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3-isothiazol one conpound is rapidly released. Thus, any safening 30 of the
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delivering 3-isothiazolone compounds to a locus to be protected. Solid

formulations also offer the advantage of safening the 3-isothiazolone compound

by reducing the possibility of human exposure. For example, solid compositions
20 eliminate the splash hazard that is common with liquid compositions.

Various solid compositions of 3-isothiazolone compounds are known. Such
compositions include encapsulation of the 3-isothiazolone compound, adsorption
of the 3-isothiazolone compound on an inert carrier such as silica gel, and
clathration of the 3-isothiazolone compound. However, such solid compositions

25 do not always provide controlled release of the 3-isothiazolone compounds. For
example, solid compositions where the 3-isothiazolone compound is adsorbed on
an inert solid carrier tis_ually _do not cpnf.rol the réelease of the 3-isothiazolone
compound. Typically, onc; -such a solid composition is added to a locus to be
protected, the 3-isothiazolone compound is rapidly released. Thus, any safening

30 of the 3-isothiazolone compound provided by the solid composition is lost once the

composition is added to the locus.
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compositions containing activated carbon and adsorbed pesticides, such as

insecticides, herbicides or fungicides.
The proi)lem addressed by the present invention is to provide solid
compositions of 3-isothiazolone compounds that are safer to handle and provide
20 controlled release of 3-isothiazolone compounds once the composition is added to
a locus to be protected.
STATEMENT OF INVENTION

The present invention provides a solid composition comprising a

3-isothiazolone compound having low water solubility and a ‘carbon-based
25 adsorbent, wherein the composition provides controlled release of the
3-isothiazolone compound.

In a preferred embodiment, the invention provides a solid composition
wherein the 3-isothiazolone compound is selected from one or more of 2-n-octyl-3-
isothiazolone, 4,5-dichloro-2-n-octyl-3-isothiazolone, 4,5-dichloro-2-benzyl-3-

30 isothiazolone and 2-benzyl-3-isothiazolone.
In another aspect, the present invention provides a method for controlling

the growth of bacteria, fungi, algae and marine fouling organisms comprising



30 isothiazol one and 2-benzyl -3-isot hi azol one. In another aspect, the
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15 refers to a compound capable of inhibiting the growth of or controlling the

growth of microorganisms in a locus. The term "locus" does not include
pharmaceutical or veterinary applications.' The term "microorganism" includes,
for example, fungi, bacteria and algae. "Marine antifouling agent" includes
algaecides and molluscicides. "Marine antifouling activity" is intended to inc¢lude

20 the elimination of and inhibition of growth of marine organisms. Marine
organisms controlled by marine antifouling agents suitable for use in this
invention include both hard and soft fouling organisms. Generally speaking, the
term "soft fouling organisms" refers to plants and invertebrates, such as slime,
algae, kelp, soft coréls, tunicates, hydroids, sponges and anemones; and the term

25  "hard fouling organisms” refers to invertebrates having some type of hard outer
shell, such as barnacles, tubeworms and molluscs.

As used herein, the term "low water solubility," as applied to the
3-isothiazolones, means that the 3-isothiazolone is characterized by having a
water solubility of less 1000 ppm (0.1%), preferably less than 500 ppm (0.05%)

30 and more preferably less than 100 ppm (0.01%).
Unless otherwise specified, ranges listed are to be read as inclusive and

combinable, temperatures are in degrees centigrade (°C) and references to
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or substituted [err] group, or a substituted [err] group; 15 R
and R[err] are independently hydrogen, halogen or [err]al kyl groups; or R
and R[err] can be taken together wth the C=¢ doubl e bond of the

i sot hiazolone ring to form an unsubski tuted Pr substituted benzene ring. 20
By a "substituted al kyl group” is nmeank\ a kyl group having one or nore
of its hydrogens replaced by anot her subgtitusnt group; exanples include
hydr oxyal kyl , hal oal kyl and al kyl am no. By a ' Nulfstituted aral kyl group" is
meant an aral kyl group having one or no /ts hydr ogens on either the

aryl R, S
(1)
wherein: _
10 Y is an unsubstituted or éubstituted (C7-Cqg)alkyl. group, an

unsubstituted or substituted (C;-C;g)alkenyl or alkynyl group, an
unsubstituted or substituted (Cq-Cjg)cycloalkyl group, an

unsubstituted or substituted (C7-Cyg)aralkyl group, or a substituted

(C7-Cyp)aryl group; .

15 R and R; are independently hydrogen, halogen or (C1-Cpalkyl
groups; or
R and R; can be taken together with the C=C double bond of the
isothiazolone ring to form an unsubstituted or substituted benzene
ring. '

20 By a "substituted alkyl group” is meant an alkyl group having one or more
of its hydrogens replaced by another substituent group; examples include
hydroxyalkyl, haloalkyl and alkylamino. By a "substituted aralkyl group” is
meant an aralkyl group having one or more of its hydrogens on either the aryl
ring or the alkyl chain replaced by another substituent group; examples include

25 halo, (C;-Cyalkyl, halo-(C;-Cyalkoxy and (C;-Cgalkoxy. By a "substituted aryl
group” is meant an aryl group, such as phenyl, naphthyl or pyridyl groups,

having one or more of its hydrogens on the aryl ring replaced by another



ring or the al kyl chain replaced by another substituent group; exanples
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dissolve the compound, do not destabilize it and do not react with the carbon-
based adsorbent. Suitable solvents include alcohols, such as methanol, ethanol
and propanol; esters, such as ethyl acetate and butyl acetate; ketones, such as
~ acetone and methyl iso-butyl ketone; and nitriles, such as acetonitrile. Preférred

20 solvents are (C;-C4)alcohols.

The total amount of 3-isothiazolone compound in the composition is 0.1 to

95%, based on the combined weight of the carbon-based adsorbent and the

3-isothiazolone compound. Preferably, the total amount of 3-isothiazolone

compound is 1 to 50% and more preferably 5 to 30%. Thus, the weight ratio of

25  3-isothiazolone compound to carbon-based adsqrbent in the compositions is

generally from 0.1:99.9 to 95:5, preferably from 1:99 to 50:50 and more
preferably from 5:95 to 30:70.

