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US 4,954, 338 which teaches oil-in-water microemulsions of isothiazolones with low

water solubility with EO/PO copolymer/anionic sulfates or sulfonates as microemulsifier. The
solvents are alkyl alcohols or alkylalkoxylated alcohols. This patent requires the use of EO/PO
(ethylene oxide/propylene oxide) copolymer to maintain the microemulsion with dilution by
water.

US 4,567,161, which discloses transparent microemulsions with active ingredients (e.g.

esticides, herbicides, pharmaceuticals) together with a phospholipid- and a coemulsifier
(giveerin ester).

- CA 1209361, which discloses cold stable aqueous microemulsions of agrochemical
pesticides, househoid pest control agents, and pharmaceuticals using an emulsifier which is a
mixture of alkylaryl polyglycol and an alkylarylsulfonate sait.

US 4,973,352, which discloses aqueous microemulsions for only herbicidal use
containing a combination of a herbicide, one or more emulsifiers or wetting agents such as
calcium dodecylbenzenesulfonate, one or more organic solvents and water. This patent also does
not teach fully water dilutable microemulsions.

US 4,904,695, which discloses an aqueous based insecticidal microemulsion comprising
a synthetic pyrethroid/organophosphate, surfactant blend, adjuvants, such as antifoamers,
thickeners and preservatives, and water. The microemulsions of this patent are not fully water

b dilutable.

US 4,995,900 discloses only water/oil microemulsion formulations of water-insoluble
herbicides and are, therefore, not fully water dilutable.

Fully water dilutable microemulsions, especially of certain insoluble biocidal active
ingredients, have not been previously known and available. By fully water dilutable is meant a

5  microemulsion which is water-dilutable from water-free concentrates (referred to as
microemulsion concentrates) to microemulsion containing large concentrations of water.

The present invention provides in one aspect a composition comprising

(A) an active ingredient which has a solubility in water of less than 1% at room
temperature and a melting point of less than 100°C;
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(glycerin ester). 20 CA 1209361, which discloses cold stabl e aqueous
m croemul si ons of agrochem cal pesticideg, household pest control agents,
and pharnmaceuticals using an emulsifier which is a nixture of alkylaryl
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(D) 0 to 99.9 % by weight water;

the weight ratio of (C1) to (C2) being from 10/90 to 90/10;

the weight ratio of said (A) to (B) being from 95/5 to 1/99, and

the weight ratio of said (A) to (C) being from 1/99 to 86/14;

said composition being thermodynamically stable and clear, opalescent, or only

slightly cloudy at all levels of water dilution up to 99.9%.

In another aspect, the invention comprises a method for inhibiting the growth of bacteria,
fungi, and algae. A further aspect of the invention comprises the use of such compositions to
control bacteria, fungi and/or algae.

By “active ingredient” is meant any compound having microbicidal, herbicidal,
insecticidal, plant growth regulating or pharmaceutical activity. Preferred active ingredients are
microbicides. Especially preferred are 4,5-dichloro-2n-octyl-3-isothiazolone and 2-n-octyl-3-
isothiazolone. Other preferred active ingredients are agricultural fungicides, for example 2-
chlc-o-1-(3-ethoxv-4-nitrophenoxy)-4-(trifluoromethyl)benzene, 2,4-dinitro-6-octyl-phenyl-

. crotonate, and alph-butyl-alph-(4-chlorophenyl)-1H-1,2,4-triazole-1-propanenitrile.

The microemulsions of the invention are useful in many areas of preservation and
agricultural applications, depending on the activity of the active ingredient. The isothiazolones,
for example, are active as disinfectants, sanitizers, cleaners, deodorizers, liquid and powder
soaps, skin removers, oil and grease removers, food processing chemicals, wood preservation,
polymer latices, paint, lazures, stains, mildewcides, hospital and medical antiseptics, medical
devices, metal working fluids, cooling water, air washers, petroleum protection, paper treatment,
pulp and paper slurries, paper mill slimicides, petroleum products, adhesives, textiles, pigment
slurries, latexes, leather and hide treatment, petroleum fuel, jet fuel, laundry sanitizers,.
agricultural formulations, inks, mining, nonwoven fabrics, petroleum storage, rubber, sugar
processing, tobacco, swimming pools, photographic rinses, cosmetics, toiletries,
pharmaceuticals, chemical toilets, household laundry products, diesel fuel additives, waxes and
polishes, oil field applications, and many other applications where water and organic materials
come in contact under conditions which allow the growth of undesired microorganisms. Other -
active ingredients are useful as fungicides, miticides, herbicides, insecticides, and plants growth
regulators.

In general, one or more active ingredient compoi.mds which are less than 10000 ppm
soluble in water at room temperature and having a melting point of less than 100°C can be used

in the invention.
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triesters, ethoxylated (Cy0-Cjg)alkaryl phosphated monoesters and/or diesters, ethoxylated (Cg-
Cyp)monoalkyl- or dialkylphenols, ethoxylated- alkylamides, ethoxylated alkanols, and

ethoxylated castor oil.

Microemulsion concentrates without water can be prepared according to the invention, as-
can microemulsions comprising up.to 99.9% by weight water. As mentioned above, the
compositions of the invention remain microemulsions at all levels of water dilution, one of the
importani novel features of the invention. The composition remains thermodynarmically stable
and clear. opalescent, or only slightly cloudy at all levels of water dilution up to 99.9%. .

Weight ratios of the first surfactant to the second surfactant are from 10/90 to 90/10.
Weigh: ratios of the active ingredient(s) to solvent(s) are from 95/5 to 1/99. Weight ratios of
active ingredient(s) to surfactant system are from 1/99 to 86/14.

Various adjuvants including antifoam agents, such as the commercially available silicone
antifoam emulsions, and the like can be included, for exémple antifreeze agents such as
propylene glycol, urea, and the like; water soluble inorganic salts, such as sodium chloride,
magnesium sulfate, and the like which are used to optimize the action of the surfactant because it
increases the concentration of the surfactant at the interface of the microemulsion; wetting
agents; thickeners; defoamers; and the like.

The microemulsion concentrates of the invention can be prepared by dissolving solid
active ingredient in an organic solvent to form the oil phase. The surfactants can then be added
to the oil phase, either individually or in combination. The resulting mixture is gently stirred or
agitated to give a microemulsion concentrate. Alternatively, if the solid active ingredient is heat
stable, all the components may be added together in a single vessel and the vessel heated slightly
to fofm the microemulsion concentrate. This has the advantage that it is a one step addition.
When the active ingredient is a liquid, either approach will work. A liquid active ingredient may
be used itself as the oil phase without the addition of an organic solvent. It is preferred that an
organic solvent be used to dissolve the active ingredient to form the oil phase. It is further
preferred that the oil phase be formed first and the surfactants added to it. .
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(O a strfactant system conprising: (Cl) at |least one sulfated or
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1/99, - an %Hg %olllmbjitneg esxgren%rles se? %ox’?l‘y gefeavggrgbodlments of the invention. All parts and

percentages are by weight unless otherwise indicated.

EXAMPLES
EXAMPLE 1 - Formulations |
= Table 1 shows the composition of microemulsion concentrates and microemulsions used

in the following examples. These samples were prepared by dissolving the active ingredient
("AI") in an organic solvent to yield an oil phase. To this oil phase were combined the desired
surfactants to yield the microemulsion concentrate ("MC") samples. The microemulsions
("ME's") were prepared by diluting the MC's with water.

The abbreviations used in the following Tables and example are as follows:

Active Ingredient

Al 1 = 4,5-dichloro-2-n-octyl-3-isothiazolone
Al 2 = 2-n-octyi-3-isothiazolone

Solvent # Name

1 Benzy! alcohol
2 Benzyl acetate
3 Pine oil/benzyl alcohol (1/1)
4 Pine oil
5 Xylene/benzyl alcohol (1:1)
6 Aromatic 100 ® ( a mixture of alkylbenzenes)
7 Aromatic 150 ® ( a mixture of alkylbenzenes)
8 Pine oil/benzyl acetate (1/1).
9 Xylene/pine oil (1/1)
10 Phenethyl alcohol
11 Butyl phthalate

12 ~ 2-Phenoxyethanol
13 Xylene
14 2,2 ,4-trimethyl-1,3-pentanediol monoisobutyrate

Surfactant  Sulfated or Sulfonated Anionic Surfactants (Class C1)
70% Sulfated castor oil in aqueous (aq) solution

79% Sulfonated castor oil in aq solution

100% Sodium (C;2-Cj)alkylphenol polyether sulfate
70% Sulfated fatty acid (6-8% SOj3) in aq solution

unOwy
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1 0 1(21.0) 0 A (49.0) E (21.0)
2 16.0 0 1(24.0) 0 A (42.0) E (18.0)
3 MC 9.0 0 3(21.0) 0 A (49.0) E (21.0)
4 MC 9.0 0 2(21.0)° 0 A (49.0) E (21.0)
5 MC 9.0 (] 10 (21.0) 0 A (49.0) E (21.0)
6 MC 9.0 0 4(21.0) 0 A (49.0) E (21.0) -
7 ME 3.6 0 5(8.49) 60 A (19.6) E (8.4)
€ ME 45 0 6 (10.5) 50 A (24.5) E (10.5)
e ME 45 0 7 (1C.5) 50 A (24.5) E (10.5)
10 MC 9.0 0 8 (21.0) 0 A (49.0) E (21.0)

: ME 2.6 0 9(8.4) 60 A (19.6) E (84)
12 ME 45 0 11 (10.5) 50 A (24.5) E (10.5)
13 MC 0 9.0 1(21.0) 0 A (49.0) E (21.0)
14 MC 0 12.0 1(28.0) 0 A (42.0) E (18.0)
13 MC : 6.0 6.0 1(28.0) 0 A (42.0) E (28.0)
16 MC 10.0 10.0 121.0) 0 A (420) E (28.0)
17 MC 9.0 3.0 1(21.0) 0 A (46.9) E (20.1)
18 MC 6.0 12.0 1(22.0) 0 A (42.0) E (18.0)
19 MC 9.0 0 1(21.0) 0 B (49.0) E (21.0)
20 MC 0 9.0 1(21.0) 0 B (49.0) E (21.0)
21 MC 6.0 6.0 1(28.0) 0 B (42.0) E (18.0)
22 MC 9.0 0 1(21.0) 0 A (28.0) F (42.0)
23 MC 9.0 0 2 (21.0) 0 A (28.0) F (42.0)
24 ME 45 0 10 (10.5) 50 A (14.0) F (21.0)
25 ME 45 0 9 (10.5) 50 A (14.0) F (21.0)
26 MC 9.0 0 5(21.0) 0 A (35.0) F (35.0)
27 MC 9.0 0 4(21.0) 0 A (31.5) F (38.5)
28 MC 2.0 0 8 (21.0) 0 - A (28.0) F (42.0)
29 MC 9.0 0 3 (21.0) 0 A (30.0) F (40.0)
30 ME 5.4 0 13 (12.6) 40 A (16.8) F (25.2)
31 MC 9.0 0 11 (21.0) 0 A (28.0) F (42.0)
32 MC 0 12.0

1 (18.0) 0 A (28.0) F (42.0)
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44 MC 0 5(21.0) 0 A (38.5) G (31.5)
45 MC 9.0 0 121.0) 0 ‘A (28.0) H (42.0)
46 MC 9.0 0 1(21.0) 0 A (25.0) I (45.0)
47 MC 15.0 0 1(15.0) 0 C (28.0) G (42.0)
43 MC 9.0 0 1(21.0) - 0 A (33.0) I (37.0)
49 MC 9.0 0 1(21.0) 0 A (49.0) K (21.0)
50 MC 15.0 0 1(15.0) 0 B (35.0) L (35.0)
51 MC 9.0 0 1(21.0) 0 D (49.0) E (21.0)
52 MC 9.0 0 14 (21.0) 0 D (49.0) E (21.0)

EXAMPLE 2 - Water Dilutability

The water dilutabiiity of the MC and ME's of Example 1 was determined by adding
varying amounts of deionized water and evaluating clarity using a rating scale of 0-5. Sufficient
water was added to the samples to form dilutions containing from 10 to 98% water by weight.
The rating scale is defined as follows:

0 = perfectly clear;

1 = clear, very slight opalescence;

2 = opalescent; |

3 = opalescent, slightly cloudy;

4 = cloudy (macroemulsion); and

5 = phase separation.

A rating of 3 or lower is considered passing.
These results are shown in Table 2.

Table 2

Water Dilutability of ME Samples
% Water bv Weight: O 10 20 30 40 50 60 70 80 9 95 98

Sample #
1 3 00 0 0 0 0 0 0 0 0
2 3 3 2 1 0 0 0 0 0 0 0 0
3 2 1 1 0 0 0 0 0 0 0
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et hoxylated ([err])al karyl phosphated nonoesters and/or diesters,
et hoxyl ated (C8- C20)nonoal kyl - or di al kgl phenol s, et hoxyl ated al kyl am des,
et hoxyl at ed al kanols, and et hoxyl ated castor oil, but.excluding a

pol yoxyet hyl ene/ pol yoxypropyl ene bl ock copol yner. M croemnul sion

=) 43 be prepared according to the invention, 20
as can AN =1 Mg up to 99.9% by wei ght_ water. As rrentloned
above, the cmal‘entanstmte ¢ heppRansatofother BEfaranhsystaanMEs of dherinvention evert s

of water di '#%4]%‘ MECEShadin téﬁﬁefe?&p@ﬁ&@dﬁntr@g@hsf»eaﬁ WERSd 9 wile d'nmtﬁml't N The
The conp®¥PR remal ns t cal st bl cle ﬁal escent, or
only sl |sdm;ilgs wersrrgpased By Ico V%H{?f t(§ °Y‘ipw’?lb ag §! g%asgérhe ratio
\{\3; 8Bt 3‘39{3‘7)?8&% Vt\g Qﬁrf&étﬁﬁttwmdlwtféﬁba&m;drﬁlﬂg.mﬁ sas(efmtaanﬁxt?feeompmand
to i ght iV edi ent vent (s

from 95/ olvent /g ‘b{hf&/?(gt 0856 ?fﬁctagﬁs*%%é@? 8 ﬁ?sfs‘?grf qeélc@%] “)ate
syst em aggyingoainddit® dfowsst Were \ddédas des¢rihedninsEkaropled?.nEhematirig scalagénd-S,
such as the [

ke cantfErbo UERPleY, REShnioeyalual B 2LaRy of SRR 19%?‘““??}93{’&% the
gl ycol , uomparaamsm% grlled. \Wé*!seg"'l?élﬁl@ﬁ%‘ﬁ PFBP‘Efb)hFW@Iat]é‘]m% GBAS aéé’ §i?d’|“!ﬂﬁ5
chloride Peé%&i'ﬁf I Ty el fﬁlﬁgs fTable 8. ITHeesurfatahitsadre abl gestrived R Exatpte 1N as

action o
described below.

