1 STABLE M CROEMULSI ONS OF CERTAI N 3-1 SOTH AZOLONE COVPOUNDS
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My invention is to provide a microemulsion of said compound(s) which is
free of any inorganic metal salt. Such microemulsions are formed by mixing

A. about 0.5 to about 5% by weight of at least one 3-isothiazolone selected
from the group consisting of 5-chloro-2-methyl-4-isothazolin-3-one and 2-
methyl-4-isothazolin-3-one;

B. water;

C. organic solvent(s} having less than 6 percent by weight solubility in
water;

D. anionic surfactant(s); and

E. optionally, non-ionic surfactant(s).

The art of water-soluble 3-isothiazolones, such as CMI and M], is quite
different from that of water-insoluble, oil-soluble ones, the latter including most
prominently 2-n-octyl-4-isothiazolin-3-one and 4,5-dichloro-2-n-octyl-4-
isothiazolin-3-one. In the case of oil soluble 3-isothiazolones, microemulsions
have been proposed by Mattox et al in U.S. Pat. No. 4,954,338 and U.S. Pat.
Application Ser. No. 08/130,614, but for a completely different objective. Mattox
et al's objective was not to stabilize the biocide because they were forming
microemulsions of oil soluble 3-isothiazolones which are normally stable
without the need to provide metal salt stabilizers. In fact, the water soluble,
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xylene. Phenoxyethanol and benzyl alcohol are preferred.

Generally, the amount of organic solvent useful in the compositions of the
invention is from about 2 to about 20% by weight based on the microemulsion
composition. Preferred amounts of solvent are from about 5 to about 15% by
weight. The amount of solvent used depends upon the concentration of the 3-
isothiazolone desired in the microemulsion. More solvent is required as the
concentration of the 3-isothiazolone in the microemulsion is increased.

One or more anionic surfactants may be used alone or in combination
with one or more non-ionic surfactants to yield the compositions of the
invention. When anionic and non-ionic surfactants are used, it is preferred that
the ratio of anionic surfactant(s) to non-jonic surfactant(s) be 40:60 to 45:55.
Preferred compositions of the invention comprise one or more anionic
surfactants and one non-ionic surfactant. Compositions comprising one anionic

surfactant are most preferred.
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0.5 to about 1% by weight. It is preferred that at least one additional organic
stabilizer be used in the compositions of the invention. BHT is most preferre'd,
and a mixture of BHT and HQ is especially preferred.

The preferred compositions of the invention comprise 1 to 2% by weight
3-isothiazolone, 5 to 15% by weight organic solvent, 10 to 20% by weight
surfactant(s), 1% additional organic stabilizer, the remainder being water.

The compositions of the invention may be prepared by mixing 3-
isothiazolone, water, organic solvent and surfactant in any order. When
additional organic stabilizers are used, it is preferred that the additional organic
stabilizer be dissolved in the organic solvent prior to preparation of the
microemulsions. It is further preferred that surfactant and water be combined
prior to combining with organic solvent containing additional organic stabilizer
or that surfactant and organic solvent containing additional organic stabilizer be
combined prior to combining with water.

Uses of these stabilized biocides are typically at any locus subject to
contamination by bacteria, yeast, fungi, or algae. Typically, loci are in aqueous
systems such as cooling water systems, laundry rinse water, oil systems such as
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Samples were analyzed for CMI remaining by reverse phase HPLC with UV
detection. Samples were considered stable when they did not phase separate and
at least 60% CMI remained after 1 week of storage at 55° C. Samples which were
not analyzed ("NA") had phase separated.

Example 1
In the following examples, all samples were stored in an oven at 55C.

Samples that did not phase separate after 0, 1, 2, and 3 weeks storage were
analyzed by HPLC with UV detection. Samples which phase separated were not
analyzed. Three stock solutions of 20% BHT by weight were prepared in 30 ml.
glass vials by adding 4 g. of BHT to each of 3 vials followed by adding 16 g. of
benzyl alcohol, phenoxyethanol, or xylenes. The stock solutions were heated to
dissolve the BHT.