Suitable carbon-based adsorbents include, for example, carbons such as

those derived from coai, wood, coconut shells, lignin or animal bones; carbon

30  blacks such as those derived from gas phase pyrolysis of hydrocarbons; natural

or synthetic graphites or graphite whiskers; cokes such as those obtained from

the destructive distillation of bituminous coal, petroleum and coal-tar pitch; high
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15 details on these activated carbons and their method of preparation.

The carbon-based adsorbents are typically particulate materials having an
average particle size of 0.01 to 5 mm (10 to 5000 microns), preferably from 0.02
to 2 mm and more preferably from 0.1 (less than 100 mesh) to 1 mm (about 18
mesh). When relatively large particle sized carbon-based adsorbents are used,

20 the average particle size typically ranges from 0.5 to 3 mm, preferably from 1 to
2 mm (greater than 18 mesh) and more preferably from_ 1.5 to 2 mm. When
smaller particle sized carbon-based adsorbents are used, the average particle
size typically ranges from 0.02 to 0.3 mm and preferably from 0.03 to 0.15 mm
(30 to 150 microns, less than 100 mesh).

25 More than one 3-isothiazolone compound may be used in the compositions
of the present invention as long as the compounds do not react with, or otherwise
destabilize, each other and are compatible with the carbon-based adsorbent.
This has the advantage of safening multiple 3-isothiazolone compounds which
may provide a broader spectrum of control than one compound used alone.

30 The compositions of the present invention are useful wherever the low
water solubility 3-isothiazolone compound would be useful. The compositions

are suitable for use in any locus requiring protection from microorganisms.
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fluids; copfdings) HBR UBLINS; MBhbRrasiic! RESmMiRALT ebthpr TAds; nEwitinéds;
fuel; oil field fluids; photographic chemcals; printing fluids;

sani ti zer sdetéegantgehestilesstextiles products;| ang mariaes stragtiresy | faelforably: thes.
Preferably,the | ocus to, be.pragtect |s.sele n .

pai nt s, colinde P robre it bRt iral orEh bR of bR Gosndiield Barine

present i nggakigescan either be added directly to the locus to be protected

or added as a conposition_ further conprising a suitable .
15 Tﬂep compositions of the prerge)nt inve%tion can either be added directly to

the locus to be protected or added as a composition further comprising a suitable

carrier. Suitable carriers include, for example, water, acetonitrile, ethyl acetate,

butyl acetate, toluene, xylene, methanol, ethanol, acetone, methyl ethyl ketone,

methyl isobutyl ketone, xﬁethyl isoamyl ketone, | ethylene glycol, diethylene

20 - glycol, propylene glycol and dipropylene glycol. When the compositions of the

present invention are used in marine antifoulant formulations, the compositions

preferably incorporate an optional carrier selected from one or more of water,

xylene, methyl isobutyl ketone and methyl isoamyl ketone. The compositions

may also be formulated as microemulsions, microemulsifiable concentrates,

25 emulsions, emulsifiable concentrates, pastes, or may be encapsulated. The

particular formulation will. depend upon the locus to be protected and the

particular low water solubility 3-isothiazolone used. The preparation of these
formulations are by well known, standard methods.

The amount of the compositions of the invention necessary to control or

30  inhibit the growth of microorganisms depends upon the locus to be protected, but

is typically sufficient if it provides 0.1 to 5000 ppm of 3-isothiazolone at the locus

to be protected. 3-Isothiazolones are often used in loci that require further



carrier. Suitable carriers include, for exanple, water, acetonitrile, ethyl
acetate, butyl acetate, toluene, xylene, nethanol, ethanol, acetone, nethyl
et hyl ketone, nethyl isobutyl ketone, nethyl isoanyl ketone, ethylene

gl ycol, diethylene 20 glycol, propylenedglycol and dipropyl ene glycol.
When the conpositions of the present invention are used in marine

antifoulant formul ations, the conpositions preferably incorporate an
optional chalutiear. Eeladores sucloas rpaiat, which vf nofafurthex diluted, the@meunt of

I sobut yl t one and. net i.soamyl -k I .
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conpositions o e present I nv Ion can be used to inhibit the growth of
mari ne or gani sruibtyblapphiinatsinetafestineludenbut aré noklionted tor boats shipsirdihe

structure. Dependi ng upon.the particul.ar, mari.ne ructure t.o.be protegted,
t he conposl?lﬁFfi%ﬁ’?SofI%Fﬁg BPlé%%sntg?cﬁﬁ?enﬁlflﬁwnﬁ%mc b’éﬁ{hef%clapg f’éh i g%r porat ed

into the Pifbhd GrWhe pARBhE SHvERiSS tdre £R)ib418 WidcR9 Sldowsdrated ififo
I ncorporated Tnto a coating which is then applied to the marine structure.

Sui t ablse nstructmres msuch uase sldsteinerie, rubber sor fisht net fibersl duging) sranufaghirgs

-?—ihle pl atf Oblnl'%ct %p%ﬁl’%hti&i'll (I)tn %Re c%%:p%ssitigrlxsa%%ot%r gxgvern E)%e i ’ty%{}gllfyj ﬁﬁd@e&? :
structures such as fish nets or wood pilings. The compositions of the invention
can also be incorporated into a marine coating, such as a marine paint or
varnish. |

20 Optionally, the controlled release compositions of the present invention
may include other marine antifouling agents in addition to the low water
solubility 3-isothiazolones. Suitable optional marine antifouling agents useful in
the present invention include, for example, manganese ethylenebisdithio-
carbamate, zinc ethylenebisdithiocarbaniate, zinc dimethyl dithiocarbamate,

25  2-methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine, 2,4,5,6-tetrachloro-
isophthalonitrile, 3-(8,4-dichloro-phenyl)-1,1-dimethyl urea, zinc ethylenebis-
dithiocarbamate, copper thiocyanate, N-(fluorodichloromethylthio)phthalimide,
N,N-dimethyl-N'-phenyl-N'-fluorodichloromethylthiosulfamide, zinc 2-pyridine-
thiol-1-oxide, copper 2-pyridinethiol-1-oxide, tetramethylthiuram disulfide,