Surfactant System Surfactant(s)

53 (invention) A and E in a ratio of 70/30 .

54 (invention) A and 1 in a ratio of 60/40

55 (invention) A and Iin aratio of 55/45

56 (invention) Sulfated oleic acid (30% aq) and E in a ratio of 70/30

57 (comparative) A (single component)

58 (comparative) B (single component)

59 (comparative)  E (single component)

6C (comparative) A and ethoxylated sorbitan monooleate in a ratio of 30/70

61 (comparative)  Sodium dodecylbenzenesulfonate (65% aq) and E in a ratio of 40/60
62 (comparative) Calcium dodecylbenzenesulfonaté and X in a ratio of 20/80

Table 3
Water Dilutability _
% Water by Weight: 0 10 20 30 40 50 60 70 8 90 95 98
Invention:
53 0 0 0 0 0 0 0 0 0 0 0 0
54 0 0 0 0 0 0 0 0 0 0 0 0
55 0 0 0 0 0 0 0 0 0 0 0 0
56 0 3 2 2 0 0 0 0 0 0 0 0
Comparative:
57 0 0 5 LC LC 5 5 5 1 0 0 0
58 0 5 5 5 1C 5 5 5 2 1 0 0
59 0 5 5 5 5 5 5 5 3 2 2 1
60 5 5 5 5 5 5 5 5 5 5 5 5
61 0 0 0 5 5 LC 1LC 5 5 2 1 1
62 0 5 5 5 5 5 5 5 5 5 5 5
EXAMPLE 4 - Biological Activity
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Substitute sheet - 22 June 1999 -3B - surfactant because it increases the
concentration of the surfactant at the interface of the m croenul sion;
wetting agents; thickeners; defoaners; and the |ike. The m croemul sion
concentrates of the invention can be prepared by dissolving solid active
ingredient in nj Sitfont 4 %g& r.f

then be 5 addemeéf;ﬁ@:}é%qse? vg?rtg%gghlt“ngife{tga y g(r:t-{‘lnﬁ ?&ﬁb@g:ta i%%.n&%nl
The resul tfigig Table Lirveasi dilyjehwWith Water.rand & defpgming agent.oa gilicene emudsiore sontainimg
concentrate, . Altarmatd yivtthyildnet §19cd Mokl iadCirisiélrate) B RSEA HhohsstddRAL, S319&hes
all the cdﬂﬁBﬁlé‘{??ssrﬁ%rrgy%%cf %‘1? ' AR ' ﬁé?asgme

be add ogether in I'e vessel and the vess
heat ed sl igijdl gtearate;, @peraetay ﬁégﬁl%&%&r‘gﬁlﬁm &Bﬁkﬁﬁﬁﬂaéa%ﬁ?%‘& FHME. This ME
advant agel{ 3he fdllowin@c@tiposifi®p addi tion. Wen the active ingredient is a
l'iquid, either approach wll work. A 10 liquid active ingredient may be7
used itself as the oil phase without the addition of an organic sol ventZ It
is preferrsblthat an organic solvent be used to dissolve the active 2.1

i ngr edi entSdleetdrm t he oil phase. It is further preferred that the oil 7.9

phase be f®urfaethnt Ar st and the surfactants added to it. 16.3
Surfactant E _ 7.0
water _ 66.3
defoaming agent ' 0.4

" This ME was used in the following studies.

A. Oxygen Uptake Studies

Oxygen uptake is one of the indicators of microbial activity (respiration). Monitoring

dissolved oxygen provides a quick and simple method for determining the effect of a biocide on
" aerobic microorganisms. A series of oxygen uptake studies were performed to determine the
effects of the ME on the aerobic respiration of pulp and paper bacteria.

The studies to evalute the ME of the invention were performed using a mixture of
sacteria recovered from an actual papermill system (French Paper Mill, Niles, Michigan). The
predominant bacterium in the mixture was Pseudomonas. Nutrients (glucose and yeast extract)
were added to the papermill stream sample and grown overnight (25°C). The culture was
washed three times (5,000 rpm, 5 min) in 0.1M phosphate buffer and standardized to an optical
density (660nm) providing 108 bacteria/ml. One-ml aliquots were added to the test samples for a
final concentration of 10 bacteria/ml.

Respiration studies were conducted in 60ml biochemical oxygen demand (BOD) bottles
containing enriched synthetic white water ("SWW") (see below). The SWW was pre-incubated
at 25° C and bubbled with air to achieve oxygen saturation. The concentration of dissolved
oxvgen (DO) was measured with a YSI brand Dissolved Oxygen Meter (Model 54A) and Probe
(Model 5750). An initial dissolved oxygen concentration was determined while stirring
continuously. One-ml of the bacterial inoculum was then added to the test samples, followed by
addition of the biocide containing ME. The studies were conducted at 25 °C and pH 7.
Dissolved oxygen was measured at various time points.

" The effect of the active ingredient at various use levels of the ME on oxygen uptake by
bacteria was determined over a 6.3 hour period. Both the inoculum and biocides were added to
the SWW at the start of the test. DO concentrations were measured over time. A control

containing only enriched SWW and the innoculum was included in the test. The results are
' shown in Table 4. "
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4 The microemul sions of the invention nmay be prepared by his ShedtPgs Been Replac
m croenul sion concentrate with water. Altggnatively, a m c

prepared directly without going through a concentrate form muu" l,m
acconpl i shed by sinply add| ng the desired amount of water
surfactants in the e m coemul sion
concentrates. Both r ormatton are preferred.
Certain m croenul sions on_Q_l:bmn_nS/ent I on can b@gﬂl luted with either soft
(e.g. deionized) or hard @&Cler. The fol | bldi ng exanples set forth a few
enbodi ments of the inventyMgsO4AlT parts and p6dcentages are by wei ght

unl ess ot herw se i ndi cat qan MPLES EXAMPLE i6g Forrmul ations: Table 1 shows

the conposition of mcroi%gp gn concentrates)gmd m croenul sions used in
é

the foll ow ng exanpl es sanpl es wepgy - prepared by dissolving the
active ingredient

Dextrose - 3,000
Yeast Extract 1,000
FeCl3-6H,0 1.04
Nay-EDTA 1.48
Hepes Buffer 0.05M
Deionized Water 1 liter

The total hardness of the SWW was 150 ppm (measured as CaCO3) and the total
alkalinity was 100 ppm (measured as CaCO3).

Table 4
Effect of ME on Oxygen Uptake
Measure of Dissolved Oxygen (ppm)

AlLevel
Time (hr) Control 0.5 ppm 1.5 ppm 3 ppm
0.0 8.2 8.00 8.47 8.21
0.5 8.04 7.97 8.42 797
1.0 - 1.66 7.82 8.23 7.69
1.7 7.20 7.69 8.03 7.73
2.0 6.96 7.62 7.95 7.76
3.1 5.68 7.46 7.84 7.59
4.1 3.12 1.37 7.79 - 71.51
4.6 1.14 736 - 7.76 7.45
5.0 0.05 7.24 7.74 7.43
6.3 0.01 7.13 7.61 7.27

The above data show that the amount of DO decreases with time in the control sample.
This oxygen consumption is indicative of aerobic microorganism activity. The treated samples
show little loss of DO indicating an inhibition of microbial activity. -

B. Pulp and Paper Evaluations

The nutrients, temperature, pH and dynamics of paper machine systems are ideal for the
growth of microorganisms. Organisms in the process water (white water) may attach to surfaces
to form biofilm and slime. Slime formation leads to operating problems (paper breaks, plugged
pipe work, corrosion) and poor paper quality (stains, holes and odors). Treatment with biocides

is important for adequate system operation and quality paper products. The pefformance of ME
described above in controlling bacteria and fungi in pulp and paper systems was evaluated.



("Al") in an organic solvent to yield an oil phase. To this oil phase were
conbi ned the desired surfactants to yiel d1the m croenul sion concentrate
("MC") sanples. The mcroemulsions ("ME s") were prepared by diluting the
MC's with water The abbreviations used in the follow ng Tabl es and exanpl e

are as follo
e dichloro- bgétf,}{@ gxel Sgﬁhéﬁfgizugl@gnlg thesezstu_dles_ %o_nsmted of cultures of Pseftdomonas

-1.sothizzo
Sol vent  gerug :MAT cc# 15442Ese$199r0 GFieh 98T o8gNes (ATCC%elﬁQ%), &dehsielle ppeumoniae
;’: Qghoi 'l gq. egéuve, wild papl?tsnmeqsdlaté Xyl ene/ benzyl
(0]

Aronatic 150 [I@Prt]ac'("'“al P eﬁr‘%‘l"rgfmgffl?ﬁ%g’?fé ﬁ%y & fycefor 8 °°g|(§ ﬁﬁ%g%ﬂé
acetate (ﬂjaélg');orﬁaxmng steril¥\eneioisddpsynehetic Iwhite/ witer (see above). After mcubanon at 37°C for
24 hours, the pure cultures were washed three times in 2 0.1 M phosphate buffer by
centrifugation. Each organism was standardized to a predetermined optical density reading at
660 nm to give 108 organisms/ml. The suspensions were checked for purity prior to testing.
The washed cultures could be used for 4 weeks if stored at 4°C. Viability studies
showed no adverse effects from storage.
Prior to testing, the pure cultures were warmed to 37°C and combined. |
A 1% pulp slurry was prepared by homogenzing dry kraft pulp in synthetic white water
(see below). All of the synthetic white water components were prepared as sterile stock solutions
and added to sterile deionized (DI) water separately. The suspension was adjusted to pH 5 or pH
8 with hydrochloric acid or sodium hydroxide, respectively. This was done in order to evaluate
the efficacy of the ME under acidic and alkaline conditions. Aliquots (24 g) were sterilized by
autoclaving (121°C, 15 min.). Sterile deionzed water (DI) was added to each sample after it
cooled to replace water lost during sterilization. '

Svnthetic White Water for Pulp Slurry

Component mg/l - Purpose
CaCly 111 Hardness
MgSOq4 60 Hardness
NaHCOs3 168 Alkalinity
Ko2HPO,4 28 Nutrient
NH4Cl 96 Nutrient
Dextrose 25 Nutrient
FeCl3-6H,0 1.04 Trace metal
Nay-EDTA 148 Iron chelator
Hepes Buffer 0.05M Buffering
Deionized Water 1 liter

The pulp slurry was warmed to 37°C and then inoculated with one-ml of the mixed
bacterial or fungal cultures. The samples were treated with the ME formulation described above
at concentrations ranging from 1 to 10 ppm active ingredient (AI). A control containing only
SWW and the innoculum was included in the-test.

Test samples were incubated at 37°C with shaking for 24 hours. Bacterial and fungal
enumerations were done on the liquid portion of the shurry at zero time and after 3, 16, and 24
hours. Viable cells were measured in 96-well microtiter plates using an eight-well Most Probable

Number (MPN) method. The recovery medium was Trypticase Soy Broth and the level of

detection of growth was < 6 organisms/ml.
gr g eet Has Been Replaced
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10 Phenet hy_I al cohol 11 Butyl phthal ate 1'an SheetHasBeenReplaced
2- Phenoxyet hanol 1 3

: Xyl ene 14 2,4-trimeth
nonoi sobut yrat e Surfact ant Sul f at ed or Eﬁl f onat ed Anl‘ dl °!
(Cass C1) A

70% Sul f at ed castor oil in aqueous (a sol ution B
79% Sul fonated castor oil in aq solution C | 100% Sgéll um

g [Ogr r]) al kyl phenekment Ipedineiichugava el -Jog reduction imyighleicst qupta oy hei34o&bay,

F ) | In ag_sol l\ft '&\?-%aweg t'l?(E rﬁﬂ Y4réd Esherdl We?@&é}mdi:réﬂfﬁ%ﬁv&zﬂheﬁa results are refdHih
ree al i plime RIS ex organi ¢ phosphate ester F 100%

Et hoxyl at edTa6i®©59- 10) octyl phenol

Table S
Measure of Cell Viability (log bacteria/ml)

Active Incredient Level

oH Time(n) Conrol  lgpm2(pem)  5(ppm)

5 0 6.493 6.493 6.493 6.493
3 16.493 5.672 5.758 4910
6 7.064 7.064 5.493 4.065
24 7.258 6.910 6.258 4758

8 0 6.624 T 6.624 6.624 6.624
3 7.037 6.258 5.064 3.493
6 7.758 7.064 6.037 5.064
24 7.064 6.064 7.190 7.910

EXAMPLE & - ME Phuysical Stability

The ME's of the invention were evaluated for their heat and cold physical stability and
stability to freez.e-thaw cycles. ME's 1A -1P were prepared by diluting with water a ME
concentrate compnsmo solvent 1, Al 1, and surfactant A and surfactant E in a 70/30 ratio to form
use dilutions. ME's 2A-2P were prepared by diluting with water a ME concentrate comprising
solvent 3, Al 1, and surfactant A and surfactant Hin a 60/40 ratio to form use dilutions. To these

use dilutions was added a defoaming agent Antifoam 1520-US ®. The resultant compositions of
these formulations are reported in Table 6.

Table 6

Samples for Thermal Stability Tests

Sample Solvent (%) Al(%) Surfactants (%) Defoamer (%) % Water
1A 6.0 17 23.37 0.40 68.54
1B 6.0 20 " " 68.23
1C 6.0 .23 " " 67.92
1D 7.0 1.7 " " 67.54
1E 7.0 2.0 " _ " 67.23
1F 7.0 23 " " 66.92
1G 7.5 1.7 " " 67.04
iH 75 2.0 " " 66.73
11 7.5 23 " " 66.42

13 8.0 1.7 " . 66.54
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G 100% Et hoxyl ated (EO 15) di nonyl phenol H
Et hoxyl ated (EO 13) dodecyl phenol | 13 100% Et'hoxyl ““ mm‘l\!@l
nonyl phenol J : 100% Et hoxyl ated (EO 5) cocam de K

Et hoxyl ated (EO 30) castor oil L 100% [err] Linear primry

et hoxyl at e;kEQ al gghol nol aR.0atio 0f 8) Table 1 M croenul'sion @6m3ent rates
("MC") and croe sions ('2M=") Sample C or ME % All

Sol vent 1 o Wat er facr 1(% Syr f act ant
N ~ IMo9.0 80 o % aﬁ%@ 8 A 49%do
E(21.0) 2IN 8NIC 01 (24. 0) 71470

A (42.0) 0 555(18. 0) ao 09100 0 7372 3
(21.0) g O 80, A (4%0) 15.16 E (21.0) o4 MC 7484
9.0 B 2 (21.0) 0 A (49.0) E (21.0) 5
I\E/C(Zl. 0) 62A 9.o6m: ° 17 9. 023g21 0) %404 (21. O)A 4% 0340
SO B GmeraEs e et g e
: 6.0 .6) : 67.92
4.5 ig D56 (10.5)7 50 A (24.5) B 0. 5)
2E 7.0 2.0 " " 67.23
2F 7.0 23 " " - 66.92
2G 7.5 17 " " 67.04
2H 7.5 2.0 " " 66.73
2 75 23 " S 66.42
2] 8.0 17 " oo 66.54
2K 80 2.0 " " 66.23
2L 8.0 23 " | " 65.92
2M 8.0 2.0 21.00 0 69.00
°N 8.0 20  18.08 0.40 71.48
20 5.75 2.0 18.08 0.40 73.72
o ¢.q 2.0 15.16 0 74.84

Hot physical stability was evaluated by placing vials containing the samples in a heating
biock at 55° C. The samples were removed from the heating block and evaluated for their
stability by visual examination of the sample after 1, 2, 3, and 4 weeks. After evaluation, the
samples were returned to the heating block. The ME's were rated using the scale in Example 2
supra. Cold physical stability was evaluated by placing vials containing the samples in a freezer.
The freezer was kept between 0° and 2°C. The samples were removed from the freezer and
visually inspected after 1, 2, 3, and 4 weeks. After inspection, the samples were replaced in the
freezer. The ME's were rated using the scale in Example 2 supra. An "X" indicates crystallization

of the solid Al from solution. The results of both the hot and cold physical stability studies are
reported in Table 7.