Solvents
A = Benzyl Alcohol / BHT stock solution
B = Phenoxyethanol / BHT stock solution
C = Xylene

]



detection. Sanples were considered stable when they did not phase separate

and at | east 60% CM renmained after 1 week of storage at 55[err]C. Sanpl es

whi ch were not analyzed ("NA") had phase separat ed.

Exanmple 1 In the foll ow ng exangl es, all sanples were stored in an
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vials fol | owed ng 16 g. of benzyl al cohol, phenoxyethanol, or

xyl enes. The=sFbe ROW%I}%ns were heated to dissol ve the BHT.

Sol vents A = Benzyl Al cohol / BHT stock solution B = Phenoxyethanol / BHT

stock sol ution é E X%I!%ne 5D
Xyl ene / BHT st tion E = Deionized Water F = Benzyl al cohol G =
Phenoxyet hanol A. Noniomsigr f act ant s A. Nonionic 1 = ethoxyl ated castor
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B. Anionic
5 = calcium alkylaryl sulfonate (60% active)
6 = diamyl ester of sodium sulfosuccinic acid (100% active)
7 = ammonium laureth sulfate (60% active}
8 = free acid of a complex organic phosphate ester (100% active)
9 = sodium laureth sulfate (60% active)
10 = sulfated castor oil (70% active)

Example 2
Microemulsions were prepared using the solvents and surfactants from

Example 1. To 30 ml. glass vials or 10 ml. glass test tubes were added 15%
surfactant(s), 10% solvent, 3.13% 3-isothiazolones, and 71.87% deionized water.
Samples were capped, mixed and stored at 55° C prior to analysis.

% CMI Remaining

Solvent Surfactant(%) 1 week 2 weeks 3 weeks
C 1(56)/5(24)/6(20) 96 75 8
D 1(56)/5(24)/6(20) 100 96 79
E# 1(56)/5(24) / 6(20) 43 4 0
E# None 0 0 0

# = Comparative; not microemulsions

The example above shows that CMI is more stable when in a
microemulsion than when in water or a surfactant and water mixture. This



9 = sodium |l aureth sulfate (60% active) 10 = sulfated castor oil (70%
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reported bel owP 1(12)/9(8) NA% CM Renmai ni ng
Sol vent ‘Sur f@gct ant (§pg) 1 week 90 2 weeks 52 G
1(12)/9(8) 95 NA F 1(12)/9(8)
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Example 4

Microemulsions were prepared using the solvents and surfactants from
Example 1. To 30 ml. glass vials or 10 ml. glass test tubes were added 10%
surfactant, 5% solvent, 1.55% 3-isothiazolones, and 83.45% deionized water.
Samples were capped, mixed and stored at 55° C prior to analysis.



Exanpl e 4 M croemul si ons were prepared using the solvents and
surfactants from Exanple 1. To 30 m. glass vials or 10 m. glass test

t ubes were added 10% surfactant, 5% solvent, 1.55% 3-i sothi azol ones, and
83. 45% dei oni zed water. Sanples were capped, m xed and stored at 55 C prior
to anal ysis. 7

% CM Renai ni ng Sol vent Sur f act.afe CMI Remainingg), 2
Vieek A Solvent 1( S@ifacfarfd) 6(20) 1 Wk 2 WeekNA* * B
1(56)/5(2 e L et I N A%100)
59 A B 3( 601{58)/AHR4)/6(20) 800 99 78 A
2(60)/9(40) 77 90 B 2(60)/9(40)
100 A 45 0 100 1(6%&/ 8( 40) 87 100
NA A B 1( 6071180k 0) N B
3(60)/9(40) A 40 360)/940 3(2;81/9?50) 78 3(50)/9(50)
NA A A 2( 50?968{@6‘50) oA VNI
2(50)/9(50) B NA 2(60)/9(40) NA10O A 45 3(70)/9(30)
m A B NA2 (70 60)/8(?10) 3(7Qyg 9(30) NANANA o
2(70)/9(30) A NA 4680y NANAA A NA3(60)/10(40)
NA B* NA B(60)/9(40) 3(68)/10(40) 27 NA
NA * =,this experi § s show sugp%anti al inproygpent over water
sol utions, but appears i ncon/si stent conpared to the other croemul si on
expanpl es 3(50)/9(50) Nranpl e 5 NRe effect of
addi ng an addj ti onal stab{50)/230)to a m cr dpAul sion was t @§iaed.

