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PESTICIDAL FORMULATIONS

This invention relates to pesticidal formulations and more particularly to concentrated
solutions of water-insoluble pesticides. It also relates to the preparation of these concentrated
solutions and their uses in water diluted form.

Pesticides which have a low solubility in water and which are chemically stable in
water are commonly marketed in the form of aqueous suspension concentrates (SCs) and
diluted for use in the field. The suspend'ed pesticidally active ingredient needs to have a small
particle size in order keep it suspended while stored as a concentrate and when diluted further
with water. This normally requires the active ingredient to be milled, which can be time
consuming and costly. Even so, problems are often encountered with suspension concentrates
as a result of settling during prolonged storage, the resistance of settled particles to re-
suspension and sometimes an increase in particle size of the active ingredient during storage.

One alternative is to dissolve the water-insoluble active ingredient in a water
immiscible solvent, such as an aromatic hydrocarbon, to form an emulsifiable concentrate
(EC). This can be stored as a stable solution and diluted with water when ready for use to
form a milky emulsion of small particle size. Water-insoluble pesticides that are not readily
soluble in the normal water-insoluble solvents may be dissolved in a water miscible solvent
to form a storage stable soluble concentrate (SL). The pesticide forms a suspension on
dilution with water. Soluble concentrates of this kind are described in, for example,

WO 92/10937. These SLs are three component formulations in which a solid water insoluble
pesticide and a dispersant are solubilised in a water miscible solvent. A range of dispersants
are mentioned including alkylated vinylpyrrolidone polymers, ethylene oxide propylene
oxide/propylene 'glycol condensates, nonylphenol ethylene oxide adducts, and various |
ethoxylates. The solvents include acetonitrile, a-butyrolactone, dimethyl ketone,
dimethylfuran, dimethyl sulphoxide, methanol and N-methyl pyrrolidone.

The drawback in using water-soluble solvents for dissolving active ingredients of low
water solubility is their poor dilution properties in water. The active in gredient 1s often
rapidly precipitated as coarse crystals giving both application problems, such as spray filter
or nozzle blockage, and poor or inconsistent bioefficacy. To prevent, or, more usually, delay

precipitation, an excess of emulsifying or dispersing agent, typically at a 1:1 ratio with the
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active ingredient, needs to be incorporated and at these concentrations surfactants may give
rise o phytotoxicity problems in their own right.

According to the present invention, there is provided a concentrated pesticidal
solution which comprises one or more water-insoluble pesticides and lignin dissolved in a

water miscible, polar solvent.

The pesticide or pesticides used in the solution concentrate of the invention are water
insoluble and may be solid or liquid, but the invention is of particular value for pesticides
that are solid at ambient temperature. Normally they will have a solubility in water of not
more than 0.2% w/v. They must also be soluble in the chosen water miscible, polar solvent.

The amount of pesticide or pesticides used will usually be from 0.5 to 50% w/v, more
usually from 1 to 30% w/v, and typically from 5 to 20% w/v, of the total solution.

Pesticides include herbicides, insecticides and fungicides. The invention is
particularly suitable for any pesticide or mixture of pesticides having a solubility in water of
not more than 0.2% w/v. Examples of pesticides for use in this invention are napropamide,
haloxytop, clodinafop-propargyl, mesotrione, cypermethrin, alpha-cypermethrin, beta-
cypermethrin, cyproconazole, difenoconazole, hexaconazole, penconazole, tebuconazole,
azoxystrobin, picoxystrobin, kresoxim-methyl, metominostrobin, picoxystrobin,
pyraclostrobin, trifloxystrobin, cyprodinil, metalaxyl, mefenoxam, fluazinam, fludioxonil,
paclobutrazol, thiabendazole and quinoxyfen. The invention is, however, particularly useful
for fungicides, especially for triazole fungicides and strobilurin fungicides and for fungicidal
mixtures, especially mixtures of a strobilurin fungicide, for example picoxystrobin, with a
triazole fungicide such as hexaconazole or cyproconazole. Of particular interest are solution
concentrates made irom a fungicide selected from the group consisting of azoxystrobin,
picoxystrobin, tebuconazole, cyproconazole, and picoxystrobin in admixture with
cyproconazole.