Table 7
Thermal Physical Stability Tests
Hot Physical Stability _ Cold Physical Stability

Sample # 1wk 2wks 3wks 4wks lwk 2wks 3wks 4wks
1A 0 0 0 0 0 0 0 0

1E V] 0 0 0 0 0 0 0

1C 0 0 0 0 0 X X X

1D 0 0 0 0 0 0 0 0

1E 0 0 0 0 0 0 0 0



9 VE 4.5 0 7 (1C.5) 50 8A

(24. 5) F (10.5) 10 MC 14 9.0 0
(21. 0) 0 A (49.0) E (21.0) ME 3.6 0
9 (8.4) 60 A (19.6) E (8.4) 12 ME
4.5 OF 0 (10. 9) 050 0 A (24.5)0 0 E §10.5) g3
MC 1@ 0 9.0 0 10(21. 0)0 0 0  Ag(49.0)g 0
E(21.0) 147y M g 6 0 o 0120 1 (28.0) 00 0
A (42.0) E(§8.0) 6 1 M 6. G 6.0 | 0
160" 11600 1??2(14(2359’) g %(is.(g)z (%;30 @C E (28.0) 7
I%/(r):'o 1%, 0 3.00 19(21. 00 0~ 0  AD(46.9)0 0
E (20.1) 18 1L vc O 0 6. 00 012.0 10 (22. 0P 00 0
A (42.0) 1M E (48.0) 1 Mo 1 9. ® 00 0 1x
(21.0) 10 ® (49.6) 5 B (21.0) 200 e 0 @
9.0 1/@1.00 00 5 B5(49. 0)5 5(21.0K521 s M
6.0 610 15 (28. 0)5 . 8 s B (42.0) o E( gs 0) 2%
MC 2A9'0 o O o 6 (21.Q 0 2(28. 0 0
F (42.0) 23 op MC OOIVE 00 . §(21.o . X :
/fogg: ?3 2%50 F (4(1'2)(%% 0) g f)k (21.0) '252 gl\/E g . %i
A (14.0
4.5 2 9(30.5) ¢ 8o o A (14.0)3 : (O 0
oF 0 0 0 0 0 5 X 0
26 0 0 0 0 0 0 0 0
2H 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 X 0
2] 0 0 0 0 0 0 0 0
2K 0 0 0 0 0 0 0 0
2L 0 0 0 0 0 0 X 0
. 0 0 0 0 0 0 0 0
2N 0 0 0 ¢ 5 5 0 5
20 o 0 0 0 o 0 X 0
2 0 0 1 5 1 5 X X

The above data show many of the ME's of the invention have good hot and cold physical
stability.

The ME's were also evaluated for their stability to freeze-thaw cycles. Samples of the
above ME's were placed in a freezer which was kept at -10°C. After the samples had frozen, they
were removed from the freezer and allowed to warm to room temperature. Once at room
temperature, the samples were visually evaluated using the rating scale in Example 2. The
samples were then returned to the freezer. The entire process was repeated two more times. The
results of these freeze-thaw cycles, along with the initial appearance of the ME's, are reported in

I Table 8.

Table 8

Freeze-thaw Cycles
Sample # nitial Ist Cycle 2nd Cycle  3rd Cycle
1A 0 0 0 0
1B 0 0 0 0
1C 0 0 .0 X
1D 0 0 0 0
1E 0 0 0 0

Thls Sheet Has Been Reﬂlaced
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26 MC 9.0

_ 0 5 (21.0) 0 A
(35.0) F (35.0) 27 MC 15 © 9.0 0 4
5(52(1)' 0) . 0 8(91(3)1' 5) F (38.5) 28 MC
. . 0 A (28.0 - F (42.0) 2

MC tFo 0o 9 (21.00 O (o ) o A(30.0§ 029
F (40.0) 30 1G ME 0 5.8 00 19 (12.6) 40
A (16.8) 1H F (2502) 31 0 MC 0 9.00 0 11
(21.0) 0 11 A (88.0) 0 F(4D0) 32 0 M 0 -
12.0 1 (185 0) 7 "B (28.0) o F {42.0) 6 33 :
MC 61 $ 0 1¢26.0) o O oA (24.0) F
(36.0) 34 M 0 15. 0 0 o 1 (15.9) 0 B
(28.0) (42.0) ;35 9.0 0 2 (21.0)
0 B (35! 0"k (35.0Y 36 0 79 16.0
1 (24.0) & BY 24. 0) 0 F(d6.0037 0 m - 9.0
0 ©1(2110) ® AQ 49.0) 5 G(24.0) 38 MC
9.0 0 1P 2 (2D 0) 4] A §44.0) 0 & 26. 0)

2A 0 0 . 0 0

2B 0 5 X X

2C 0 X X X

2D 0 0 0 0

2E 0 0 0 0

2F 0 0 0 X

2G 0 0 0 0

2H 0 0 0 0

21 0 0 0 X

2] 0 0 0 0

2K 0 0 0 0

oL 0 0 0 X

2M 0 0 0 0

2N 0 0 0 0

20 0 0 0 X

2P 0 0 0 0

The above data show many of the ME's of the invention have good freeze-thaw stability.
EXAMPLE 6 - Water Dilutability of Al's Useful in Agriculture

To demonstrate the applicability of the formulations of this invention to other Al's, the
water dilutability of MC's containing the following water insoluble Al's at the following
concentrations was determined.

Al 3 = 2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)benzene

Al 4 = 2,4-dinitro-6-octyl-phenyl crotonate

Al 5 = a-butyl-a-(4-chlorophenyl)- 1H-1,2,4-triazole-1-propanenitrile

Component Concentration %
Al3,4,0r5 ' 9.0

5 Solvent 2 21.0
Surfactant A 49.0
Surfactant E 21.0

This Sheet Has Been Reﬂlaced




39 NC 9.0 0 3 (21.0) 0 A (49.0)

G (21.0) 40 M 9.0 16 3 (21.0) 0

(42.0) G (28.0) 41 MC 6.0 0 5 (24.0)
0 A (49.0) G (21.0) 42 MC 9.0 0

8 (21.0) 0 A (42.0) - G (28.0) 43 MC 6.0
0 5 (24.0) 0 A (38.5) . G (31.5) 44

9.0 0 The MC'Swegel pggpared as gescribed in Examples)l. The water d(};.n(agliltg)of@ese
MC cribed ift Ekample 2, usirng the same i 25%&1@) The re

(42.0) 4éample? v&ﬁlgetenmlgzd as des% tbe algl}) ing & g Pt rig results areH
(25.0) shown in Table$5 Sy;ngle,& as the gemposition descripgd gbove witly Al 3, sample 94(11115 tl;y)
0 c‘&nﬁ,%éiugh descnbed aboGe (With A) 44@nd sampleMi5 has the compditibn describ€d above
1 (21.0). A (33.0) J (37.0) 49 MC 9.0
0 - with A1 30) 0 A (49.0) K (21.0) 50 MC

15. 0 0 1(15. 0) 0 B (35.0) L (35.0) 5

MC . Table9.0 0 1 (21.0) 0 D (49.0) E
(21.0) 52water Diliability of Other 4I's 0 14 (21.0) 0 D
(49.0) E (21.0) EXAMPLE 2 - Water Dilutabilitv The water

di | ut abi | i t ygafad: bgwghiand BE' s 10f B@anpbe #OwasOdet6er ni7ded 80y a&xddi ras
varying amougis of deionizeg waper gnd gqvalgatimg cliarity ugng@ raying
0
0

scaleof05 Suf ficient 0 0 0 0 3 3 1 0 0 0
65 0 0 O 0 2 3 2 0 Q 0

These results in Table 9 indicate the microemulsions this invention are useful with a wide

variety of low water soluble active ingredients.
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wat er

wat er was added to the sanples to formdilutions Cfl’ Eé’he& eerrlﬁe ace% to 98%

cl ear;

slightly cloudy; 4 = cloudy (macroemulsion); and 5
rating of

by weight. The rating scale is defiA&d as fo

Tabl e 2

10
3
3
2

0

1

3
1

Ctly
Iescent

IOﬂ

fi&%ézomr I s consi dered passing. These results are shown I n
Wat er Dllutabjllty of NM Sanpl es ‘% Water bv Wi ght:
30 1. CogppositiagFomprisig 80 90 95 98 Sanple # 1

0(A) anOacnve nfgredlentOWhlch th a solubility ‘in Gvater ofOless tharD 1% at r@oﬁl

2 ° 0 0 0
tempeyature arlﬁl a meltmg point of gess thangl 00°C; 0 0 0 0 0

(B) a non-polar, water immiscible solvent capable of dissolving at least 5% by weight of
(A) at room temperature;

= clear, very slight opal escence; 2 = opali

(C) a surfactant system comprising:
(C1) at least one sulfated of sulfonated anionic surfactant having about 3-17%
sulfation or sulfonation; and
(C2) at least one ethoxylated surfactant; and
(D) 0 to 99.9 % by weight water;
the weight ratio of (C1) to (C2) being from 10/90 to 90/10;
the weight ratio of said (A) to (B) being from 95/5 to 1199, and
the weight ratio of said (A) to (C) being from 1/99 to 86/14;

said composition being thermodynamically stable and clear, opalescent, or only
slightly cloudy at all levels of water dilution up to 95.9%.

Z. Composition according to claim 1 wherein the water-immiscible solvent comprises
nernzvl alcohol, benzyl acetate, pine oil, phenethyl alcohol, xylene, phenoxyethanol, butyl
ohinalare, 2.2.4-trimethyi-1,3-pentanediol monoisobutyrate, or alkylbenzene, preferably a
mixturs of benzyl aicohol and pine oil.

3. Composition according to claim 1 or 2 wherein the sulfated or sulfonated anionic
surfactant (C1) comprises sulfated and/or sulfonated castor oil, sulfated and/or sulfonated
ethoxyvlated alkylphenols, sulfated and/or sulfonated ethoxylated fatty alcohols, sulfated and/or
sulfonated fatty acids, or sulfated alkanolamides, preferably sulfated and/or sulfonated castor oil.

4 Composition according to any preceding claim wherein the ethoxylated surfactant
(C2) comprises ethoxylated (Cy0-C;g)alkyl phosphate monoesters and/or diesters and/or triesters,
ethoxylated (Cjg-Cjg)alkaryl phosphated monoesters and/or diesters, ethoxylated (Csg-
Czojmonoalkyl- or dialkylphenols; ethoxylated alkylamides, ethoxylated alkanols, or ethoxylated

castor oil, preferably an anionic, ethoxylated (C;o-Cjg)alkyl phosphate or a nonionic, ethoxylated
(Cs-Cz0)mono- and/or dialkyl phenol.

5. Composition according to any precedmg claim wherein the weight ratio of (A) to (C)
is from 1/99 to 30/70.

6. Composition according to any preceding claim wherein the weight ratio of (C1) to
(C2) is from 30/70 to 70/30, preferably from 50/50 to 70/30.

/

A ) VA



1O0OO0O N

N !

QOO OO0O-

O OO ow' 0O

L)

15

o' OO
1
'_\

0 0
3 1 0 0 0 0 - - - - -
0 0 0 0 10 0 0 0 1 1 2
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0 7.0Compgsition according to any precedmg claim wherein the wexght raug of (AQ to (B)

rom 50/50 tl1oks0. 2 1 0 0 0 0 0 0
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FG 8. Compositidn acc@ding t@ any p2eceding clain® wherefn (A) Gomprises 4,5-dichlorg-

2n-octyl-3-isothiazolone, 2n-octyl-3-isothiazolone, 2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-
(trifluoromethyl)benzene,  2,4-dinitro-6-octyl-phenyl-crotonate, or  alph-butyl-alph-(4-
chlorophenyl)-1H-1,2,4-triazole-1-propanenitrile.

9. Composition according to any preceding claim wherein (A) comprises 4,5-dichloro-2-
n-octyl-3-isothiazolone, (B) comprises benzyl alcohol, (Cl) comprises an anionic, sulfated
and/or sulfonated castor oil, fatty acid, or fatty ester, (C2) comprises an anionic, ethoxylated
(Ci0-18)alkyl phosphate or a nonionic, ethoxylated (Cg-Cap)mono- and/or dialkyl phenol, the
weight ratio of (C1) to (C2) being from 30/70 to 70/30, the weight ratio of (A) to said (B) being
from 50/50 to 10/90, and the weight ratio of (A) to the (C) being from 1/99 to 30/70.

10. Composition according to any preceding claim in the form of a microemulsion
concentrate having 0% water. '

11. Composition according to any preceding claim in the form of a microemulsion
having about 1 10 99.9% by weight water.

12. Method of controllirig bacteria or fungal growth in a pulp or paper making process
comprising employirig a composition as defined in any preceding claim in said process in

amounts sufficient to control said growth.

13. Use of a composition as defined in any of claims 1 to 11 to control bacterial, fungi
and/or algae.
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- FULLY WATER-DILUTABLE MICROEMUD.SIONS 0 0 0 0
N - 2 0 0 0 .