30 2,4,6-trichlorophenylmaleimide, 2,3,5,6-tetrachloro-4-(methylsulfonyl)pyridine,
3-iodo-2-propynylbutylcarbamate, diiodomethyl p-tolyl sulfone, bis dimethyl
dithiocarbamoyl zinc, phenyl (bispyridil) bismuth dichloride, 2-(4-thiazolyl)-



conpositions of the present invention are typically directly incorporated
into 15 structures such as elastoneric rubber or fish net fibers during
manuf acture. Direct application of the conmpositions of the invention is
typically made to structures such as fish nets or wood pilings. The
conpositions of the invention can also be incorporated into a marine

coating, such_ as_a parine paint_qQr varnish. 2 . ti | | the .
cont r ol | edengimidazole npyLiding r@lg‘fenﬁ'ﬂeg?ﬁ%e n?Qh‘?WQWt“#% a:?%%ﬁ%?’iﬂ?@%@flher
mari ne antifgﬂhhﬂg agents in addition to the |low water solubility
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carbamat e, zinc_ et hyl enebi sdi t hj ocarbamate, zinc dinethyl. djthi ocarbanate,
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In general, the compositions of the present invention may .be used by first
forming the solid composition (combining the low water solubility 3-isothiazolone
with a carbon-based adsorbent), followed by addition of the solid composition to

20 various loci (as previously described).

Alternatively, the present invention may be practiced, in particular for
controlling the growth of bacteria, fungi, algae and marine fouling organisms, by
introducing to any locus to be protected: (a) a carbon-based adsorbent, and (b) a
low water solubility 3-isothiazolone compound as represented by formula I. For

25 example, when the locus is a solvent-based paint, such as a marine antifouling
paint, the paint formulation may be prepared by adding the carbon-based
adsorbent and 3-isothiazolone separately, and in any order, to the base paint
formulation.

Direct applications of the compositions of the present invention may be by

30 any conventional means, such as dipping, spraying or coating. Fish nets, for

example, may be also protected by dipping the fish nets into a composition



10 0.1 to 30% preferably fromO.5 ta 20% and nore preferably from1l to
10% of the | ow water solubility 3-isothiazol one, based on the wei ght of
the structure to be protected or based on the weight of the coating to be
applied (whether directly incorporated iAto or di rectly applied onto a
structure). In the case of a marine antifouling paint, the concentration of
| ow wat er solubility 3-isothiazolgneis 15 typically .fromO0.1 to.15%

pref er abI FOMPEALEE £ ?605%0(&#60%%%? SREPRINY, anlo’T"nCG¥’§e¥ OF 3, SPEAYARE dhe

t ot al ation. In general, the conpositions of the
pr esent ﬂ.*h?i’n?‘?tgn ﬁ%‘?ﬂ% %8%%5y first formng the solid conposition
(combi ning the Stmmﬁés%sudpislhbbdtpyhﬁgs anil fishzdte meayvbe tpratectadhby dixestyt

adsorbent), followed by addition of the solid conmposition to vari ou
loci (as RearpetAiine él]é% gpmpesifions of & ﬂé’ilY‘%tF‘ﬂP “%tﬁég‘ﬁ TRt né@ﬁ??‘%ﬁ‘p?&y be

pract | gedsy LAnBAGRUb A vttt Bhicho obhit Nesfricha9" be apblitdito

al gae and "nari oul i'ng organi sns, by Int r g to any locus to be
pr ot ect ed:wdad) used furbgilings dydmadas rblﬁ@messmectréatt}memtl mvwanaum mmlremaﬁlmy

3-isot hi azol one conpound as represented by faor Ja I, X when
the | ocus TRess SYNPEFtOBEsBRYpAR besipgprperate lr”ftﬂe aﬁ%‘f |fﬁ’ gg‘r‘ﬁi“ t he

pai nt forrm]laﬂ.ﬁf%gmrgay be prepared by addi ng t he carbon- based adsor bent and
3-isot hiazol'one separately, and in any order, to the base paint
f ormul ati on. DMamMeapq:ﬂtnm icomprize ahbimtarpesit selvenbfarnd epsioaadlyt Other

I nvention may he by 3 vent i naI ans such I n pr

or coat ngmg%/-‘?‘gﬁmi’?ets l@ﬁﬁﬂpﬁ”@ Jéll LRANGY i‘feég %P ppllsng e

fish nets doﬁ&%s?ﬁ%?&h&'1%Qentloﬁoal%oﬁﬁth§lenﬂ)rt e 60 HRARI édl@é\.ﬁt ahdt water

i nvention and a carrier or ragl ng the fish nets with the conposition.
b

Structuresloaasadrmannmoeltxpgss. égb'ea asédmarinescontingsargmretesred by directly
| ncor porating d&% ”‘Pqnf} d %@grﬁe[‘m‘éﬁi‘%%f%w& Qi &ﬁﬁfb‘iﬂﬂf oa'%ﬂ{g

exanple, 5 a conpri sing arrier
be appl i edineOrpdReting s écﬁﬁp&slhbﬂg%ftmer@@eﬁneﬁ pSaitableebideas rmdtud:er for

vacuumlsl rrperxea%g;?ltel Ogolyvmyl chloride in a solvent based system, chlorinated rubber in a
solvent based system, acrylic resins in solvent based or aqueous systems, vinyl
chloride-vinyl acetate copolymer systems as aqueous dispersions or solvent based
systems, butadiene-styrene rubbers, butadiene-acrylonitrile rubbers, butadiene-
styrene-acrylonitrile rubbers, drying oils such as linseed oil, asphalt, epoxies,

20  siloxanes and silicones.

The marine coatings of the present invention may optionally contain one
or more of the following: inorganic pigmem:s, organic pigments or dyes, and
natural resins, such as rosin. Water based coatings may also optionally contain:
coalescents, dispersants, surface active agents, rheoclogy modifiers or adhesion

25 promoters. Solvent based coatings may also optionally contain extenders,
plasticizers or rheology modifiers.