B 2(50)/9(50) NA NA

A 3(70)/9(30) NA NA

B 3(70)/9(30) NA NA

A 2(70)/9(30) NA NA

B 2(70)/9(30) NA NA

A 3(60}/10(40) NA NA

B

3(60)/10(40) NA NA

* = this experiment does show substantial improvement over water
solutions, but appears inconsistent compared to the other microemulsion
expamples

Example 5
The effect of adding an additional stabilizer to a microemulsion was tested.

Microemulsions containing BHT were prepared as in Example 3, except that the
percent water was varied ahd HQ was added. Samples were capped and mixed
prior to analysis and storage. The results are reported below.



M croemul si ons contai ning BHT were prepared as in Exanple 3, except that
the percent water was varied and HQ was added. Sanples were capped and

m xed prior to analysis and storage. The results are reported bel ow
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croepul s e prepared u ilu S so i ons an
the CM stabi‘”’f’ﬂjy é&ﬁ?/t?md A ?0% BHT%?%gphenoxgset hanowgt ockN;o ution was
prepared by conmbining 2 g. BHT with 18 g. phenoxyethanol in a 30 ml screw
cap gl ass vial. C-Bhgpa\ﬁ e Was capped and shaken until the BHT had dissol ved.
Si x m croemnul sion sanples were prepared in 30 m. screw cap glass vials

usi ng surfactants from Exanple 1 by adding to each sanple vial 20%
surfactant (s), THYdAutlatiyuhosothet dombination bf B5YE &ad $Q lm azol one, the

i The. sdnprae g haEd Pbelby aBIBRE GV EBN BpRRaRt o BT GREL e

anal yzed at various tinme points for the percentage of CM renaining.
% CM Renai ni ng Sur f act ant HOExanaLpMések 2 Weeks 3 Weeks 4\eeks

ég 60) / 9(40) 92 %aoemggions were pr%ﬁared ﬂ?igggﬁgx(ti&HT sﬁ%‘ﬁ solu%m@oa)r{cf Y 59 No
0 CMA stabilityceal4ted) A 10% BHT i9 Pphenoxyethargy stock soluigen was NA
%SO) / 7(18 reparéefby comiBining 2 5 BEPB with 18 g. PR@noxyethancl$n a 304hBErew(4P)

glass vial. ’?I%e vial was capped and shaken until the BHT had dissolved. Six

microemulsion samples were prepared in 30 ml. screw cap glass vials using

surfactants from Example 1 by adding to each sample vial 20% surfactant(s), 10%

BHT stock solution, and 1.55% 3-isothiazolone, the remainder being deionized

water. Three of the samples also contained 0.10% HQ. The samples were capped,

mixed and stored at 55° C. The samples were analyzed at various time points for

the percentage of CMI remaining.

% CMI Remaining
Surfactant HO 1 Week 2 Weeks 3 Weeks 4Weeks

1(60)/9(40) No 96 94 90 NA

1(60)/7(40) No 9% 92 89 NA

4(60)/9(40) No 88 52 0 NA

1(60}/9(40) Yes © 98 98 98 NA

1(60)/7(40) Yes ~ 99 98 100 98

4(60}/9(40) Yes 100 98 98 98
Example 7

Microemulsions were prepared using dilute propyl gallate stock solution
and the CMI stability evaluated. A 10% propyl gallate in phenoxyethanol stock
solution was prepared in a 30 ml. glass, screw cap vial by combining 1.0 g. propyl
gallate with 9.0 g. phenoxyethanol. The vial was capped, heated, and shaken until
the propyl gallate had dissolved. Five microemulsion samples, labeled 7-1 to 7-5,



Exanple 7 M croemul si ons were prepared using dilute propyl gallate
stock solution and the CM stability evaluated. A 10% propyl gallate in
phenoxyet hanol stock solution was prepared in a 30 nl. glass, screw cap
vial by conbining 1.0 g. propyl gallate with 9.0 g. phenoxyethanol. The
vial was capped, heat ed, and shaken ur?tll the prog gal | at e hafgl di ssol ved.
Five m crowiets prepared imBeml. glasse sergwrcap vig ing surfactants