0 0 0 1 2 3 0 0 0 0 0
Fully water-dilutgble migroemutsions ape disclosed cognprising compiising O 0

(A) an Qctwe Qn%redngnt whﬂth has a solub151%' in dzJater BP less Otgan 1(%;) at {pom 0

'temperature and a meltmcr point of less than 100°C; o 0 0 0 0

B)a nog-lé’olar waler errilsmble Jsolventlcagablg of dlsQolvmgoat leaspsgo b)pwsxghQ 06

(A) at room tempegature; 5 2 0 0 0 0 0 0 0 0 0
(C) a surfactant system comprising:

(C1) at least one sulfated of sulfonated anionic surfactant having about 3-17%
sulfation or sulfonation; and
(C2) at least one ethoxylated surfactant; and
(D) 0 to 99.9 % by weight water; .
the weight ratio of (C1) to (C2) being from 10/90 to 90/10;
the weight ratio of said (A) to (B) being from 95/5 to 1/99, and
the weight ratio of said (A) to (C) being from 1/99 to 86/14;
said composition being thermodynamically stable and clear, opalescent, or only
slightly cloucdy at al! levels of water dilutic:. up to 99.9%.
The microemulsions are particularly useful in areas where preservation is required.
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Thig invengion relages to mjcroemylsions qf waterginsolublg active) ingred@nts habling

microbicidal, herbi€idal, infkcticidal) plant frowth réulatingor phafhaceuti€al activity. O

Miloemul§lons coLtaxmngé water-i]nsolubl% bxocxr%] or pgsm:lda.g agentsohave lbeeag

2 0
(proposed in, for@xampler 0 0 0 0 0 . 050
0 US 5,018,748, which disgloses agueous biocidal microemulsibns usefh! for the protection
of wood. The biocidal components employed contain at least one triazole fungicide, at least one
quaternary ammonium fungicide and at least one benzimidazole fungicide in a liquid carrier
comprising at least two necessary polar solvents. This patent does not teach fully water dilutable
systems. ' :

US 4,954,338, which teaches oil-in-water microemulsions of isothiazolones with low
water solubility with EO/PO copolymer/anionic sulfates or sulfonates as microemulsifier. The
solvents are alkyl alcohols or alkylalkoxylated alcohols This patent requires the use of EQ/PQ
(ethylene oxide/propylene oxide) copolymer to maintain the microemulsion with dilution by
water. '

US 4,567,161, which discloses transparent microemulsions with active ingredients (e.g.
pesticides, herbicides, pharmaceuticals) together with a phospholipid and a coemulsifier
(giveerin ester). . _

CA 120936, which discloses cold stable aqueous microemulsions of agrochemical
pesticides, househoic pest control agents, and pharmaceuticals using an emulsifier which is a
mixture of alkylaryl polyglycol and an alkylarylsulfonate salt.

US 4,973,352, which discloses aqueous microemulsions for only herbicidal - use
containing a combination of a herbicide, one or more emulsifiers or wetting agents such as
calcium dodecylbenzenesulfonate, one or more organic solvents and water. This patent also does
not teach fully water dilutable microemulsions.

US 4,904,695, which discloses an aqueous based insecticidal microemulsion comprising
a’ synthetic pvrethroxd/orvanophosphate, surfactant blend, adjuvants, such as antifoamers,

thickeners and preservatives, and water. The rmcroemulsxons of this patent are not fully water
dilutable. '

H

US 4,995,900 discloses only water/oil microemulsion formulations of water-msolublej

herbicides and are, therefore, not fully water dilutable.

Fully water dilutable microemulsions, especially of certain insoluble biocidal active
ingredients, have not been previously known and available. By fully water dilutable is meant a
microemulsion which is water-dilutable from water-free concentrates (referred to as

" microemulsion concentrates) to microemulsion containing large concentrations of water.

The present invention provides in one aspect a composition comprising
(A) an active ingredient which has a solubx]x:y in water of less than 1% at room

oo oOogoo

tcmperature and a melting point of less than 100°C; REPLACED SHEETS . SG
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~ 0 0 0 0
[ 2 3 3 2 2 0O . 0 0 |
g% s 3 3 0 0 0 0 0 0 0 d0 ns'(t)rateo
This is the replacenent sheet 8 EXAMPLE 3- CC]VPﬁ\RATI VEn;r?oneV\ngre
the i nmportance of the surfactant systfemtg/[?msssgtteng :Mn;/ﬁ eoar e water
Y MC s having different surfac St ¢
g?mﬁggidl it'?y. The sarrplges were prepared By conbining the Surf?;i:?ghgs\)/vas
|isted belowwith an oil phase. The ratio of oil phase to sur

[ ' f Al 1 and solvent 2 in
each sanple. The oir pha:se was a mxture o ( ;
30/r Ztto i ];O{)f 3070 (B)rrf)m@oﬂatewgwmucms(osz)mmﬁbmdf dRbARg )c(}qgagt %z@bﬁ%‘l Qﬁgﬂgé f0 ‘?)he
3/ater) var ¢)agdro Miefan?é: Wat er were added as described in .

te the clarity
' - clhined in Exanple 2 was used to eval ua _
:)?tltﬂg fiicﬂjtei gﬁnée’ﬁ%r‘% s%méE F]eg}cé)ﬁ'lgggpg.t he conparative sanmples gelled. This

I by LC
i s propdFilatieasteng sulfatedyof wlforaedtanionehafiedl Havisy S480045 _
igﬁl !tﬁcei Pgﬁsig‘laisohgrigﬂohaﬁ;aﬁhe surfactants are as- descri bed mgo‘l::éxarrp?é | or

as (C2) at least one ethoxylated surfactant; and

(D) 010 99.9 % by weight water;
the weight ratio of (C1) to (C2) being from 10/90 to 90/10;
the weight ratio of said (A) to (B) being from 95/5 to 1/99, and
the weight ratio of ;aid (A) to (C) being from 1/99 to 86/ 14;
said composition being thermodynamically stable and clear, opalescent, or only

slightly cloudy at all levels of water dilution up to 99.9%.
In another aspect, the invention comprises a method for inhibiting the growth of bacteria,

fungi, and algae. A further aspect of the invention comprises the use of such compositions to
control bacteria, fungi and/or algae. '

By “active ingredient" is meant any compound ‘having microbicidal, herbicidal,-
insecticidal, plant growth regulating or pharmaceutical activity. Preferred active ingredients are
microbicides. Especially preferred are 4,5-dichloro-2n-octyl-3-isothiazolone and 2-n-octyl-3-
isoiiiazolone. Other preferred active ingredients are agricultural fungicides, for example 2-
chlora-1 -(3-ethox_v-4-nitrbphenoxy)-4-(triﬂuox_'omethyl)benzene, 2,4-dinitro-6-octyl-phenyl-

- crotonate, and alp‘n—butyl-a]ph-(4—chloropheny1)- 1H-1,2,4-triazole-1-propanenitrile.

The microemulsions of the invention are useful in many areas of preservation and
agricultural applications, depending on the activity of the active ingredient. The isothiazolones,
for example, are active as disinfectants, sanitizers, cleaners, deodorizers, liquid and powder
soapS, skin removers, oil and grease removers, food processing chemicals, wood preservation,
polymer latices, paint, lazures, stains, mildewcides, hospital and medical antiseptics, medical
devices, metal working fluids, cooling water, air washers, petroleum protection, paper treatment,
pulp and paper slurries, paper mill slimicides, petroleum products, adhesives, textiles, pigment
slurries, latexes, leather and hide treatment, petroleum fuel, jet fuel, laundry sanitizers,
agricultural formulations, inks, mining, nonwoven fabrics, petroleum storage, rubber, sugar
processing, tobacco, swimming pools, photographic  rinses, cosmétics, toiletries,
pharmaceuticals, chemical toilets, household laundry products, diesel fuel additives, waxes and
polishes, oil field applications, and many other applications where water and organic materials
come in contact under conditions which allow the growth of undesired microorganisms. Other -
active ingredients are useful as fungicides, miticides, herbicides, insecticides, and plants growth

- regulators.
In general, one or more active ingredient compounds which are less than 10000 ppm

soluble in water at room temperature and having a melting point of less than 100°C can be used
in the invention.

-
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described below. Surfactant System = Surfactant(s) 53 (invention) = A and
E i‘n a ratio of 70/30 54 (i nvenftlon) A and I:ln aratioo sl fated ol ei ¢
(invention) - Aand | in aratio of 55/45 56 (i nven“sgg A (single
acid (30%aq) and Ein a ratio of 70/30 5 7 (corrpargg ohrar at | ve) £
conponent) 58 (conparative) B (single CO”ponﬁ”.t ) o e((j sglr)bi Can monool eat e
(single conponent) 60 (comparative) A gnd ethoxy al b nesul fonate (65%
in aratio of 30/70 61 (conparative) Sodi um dodecly benze
aq) and Ein a ratio of 40/60 62 (conparative) Cal ci um Cer
dodecyl benzenes Ut ap@pelama wateKimmiscible aﬂ*dﬁt_Efpre?égﬁtﬁps%éégggoﬁég?gro%consﬁging 80
Di | utability Mtaﬁoh&y bémylg&&'ate, pinQ oil, pt;legetB)% alcobgi. xyjene, pl@:noxyc@anol,obutyl 0
90 95 9&&%{?’ Qb'éggﬁheg:?l-l,3-pentanediol monoisobutyrate, and alkylbenzene, said solvent being
0 0 0 capable of dissolving at least 5% by weight of (A) at room temperature, is used to dissolve the
active ingredient(s). ' '
A surfactant system comprising two different surfactants is used. The first surfactant
comprises one or more sulfated of sulfonated anionic surfactants having about 3-17% sulfation
or sulfonation, preferably selected from the group consisting of sulfated and/or sulfonated castor
oil, sulfated and/or sulfonated ethoxylated alkylphenols, sulfated and/or sulfonated ethoxylated
fatty alcohols, sulfated and/or sulfonated fatty acids, and sulfated alkanolamides. The second
surfactant comprises one or more éthoxylated surfactants, which are preferably selected from the
group consisting of ethoxylated (C10-Cig)alky! phosphate monoesters and/or diesters and/or
triesters, ethoxylated (Cio-Cg)alkaryl phosphated monoesters and/or diesters, ethoxylated (Cg-
Cao)monoalkyl- or dialkylphenols, ethoxylated- alkylamides, ethoxylated alkanols, and
ethoxylated castor oil. :
Microemulsion concentrates without water can be prepared according to the invention, as
can microemulsions comprising up to 99.9% by weight water. As mentioned above, the
compositions of the invention remain microemulsions at all levels of water dilution, one of the
importan: novel features of the invention. The composition remains thermodynamically s:able
and clea-. opalescent, or only slightly cloudy at all levels of water dilution up to 99.9%.
Weight ratios of the first surfactant to the second surfactant are from 10/90 to 90/10.
Weigh: ratios of the active ingredient(s) to solvent(s) are from 95/5 to 1/99. Weight ratios of
active ingredient(s) to surfactant system are from 1/99 to 86/14.

_ Various adjuvaats including antifoam agents, such as the commercially available silicone
antifoam emulsions, and the like can be included, for example antifreeze agents such as
propylene glycol, urea, and the like; water soluble inorganic salts, such as sodium chloride,
magnesium sulfate, and the like which are used to optimize the action of the surfactant because it
increases the concentration of the surfactant at the interface of the microemulsion; wetting
agents; thickeners; defoamers: and the like.

The microemulsion concentrates of the invention can be prepared by dissolving solid
active ingredient in an'organic solvent to form the oil phase. The surfactants can then be added
to the oil phase, either individually or in combination. The resulting mixture is gently stirred or
agitated to give a microemulsion concentrate, A.ltcmatiﬁely, if the solid active ingredient is heat
stable, all the components may be added together in a singlc vessel and the vessel heated slightly
to form the microemulsion concentrate. This has the advantage that it is a one step addition.

- When the active ingredient is 2 liquid, either approach will work. A liquid active ingredient may
be used itself as the oil phase without the addition of an organic solvent. It is preferred that an
organic solvent be used to dissolve the active ingredient to form the oil phase. It is further
preferred that the oil phase be formed first and the surfactants added to it.
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54 0 0 0 o O o . 0 0 0 0 0 0 55
0 -0 0 0 0 0 0 0 0 0 0 0 56 : 0

3 2 2 0 0 0 0 0 0 0 O Conparative: 57

0 0 5 LC LC 5 5 5 1 0O O 0 58 0

5 5 5 LC 5 5 5 2 1 0 0 59 0 5

5 5 5 5 5 5 3 2 2 1 60 5 5 5

5 5 5 5 5 5 5 5 5461 0 0 0 5
5 LC LC 5 5 2 I 1 62 _ 0 5 5 5 . 5 5
5 5 5 5 5 5 EXAMPLE 4 - Biological Activity 9 The ME' s of

the invention wenR Mitaettiatsiis fopthebinOdntioh Gidy BeChreVdrddy by -gﬁﬂﬁ{n'g% 1

St
from Tabl e | Wa,fﬁagi JnH’xt @S‘zeé""AhthXWeﬁr a m%?gen%ls(;oenfg%r%en rcp%rc%ndiﬁectg without going
emul sion coﬁh‘fmﬂz%fgh arcl:gncentrate form. This is accomplished by simply adding the desired amount of Wate:

along with the surfactants in the same manner as described for the micoemulsion -conccntrates.
Both methods of microemulsion formation are preferred. _
Certain microemulsions of the invention can be diluted with ejther soft (e.g. deionized) or
hard water.
The following examples set forth a few embodiments of the invention. All parts and
percentages are by weight unless otherwise indicated.

EXAMPLES
EXAMPLE | - Formulations

Table 1 shows the composition of microemulsion concentrates and microemulsions used
in the following examples. These samples were .prepared by dissolving the active ingredient
("Al") in an organic solvent to yield an oil phase. To this oil phase were combined the desired
_surfactants to yield the microemulsion concentrate ("MC") samples. The microemulsions
("ME's") were prepared by diluting the MC's with water.

The abbreviations used in the following Tables and example are as follows:

Active Ingredient
Al 1 = 4,5-dichioro-2-n-octyl-3-isothiazolone
Al 2 = 2-n-027yi-3-isothizzolone

Solvent # Name
1 Benzyl alcohol
2 Benzyl acetate
3 Pine oil/benzyl alcohol (1/1)
4 Pine oil
5 Xylene/venzyl alcohol (1:1)
6 Aromatic 100 ® ( a mixwre of alkylbenzenes)
7 Aromatic 150 ® ( a mixture of alkylbenzenes)
8 Pine oil/benzyl acetate (1/1)
9 Xylene/pine oil (1/1)
10 Phenethyl alcohol
Il Butyl phthalate
12 2-Phenoxyethanol
13 Xylene
14 2,2, 4-trimethyl-1,3-pentanediol monoisobutyrate
actant u Ifonat jonic actant

70% Sulfated castor oil in aqueous (aq) solution
79% Sulfonated castor oil in aq solution

A

B

C 100% Sodium (C12-C)6)alkylphenol polyether sulfate
b 70% Sulfated fatty acid (6-8% SO;3) in aqg solution

This is the replacement sheet
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met hyl ated silica, polyethylene glycol sorbitan tristearate, glycerol
nonost ear at e, pol yethyl ene glycol stearate, and nethylcellul ose (Antifoam
1520-US) was added to yield an ME. This ME had the follow ng conposition:
All Solvent 1 Surfactant A ' '
16.3 Surfactant E .