A typical marine coating comprises 2 to 20% binders, up to 15%
rosins/modified rosins, 0.5 to 5% plasticizers, 0.1 to 2% antisettling agent, 5 to
60% solvent/diluent, up to 70% cuprous oxide, up to 30% pigments (other than

30 cuprous oxide) and up to 15% marine antifouling agent (in this case, low water

solubility 3-isothiazolone).



These conpositions may al so be incorporated into a fish net fiber during
manuf acture. Marine coatings conprise a binder and sol vent and optionally
other 10 ingredients. The solvent may be either organic solvent or water.
The conpositions of the invention aré suittable for use in both solvent and
wat er based narine coatings. Solvent based marine coatings are preferred.
Any conventional binder may be utilized in the marine antifouling coating
i ncor porati ng tMarerpostingo rentdining thevempaesitiossiafatiiee ibvendtors may | bele,
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typical narine ThakbAGoleAREIc2886 cmpBsitidtsiftle ifivention &eldYrepared by the
rosins/nodified rosins, 0.5 to 5% plasticizers, 0.1 to 2% antisettling

agent, 1& t fliowrnegeveralmethodnt . up to 70% cuprous oxide, up to 30%
pi gments (ot hermf Hap 30 acﬁ%{ee(r&uéar 5%??%%};@%%%3%&5(@1@8{ e?ﬁ) ﬁ{‘%\/gfragg'evb&@

agent (in this casé, °l'ow wa sol'u I'sothiazol one
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structure to pe protected by any of a nunber . of cqQnventional neans,

as, for cxBRSReclsplag FREHITIAG Hiwy, W HSap i otnundp B aRs= SoREBRL AL
of the i nvﬁf‘&ie%.‘ oGt 468 ngdtbgﬁa&ﬂ p%%ld%ﬁ'l Tﬁ‘ist&'ﬁnﬁo%kﬂi&w dignated as Sample

15 1-1, contained 30% of 4,5-dichloro-2-n-octyl-3-isothiazolone based on the total
weight of the powder. In similar fashion, 3-isothiazolone/activated carbon
powders were prepared corresponding to 30% active ingredient (3-isothiazo-

lone)/70% activated carbon. Compositions are summarized in Table 1.

20 Table 1
3-Isothiazolone (30%)/Activated Carbon (70%) Compositions

Sample | 3-Isothiazolone Component

1-1 4,5-dichloro-2-n-octyl-3-isothiazolone
1-2 -2-n-octyl-3-isothiazolone '
1-3* 2-methyl-3-isothiazolone
1-4* 5-chloro-2-methyl-3-isothiazolone
1-5% 4,5-dichloro-2-cyclohexyl-3-isothiazolone

* =

comparative

Example 2

The amount of 3-isothiazolone compound released from each controlled
25 release composition was determined according to the following general

procedure. A weighed amount of controlled release composition (0.014 g,



5 Exanples. Al ratios, parts and percentages (% are expressed by wei ght
unl ess otherw se specified, and all reagents used are of good conmerci al
gqual ity unl ess otherw se specified. Exanple 1 The controlled rel ease
conpositions of the invention were prepaeed by the 10 follow ng gener al

met hod. To 1.0 g of activated carbon (as the carbon-based adsorbent) in a
flask was added 2.1 g of a 20% sol ution of

4, 5-di chl 3,& EpZred- £ 8¥dcribedsat BxampleoNewas pladddaimoa 250haLrsample ijag Fouthey
was t hen i ed under reduced pressure at 55[err]Ctq y |elg %})out ﬁggmof a
dark powddar Wss tltﬁﬁ)ogﬂﬁlﬁ?@)n OQesméﬂaP d%eSaﬁBP?@g’g 19$% C(ﬂft a° 30%

of 4,5-dic n t he
pouder . | AietnEnlp diabcrale? IAEOMARG WASheR ity P 1O BEhhel o
prepared ggsmesNdbriged.o A@ﬁ@as@ (0% i)y adérentakek i stoBhaado24| howys/ 30%
activated carbon. Conpositions are sunmari zeg in Table 1. 20

Table 5 3-trawsfhrredotoRenyigmosniasiugy Aubs- clashna q'e% wesniwd ceridfuged Ate

3-1sothia t 15
3 SOUN 226y Q06 pRRUBRNE Btne, The SyfbAl S oE R etk B b AR08 By
5-chl or o- Z—IF’EUW(}nghI Srebér2o! Joqueid]1- @lﬁomatography) for the amount of the
4, 5-di chl or o- 2-cyc] ohexyl - 3-i sot hi azol one * = arati e gtth%

amount of Bisoshiazplens| Q?ﬁ&’%@po@hﬁ micreseatrifyge ?,’ﬁsc,t ﬁPrvS‘llsr
rel ease. COIH%OO? &ré%g %%alﬂ W‘ of socﬁﬁf]?g?étﬂgleﬁaegglﬁﬁfogﬁ&lﬁmﬁﬂn& ¢he sth

procedur e armun cont'r conposition (0.
12 prepar dilpwid aihbdfuobteré samﬁmaapl ghi3 enasred theagddne of 2%0paritic: reo‘jedr .

To the : . . .
during sampling was lost and that the volume in the jar remained constant. The

cumulative percentages of 3-isothiazolone released are reported in Table 2.

Table 2
15 Relative % 3-Isothiazolone Released
Sample 5 Hours 24 Hours
1-1 0.0 0.0
1-2 0.0 5
1-3* 76 86
1-4* 38 52
1-5*% 100

* = comparative

The above data clearly show that the 3-isothiazolone compositions
containing 4,5-dichloro-2-n-octyl-3-isothiazolone and 2-n-octyl-3-isothiazolone
20 greatly control the release of the 3-isothiazolone compound as compared to the
compositions containing the more water-soluble 3-isothiazolones (2-methyl-3-
isothiazolone, 5-chloro-2-methyl-3-isothiazolone and 4,5-dichloro-2-cyclohexyl-3-
isothiazolone).
Example 3
25 The efficacy of the 3-isothiazolone/carbon-based adsorbent compositions of:

the present invention in a paint film was determined by a salt water (synthetic-



jar was then added 200 nL of water containing 0.3% of sodium

di et hyl hexyl sul fosucci nate. The solution was then gently stirred to ensure
no foamwas forned. Aliquots (0.5 nlL) were taken at 5 and 24 hours and 5
transferred to a mcrocentrifuge tube. Eagch aliquot was then centrifuged at
14,000 rpmfor 3 nminutes. The supernatant was then renoved and anal yzed by
HPLC (hi gh pressure |liquid chromatography) for the anmpbunt of the

