

pent asul fi de

Acrylic resin.(in 50% xyl ene solution) *

51% Pseudoctunene | -8-
EXAMPLE 7+, 5- Di chl or o- 2- n-octyl - 3-i sot hi azol one
3% 5- Chl or o- 2- phenet hyl - 3-i sot hi azol one

Tetraet hyl t hi uram di sul fide

D -t-nonyl

pent asul fi de

resin (in 50% xyl ene sol ution)

61% EXAVPLEASrylicresin (in0% Zytermesoluition) sot hi azol one

5% D -t-nonyl pentasul fide

Tet rachl or oKydextet hal onitrile
resin (in 50% xyl ene sol ution)
43% PseudocHaseudecumene

EXAMPLE 9 4,5-Dichl oro-2-(4'-chl orophﬁn I

5% Di -t -nonyl pentasul fide LE 7
Tetrachl oroi sopght hal onitril . )
resin (in 588 PrRo-2-petysdyisothiazolone

5-Chloro-2-phenethyl-3-isothiazolone
Tetraethylthiuram disulfide
Di-t-nonyl pentasulfide |
Acrylic resin (in 50% xylene solution)
Xylene
EXAMPLE 8

4,5-Dichloro-2-n-octyl-3-isothiazolone

Di-t-nonyl pentasulfide

‘Tetrachloroisophthalonitrile

Acrylic resin (in 50% xylene solution)
Xylene
Pseudocumene

EXAMPLE 9
4,5-Dichloro-2-(4’-chlorophenyl)-3-isothiazolone
Di-t-nonyl pentasulfide
Tetrachloroisophthalonitrile

- Acrylic resin (in 50% xylene solution)

Xylene

Pseudocumene

6% - 8-

22% Xyl ene

10%

2%
6%
6% Acrylic

22% Xyl ene

22%
5%
5% A Mei C

22% Xyl ene

- 3-isot hi azol one

22%

20pa%
5%
5% Acr a%l c
2%
6%
| 6%
22%
61%

5%
5%
5%

22%

43%

20%

5%
5%
5%
22%
43%
20%



Xyl ene
Pseudocunene

EXAMPLE 10 4, 5-Dichloro-2-(4'-chl orobe_ngyl )-3-isothi azol one,

Tetraet hyl t hi uram di sul fide

Tetrachl oroi sophthal onitrile

resin (in 50% xyl ene sol ution)

43% Pseudocunene

EXAMPLE 11 4, 5-Di chl oro-2-n- hexyl - 3-i sot hirazol one

4,5-Dichloro-2-n-tridecyl-3-isot hipxaMPEE 10
Tetraet hyl t hi uram di sul fide -

Tet rachl arnDielIBF6.2- @chIdroBenzyl)-3-isothiazolone
resin (in 50% xyl ene sol ution)

43% Pseulettaeeiglthiuram disulfide
EXAMPLE 12 4, 5-Di chl oro-2-n-octyl -3-isot hi azol one
5% Di - t - Tetndchjonoisophithalbmitrile _
Tetraet hyl t hi uram di sul fide .
Tet r achl &coyopesindinb0%rxylene solution)
resin (in 50% xyl ene sol ution)
Xylene
Pseudocumene
_ | EXAMPLE 11
4,5-Dichloro-2-n-hexyl-3-isothiazolone
4,5-Dichloro-2-n-tridecyl-3-isothiazolone
Tetraethylthiuram disulfide
Tetrachloroisophthalonitrile
Acrylic resin (in 50% xylene solution)
Xylene
Pseudocumene
EXAMPLE 12
4,5-Dichloro-2-n-octyl-3-isothiazolone
Di-t-nonyl pentasulfide
Tetraethylthiuram disulfide
Tetrachloroisophthalonitrile
Acrylic resin (in 50% xylene solution)
Xylene

Pseudocumene

43%
20% ,-9-
5% -
5% Acrylic.
22% Xyl ene '
20%
2%
5%
- 5% Aggpylic
22% Xyl ene
' 25%
35%
3%
5% 22%y1 i c
22%
43%
20%
3%
2%
5%
5%
22%
43%
- 20%
9%
3%
3%
5%
22%
42%

20%

5%

3%




Xyl ene . 42%
Pseudocunene .. ' : 20% - 10-
The efflcercy of the above-noted formul ati qus of antifouling agent was
tested i nesthe experinent described bel ow.™*As” conparisons, the foll ow ng
formulations were also tested for their efficacy. COVWARATI VE EXAMPLE 1
4,5-Di chl oro-2-n-octyl - 3-i sot hi azol one 15% Acrylic
resin (in 50% xyl ene sol ution) 22% Xyl ene