7.3 water 5

66. 3 def oam ng agent .

0.4 This ME was used in the follow ng studies. A Oxygen Uptake Studies
Oxygen uptake is one of e giis robial activity (respiration).
Moni t ori ng di ssoBved ox}%ﬁﬁﬁ?é‘mhd%“&‘ @icerplemersariisipiosphaetelted f or
determning the- & fect df0%ERPHIMEAESS- B 0ersiphenal cr oor gani sms. A series of
oxygen upt ake st @i es wdP% EdexdtehES 19) dispnylpbesnd t he effects of the NME on
the aerobic resptration! L @ dodseidphendla. The studies to evalute
the ME of the in¥ention10%% &hgerlated GGOP-10inarylpbemdixt ure of bacteria
recovered from ad. act ual wepilaed GO epsamibeench Paper M1, Niles,

M chigan). The K 100% Ethoxylated (EO 30) castor oil _
L © 100% (C9-C1y) Linear primary ethoxylate (EO/alcohol molar ratic of §)
Table1l

Microemulsion Concentrates (""MC") and Microemulsions ("ME")

Sample MCorME %AIlL  %AI2 Solvem(%) % Waer SufacantCl(%)  SurfactantC2 (%)

1 MC .90 . 0 1(21.0) 0 A (49.0) E (21.0)
2 MC 16.0 0 1(24.0) 0 A (42.0) E (18.0)
3 MC 9.0 0 3(21.0) o A (49.0) E (21.0)
4 MC 9.0 0 2(21.0)° 0 A (49.0) E (21.0)
5 MC 9.0 0 10 (21.0) 0 A (49.0) E (21.0)
6 MC 9.0 0 4(21.0) 0 A (49.0) E (21.0) -
7- ME 3.6 0 5(8.4) 60 A (19.6) E (8.4)
£ ME 45 0 6 (10.5) 50 A (24.5) E (10.5)
¢ ME 45 0 7(1C.5) 50 A (245) E (10.5)
10 MC 2.0 0 8 (21.0; 0 A (49.0) E (21.0)
i .»:s. 6 ] 9 (8.4) 60 A (19.6) E (8.4
12 ME 4.5 0 11(10.5) 50 A (24.5) E (10.5)
13 MC 0 9.0 1(21.0) 0 A (49.0) E (21.0)
14 MC 0 12.0 1(28.0) 0 A (42.0) E (18.0)
13 MC 6.0 6.0 1(28.0) 0 A (42.0) E (28.0)
16 MC 10.0 10.0 12L0) 0 A (42.0) E (28.0)
17 MC - 9.0 3.0 1(21.0) 0 A (46.9) E (20.1)
18 MC 6.0 12.0 1(22.0) 0 A (42.0) E (18.0)
19 MC 9.0 0. 1(21.0) 0 B (49.0) E (2L.0)
20 MC | 0 9.0 1(21.0) 0 B (49.0) E (21.0)
21 MC 6.0 6.0 1(28.0) 0 B (42.0) " E (18.0)
2 MC 9.0 0 1 21.0) 0 A (28.0) F (42.0)
23 MC 9.0 0 2210 ) A (28.0) F (42.0)
24 ME 45 0 10 (10.5) 50 A (14.0) F (21.0)
25 ME 4.5 0 9(10.5) 50 A (14.0) F (21.0)
26 MC 9.0 0 5(21.0) 0 A (35.0) F (35.0)
27 MC 9.0 0 421.0) 0 A (3L5) F (38.5)
28 MC 9.0 0 8(21.0) ] A (28.0) F (42.0)
29 McC 9.0 0 3 (21.0) 0 A (30.0) F (40.0)
30 ME 5.4 0 13 (12.6) 40 A (16.8) F (252)
31 MC 9.0 0 11(21.0) 0 A (28.0) . F (42.0)
32 MC 0 120 1(18.0) 0 A (28.0) F (42.0)
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predom nant bacteriumin the m xture was Pseudononas. Nutrients (glucose
and yeast extract) were added to the paperm || .stream sanple and grown
overnight (25[err]C). The culture was washed three tinmes (5,000 rpm .5 nin)
in_0.1M phosphate buffer and standardi zed to an optical density (660nm
providing [err] bacteria/m. One-m aliquots were added to the test sanples
for a final concentration of 106 bacteri@/ m . Respiration studies were
conducted in 60m biochem cal oxygen demand (BOD) bottles containing

enri ched s%nt het i white ter (ggEWV) e bel ow) The SWV was

pr e- i ncubat’ d a: 25[err] { and ube ec{ h alr to achf®¥e oxygeh 6.0
saturation34The &hn centra{ion of di ssol n (DB GRds rreasuFemOwth a
YSI brand BFssol WM& Oxyget? Met er® gl\/bdeal( lE?)lA) arPd Pr olfeGsMbdel 57B@s.0) An
initial di séol ved®dxygen oncentf8ti ot RS det & nmi ned whd)l e sti rpidag)

conti nuouslsy. One4@l of tHe bactlerial t@azul umovas t hepgadded toc;tpl t est

sanpl es, fakl owedsdy addisd on ofo t he himmyde cantainingshfE.- The g es
wer e condugged atm@5 [errdd and gpH 7. 3@1150§0I vedy, OXYgen Mas measu é
various ti poi Rs. The gf fect of the aglive ingr edlAebggat vari 675}“31
|l evel s of the ME oxygegy upt ake by § 39 gl’l a vias det el ned ove? H%. 3
hour peri od! Both.Ihe i nOé)d.H um %nd bi ¢ c? s werle addéd®?® the SVEVEIDt he
start of tH& test® DO contentrat® ons @ neasfred ovef2di me. A @@ ol
contai ni ng*dnly fiched QW and t he |5r€?1‘c9bul umOnas i Aci3Bifled i n thesitsest .
The resul t$4are MC 9.0 0. 5(21.0) 0 A (38.5) G (31.5)

45 MC 9.0 0 1(21.0) 0 A (28.0) H (42.0)

46 MC 9.0 0 1(21.0) 0 A (25.0) I (45.0)

47 MC 15.0 0 1(15.0) 0 C (28.0) G (42.0)

43 MC 9.0 0 1210) . 0 A (33.0) I (37.0)

49 MC 9.0 0 1(21.0) 0 A (49.0) K (21.0)

50 MC 15.0 0 1(15.0) 0 B (35.0) L (35.0)

51 MC . 9.0 0 1(21.0) 0 D (49.0) E (21.0)

52 MC 9.0 0 14 (21.0) 0 D (49.0) E (21.0)

EXAMPLE 2 - Water Dilutabilitv

The water dilutabiiity of the MC and ME's of cxample | was determined by adding
varying amounts of deionized water and evaluating clarity using a rating scale of 0-5. Surfic1em
water was added to the samples to form dxlunons containing from 10 to 98% water by weight.
The rating scale is defined as follows:

0 = perfectly clear;

= clear, very slight opalescence;

2 = opalescent;

3 = opalescent, slightly cloudy;

4 = cloudy (macroemulsion); and

S = phase separation.

A rating of 3 or lower is considered passing.
These results are shown in Table 2.

Table 2
Water Dilutability of ME Samples
% Water by Weight: 0 10 20 30 40 S50 60 70 8 90 95 98

a e #
; 3 0 0 0 0 0 0 0 0 0 0 0
: 3 3 2 1 0 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0 0 0
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10 Enriched Synthetic Wite Water Conposition
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Dei oni zed Vt er 1 liter The total hardness of the SWV was 150 ppm
(nmeasured as [err]) and the total alkalinity was 100 ppm (neasured as
[err]). Table 4 Effect of ME on Oxygen Uptake Measure of Dissol ved Oxygen

(ppm Al Level Tinme (hr) Cont r ol 0.5 ppm 1.5 ppm . 3 ppmO0.0
8.2 8. 00 8. 47 8.21 0.5 8.04 7.97
8.42 7.97 1.0 7.66 7.82 8.23 7.69 1.7
7.20 7.69 8. 03 7.782.0 6. 96 7.62
7.95 7.76 3.1 5.68 7.46 7.84 7.59 4.1

3.12 Mwﬂﬂm 7.51 4.6 1.14 7. 36
7.76 : =05 7.24 7.74 7.43
To demonstrate the importance of the surfactant system, MC's of the invention were
compared to MC's having different surfactant systems with regard to water dilutability. The
samples were prepared by combining the surfactant(s) listed below with an oil phase. The ratio
of oil 'phase to surfactant was 30/70 for each sample. The oil phase was a mixture of AI 1 and
solvent 2 in a ratio of 30/70 . Once the surfactant(s) and oil phase were combined (0% water),
varying amounts of water were added as described in Example 2. The rating scale of 0-5
described in Example 2 was used to evaluate the clarity of the dilutions. In some instances, the
comparative samples gelled. This gelled phase is properly termed a liquid crystal phase and is
denoted by LC in the ratings in Table 3. The surfactants are as described in Example 1 or as
described below.

Surfactant System  Surfactant(s)

53 (invention) A and E in a ratio of 70/30 -
54 (invention) A and I in a ratio of 60/40
55 (invention) A and.lin aratio of 55/45
56 (invention) Sulfated oleic acid (30% aq) and E in a ratio of 70/30
57 (comparative) A (single compbnent)
58 ({comparative) B (single component)
30 (comparziive)  E fsingle component)
6L (comparative) A and ethoxylated sorbitan monooleate in a ratio of 30/70
61

(comparative)  Sodium dodecylbenzenesulfonate (65% aq) and Ein a ratjo of 40/60
§2 (comparative)  Calcium dodecylbenzenesulfonate and K in a ratio of 20/80 '

Table 3
Water Dilutability :
© % Water by Weight: 0 10 20 30 40 S0 60 70 80 90 95 98
Invention:
53 0 0 0 0 0 0 0 0 0 0 0 0
34 0 0 0 0 0 0 0 0 0 0 0 0
35 0 .0 0 0 0 0 0 0 0 0 0 0
56 0 3 2 2 0 0 0 0 0 0 0 0
Comparatjve; .
57 0 0 5 LC ILC 5 5 5 1 0 0 0
58 0 5 5 5 IC 5 5 5 2 1 0 0
59 0 5 5 5 5 5 5 5 3 2 2 1
60 5 5 5 5 5 5 s S 5 5 5 5
61 0 Q 0 5 5 1C 1LC 5 5 21 1
62 0 5 5 5 5 5 5 5 5 5 5 S
4 - Biologi ctivitv
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6.~3 0.01 7.13 7.61 : 7.27 The above data show
that the anmount of DO decreases with tinme in the control sanple. This
oxygen consunption is indicative of aerobic mcrooerganismactivity. The
treated sanples show little |loss of DO indicating an inhibition of

m crobial activity. B Pulp and Paper Evaluations The nutrients, _
tenperature, pH and dynam cs of paper nachine systens are ideal for the
grow h of m croorgani snms. Organisns in the process water (white water) nay.
attach to surfaces to formbiofilmand slinme. Slime formation | eads to
operating probl ens aper breaks | u e work, .corrosion) and poor
paper quality (%e 5 ﬁﬁ‘&ﬁ '@?“é’ﬂ'bw&‘g gg“‘#&ég’ﬂﬁ’éﬁi‘l afiYiy- BheoMGiehSample 1

i nportant fiem mhnqmanae dilyted evithoyrseraaridon defpaining)agent,  silicpmy crpﬁladmebx&mnﬂibe

gﬁ& f 0; rrgpcgn teﬁé sih?ca%élpa@mbgwou ﬁr&@ﬂttﬂis@a}atengly@é&ttﬁér}o@tcﬁgg ey dg,,g pul p
ul u V
thesg gt udi @M%ﬁ%ﬂ 56 (i 43&35%2161?%%%% Jfég‘fffg’fﬂég‘é

15442) , Entmmb&iloe'rnae?ewa@%ﬁ*@s (ATCC# 13048), Klebsiella pneumom ae (ATCC#

13883) and a gram negative, wld papersline isolate. %
All 2.1
Solvent 1 ‘ ' ' 7.9
© Surfactant A . 16.3
Surfactant E 7.0
water : ' 66.3
defoaming agent ' 0.4

This ME was used in the following studies.

A, Oxveg L

Oxygen uptake is one of the indicators of microbial activity (respiration). Monitoring
dissolved oxygen provides a quick and simple method for determining the effect of a biocide on
ae*obic microorcanisms A series of oxygen uptake studies were performed to determine the

The studies to evalute the ME of the invenzion were performed using 2 mixture of
Tacietia recovered from an actual papermill system (French Paper Mill, Niles, Michigan). The
predominant bacterium in the mixture was Pseudomonas. Nutrients (glucose and yeast extract)
were added to the papermill stream sample and grown overnight (25°C). The culture ‘was
washed three times (5,000 rpm, S min) in 0.1M phosphate buffer and standardized to an optical
density (660nm) providing 103 bacteria/ml. One-ml aliquots were added to the test samples for a
final concentration of 106 bacteria/ml. '

Respiration studies were conducted in 60m! biochemical oxygen demand (BOD) botiles
containing enriched synthetic white water ("SWW") (see below). The SWW was pre-incubated
a: 25° C and bubbled with air to achieve oxygen saturation. The concentration of dissolved
oxygen (DO) was measured with a YSI brand Dissolved Oxygen Meter (Model 54A) and Probe
(Model 5750). An initial dissolved oxygem concentration was dgtenhined while stirring

- continuously. One-ml of the bacterial inoculum was then added to the test samples, followed by
addition of the biocide containing ME. The studies were conducted at 25 °C and pH 7.
Dissolved oxygen was measured at various time pomrs

The effect of the active ingredient at various use levels of the ME on oxygen uptake by

* bacteria was determined over a 6.3 hour period. Both the inoculum and biocides were added to
the SWW at the start of the test. DO concentrations were measured over time. A control

containing only enriched SWW and the mnoculum was included in the test. The results are
shown in Table 4.
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The bacterial isolates were transferred froma 25% gl ycerol stock (0.1 m)
into a shake flask containing sterile enriched synthetic white water (see
above). After incubation at 37[err]C for 24 ‘hours, the pure cultures were
washed three tinmes in a 0.1 M phosphate buffer by centrifugation. Each
organi smwas standardi zed to a predeterm ned optical density reading at 660
nmto give [err] organisnms/m . The suspgpsions were checked for purity
prior to testing. The washed cultures could be used for 4 weeks if stored
at 4C. Viability studies shomed no adverse effects fromstorage. Prior to
testing, the pure cut: ' , i¢ég | C and conbi ned. A 1% pul p
slurry was prepared by |ng dry kra pulp in synthetic white water
(see below). Al of the ic whit F%p conponents were prepared as
sterile stock solutions Oadded to sterlkg dei oni zed (DI) water
separately. The suspen5|ﬁﬁﬁ&és adj ust ed tolaﬁ 5 or pH 8 with hydrochloric
acid or sodlun1hydrOX|de§€§ﬁ5}ectlvely Thi,§, was done in order to eval uate

the efficacy of the ME u acidic arlﬁoal I%a i ne conditions. Aliquots (24
g) were sterilized by au aving (121 errhg 15 min.). Sterile deionzed

water (DI) was added to | e af It cooled to replace water | ost
during sterilization. g?&% b0 ite ter for Pul p Slurry Conponent
g/ | Pur pose Nay-EDTA . 14&

Hepes Buffer 0.05M

Deionized Water - 1 liter

The total hardness of the SWW was 150 ppm (measured as CaCO3) and the total
alkalinity was 100 ppm (measured as CaCO3).