3-i sot hi azplanReHACRERING. evHlSatibE AGERpHIdpITRe tatheun®st 4, 5edickivedecn-ottyd- 0. 5
mL of water containing 3% of sodi um di et hgl hexyl su] f osucci nat e, and t he

wash 10  |3-igothiszatrae @A) HegethesIwith sarbomn %seélrﬁdﬁ%bertbr@r n@r?e_(‘o ‘the
particles rem)aﬁci 'dfﬁ]agn%“s rga ijrigole@gsﬂ ?irg‘nggg hetxﬂl%ﬁl z> the jar

remai ned const rcen § rel eased
are reported i n"CRbAstvat isher Scien 8&‘ ve %

3- 1 sot Hi azol oneCﬁeT-é@'bGnéﬂﬁﬁi éRavenTg %thead@ﬁ%&%“@bla emlcalB) 0

0.0 1-2

52 1-5%  Was aﬁded*tO—lQ (&Tﬁfaﬁd%l?%eﬁﬁlfalig‘% RAITE felrréaﬁatws fodiffergnt trmnt
3-isothia epc -isothiazol
2,5-d oni oF5e5 RO HRA 2, 06 bERR) Ik Milling jar to provids 2 fual 3isethiazlons
greatly C ogvincehtrtaltivnr el afas &%f bhsedB i amt htatabl onmnbquounde:ghtconﬁardmbto

A LT G L B e R L e
4, 5-di gnl QrethéiPafHWffY)h éraméé'& ma%sah&&eao a EXRERLS of 3076 mm (08B inch)

ef ficacy of the 3-1sothi azol one/ carbon-based adsorbent conpositions of the
present i nfoerthe o'nsmnb@eda)aant forimmlationdBt Brandtua thickness of df8mm (0.007
(synt heti c-

inch) for the polishing type marine antifouling paint (P-2). The paint films were
dried for 2 days and then the microslides were placed in a synthetic-seawater
fish tank for 1 month. The synthetic-seawater was periodically circulated

15 through a filter cartridge containing activated carbon and Celex™ 20 chelating
agent (to remove 3-isothiazolone and copper ions). At various times the paint
slides were removed and analyzed. The amount of 4,5—dic}ﬂoro-2-n-octy1-3-
isothiazolone remaining in the paint film after exposure to synthetic-seawater
was determined by radioactive labeling (14C-labeled 4,5-dichloro-2-n-octyl-3-

20 isothiazolone).

Comp. osition of Rosin-Based Paint (P-1):

5%  Cellolyn™ 102M (rosin)

15% Laroflex™ MP-45 (binder resin)
25 39% Cuprous oxide

19% Xylene

19% Methyl isobutyl ketone

2%  Tritolyl (tricresyl) phosphate

1%  Bentone™ 38 (clay)
30

Composition of Polishin e Marine Antifouling Paint

20-50% Tributyl tin (meth)acrylate copolymer
25-60% Cuprous oxide
10-25% Xylene (+ other solvents)

35 5-15%  Additives (plasticizers, settling aids, fillers)



13 seawater) |eaching evaluation. An appropriate anmount of

4,5-di chl oro-2-n-octyl- 3-isothiazolone (ITA), together with carbon-based
adsorbent (CG1, G2, CG3): C1 = Darco[err] G60 (-100 nmesh, from Al drich
Chem cal Conpany) C-2 = Activated Carbomg4(6-14 nmesh, from Fi sher
Scientific) 5 C-3 = Carbon Bl ack [err] 3500, beads, from Col unbi a
Chem cal s), was added to 10 g of a marine antifouling paint formulation (2
di fferent pai ntTHe/ BS watel 184¢hiRe 2estsed Paflioattive 1abelirg megshemémtsprend de
a final 3-isothiazolone concentration of - 2% _ bhased. on }otal czggoi ned

wei ght  ofcontdneted assfolloms; | swpall amaymt-of 4 e rdichioron2 - preatik 3fsathinzelqnsn
i xture. Paint films .1 i des.

Chi ckness "BS GEPrRORAfEto™HES G A it DR Ry L e R ek rk wnind fhd
(P-1) and fhe mdibhdicAns of efade. ETSmBlec(lesORds inledBuréd byt h hpephelimmageryfie

marine antifouling paint (P-2). The paint filnms were_ dried for f2 dad/s and
then tHe répectrometer (manmfastaged bynMelegplam Dynamigs fea-kra ata axllpfon

mont h. The sypkhetic- sgaw _aV 194l cal i baln 5_d; f-
fiter carrhganclRrs R st oL aRouREsigs: 18 sverl B MCRG RS MERRIIR 2.
agent (to sR§PILscthisldticzlsongedndThopRss of 01E)4,5Aichlard-DusodtylrBsisothe-
paint slides were renoved and anal yzed. The anou

t of .
4, 5- di chl orzelongap drage. molecadps i Betoateqtaths totakactive erediont levelin the,
exposure t a-%int heti c- seawat er was determ ned by radi oactive |abeling
(14C-1 abel ) , 5-dichloro-2-n-octyl-3- 20 i sothiazolone). Conposition of
Rosi n- Rased PaiThe (Prebared Ysliddése|wearey plaved] ih02jhilredicisepwbbes prepafédxierr]

et hy! i solfoys: Wbednbowine invreginngs (30 e Paizan SR LIofbe NaCL 225

Bent one[ er {4-Gi8.65£)Y nd BSRFPONA B0 L1089 AieNGitdisPBeiMRiiede wiish)f wdtd Ng
Paint (P-2 :g Zg- g-%%’Trxllﬁutyl G’%’n (irre‘{a)h?acr | at e copol yner )
combined and adjusted to a pH of 8.2 with 1.0 M HCIl solution, after which the
total volume was made up to 30 liters with additional deionized water.
15 The % retention of the 3-isothiazolone in the various formulations is

summarized in Table 3.