9 were preE%xﬁﬁle‘ Twith 10% p@b anaeeraucleaauﬁbal(so pivecidtrpropylgadlate mcthant s

f Ex th 1% |
el 1 at o PARAETH AR s 5%3 99‘3%?‘?52%%0 ﬁdiﬁiaﬁ‘%”a?@%%’g ‘%‘gﬁ’fw E?Op%e
amount s of surfadtamts amdswate axeskown heloswoTwopriaoemylsiosamples jrbelgd 7-

sanpl es, Q%W?d werf g?&%r@d n 3@"%(19 1A5£ Reredrdcd lﬁ‘gmﬁ%kh 1c01ﬁb sﬁltfﬁétx\ht@ap

vials by ol ig ol Lnl o Spﬁeiggws 58 Gofrllibd OtNE RINEL PER - oo
as a conpaisbidazoldhe ancbmeemhnd ased asp esmpearisor; @pem;crgmn ammaplasor ed

oh O Rere BT o bPed iieR, AT peF Sl £ (oo Ii@%%é'%bﬂ?zctant 5 H@EES

2 \eeks remmnmg afterma!sﬂwee 54 (9. 0) 9 (6.0)
7-2 68. 5 4 (12.0) 9 (8.0) 97 92 7-3
73.5 1(9 0) 9(6 0) 98 NA 68. 5
1 (12.0) 0) 7-5 &%@Mgg (20.0)
114 1025__9_7_06ﬂa& wlw 1dNeek o Weeks 95
NA 7-7# 7.1 68.5735 94 9091 52
# = Conparatiy hese d how t hat tabi it of CcM
m cr oemul si on 7|e% furt@?ég i nmpr o%é@@y t he add%?g' of pro gal I?{

7-3 73.5 1(9.0) 9 (6.0 98

7-4 68.5 1(12.0) 9(8.0) 98 N A

7-5 68.5 9 (20.0) -_ 114 102

7-6# 68.5 1(12.0) 9(8.0) 95 - NA

7-7# 68.5 9(20.0) - 90 52

# = Comparative

These data show that the stability of CMI in a microemulsion is further
improved by the addition of propyl gallate. :



10 What is clained is: 1. A conposition conprising A
0.5 t.o 5 % by weight of at |east one 3-isothiazol one selected fromthe
group consisting of 5-chloro-2-nethyl-4-isothazolin-3-one and 2-nethyl -

I sot hazol i n- 3- one; B. water; C. organic

sol vent (s) having less than 6 percentmby wei ght solubility in water;

D. anionic surfactant(s); and E. optionally, non-ionic
sur f act antfafihi i Aafné&PPosi tion being (a) in the formof a m croenul sion,
and (b) free of any 1norganic netal salt. 2. Conposition according

toclaiml wherein A is a mxture of 5-chl oro-2-
met hyl - 4-i sot hazohi@n@mmndmprnshtg'nyl 4-i sot hazol i n- 3- one.

Composi ti on accor di ng s & 3igroy WeighPbra ﬁh&o’ix‘é's\lﬁ%nﬁaﬁolé&e g

t he group conS|st|ng “of “ben I noxyet han ene | kyl
benzenes, @Pl&'@ﬂﬂt%ﬂs’ﬁ@{‘&?&e{ dﬂ@f‘?é?‘gt}etgﬁg‘*ﬂ% Gy ”§%ﬂ°&e m%thgﬁ 7#7 act ant
I s sel ect gdoflHa@BlihtBogé;0up consi sting of ethoxylated castor oil;

octyl phenol et hoxyl ?te' géhoxyl ated Cl12 al cohol; and pol ysorbate 80; and
'sai d ani oni ¢ surfactant®™ selected from the group consisting of calcium
al kyl aryl sul f onat e C. detgapic sebvent(shhavingilesn than boparesntiiycwaighd sobsiiyi um
laureth sulf@hgy free acid of a conplex organic phosphate ester; sodium

| auret h sul fate; an&asul fated ca oi | 4. Conposition according
to claim1 wherein sai ™ f E&(E(s? #her includes one or nore stabilizer

conpounds sel ected Erompﬁdmllgrnup—immmiantagt(s)‘, butyl at ed hydr oxyt ol uene,
hydr oqui nogey 8éﬁ§oﬁhﬁﬁ exx?g"g)%%e f% ofa c@iﬂ?@?&oﬁlg d%?ﬁ{eé"o?gn 0 claim