Table 4
Effect of ME on Oxygen Uptake

Measure of Dissolved Oxygen (ppm)

Al Level
ime(ht)  Control Q.3 ppm 1.5 ppm 3 ppm
0.0 8.2 8.00 8.47 821
0.5 8.04 7.97 8.42 7.97
1.0 7.66 7.82 8.23 7.69
1.7 7.20 7.69 8.03 7.73
2.0 6.96 7.62 7.95 7.76
3.1 5.68 7.46 7.84 7.59
4.1 3.12 737 7.79 7.51
46 1.14 7.36 7.76 7.45
50 0.05 7.24 1.74 7.43
6.3 0.01 7.13 7.61 727

The above data show that the amount of DO decreases with time in the control sample.
This oxygen consumption is indicative of aerobic microorganism activity. The treated samples
show little loss of DO indicating an inhibition of microbial activity.

B. Pulp and Paper Evaluations
The nutrients, temperature, pH and dynamics of paper machine systems are ideal for the
growth of microorganisms. Organisms in the process water (white water) may attach to surfaces
~ to form biofilm and slime. Slime formation leads to operating problems (paper breaks, plugged
Pipe work, corrosion) and poor paper quality (stains, holes and odors). Treatment with biocides
is important for adequate system operation and quality paper products. The performance of ME
described above in controlling bacteria and fungi in pulp and paper systems was evaluated.

This is the replacement sheet

Date: dé 0CT 1%



[err] 111 Har dness [err] 60

Hardness [err] 168 Al kalinity [err] 28
Nutrient [err] = 96 Nut ri ent Dextrose 25
Nutrient [err] 1.04 Trace netal Na2- EDTA 1.48 -
I ron chel ator Hepes Buffer 0. 05M Buf feri ng Dei oni zed Water

| liter The pulp slurry was warned to 3Z£err]C and then inoculated with
one-nm of the m xed bacterial or fungal “Cultures. The sanples were treated
with the ME for.nul ati on descri bed above at concentrations ranging from1l to

10 ppm active i 8O : r tai ni.ng, only SWVand the
i ,nngg ul um was j?%lrlﬁ%éﬁi%ﬁeﬁg ctvég&?dqff]elg{se gtg& ) %°§s'§\'gq 8{17%3%85 Buudamapag err] C
wi th shaki ﬁ@{“#‘&?;’“z(% SUr S B EPTer 4ergeenen ATCE 1308 In KiabrialiaNpieameuae ON
the | i qui d(ADPEX 51958r2nt A gram sertiyeawilizupesiniimiand after 3, 16, and 24
hours. Vi abl e CRieltotestdl dsobma suteark 8 tidf o 25% g1 bd bk B AL§S,US) 19, an
ei ght -vel | gdSbondinRaRHR enriched synthetic white water (see above). After incubation at 37°C f i
24 hours, the pure cultures .were washed three times in a 0.1 M phosphate buffer :;
centrifugation. Each organism was standardized to a predetermined optical density reading at
660 nm to give 108 organisms/m]. 'The suspensions were checked for purity prior to testing. C
The washed cultures could be used for 4 weeks if stored at 4°C. Viability :tudics
showed no adverse effects from storage.
Prior to testing, the pure cultures were warmed to 37°C and combined.
. A 1% pulp slurry was prepared by homogenzing dry kraft pulp in synthetic white water
(see below). All of the synthetic white water components were prepared as sterile stock solutions
and added to sterile deionized (DI) water separately. The suspension was adjusted to pH 5 or pH
§ with hydrochloric acid or sodium hydroxide, respectively. This was done in order to evaluate
the efficacy of the ME under acidic and alkaline conditions. Aliquots (24 g) were sterilized by
autoclaving (121°C, 15 min.). Sterile deionzed water (DD was added to each sample after it
cooled to replace water lost during sterilization.

vnthetic ite Water for

Component mel - ‘Purpose
CaCly 111 Hardness
MgSQy4 60 Hardness
NaHCO; 168 Alkalinity
K’zHPO4 28 Nutrient
NH4Cl! 96 Nutrient
Dextrose 25 Nutrient
F.eCl3-6H30 1.04 Trace metal
Nay-EDTA 148 Iron chelator
Hepes Buffer . 0.05M Buffering
Deionized Water . 1 liter

The pulp slurry was warmed to 37°C and then inoculated with one-m! of the mixed
bacterial or fungal cultures. The samples were treated with the ME formulation described above.
al concentrations ranging from 1 to 10 ppm active ingredient (AI). A control containing onlv
SWW and the innoculum was included in the- test. S

. Test samples were incubated at 37°C with shaking for 24 hours. Bacterial and fungal
enumerations were done on the liquid portion of the slurry at zero time and 'aftcr 3, 16, and°24
hours. Viable cells were measured in 96-well microtiter plates using an eight-well Most Probable
Number (MPN) method. The recovery medium was Trypticase Soy Broth and the level of
detection of growth was < 6 organisms/ml. - '
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Nunber (MPN) net hod. The recovery nedi um was Trypticase Soy Broth and the
| evel of detection of growth was < 6 organi sns/m. 12 Treatnent |evels
whi ch gave > 1- |log reduction in viable cell counts over. the 3 to 6 hour
time period relative to the untreated control were considered effective.
These results are reported in Table 5. Table 5 Measure of Cell Viability

(log bacteria/m) Active Ingredient Levgh pH Time (hr)
Control 1(ppm2 (ppm 5 0 6. 493 6. 493
6. 493 6.493 3 6. 493 5.672 5. 758 4.910 6
7.064 7. O@featment levelSwhiBiBgave > 1- 1o, ridiRtiaitiin viable cell coufitsZ%er the 3 to 6 géugrlo
6.258 time4pc?i5§ relative to the untreated control were considered effective. These results are reported

in Table 3. .

Table 5

Measure of Cell Viability (log bacteria/ml)

Active Ingredient Level

pH Time (hr) 1(ppm)2 (ppm) S (ppm)

5 0 - 6493 6.493 6.493 6.493
3 6.493 5.672 5.758 4910
6 7.064 7.064 5.493 4.065
24 7.258 6.910 6.258 4.758

8 0 6624 = 6624 6.624 6.624
3 7.037 6.258 5.064 3493
6 7.758 7.064 6.037 5.064
24 7.064 6.064 7.190 7.910

The ME's of the invention were evaluated for their heat and cold'physical stability and
stability to freeze-thaw cycles. ME's 1A -1P were prepared by diluting with water ;-ME
concentrate comprising solvent 1, AI 1, and surfactant A and surfactant E in 2 70/30 ratio to form
use dilutions. ME's 2A-2P were prepared by diluting with water a ME concentrate comprising
solvent 3, Al 1, and surfactant A and surfactant H in a 60740 ratio to form use dilutions. To these

use dilutions was added a defoaming agent, Antifoam 1520-US ®. The resultant compositions of
these formulations are reported in Table 6.

Table 6
Samples for Thermal Stability Tests

51 :mn!e Solvent (%) Al (%) Surfactants (%) Defoamer (%) % Water

6.0 17 23.37 0.40 68.54
1B 6.0 2.0 . . 68.23
I 6.0 23 . " 67.92
D 70 1.7 . " 67.54
E 70 2.0 . o 67.23
IF 70 23 . 66.52
16 75 17 “ . 67.04
H 75 2.0 . " 66.73
1 75 23 " 66.42
1J 8.0 1.7 " " 56:54
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8- 0 6. 624 - 6.624 6. 624 6.624 3
7.037 6. 258 5. 064 3.493 6 - 7.758 7.064
6. 037 5.064 24 7.064 6. 064 7.190 : 7.910

EXAMPLE - ME Phvsica Stability The ME s of the invention were evaluated-for
their heat and cold physical stability and stability to freeze-thaw cvcl es.
Ms 1A -1P were prepared by diluting wity, water a ME concentrate conpri sing
solvent 1, Al 1, and surfactant A and surfactant Ein a 70/30 ratio to form
use dilutions. ME's 2A-2P were prepared by diluting with water a ME
concentrat eliconpr 89i ng sol Zéht 3, "Al 1, and surfactant A anggsurfactant H
in a 60/40 natio 80 formu2es dil utions. To these use dil utigsngsz was added a
def oam ng aggnt, Aatifoam b320- USayodhe resul tgnt conposi tlr‘%p(f of these
formul ationg;are ggported ixp Tabl ggfs Table 6 % | es for efral St abil i ty

Test s Sarrplleo Sgl éﬁ?t (% 26'1 (7'°/c) 18:08 Sur f act an '40(% Def oahtet? (%

% Wt er- 1A : 23. 37 0. 4073.72

68.54 1 B 1P g 080 297, 1516 0 - 74.84
68. 23

- 2A 6.0 1.7 2337 040 68.54

2B 6.0 2.0 " - . 68.23

2C 6.0 23 " . " 67.92

2D 7.0 1.7 " " 67.54

2E 7.0 20 ¢ " 67.23

2F 7.0 23 " " 66.92

2G 7.5 1.7 - " 67.04

2H 7.5 2.0 " " 66.73

21 7.5 2.3 " .o 66.42

23 8.0 1.7 " .o 66.54

K 8.0 20 " . 66.23

2L 8.0 23 " " 65.92

26 8.0 20 21.00 0 69.00

N 80 - 2.0 18.08 0.40 71.48

20 5.75 2.0 15.08 0.40 73.72

o 8.2 2.0 15.16 0 74.34

N Hot physical stability was evaluated by piacing vials containing the samples in a heating
piuck at 55° C. The samples were removed from the heating block and evaluated for -thei:
siability by visual examination of the sample after 1, 2, 3, and 4 weeks. After evaluation, the
samples were returned to the heating block. The ME's were rated using the scale in Example 2
supra. Cold physical stability was evaluated by placing vials containing the samples in a freezer.
T'he freezer was kept between 0° and 2°C. The samples were removed from the freezer and
\.-:sually inspected after 1, 2, 3, and 4 wesks. After inspection, the samples were replaced in the
freczer. The ME's were rated using the scale in Example 2 supra. An "X" indicates crystallization

£ the ent: .
°.' the solid Al from solution. The results of both the hot and cold physical stability studies are
reported in Table 7. o

Table 7
Thermal Physical Stability Tests

Hot Physical Stabilitv 1d Phvsi vr-
Sample & cal Stability.  ____ Cold Physical Stabiliy
At ek 2vks dwis fwin | Lwk 2wk dwks dwks
1B 0 0 0 0 0 0 0 0
1C 0 0 0 0 0 0 0 .0
1D 0 0 0 0 0 X X X
0 0 0 0 0 0
1E 0 0 .
0 0 0 0 0 0
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The above data show many of the ME's of the invention have good hot and cold physical
stability.

The ME's were also evaluated for their stability to freeze-thaw cycles. Samples of the
above ME's were placed in a freezer which was kept at -10°C. After the samples had frozen, they
were removed from the freezer and allowed to warm to room temperature. Once at room
temperature, the samples were visually evaluated using the rating scale in Example 2. The

samples were thern returned to the freezer. The entire process was repeated two more times. The

results of these fre_:eze-thaw cycles, along with the initial appearance of the ME's, are reported in
Table 8.

Tabie 8
Freeze-thaw Cycles
Sample # Injtjal t Cve 2nd Cycle rd Cvcle
1A 0 0 0 0
1B 0 0 0 0
1C 0 0 0 X
1D 0 0 0 0
0 0 0 0

1E
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8.0 2.0 15. 16 - . 0 74.84 2A

I P
6.0 1.7 23. 37 0.40 . 68. 54 2B
" 68. 23 2C
6.0 2.0
67.92 2D
6.0 2.3
. C 67.54 2E
7.0 1.7
7.0 2.0 67.23 2F
' 15 66.92 2G
7.0 2.3 _
" " 67. 04 2H
7.5 1.7 o 23 o
7.5 2.0 1F " 0 0 0 0 :
66. 42 2] .
7.5 2.3 1G 0 b 0 0
66. 54 2K 8.0
8.0 1.7 1H 0 0 0 0
" 66. 23 2|D 8.0
2.0 1I 0 0 0
' 65.92 8.0 2.0
2.3 1J 0 0 0
69. 00 8 § .0 18. 08
21. 00 11 0 0 e %0
0.4 1/1. 48 5.5 02.0 0 1 S.08 0 .
73.72 2.0 15.16 1M 00 0 074. 84 0
IN 0 0 0 0
10 0 0 5 5
1P 0 5 5 0
2A 0 0 0 0
2B 0 5 X X
2C 0 X X X
2D 0 0 0 0
2E 0 0 0 0
2F 0 0 0 %
2G 0 0 0 0
2H 0 0 0 0
20 0 0 0 X
2 0 0 0 0
2K 0 0 0 0
L 0 0 0 X
2M 0 0 0 0
2N 0 0 0 0
20 0 0 0 X
2P 0 0 0 0

The above data show many of the ME's of the invention have good freeze-thaw stability.
P - Wat ilutabilicy : ful in Agriculture

To demonstrate the applicability of the formulations of this invention to other Al's, the
water dilutability of MC's containing the following water insoluble Al's at the following
concentrations was determined.