63% COVPARATI VE EXAMPLE 2 4, 5-Di chl oro-2-(4'-chl orobenzyl) - 3-i sot hi azol one

>1< 5;% Acrylic rephg eﬁi&c?gﬁl’féfﬁﬁﬂ’@e-ﬁgﬁ'ﬂtfbpﬁhlauons of antifouling agentwgs feésthd in

e
Cé\/PARATI VE tEgAi¥pkE et §5dcp fﬁédzb%‘ﬁpet[@ cortipat¥ols 219¢ $BRowing formylations

15% Acrylic resin (in 50% xyl ene sol ut
Xyl ene -were also tested for their efficac 63%
COVPARATI VE EXAMPLE 4 4, 5-Di chl or o- 3' n- hexyl - 3-1 sot hi azol one
5% 4, 5-Di chl oro-2-n-tridecyl - 3-i sot hi azol one 10%
Acrylic resin (in 50% xyl ene sol ution) : 22% Xyl ene
63% EXPERI MENT COMPARATIVE EXAMPLE 1
4,5-Dichloro-2-n-octyl-3-isothiazolone 15%
Acrylic resin (in 50% xylene solution) 22%
Xylene 63%
v .
COMPARATIVE EXAMPLE 2
4,5-Dichloro-2-(4’-chlorobenzyl)-3-isothiazolone 15%
Acrylic resin (in 50% xylene solution) | 22%
Xylene ' | . 63%
COMPARATIVE EXAMPLE 3
5-Chloro-2-phenethyl-3-isothiazolone 15%
Acrylic resin (in 50% xylene solution) 22%
Xylene - 63%
COMPARATIVE EXAMPLE 4
I 4,5-Dichloro-2-n-hexyl-3-isothiazolone | 5%
4,5-Dichloro-2-n-tridecyl-3-isothiazolone - 10%
Acrylic resin (in 50% xylene solution) - 22%
Xylene 63%
EXPERIMENT

Polyethylene fishnets (6 knots, 400 d/60 yarns) were dip-coated with the

antifouling formulations prepared in Examples 1 - 12 and Comparative Examples



Pol yet hyl ene fishnets (6 knots, 400 d/ 60 yarns) were dip-coated with the
antifouling fornulations prepared in Exanples 1 - 12 and Conparative '
Exanpl es -11- 1- 4. After being dried with air, the nets were submerged
about 1 m bel ow sea | evel in Tanabe Bi}- Kii. V\akayarra Japan in ety
Septenber of 1987 and held there for 4 nont hs in order to i nvestigate the
ti me- dependent- attachment of narine fouling organisns on the nets. The
results were evaluated by the following criteria. Rating '
Attachnent of fouling organi sms none 2 | ess than
1% 3 | ess than 5% 4 from5%to
| ess t hhn 4 dfter being dried with air, the nets werqgubm;'ged about 1 m below sea .

0 %
Table 1leyel bwTanabg Bayy Kii,rWakayama ﬁf;apg%r}ni%r eplember of 1987 e held "

Formil 3l 3% for 4 months in order to investigate the time-dependent attachment of

marine fouling organisms on the nets. The results were evaluated by the

following criteria.
Rating Attachment of fouling organisms
1 | | none o V
2 leés than 1%
3 less than 5%
4 from 5% to less than 10%
5 10-20%
6 20-50%
7 | more than 50%

The results are shown in Table 1 below.



Exanpl e 1 1 2 2 32

1 2 3 4 3 1 2 2 34

1 2 3 4 5 1 2 3 4 6

1 - 2 37 1-12- 1 2 38

1 1 2 39 1 : 1 2 3 10

1 1 2 3 11 1 1 2 3 12
1 1 1 1 Conparative Exanple 1 4 5
7 .- 2 4 5 7 - 3 4 5

7 - 4 4 5 7 - Untreated

7

- - - As the datmmlshom, the formul ati ons
that incorporated the conmpound (1) and oth of the compounds (11)

and (111), or these—whi-chcontained tetrachlaraisophthalaonitrile in
agddition to these conmpounds pre vigh1 per f or mance ant | foul i ngfagents
for fishnets tlhat exhibited pe?g?gglgﬁtm'@c 1ergisti 3 eféect 5 agai nst 4
attachnment of T%E'H?ﬁaﬁghi fouling organisng in-a _fii CLAI M5
Example 1 1 2 2 3
2 1 2 3 4
3 1 2 2 3
4 1 2 3 4
- 5 1 2 3 4
6 1 1 2 3
17 1 1 2 3
8 1 1 2 3
9 1 1 2 3
10 1 1 2 3
11 1 1 2 3
12 1 1 1 1
Comparative Example 1 4 5 7 -
2 4 5 7 -
3 4 5 7 -
4 4 5 7 -
k/_.
Untreated 7 - - -
As the data in Table 1 shows, the formulations that incorporated the
compound (I) and one or both of the compounds (I) and (TII), or those which
. contained tetrachloroisophthalonitrile in addition to these compounds provided