Table 3

% 4,5-Dichloro-2-n-octyl-3-isothiazolone (ITA) Retained in Paint Film
Carbon | Paint | Ratio of 0 7 14** 21 30

Type | Type | ITA/carbon | Days | Days | Days | Days | Days
C-1 P-2 20/80 100 94 (89) 84 &3
C-1 P-2 40/60 100 67 67 47 42
C-1 P-2 60/40 100 60 4n 35 29
C-1 P-2 80/20 100 50 37 24 19
C-2 P-2 20/80 100 97 (96) 94 96
C-2 P-2 ' 30/70 100 91 85 e
C-2 P-2 40/60 " 100 70 (62) 54 . 60
C-2 P-2 60/40 100 57 48 37 33
C-2 P-2 80/20 . 100 54 41 29 24
C-3 P-2 30/70 100 58 42 | -} eeee-
C-3 P-2 60/40 100 58 41 | - | ee---
None P-2 100/0 100 31-44* | 20-(30)* 18 13
C-1 P-1 30/70 100 91 (89) 84
C-2 P-1 30/70 100 98 (97 96
None P-1 100/0 100 82 (78) 70

* = range for 2 separate determinations
20 ** = values in () are interpolated



"~ 25-60% Cuprous oxi de 10-25% Xyl ene (+ other solvents) 35 5-15%
Additives (plasticizers, settling aids, fillers) 14 The salt water

| eachi ng test and radi oactive | abeling neasurenments were conducted as
follows: a small amount of [err]C 4, 5-diléhl oro- 2-n-octyl - 3-i sot hi azol one
was incorporated with [err] C4,5-dichloro-2-n-octyl -3-isothi-azol one into
paint and the radioactivity of trace [err] C nol ecul es was neasured by a
Phosphori mager SI 5 spectrometer (nmanufactured by Ml ecul ar nam c )
a ratio of 4x10fher aboveodafacfemengtraie)that B‘P%?‘Qt-lﬁaéét rgg?icg&ﬂ%é&?ﬂsomg?o)
every gram err : 9- di -5 ¥l 3sdopat:hi

The use ofanpgéfé)éof!t ’glfﬁlghﬁ%%e%c%% %ff%%g?%lggé ??o?%ﬁgéggﬁ%&ghge ?@gc%%ﬁger
nol ecul es délgdemha@fthecdarbm bladkakbompbsivien: hpwediernbothewetivated tdaebgaiamd. 10
The prepared slides were placed in, synthefic-seawater pre ei d. as, fol Ll ows:
the folsl owanbon hipakdrempasitions nrevyds” gendirps detpitam Ogé%% @ 1e Pt

[err] and 321. . rh.. AL O jjne

s ubt e (00 relaiyp Y thel etpqaifiBhT (ARY) LBt do bRERL AT TG o
V(r)]| ume wagypegle ofp peimt0 foroeulatisnsh pewlide ondiffedentonibeselinat eperfdBnance
The % retention of the 3-isothiazolq [ he wvarious faqr ations i
sunmar i zedhaxaqtgpistics forrihy getgntion @n'%ieclﬁq‘% Moyt aRy Wl%%%s(efin %(isgrﬁmt
(I TA) Ret aj i,y Pai L Lk ' - con7
laxe 2%11@5&1’8, Qiag% xfilﬁy% ?e égﬁdpelga:blmj?g@ t)nneg%ia ';gpé)%g);/)gmt %gl;l;ﬂatl%réysAt
Days Qol the preferred loaditgBlbvels of IDA relagiste to the( 8€tivated @4bon maggiaisl

26/2 40 ti%gg, les%bhe}r(xj gf)lt‘ip} %171e ITA @%eSIQion V%é%_ (ipnsistée%glge%:ceed 5@%72%the

(182) 509144 day ﬁgé%t for theP-2 type g@nbfdrmulation? 20/ 80 100 97
Example 4

The efficacy of other types of carriers besides carbon-based adsorbents in
15 the low water solubility 3-isothiazolone/carrier compositions was determined for
comparative purposes:

C-1 = Activated Carbon (Darco™ G-60, 100 mesh)

C-4 = Diatomaceous earth (Celite™ 545)

C-5 = Aluminosilicate (kaolin clay)

20 C-6 = Magnesium silicate (talc)

The carriers were loaded with 30% 4,5-dichloro-2-n-octyl-3-isothiazolone
by combining the appropriate amounts of carrier with a 20% solution of
4,5-dichloro-2-n-octyl-3-isothiazolone (in methanol) in a round-bottomed flask,

25 mixing and heating at 40°C for about 30 minutes, and removing the solvent
under reduced pressure on a rotary evaporator. Solid and semisolid products
were dried in an unheated vacuum oven for 4-6 hours to remove residual
methanol to provided the controlled release compositions.

The solid compositions were then evaluated using (1) the salt water

30 leaching test as described in Example 3 and the relative release test (5-day)
described in Example 2. A summary of the performance of the three inorganic
carriers (diatomaceous earth, aluminosilicate and magnesium silicate) relative to
the carbon-based adsorbent (activated carbon) composition of the present

invention is presented in Table 4.