Al3= 2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4~(triﬂuoromcthyl)benzene

Al 4 = 2 4-dinitro-6-octyl-phenyl crotonate

AlS= a-butyl-a—(4-chlorophenyl)-1H-1,2.4-triazolc-l-propanenitrile '

Component Concentration %
Al3,4,0r5 9.0
Solvent 2 21.0
Surfactant A 49.0
Surfactant E 21.0
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Hot physical stability was eval uated by placing vials containing the
sanples in a heating block at 55 C. The sanples were renoved fromthe
heati ng bl ock and evaluated for their stability by visual exam nation of
the sanple after 1, 2, 3, and 4 weeks. After evaluation, the sanples were
returned to the heating block. The ME's were rated using the scale in
Exanpl e 2 supra. Cold physical stability was eval uated by placing vials
containing the sanples in a freezer. The freezer was kept between 0 and
2[err] C. The sanples were renoved fromthe freezer and v isually inspected
after 1, 2, 3, and 4 weeks. After inspection, the sanples were replaced in
the freezer. The ME's were rated using the scale in Exanple 2 supra. An "X'
i ndicates crystallization or the solid Al fromsolution. The results of
both the hot and cold physical stability studies are reported in Table 7.
Tabl e 7 Thermal Physical Stability Tests Hot Physical Stabilitv

Col d Physical Stability Sanple 2 wks ~ 3wks 4 wks 1 w 2 3 WwKks
4 wks 1A 0 o . . 0 0 0 0
0 01B 0 0 0 0 0 0
0 .0 1C 0 0 0 0 0 X
X X _—
16

The MC's w.ere prepared as describied in Example 1. The water dilutability of these
samples was determined as described in Example 2, using the same rating scale. The results are
shown in Table 9. Sample 63 has the composition described above with AI 3

. . ] sample 64 has the
composition described above with AI 4, and s .. ]
with AI 5. ample 65 has the composition described above
Table 9

Water Dilutability of Other Al's

:; WaerbyWeight 0 10 20 30 40 50 60 70 80 90 98

& 0 0 0 I 2 3 1 0 o0 0 o

” 0 0 0 0 3 3 1 o0 o0 ¢ g
0 0 0 0 2 3 2 o o0 g o

. These results in Table 9 indicate the microemulsions this invention are useful with a wide
variety of low water soluble active ingredients.
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<IN 1. Composition comprisi 5 5 0 0
0 10 (A) an acgve ingrediennswhich has g solubility ‘if5 water of less than 9% at roomX
X | femperature and a felting point ¢f less than 180°C; 5 0 0

(B) a non-polar, water immiscible solvent capable of dissolving at least 5%
(A) at room temperature;

(C) a surfactant system comprising:

by weight of

(C1) at least one sulfated of sulfonated anionic surfactant having about 3-17%
sulfation or sulfonation; and
(C2) at least one ethoxylated surfactant; and
(D) 010 99.9 % by weight water;
the weight ratio of (C1) to (C2) being from 10/90 to 90/10;
the weight ratio of said (A) to (B) being from 95/5 to 1/99, and
the weight ratio of said (A) to (C) being from 1/99 to 86/14;

said composition being thermodynamically stable and clear, opalescent, or only
slightly cloudy at all levels of water dilution up to 99.9%.

-. Composition according to claim 1 wherein the water-immiscible solvent comprises
penzil aicohol, benzyl acetaie, pine oil, phenethyl alcohol, xylene, phenoxyethanol, butyl
chraate. 2.2.4-trimethyi-1,3-pentanediol monoisobutyrate, or alkylbenzene, preferably a

m:xwurz of benzyl aicohol and pine oil.

3. Composition according to claim 1 or 2 wherein the sulfated or sulfonated anionic
surfactant (C1) comprises suifated and/or sulfonated castor oil, sulfated and/or sulfonated
ethoxylated alkylphenols, sulfated and/or sulfonated ethoxylatéd fatty alcohols, sulfated and/or
sulfonated fatty acids, or sulfated alkanolamides, preferably sulfated and/or sulfonated castor oil.

4. Composition according to any preceding claim wherein the ethoxylated surfactant
) comprises ethoxylated (Ci10-Cis)alkyl phosphate monoesters and/or diesters and/or triesters,
ethoxvlated (C;o-C)g)alkaryl phosphated monoesters and/or diesters, ethoxylated (Cg-
Czo)monoalkyl- or dialkylphenols; ethoxylated alkylamides, ethoxylated alkanols, or ethoxylated

castor oil, preferably an anionic, ethoxylated (Cy¢-Cig)alkyl phosphate or a nonionic, ethoxylated
(Cg-Cap)mono- and/or dialky! phenol.

(<2

5. Composition according to any preceding claim wherein the weight ratio of (A) to (C)
is from 1/99 1o 30/70.

. 6. Composition according to any preceding claim wherein the weight ratio of (C1) to
(C2) is from 30770 to 70/30, preferably from 50/50 wo 70/30.
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7. Composition accordmg to any preceding claim wherein the weight ratio of.(A) to (B)
is from 50/50 to 10/90.

8. Cornposxuon according to any preceding claim wherein (A) comprises 4,5-dichloro-
2n-octyl-3-isothiazolone, 2n-octyl-3-isothiazolone, 2-chloro-1 1-(3-ethoxy-4-nitrophenoxy)-4-
(trifluvoromethyl)benzene, 2 .4-dinitro-6-octyl-phenyl-crotonate, or  alph-butyl-alph-(4-
chlorophenyl)-1H-1,2,4-triazole-1-propanenitrile.

9. Composition according to any preceding claim wherein (A) comprises 4,5-dichloro-2-
n-octyl-3-isothiazolone, (B) comprises benzyl alcohol, (CH ‘comprises an anionic, sulfated
and/or sulfonated castor oil, fatty acid, or fatty ester, (C2) comprises an anionic, ethoxylated
(Cio-18)alkyl phosphate or a nonionic, ethoxylated (Cs-Czo)mono- and/or dialkyl phenol, the
weight ratio of (C1) to (C2) being from 30/70 to 70/30, the weight ratio of (A) to said (B) being
from 50/50 to 10/90, and the weight ratio of (A) to the (C) being from 1/99 to 30/70.

10. Composition according to any preceding claim in the form of a microemulsion
concentrate having 0% water.

1. Composition according to any preceding claim m the form of a microemulsion
having about 1 10 99.9% by weight water.

12. Method of controlling bacteria or fungal growth in a pulp or paper making process

comprising employing a composition as defined in any prcced1n° claxm in: saxd process m
amounts sufficient to control said growth.

13. Use of a composition as defiried in any of claims 1 to 11 to control bacterial, fungi

" and/or algae.

I
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0 FUUILY WATER-DILUTABBE MICROEMULSIONS 0
0l1C 0 0 | 0 X 1D
0 0o 0 1E 0 0

O This invention relates to microemulsions of water-insoluble active ingredients having
microbicidal, herbicidal, insecticidal, plant growth regulating or pharmaceutical activity.

Microemulsions containing water-insoluble biocidal or pesticidal agents have been
proposed in, for example:

US 5,013,748 which discloses aquéous biocidal microemulsions useful for the
protection of wood. The biocidal components employed contain at least one triazole
fungicide, at least one quaternary ammonium fungicide and at least one benzimidazole
fungicide in a liquid carrier comprising at least two necessary polar solvents. This patent
does not teach fully water dilutable systems. |

US 4,954,338, which teaches oil-in-water microemulsions of isothiazolones with low
water solubility with EO/PO copolymer/anionic sulfates or sulfonates as microemulsifier.
The solvents are alkyl alcohols or alkylalkoxylated alcohols. This patent requires the use of
EO/PO (ethylene oxxde/propylene oxide) copolymer to maintain the microemulsion with
dﬂuﬂanby“mﬁx
' US 4,567,161, which discloses transparent microemulsions with active ingredients
(e.g. pesticides, herbicides, pharmaceuticals) together with a phosphohpld and a coenulsifier
(glycerin ester).

CA 1209361, which discloses cold stai)le aqueous microemulsions of agroéhemical
pesticides, household pest control agents, and pharmaceuticals using an emulsifier which is
a mixture of alkylaryl polyglycol and an alkylarylsulfonate sait.

US 4,973,352 which '_discloses aqueous microemuisions for only herbicidal use
containing a combination of a herbicide, one or more eﬁulsiﬁers or wetting agents such as
calcium dodecylbenzenesulfonate, one or more organic solvents and water. This patent also
does not teach fully water dilutable microemulsions.

US 4,904,695, which discloses an aqueous based insecticidal microemulsion
comprising a synthetic pyrethroid/organophosphate, surfactant blend, adjuvants, such as
antifoamers, thickeners and preservatives, and water. The microemulsions of this patent are
not fully water dilutable. |
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S17- Al M5 1. A conposition conprising (A) an active ingredient
\AklliYCh-Gﬁas a solubility |m; wat er of Iesslthandli/o at room5 tenperature and a
meltin oint of less than 100[err] C sel ecte rom _ _

4, 5-di ghPoro- 2-n-octyl-3- isothiazol one,  2- rSUb%Ei_Y@te?s\Te%‘Pt-@?Zlﬂﬁé’H@gg
2-chl oro- 1- ( 3- €t hoxy4- ni t rophenoxy) - 4- (trifl uoromethytyoenzene—
2-4-dinitro-6-octyl-phenyl-crotonate, and al ph-butyl -al ph-(4-

chl orophenyl)-1H1 ,2, 4-triazol e-1-prop2arenitrile; (B) a non-pol ar, water
i mmi sci bl e sol vent capable of dissolving at least 5 %by 10 weight of (A)
at room tenperature and sel ected from benzyl al cohol, benzyl acetate, pine
oi |, phenet hyl allfh893,900 discieses piy waxey il inic flemul3ivn)fornfiMitioas 8f Water-insoluble
2,2,4-trinmeth I& 3- pent ad;leg}é?ol nonQj sobut yr at?, ~al kyl benzene and m xtures
of al kyl ben?‘gﬁbé?,éspalnﬁér%i THOFE RO Water ¢ilugablesi | / xyl ene or pine

oi | /'benzyl al cohthlly Waler dilBtaBlé thitFdemitisicigS EHRUGRBE & %ﬂ? [insolwble biocidal active .
(C) atyl east one %ul f;t ed or sul fonastl% aﬁlg%nl Vs GT fac a&n?bﬁgmcwgl%ﬁt
3. ingredients, have not been previously known ard available. By fully water dilutable is meant

5 a microemuision which is water-dilutable from water-free concentrates (referred to as

microemulsion concentrates) to microemulsion containing large concentrations of water.
The present invention provides in one aspect a composition comprising
(A)  an active ingredient which has a solubility in water of less than 1% at room
temperature and a melting point of less than 100°C selected from 4,5-dichloro-2-n-octyl-3-
10 isothiazolone, 2-n-octyl-3-isothiazolone, 2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-
- (trifluoromethyl)benzene, 2,4-dinitro-6-octyl-phenyl-crotonate, and alph-butyl-alph-(4-
chlorophenyl)-1H-1,2,4-triazole-1-propanenitrile;
(B)  a non-polar, water immiscible solvent capable of dissolving at least 5% by
weight of (A) at room temperature and selected from benzyl alcohol, benzyl acetate, pine oil,
15 phenetyl alcohol, xylene, phenoxyethanol, butyl phthalate, 2,2,4-trimethyl-1,3-pentanediol
monoisobutyrate, alkylbenzene and mixtures of alkylbenzenes, pine oil/benzylacetate, pine
oil/xylene or pine oil/benzyl alcohol; |
(©)  a surfactant system comprising:
(C1) at least one sulfated or sulfonated anionic surfactant having about 3-
20 17% sulfation or sulfonation selected from sulfated and/or sulfonated castor oil, sulfated
and/or sulfonated ethoxylated alkylphenols, sulfated and/or sulfonated ethoxylated fatty
alcohols, sulfated and/or sulfonated fatty acids, and sulfated alkanolamides; and ,
(C2) at least one ethoxylated surfactant selected from ethoxylated (C,q-
C,g)alkyl phosphate monoesters and/or diesters and/or triesters, ethoxylated (C,4-C,g)alkaryl
25 phosphated monoesters aﬁd/or diesters, ethoxylated (Cg-C,)monoalkyl- or dialkylphenols;
ethoxylated alkylamides, ethoxylated alkanols, and ethoxylated castor oil, but not including
a polyoxyetheylene/polyoxypropylene block copolymer; and
(D) 01099.9% by weight water; _
the weight ratio of (C1) to (C2) being ﬁom 10/90 to 90/10;
30 the weight ratio of said (A) to (B) being from 95/5 to 1/99, and
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17% sul fation or sulfonation selected fromsulfated and/or sul fonated
castor oil, sulfated and/or sul fonated ethoxyl ated-al kyl phenols, sulfated
and/ or sul fonated ethoxylated fatty al cohols, sulfated and/or sulfonated
fatty acids, and sulfated al kanol ani des; and Habjtitute isbest - 2BeJurtehd99Bat ed
surfactant selected fromethoxylated ([err]- 20 [err])alkyl phosphate
nenoesters and/or diesters and/or triesters, ethoxylated ([err])al karyl
phosphat ed nonoesters and/ or diesters, -éthoxylated ([err])nonoal kyl - or

di al kyl phenol s; et hoxyl at ed alkylanldes et hoxyl at ed al kanol s, and

et hoxyl ated castor oil, but not including a

pol yoxyet heyl ene/ pol ydhqmigpyta&n@fbaidék) too(6) Ibgingrfrom API(tDB6/140 t 0 99. 9% by

e 0™t he wePSPTPa O e pof aiiesy st hnd et st b iy

1/99, and t hgignly elehdy al dIPle®ls SPwatef dilutiod upGd 9989%g from 1/99 to 86/ 14
sai d conposition being thernodynam cally stable and clear, opalescent, or

only slightly cl dadanother fspect,cihe|inventionprevidesi 4 methnd fop inkibitiog 3b¢ gBOWth of
5 bacteria, fungi, and algae, in particular a method of controlling bacteria or fungal growth in

a pulp or paper making process comprising employing a composition as described in the
immediately preceding paragraph in the process in an amount sufficient to control the growth.
A further aspect of the invention comprises the use of such compositions to control bacteria,
fungi and/or algae

10 - By "active ingredient" is meant any compound having microbicidal, herbicidal,
insecticidal, plant growth regulating or pharmaceutical activity selected from 4,5-dichloro-2n-
octyl-3-isothiazolone and 2-n-octyl-3-isothiazolone or agricultural fungicides selected from
2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)benzene, 2,4-dinitro-6-octyl-phenyl-
crotonate, and alph-butyl-alph-(4-chlorophenyl)-1H-1,2,4-triazole-1-propanenitrile.

15 The microemulsions of the invention are useful in many areas of preservation and
agncultural applications, depending on the activity of the active ingredient. The
isothiazolones, for example, are active as disinfectants, sanitizers, cleaners, deodorizers,
liquid and powder soaps, skin removers, oil and grease removers, food'processing chemicals,
wood preservation, polymer latices, paint, lazures, stains, mildewcides, hospital and medical

20 antiseptics, medical d’ew)ices, metal working fluids, cooling water, air washers, petrdi‘eum
protection, paper treatment pulp and paper slurries, paper mill slimicides, petroleum
products, adhesives, textiles, pigment slurries, latexes, leather and hide treatment, petroleum
fuel, jet fuel, laundry sanitizers, agricultural formulations, inks, mining, nonwoven fabrics,
petroleum storage, rubber, sugar processing, tobacco, swimming pools, photographic rinses,

25 cosmetics, toiletries, pharmaceuticals, chemical toilets, _hdusehold laundry products, diesel
fuel additives, waxes and polishes, oil field applications, and many other applications where
water and organic materials come in contact under conditions which allow the growth of
undesired microorganisms. Other active ingredients are useful as fungicides, miticides,
herbicides, insecticides, and plants growth regulators.