high-performance antifouling agents for fishnets that exhibited persistent

synergistic effects against attachment of marine antifouling organisms in a



1. Antifouling conmposition for fishnets conprising (a) at Iﬁm“ mH"”lIl””"I
conpound- of the fornmula (I) [ERR] wherein Y is ([err]-[err])H! UrERN e it
([err]-[err])cycloal kyl each optionally substituted with one or nore of
hydr oxy, “al o, cyano, al kyl am no, dial kyl ami ne, aryl am no, carboxy,

car bal koxy g AjMexy, aryloxy, alkylthio, arylthio, haloal koxy,

cycl oal kyl am'no, carbanoxy, or isothiazolonyl; an unsubstituted or

hal o- substituted (C2-C8)al kenyl or alkynyl; a ([err]- [err])aralkyl

opt i onal | y 1$ubahiitbiinCcothpdaiteR So skt catipismgogen, ([err]-[err])al kyl or
([err]- [err])al koxy; or an aryl optionally substituted with one or nore of
haal ogen, nitro, ([err]- [err])alkyl, ([err]-[err])al koxy, phenoxy, hydroxy,
tTihal omet iyl at 16dseoh cbMpblndbikik feela) no, carb([err]-[err])al koxy or

sul fanyl, and X and X2 are each independently H ([err]-[err])al kyl or

hal ogen; and (b) one or both of (i) at | east one conpound of the
formula(ll) (1) R - Sm-xR whereipg each R is independently
([err]-[err])alkyl and mis ' of from2 to 10; (ii ) at |east one
compound of the forrmula(lll) [ERR] whgrein each [err] is independently
([err]-[err])alkyl.(yy - 15 -f2. Antnf-opling conposition according to
Caiml1, further conprising te chloroi sophthalonitrile 3. Antifouling
conposition according to C Hm 1 O 2, wherein at |east one of X and X2

wherein Y is (C1-Cqg)alkyl or (C3-C12)cycloalkyl each optionally substituted with one or

'\; more of hydroxy, halo, cyano, alkyiamino, dialkylamine, arylamino, carboxy, carbalkoxy,
alkoxy, aryloxy, alkyithio, arylthio, haloalkoxy, cycloalkylamino, carbamoxy, or
isothiazolonyl; an unsubstituted or halo-substituted (C2-Cg)alkenyl or alkynyl; a (Cy-

Cio)aralkyl optionally substituted with one or more of halogen, (C1-C4)alkyl or (Cq-
Cg4)alkoxy; or an aryl optionally substituted with one or more of halogen, nitro, (C1-
Cs)alkyl, (C1-Cas)alkoxy, phenoxy, hydroxy, trihalomethyl, (C1-C4)alkyl-acylamino,
carb(C1-C4)alkoxy or sulfamyl, |

and X' and X2 are each independently H, (C1-C4)alkyl or halogen; and

(b) one or both of

(i) at least one compound of the formula(ll}

(O
(i) R'-Smn- R
wherein each R' is independently (C1-Czo)alkyl and m is an integer of from 2
to 10;
(ii) at least one compound of the formula(lll)
- (1) R2 R2
>N-$I‘,-S-S-(‘%-N/
R2 s § SR

wherein each R2 is independently (C1-Cj)alkyl.



of formula (1) is halogen. 4. Antifouling.conposition
“mmﬂ' .L“Wm—‘ prec ding Cdaim 'wherein said at | e'%t one conpound of
sl S*one or nore of 5-chi d6o- 2- phenet hyl - 31 sot hj azol one:,;'
4- br ono- 2- n- dodecyl - 3-i sot hi azol one, 4, 5- et
di chl o, | .
o ot - 5ABWB§ g cotpibl] B3R Gaim 1 sumer sompisine
4, 5- di ¢étraohior@ispghthaloaitrilebenzyl ) - 3-i sot hi azol one, 4, 5-di chl or o- 2-
(4' -chl orophenyl ) -3-isothiazolone, 4,5-dichloro-2-(2'-nethoxy-3'-chloroph
enyl) - 3-isothiazol one, 4,5-dibrono-2-(4"-chlorobenzyl)-3-isothiazol one,
4- met hyl. - 5Anmbulmg(noﬁ\pbém¢1ymmmr@lhhn $-or 2pwherainodtdest one of X' and X2

g ghfjloﬁ'gk E%oﬁng?%ﬁr@rﬂo gtr?g‘o?é I_:)ggt hi azdl one. 5. Antifouling

conposition according to any preced| ng Claim wherein said at | east one

ot asar i AQRUHTS Guivssiod Behfind fo BR/ GoSary S wiieh 3k 16t ofy P

pent as wbofMmpdand of dotmuia t(Bt isoene br omrecbf t-nonyl pent ?sul fide, di ;jt - dodgcyl
n