C2 P-2 30/ 70 100 91 85 G2 P-2 40/ 60

100 70 (62) 54 50 G2 - P-2 . 60/40 100 . 57
48 37 33 G2 P-2 80/ 20 100 54 41 29
24 C- 3 P-2 30/ 70 100 58 42 C 3 P-2 60/ 40
100 58 41 None P-2 100/ 0 100  31-44* 20-(30)* 18
13 CG1 P-1 30/ 70 100 91 (89) --- 84 C2

P-1 30/ 70 100 98 ( 97) --- 96 None P-1

100/ 0 100 82 (78) - = range for 2 separate
determ nations 20 val s |, at ed 15 The above
dat a dem)nstrate t hat @%5&%‘FW£?§G“@8F3H' 1586%5&[ eREOR and C- 2)
control the rfe I chy r eat er
degree than the,.car 60 IﬁE 1§Ek % td 1 % LeA }ﬁh thaélgegfa%gg)c ar bon
and 5 carbon_bﬂg? DERE ¢ o i ‘?Eﬁxln 255 FHEDS, +he | TA
i.n the paint fi |N’ﬁnée| at iIRE tlo the—-corrp03| ti ons ("Non€&4) containing po
carbon at all}| Thg twp thpes of _pai.nt {ormul ati ons pppvi de differen
basel i ne perfprmance ¢ ?cterigglgs for the retenti of the I TA w thout
any carbon-baged agsorben resent; data may be conpared only w thip each
type of paint f ofRUI af 107"The preferred Ioad??‘ng | evel s of ITA

relative to the @éti vatéﬁlc rbon-materials, that is,7#ess than 50:5p, the
| TA retention| val ues tonsi stlently excee¢d 50% at the 14 day point fof the
P-2 type painf f@aul pthgge [Exanpse 4 The efficacy qf..other types o
carriers besifes arbDanased ad%grbent sin 15 the |ow water solubfjlity
. . - ne L. . jemeseca- .
3-isot hiazol ohe/ carri ger coegglom tions was determ ned for conparative

purposes: C 1} = %é4ti vht NereCar bon Darco[err] G 60, 100 nmesh)

C-5% None 62 I e
C-6* None 85 S
* = comparative

Solid compositions using .inorganic carriers (diatomaceous earth,
aluminosilicate and magnesium silicate) release 4,5-dichloro-2-n-octyl-3-
isothiazolone too quickly relative to the carbon-based adsorbent composition
(C-1) of the present invention, based on either the short-term release test (5-day)

10  or the long-term (28-day) salt watér leaching test. For example, the C-4, C-5 and
C-6 compositions only retain 15-45% 4,5-dichloro-2-n-octyl-3-isothiazolone versus
0% with no carrier (5-day surfactant solution) and only 73-80% 4,5-dichloro-2-n-
octyl-3-isothiazolone versus 64% with no carrier (28-day salt water). In contrast,
the carbon-based adsorbent composition (C-1) retains greater than 60% and

15 greater than 90% 4,5-dichloro-2-n-octyl-3-isothiazolone, respectively.



C-4 = Diatomaceous earth (Celite[err] 545) C5 = Alum nosilicate (kaolin
ckay) 20 : C-6 = Magnesium silicate (talc) The carriers were | oaded
w th 30% 4, 5-di chl oro-2-n-octyl -3-isothiazol one by conbining the_
appropriate anmounts of carrier with a 20% sol uti on of

4, 5-di chl oro-2-n-octyl -3-isothiazolone (in nethanol) i nnﬁmﬂuﬂmunulmﬁm
flask, 25 mxing and heating at 40[err] C for about 30

removi ng the solvent under reduced prJSAIMSNn a rotary evapordto™ %olfd

and sem solid products were dried in an unheated vacuum oven-for 4-6 hours
to remove Weselaimi net hanol to provided the controlled rel ease

i ti T | t
compos L1 ons. T e oS BFRERICH RIS 4 HSRIRIIGHE Dbty bR
test (5- daw)at@ke§aﬁbhﬁ:§* arfd E&afhﬂrﬁbé’sedﬁacﬁaﬂmw wiHertiretipecdnoposition pebvidee

three inorganic _carriers (diatomceous earth, alumnosilicate and nagnesi um
silicat®) fartzelledrelgase, therdrisethigzelong commound. (activated carbon)

G4 5. chl or o- 5 nrae yrbgsi U RF cBlint 1 PREREA 5, STectBiBIshs combbarl il ¢

Sal t V\aterré.;ﬁesémmdb'seﬂm-m(tﬂamays) Type Type % Rel eased (%
Retained in Paint Filn) None P-1 64 CG1
P-1 91 C 4* P-1 .
80 C-b5* P-1 o C 6* P-1
73 -None None 100 G 1 None 7 CG4* - None 55
R
I /N-—Y
S
R4
10 : (D)
wherein:

Y is an unsubstituted or substituted (C;-C;glalkyl group, an

unsubstituted or substituted (C;-C,g)alkenyl or alkynyl group, an

unsubstituted or substituted (Cq-C,g)cycloalkyl group,' an
15 unsubstituted or substituted (C7-C;g)aralkyl group, ora substituted

(C7-Cygaryl group;

R and R; are independently hydrogeri, halogen or (C4-Cpalkyl

groups; or

R and R; can be taken together with the C=C double bond of the
20 isothiazolone ring to form an unsubstituted or substituted benzene

ring.

3. The composition of claim 2 wherein the 3‘-isothiaz616ne._compound is -
selected from one or more of 2-n¥octyl-3-isothiazolone, 4,5-dichloro-2-n-octyl-3-
isothiazolone, 4,5-dichloro-2-benzyl-3-isothiazolone and 2-benzyl-3-isothiazolone.

25 4. The composition of claim 1 wherein the carbon-based adsorbent is

selected from one or more of activated carbon and pyrolyzed carbonaceous

adsorbent.



e

G5 None 62 C 6* None 85 = conparative 5 Solid

conpositions using inorganic carriers (diatomceous xm\“\ml““m“‘\!m“\
al um nosi |l i cate and magnesium silicate) release 4,5-dichlo

i sot hi azol one too quickly relative to tH& carbon-based adsorberit
conposition (C-1) of the present invention, based on either the short-term
rel ease test (5-daﬁ) 10 or the long-term (28 day) salt water |eaching

test. For .examd.eThe memmomtl@ of dnumcl wheseisothe Weightgmtip ofed-isoshiazolons,

di chl '
Sur' act ant BRI AR BARA FAabenGiaR i HY Sl elie carrier (5 da

octyl - 3-isothi EE?“I‘Q@Q:OW&R&O}@@%:MHHf'fﬁrﬂﬁiﬂdo&ipx(léiﬁgdﬁyaﬁﬂéxt selatted)fromn
contrast, the carbon-based adsorbent conposition (C-1) retains greater t han