30 In general, one or more active ingredient compounds which are less than 10000 ppm
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Sﬁbst(i tute sheet - 22 June 1999 -18- 2. A conposition according to claim
1 wherein the sulfated or sulfonated anionic surfactant (Cl) conprises
sul fated and/or sulfonated castor oil. 3. A conposition according to

cl ﬁi m I1 ord2(\[/\her]ei) n-I the gagggﬁgﬁéegrsgrfaﬁ;{ Wbsti ShegP" | 3es 9%ni oni c
et hoxyl ate err])al ky _ngni —€ - -
CZO)-?/mno- and/ or di al kyl phenol. 4. ﬁ(}torrppsmlon according to ‘any one
of the preceding clainms wherein the weight ratio of (A to (C is from 1199
to 30/70. 10 A conFosition according to any one of the preceding

clai ms wher é?‘ﬁb‘fﬁﬂ’é WRLST ¢h foom, temperppure @pd having Taelting poins of 38 Hent16070 c20be 6.

A conposi ti idn® Claim5 wherein the weight ratio of (d) to (C2)
S f?gm 15 ggsdggqt&f)gf%%%l 7. A conposition according to any one of the

precedi ng cl ai s Thheompolat, eatercimytiscible soleemfis §elctédofréBhe Srolip eoRsRBF Rt O
10/90. benzyl alcohol, benzyl acetate, pine oil, phenethyl alcohol, xylene, phenoxyethanol, butyl
5 phthalate, 2,2,4-trimethyl-1,3-pentanediol monoisobutyrate, alkylbenzene, and mixtures of
alkylbenzenes, pine oil/benzyl acetate, pine oil/xylene or pine oil/benzyl alcohol. The
solvent (B) which is preferably capable of dissolving at least 5% by weight of (A) at room
temperature, is used to dissolve the active ingredient(s).
A surfactant system comprising two different surfactants is used. The first surfactant
10 comprises at least one sulfated or sulfonated anionic surfactants having about 3-17% sulfation
or sulfonation selected from the group consisting of sulfated and/or sulfonated castor oil,
sulfated and/or sulfonated ethoxylated alkylphenols, sulfated and/or sulfonated ethoxylated
fatfy alcohols, sulfated and/or sulfonated fatty acids, and sulfated alkanolamides. The second
surfactant comprises at least one ethoxylated surfactant, which is selected from the group
15 consisting of ethoxylated (C,4-Cg)alkyl phosphate monoesteré and/or diesters and/or triesters,
ethoxylated (C,,-Cg)alkaryl phosphated monoesters and/or diesters, ethoxylated (Cq-
Cyp)monoalkyl- or dialkylphenols, ethoxylated alkylamides, ethoxylated alkanols, and
ethoxylated castor oil, but excluding a polyoxyethylené/polyoxypropylene block copolymer.
Microemulsion concentrates without water can be prepared according to the invention,
20 as can microemulsions. comprising up to 99.9% by weight water. As mentioned above, the
compositions of the invention remain microemulsions at all levels of water dilution, one of
the iniportant novel features of the invention. The composition remains thermodynamically
stable and clear, opalescent, or only slightly cloudy at all levels of water dilution up to
99.9%. |
25 . Weight ratios of the first surfactant to the second surfactant are from 10/90 to 90/ 10.
Weight ratios of the active ingredient(s) to solvent(s) are from 95/5 to 1/99. Weight ratios
of active ingredient(s) to surfactant system are from 1/99 to 86/14.
Various adjuvants including antifoam agents, such as the commercially available
silicone antifoam emulsions, and the like can be included, for example antifreeze agents such
30 as propylene glycol, urea, and the like; water soluble inorganic salts, such as sodium

chioride, magnesium sulfate, and the like which are used to optimize the action of the
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20 8. A conposition according to claim1 wherein (A) conprises

4,5-di chl oro-2-n-octyl-3- isothiazol one, (B) conprises benzyl alcohol, (d)
conprises an anionic, sulfated and/or sulfonated castor oil, fatty acid, or
fatty ester, (C2) conprises an anionic, ethoxySaebstitutd shedt -2 \Junehpsodat e
or a nonionic, ethoxylated ([err])nono- aggllor dialKyl  phenot—thewetrght
ratio of () to (C2) being from30/70 to 70/30, the weight ratio of (A) to
said (B) 25 being from50/50 to 10/90, and the weight ratio of (A) to the
(C being fr, : npesitiqn according.tqQ a one of

t he precedi r?gfpé%l?trgr%&?lrfgs f}éﬁ %‘?er% e c@’%hg: tboé’hﬂ# gﬂeoﬁlfrﬁﬁtﬁ'&te?ﬁ g, ke ogthgos

wat er. 30 l1uicroemutsion; seitingmgests;thickentgs; (defoaférs?aad e 1iedi "5 1 to 8 in the
formof a m croemul si,on Substitute sheet - 22 June 1999 -19- having

about 1 to 99. 991§ THERGYISIGA caRcentiates of the inyensionican b prepated dy dissolying salith 1
ST 1 O b 500 Mt PS50 65 41 e, e s e
5 added to the oil phase, either individually or in combination. The resulting mixture is gently
stirred or agitat_ed to give a microemulsion concentrate. Alternatively, if the solid active
ingredient is heat stable, all the components may be added together in a single vessel and the
vessel heated slightly to form the microemulsion concentrate. This has the advantage fhat it
is a one step addition. When the active ingredient is a liquid, either approach will work. A
10 liquid active ingredient may be used itself as the oil phase without the addition of an organic
solvent. It is preferred that an organic solvent be used to dissolve the active ingredient to
form the oil phase. It is further preferred that the oil phase be formed first and the surfactants
added to it.
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5 12. A nethod of controlling bacteria or fungal- growth in a pulp or
paper ma rocess conprising enploying a conposition as defined in any
one of tﬁgﬂ%FgEEaTﬁU‘C#afﬁs~4n said process in an amount sufficient to f
control ~ Use of a conp03| n e o
clains 1 tummmmn Z'Mﬁ bacteria, fungi and/_&%‘b—c%% elt %_}Unér})@éﬁ‘
Cenposi ti on” accortdi n y preceding claimwherein the weight ratio of
(A to (B) is fron150/50 to.10/90. 8. nposi tion-according to any
precedi ng clai mwherein (A) conprises”4,5-dichloro-
2h-octyl - 3-i sot hi azol one, 2n-octyl -3- |soth|azolone

2-chloro-1-(3- Xy-4-nitrophenoxy)-4- (trifluoronethyl)benzene,
2,4-dinitro&§J§§ﬂ§l-phenyl crot onat e, or al ph- but yl - al ph- (4-

chl orophenyl)- 1 H 1,2,4-triazole-1-propanenitrile. 9. Conposition

according to any preced| ng clai mwherein (A) conprises 4,5-dichloro-2-
1. A composition compnsmg

(A) an active ingredient which has a solubility in water of less than 1% at room
5 temperature and a melting point of less than 100°C selected from 4,5-dichloro-2-n-octyl-3-
isothiazolone, 2-n-octyl-3-isothiazolone, 2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-
(trifluoromethyl)benzene, 2,4-dinitro-6-octyl-phenyl-crotonate, and alph-butyl-alph-(4-
chlorophenyl)-1H-1,2 4-triazole-1-propanenitrile;
B a non;polar, water immiscible solvent capable of dissolving at least 5% by
U 10 weight of (A) at room temperature and selected from benzyl alcohol, benzyl acetate, pine oil,
phenethyl alcohol, xylene, phenoxyethanol, butyl phthalate, 2,2,4-trimethyl-1,3-pentanediol
mdnoi_sobutyrate, alkylbenzene and mixfure's of alkylbenzenes, pine oil/benzylacetate, pine
oil/xylene or pine oil/benzyl alcohol;
© a surfactant'system comprising:

15 _ (C1) at least one sulfated or sulfonated anionic surfactant having about 3-
17% sulfation or sulfonation selected ﬁom sulfated and/or sulfonated castor oil, sulfated
and/or sulfonated ethoxylated alkylphenols, sulfated and/or sulfonated ethoxylated fatty
alcbhols, sulfated and/or sulfonated fatty acids, and sulfated alkanolamides; and

(C2) at least one ethoxylated surfactant' selected from ethoxylated (C,q-

20 C,galkyl phosphate monoesters and/or diesters and/or triesters, ethoxylated (C,-C;g)alkaryl

\_/ phosphated monoesters and/or diesters, ethoxylated (Cg-Cpg)monoalkyl- or dialkylphenols;
ethoxylated alkylamides, etho:_cylated alkanols, and ethoxylated castor oil, but not including
a polyoxyetheylene/polyoxypropylene block copolymer; and
(D) 01to099.9% by weight water;
25 the weight ratio of (C1) to (C2) being from 10/90 to 90/10;
the weight ratio of said (A) to (B) being from 95/5 to 1/99, and
the weight ratio of said (A) to (C) being from 1/99 to 86/14;
said composition being thermodynamically stable and clear, opalescent, or only
slightly cloudy at all levels of water dilution up to 99.9%.
30
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nd

(C2) conprises ' hoxyl ated ([err])al kyl phosphate or a _
noni oni c, et M nmono- and/ or di akkétites SRbet L B9 hgggatio
of (A) to ( elng Trom 30/ 70 to 70/ 30, the—wer—q-h%—#a-t—o—e—m said
(B) being from50/50 to 10/90, and the weight ratio of (A) to the (C) being
from1/99 to 30/70. 10. Conposition acel¥«ing to any preceding claimin the
formof a mcroemulsion concentrate having 0% water. 11. Conposition
according to any preceding claimin the formof a m croemul si on havi ng
about | to 92.9% Aycomjogidbnmtadinghzks. cliibd NowheréinChst sutfhied ng M?hﬂéd Anfdhic
fungal growh in a | p or .paper. naki ng process conprising enploying a
corrgosi ?i on @Pﬁ&ﬁa%f’ﬂpﬁ %W%E%%@' wifgrated easesioll- process in amounts
sufficient to control said growth. 13. Use of a conposition as defined in
any of clains | tol | to control bacterial, fungi and/or al gae. .

3. A composition according to claim 1 or 2 wherein the ethoxylated surfactant (C2)

n- oct‘yl - 3-i1sothi azol one conpri ses benzyl al cohol, (QO) conprises an
ani oni c, sul / or X\“qnat ed castor oil, fatty acid, or fatty ester,

5 comprises an anionic ethoxylated (C,,-C;g)alkyl phosphate or a nonionic ethoxylated (G-
Cyo)-mono- and/or dialky! phenol.

4, A composition according to any one of the preceding claims wherein the weight ratio
of (A)to (C) is from 1/99 to 30/70. |

10
5. A composition according to any one of the preceding claims wherein the weight ratio
of (C1) to (C2) is from 30/70 to 70/30.

6. A composition according to claim 5 wherein the weight ratio of (C1) to (C2) is from
15 50/50 to 70/30.

7. A composition according to any one of the preceding claims wherein the weight ratio
of (A) to (B) is from 50/50 to 10/90.

20 8. A composition according to claim 1 wherein (A) comprises 4,5-dichloro-2-n-octyl-3-
isothiazolone, (B) comprises benzyl alcohol, (C1) comprises an anionic, sulfated and/or
sulfonated castor oil, fatty acid, or fatty ester, (C2) comprises an anionic, ethoxylated
(Cyp.19)alkyl phosphate or a nonionic, ethoxylated (C3-Cyp)mono- and/or dialkyl phenol, the
weight ratio of (C1) to (C2) being from 30/70 to 70/30, the weight ratio of (A) to said B)

25 being from 50/50 to 10/90, and the weight ratio of (A) to the (C) being from 1/99 to 30/70.

9. A composition according to any one of the preceding claims in the form of a

microemulsion concentrate having 0% water.

30 10.. A composition according to any one of claims 1 to 8 in the form of a microemulsion
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having about 1 t0 99.9% by weight water.

11._ A composition according to claim 1 wherein the active ingredient (A) is selected from
4,5-dichloro-2-n-octyl-3-isothiazolone or 2-n-octyl-3-isothiazolone.

12. A method of controlling bacteria or fungal growth in a pulp or paper making process
comprising employing a composition as defined in any one of the preceding claims in said

process in an amount sufficient to control said growth.

10 13. Useofa composition as defined in any one of claims 1 to 11 to control bacteria, fungi
and/or algae.
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ABSTRACT

Fully water-dilutable microemulsions are disclosed comprising
(A) an active ingredient which has a sqlubility in water of less than 1% at room
temperature and a melting point of less than 100°C selected from 4,5-dichloro-2-n-octyl-3-

isothiazolone, 2-n-octyl-3-isothiazolone, 2—chloro—1-_(3-ethoxy-4~nitrophenoxy)—4-

| (trifluoromethyl)benzene, 2,4-dinitro-6-octyl-phenyl-crotonate, and alph-butyl-alph-(4-

10

~ monoisobutyrate, alkylbenzene and mixtures of alkylbenzenes, pine oil/benzylacetate, pine

15

20

25

chlorophenyl)-1H-1,2 4-triazole-1-propanenitrile;

(B)  a pon-polar, water immiscible solvent capable of dissolving ét least 5% by
weight of (A) at room temperature and selected from benzyl alcohol, benzyl acetate, pine oil,
phenethyl alcohol, xylene, phenoxyethanol, butyl phthala'te, 2,2 4-trimethyl-1,3-pentanediol

oil/xylene or pine oil/benzyl alcohol;
(C)  a surfactant system comprising:
(C1) at least one sulfated or sulfonated anionic surfactant having about 3-
17% sulfation or sulfonation selected from sulfated and/or sulfonated castor oil, sulfated
and/or sulfonated ethoxylated alkylphenols, sulfated and/or sulfonated ethoxylated fatty
alcohols, sulfated and/or sulfonated fatty acids, and sulfated alkanolamides; and

(C2) at least one ethoxylated surfactant selected from ethoxylated Co-

Ci9)alkyl phosphate monoesters and/or diesters and/or triesters, ethoxylated (C;4-C;g)alkaryl
phosphated monoesters and/or diesters, ethoxylated' (Cg-Cyp)monoalkyl- or dialkylphenols;
ethoxylated alkylamides, ethoxylated alkanols, and ethoxylated castor oil, bﬁt not including
a; polyoxyetheylene/polyokypropylene block copolymer; and |
(D) 010 99.9% by weight water; _

the weight ratio of (C1) to (C2) being from 10/90 to 90/10;

the weight ratio of said (A) to (B) being from 95/5 to 1/99, and

the weight ratio of said (A) to (C) being from 1/99 to 86/14;

said composition being thermodynamically stable and clear, opalescent, or only
slightl}; cloudy at all levels of water dilution up to 99.9%.
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