G -t - porohCR raRpIRE S o iiR |4 BiEmeSIRRRRRGI o EhIARAAG. 0]

pr eced|d@l@l’ta-i2ﬁmwmldi-lsmhlazomnd,eas-tmuhgl b echjorno - (¢f-chiozobenzyl)-3-(111) is

N Or igANRgBloree! W LINhAB! 41 ABb AU AR o A AL SRAEOPY L Biic

di sul fi &tra-n |uram [ folil T ng cg]rrﬁosition
accordl(ﬁgchlorem}erml)eaﬂsmhgpzwman fﬁﬁtdiehlmo*ﬂs(Z‘sha@oayéiHMtoph/ﬂnzh is one

€

™" & RouiYkARRe, *2EVABlorRER A Enit LA e ARz R IASHERY s ~/

nES|terne enzene and I'foul'i'ng“conposition
accordlmgpm&dﬁ‘}lyprmwengl){a -iothiazelogien t458-dichlaro-2rmexyle8- t he conpounds

of fo”l%ﬂtﬁfazuc)nﬁt h{,,l )52 {} (f’& -8, h"%lﬁﬁlgpu@h'ei\gﬁraeﬁgnﬁaz one.

t et rachl or ol sop al oni 1ONnI'S rom3to 30 parts by
wei ght based on. 100 parts by wei ght of the conposi tion. '

5. Antifouling composmon according to any preceding Claim, wherein said at least one
compound of formula (il) is one or more of diethyl pentasuifide, dipropyl tetrasulfide,
diisopropy! trisulfide, di-t-butyl ditetrasulfide, dihexyl pentasulfide, diocty! |
tetrasulfide, di-t-nonyl pentasulfide, di-t-dodecyl pentashlfide. ditetradecyl! tetrasulfide,
dinonadecyl! tetrasulfide, and di-t-butyl decasulfide.

6. Antifouling composition according to any preceding Claim wherein said at least one
compound of the formula (lil) is one or more of tetraethyithiuram disulfide,
tetraisopropyithiuram disulfide, and tetra-n-butylthiuram disulfide.

7. Antifouling composition according to any preceding Claim further comprising a
solvent which is one or more of xylene, solvent naphtha, diethylbenzene, pseudocumene,
mesitylene, triethylbenzene and butyl acetate.

8. Antifouling composition according to any preceding Claim wherein the total amount of
the compounds of formulae (), (i) and/or (lll) and, if present,
tetrachioroisophthalonitrile, in the composition is from 3 to 30 parts by weight.

based on 100 parts by weight of the composition.



- 16 - 9. Antifoul i ng conmposi‘tion according to Claim8 Wherein the total
anount of, the.conpounds of formulae (1); (I'l) and/or (I11) [‘mﬁﬂ [“\“\
tetrachl grai sophthalonitrile, in the conmposition is from 8 t M““‘“’

wei ght baged on 100 parts by wei ght of the conposi tion. net Hod "of
preventing or inhibiting the growth of marine fouling organl snms on fishnets
subnmerged in water, conprising incorporati qg onto a fishnet a conposition
according to any precedl ng aim 11. Antiftouling conposition for fishnets

conprising an isothiazol one, a conpound of the formula (I11) and a corrpound
of the fornmula (111) and optionally tetrachl oroi sophthalonitrile,

sybstantiallygas hapa e Qnfpodfish abdding to Claim 8 wherein the total amount of the

- compounds of formulae (l), (Il) and/or (lll}) and, if present,

9

Ly

tetrachloroisophthalonitrile, in the composition is from 8 to 20 parts by weight based
on 100 parts by weight of the composition.

10. A method of preventing or inhibiting the growth of marine fouling organisms on
fishnets submerged in water, comprising incorporating onto a fishnet a composition
according to any preceding Claim.

~ 11. Antifouling composition for fishnets comprising an isothiazolone, a compound of
the formula (ll) and a compound of the formula (ill) and optionally
tetrachloroisophthalonitrile, substantially as hereinbefore described.