1 wherein sai ﬁ?ﬁ is stable e extent t A conpri
5- chl or o- ANAE§ANK mf-t‘i %hazol i n- 3-one and no nore than 40% of said
5-chl oro- 2- et hyl - 4-i sot hazol i n-3-one is degraded after 1 week storage at

55[err]C. 2. Composition according to claim 1 wherein A. is a mixture of 5-chloro-2-
methyl-4-isothazolin-3-one and 2-methyl-4-isothazolin-3-one.

3. Composition according to claim 1 wherein said solvent(s) is selected
from the group consisting of benzyl alcohol, phenoxyethanol, toluene, alkyl
benzenes, diisobutyl ketones, esters, and xylene; said nonionic surfactant is
selected from the group consisting of ethoxylated castor oil; octylphenol
ethoxylate; ethoxylated C12 alcohol; and polysorbate 80; and said anionic _
surfactant is selected from the group consisting of calcium alkylaryl sulfonate;
diamyl ester of sodium sulfosuccinic acid; ammonium laureth sulfate; free acid
of a complex organic phosphate ester; sodium laureth sulfate; and sulfated castor
oil.

4. Composition according to claim 1 wherein said composition further
includes one or more stabilizer compounds selected from the group consisting of
butylated hydroxytoluene, hydroquinone, and propyl gallate.

5. Composition according to claim 1 wherein said compound(s) A is stable
to the extent that A comprises 5-chloro-2-methyl-4-isothazolin-3-one and no
more than 40% of said 5-chloro-2-methyl-4-isothazolin-3-one is degraded after 1

week storage at 55 °C.

6. Composition according to claim 1 wherein said composition comprises

|




6. Conposition according to claim1 wherein said conposition conprises 3 to
30% by wei ght of D and E 7. Conposition according to claim
1 wherein said conposition conprises 2 to 20% by wei ght C. 8.
Composition according to claim1l wherein Cis benzyl alcohol or

phenoxyet hanol and sai d conposition fitirther includes a m xture of butyl ated
hydr oxyt ol uene and hydroqui none stabilizers, the ratio of Cto said further

i ncl uded st abi ki Zééﬁg@ﬁh%ﬁ offorifng fo 3ictOr wherein safl cSRBBABHA|PReRor di ng

to claiml wherein e sal gredients 1s present Tn the foll ow ng

per cent agestoAP%mby yeightC. A= 1 to 2% C=5t0 15% D and E
together= 10 to 20% 10. Method of stabilizing a 3-isothiazol one
conmpound sel ec fro C i,N

5- chl or o- 2- rrethydc%nf’g F‘?Iﬁ g‘h@“ﬁ\& ‘%h%%cllsfenz%l alpoholjar 3 one
conpri si ng:lmnepﬁethagolamd wdmmmsmmfuwm%émwyrm hugrlatgdsai d 0.5
to 5 part %mlg;%%humotnla sttilﬁhfﬁlsaﬂl‘é%he Jrek e 448 fmahes of water;
organi ¢ sQ ven’t?ftb e(ﬁnon ni §§t1©nt s); and anionic surfactant(s),
optional JBdHepds iWe of |norgan| c metal salt, in

proportions sui tabl e to form a m croerrul si on.
9. Composition according to claim 1 wherein each of said ingredients is
present in the following percentages by weight:
A=1to2%;
C=5t015%;
D and E together= 10 to 20%.

10. Method of stabilizing a 3-isothiazolone compound selected from the
group consisting of 5-chloro-2-methyl-4-isothazolin-3-one and 2-methyl-4-
isothazolin-3-one comprising preparing a microemulsion of said compound(s} by
mixing said 0.5 to 5 parts of said compound(s) with the balance to make 100 parts
of water; organic solvent(s); non-ionic surfactant(s); and anionic surfactant(s),
optional additional compounds exclusive of inorganic metal salt, in proportions
suitable to form a microemulsion.

LR R