60% and 1®negermose oa” wa#em%‘etogm@ﬂ@mw agewt@)cbwyl Ficptatentolighengylene,

tivel |
esDect v Shtmoh el BabhR, Beshyl QSR eSS LB EPRERE ok
adsor bent ,jsydrayPei laeﬁoh@ cevhiydsid i glgegl| Oﬂiedhﬁleﬁe @iydol,0l pregyleslec agdpcalf arfde

3-isot hi azol one corrpound 2. The conposition of claim1 wherein the
3-i sot hi azbiPemyleemslygsd i s represented by fornula I: [err] wherein: Yis

an unsubstitutod of SbEd i SahStle Ul RN of IR Ak Tand

substituted [err yny oup, ~an unsubstitut’e
subst i t ut edarinerfohtingl cﬁ@hh;dms gomppisinginttdducing to a locusioshi proteateddthor

substituted [err]aralkyl oup, or a substituted [err]aryl group; R and
Rl err]%r é’WHé?l‘H@#éP&mﬂk/drogen, hal ogen or [err]al kyl
8. The method of claim 7 wherein the locus to be protected is selected
from cooling towers, air W.ashérs, mineral slurries, pulp and paper processing
fluids, paper coatings, swimming pools, spas, adheéives, caulks, mastics,
sealants, agriculture adjuvant preservation, construction products, cosmetics
15 and toiletries, shampoos, disinfectapts and antiseptics, formulated industrial
and consumer products, soaps, laundry rinse waters, leather and leather
products, wood products, plastics, lubricants, hydraulic fluids, medical devices,
metalworking fluids, emulsions and dispersions, paints, varnishes, latexes, odor
control fluids, coatings, petroleum processing fluids, fuel, oil field fluids,
20 photographic chemicals, printing fluids, sanitizers, detergents, textiles, textile
products and marine structures.
9. The method of claim 8 wherein the locus to be protected is selected
from one or more of paints, coatings and marine structures.
10. A method for controlling the growth of bacteria, fungi, algae and
25 marine fouling organisms comprising introducing to a locus to be protected:
(a) a carbon-based adsorbent; and
(b) a low water solubility 3-isothiazolone compound as represented

by formula I:



groups; or Rand Rlerr] can be taken together with the C=C doubl e bond of
the 20 - X i sot hiazolone ring to forman unsubstituted or
substituted benzene ring. 3. The conposition of claim2 wherein-the————
3-isot hi azol one conpound is selected fromone or nDre of

2-n-octyl - 3-isot hi azol one, 4, 5-dichl orog2-n-octyl-3- isothi Bwlg &“u “I‘l“l“‘
4,5-di chl oro- 2- benzyl - 3-i sot hi azol one and 2- benzyl - 3 i sot hi

4. The conposition of claim1l wherein the carbon-based adsorbent is

sel ected fromone or nore of activated carbod and pyrol yzed carbonaceous
adsor bent . 5. The conposition of claim1ljerein the weight ratio of
3-i sot hi azol one conpound to car bon- based orbent is from0.1:99.9 to
95:5. 6. The conposition of claim 1l furffher donprising a carrier selected
fromone or nore of water, acetonitrile, etgyN—atetate, butyl acetate,

t ol uene, xylene, 5 nethanol, ethanol, ageton€. nethyl ethyl ketone, nethyl
i sobutyl ketone, nethyl |soanyl keton et h$l ene gl ycol, diethylene glycol,
propyl ene gl ycol and dipropyl ene glyébl 7. A nethod for controlling the
grow h of bacteria, fungi, algae and mariqg)fouling organisnms conprising
introducing to a locus to be protected the 10 conposition of claim1. 8.
The met hod of cwherai®: wherein the |ocus to be protected is selected from

cooling tovers, aif aghers il 0gkaked! b 85inRHhP(GNE PANS PIAGESEANG

fluids, paper coatings, sw mmng pools, spas esives;%caul kS, mastics,

seal antg, agricul t urgnadistivaetl dir gt atddo(C,-Coy)alkiegl bomllpymdunbsp, an
cosnetics 15 and toiletries, shanpoos, disinfectants and anti septics,

formul ated i ndustri atnsubdtiteleduner ubgtituted s@apS 1 2txelardkyl rigneE.wablr s,

| eat her and Ieather ucts, .wood, pr.oduct | ast | ubri cants

hydraulic fluids, %’gﬂ %%R?Fl@é§ub§té‘i"atle§\6¢kicﬁg)alr?‘%?’§§r°“é’mﬂf &$ d“f‘?ét”é‘ht&d

di spersi ons, paints «¥ ﬂgg&ggrlhptexes odor control -fluids, coatings,
ue

pet rol eum processi ng “oil field fluids,
' R and R; are independently hydrogen, halogen or (C;-Cpalkyl

10 groups; or
R and R can be taken together with the C=C double bond of the
isothiazolone ring to form an unsubstituted or substituted benzene

ring.



- 20 photographic chemcals, printing fluids, sanitizers, detergents,
textiles, textile products and marine structures. 9. The nethod of claim8
wherein the |l ocus to be protected is selected fromone or nore of paints,
€oatings and marine structures. 10. A nethod for controlling the growh of
bacteria, fungi, algae and 25 nmarine fouling organisns conprising
introducing to a locus to be protected: (a) a carbon-based adsorbent; and
(b) a low water solubility 3-isothiazol one conpound as represented by
fornmula I: 19 wherein: Y is an unsubstituted or substituted [err]al kyl
group, an 5 unsubstituted 2% substituted [err]al kenyl or

al kynyl group, an unsubstituted or substituted [err])cycloal kyl group,
an unsubstituted or substituted [err aralkﬁl group, of a substituted
[err])aryl group; R and Rerr] are il ently hydrogen, hal ogen or
[err]al kyl 10 groups; or R and Rerr] can be taken together

with the C=C doubl e bond of the isothiazolone ri REP 0 forn1an unsubsti t ut ed

Solid compositions containing low water solubility 3-isothiazolone

5 compounds and carbon-based adsorbents that do not rapidly release the
3-isothiazolone when added to a locus to be protected are disclosed. In
particular, methods of controlhng or 1nh1b1t1ng the growth of marine orgamsms
using the controlled release solid compositions in paints and coatings for marine

structures is disclosed.
10