By lignin 1s meant a lignin 1n 1its free acid state, and not an alkali metal salt of lignin,
such as the sodium salt, or a lignosulphonate. Lignin, which is a phenyl propene polymer of
variable molecular Weight, may be obtained from the spent liquors of the sulphate and soda
processes used in the wood pulping industry. A lignin so obtained is known as an alkali
lignin and further designated a sulphate (or kraft) lignin or a soda lignin. Of particular

suitability for use in the present invention is Indulin AT (Indulin AT is a trade name), which
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is a highly purified lignin made from pinewood-sulphate black liquor and produced in the
form of a free flowing brown powder.

The amount of lignin used in the solution concentrate of the present invention in
relation to the amount of pesticide used is suitably in the weight ratio of from 1:10 to 1:1,
usually from 1:8 to 1:2, preferably from 1:6 to 1:4, and typically 1:5, of lignin to total
pesticide.

Any water miscible polar solvent that can dissolve both the pesticide and lignin may

be used in the invention. Suitable solvents include y-butyrolactone, tetrahydrofurfuryl

alcohol, N-methyl pyrrolidone, dimethyl sulphoxide, N,N-dimethylformamide and ethyl
lactate. Preferred solvents are y-butyrolactone and tetrahydrofurfuryl alcohol, and a

particularly preferred solvent is N-methyl pyrrolidone. Mixtures of polar solvents may also
be used, for example, a 50:50 mixture of N-methyl pyrrolidone and poly(ethylene glycol)
200. The amount of solvent used is sufficient to bring the total solution to 100% w/v.
Although not essential, the solution concentrate may include other additives, for
instance, polymer stabilisers or anti-settling agents to improve dilution. Examples of suitable

stabilisers or anti-settling agents include water soluble and water insoluble polymers such as

ethyl cellulose, casein, hydroxy propyl cellulose, Avicel™ CL-611 (based on microcrystalline
cellulose), Agrimer™ VEMA AN-216 (a vinylether maleic anhydride copolymer, MW
55,000 to 80,000), NU-FILM-P™ (poly-1-p-menthene) and Kelzan™ (a xanthan gum). Such

additives are conveniently used in amounts up to 0.5% w/v, for example 0.1 to 0.4% w/v,
typically 0.25% w/v, of the total formulation, depending on their solubility in the polar
solvent used. For instance, the maximum amount of Avicel CL-611 and Kelzan that can be
dissolved in a N-methyl pyrrolidone based concentrate is about 0.1% w/v.
In one embodiment the invention provides a concentrated pesticidal solution which
COMPIises:
(a) from 1 to 30% w/v, usually from 5 to 30% w/v and typically from 10 to 20% w/v, of
one or more water insoluble pesticides and
(b) lignin in the weight ratio o« from 1:10 to 1:1, usually from 1:8 to 1:2 and preferably
from 1:6 to 1:4, typically 1:5, of component (2), both (a) and (b) being dissolved in
(c) a water miscible, polar solvent, such as y-butyrolactone, tetrahydrofurfuryl alcohol,

ethyl lactate and, preferably, N-methyl pyrrolidone.
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In this embodiment, the concentrated solution optionally contains up to 0.5% w/v of
other additives, such as a stabiliser or antisettling agent like ethyl cellulose.

The concentrated solution of the invention is prepared by dissolving the pesticide or
pesticides, the lignin and, optionally, a stabiliser or other additive in the polar solvent.
The ingredients may be added to the solvent in any order. Usually this 1s done at ambient

temperature with suitable agitation or stirring. To assist dissolution, the solvent may be
heated to temperatures up to, for example, 50°C.

When ready for use, the concentrated solution is diluted with water, usually by adding
the solution to a stirred volume of water to give an aqueous dispersion of the pesticide or
pesticides containing, for example, from 0.0001 to 1% w/v of the pesticide or pesticides.
The agueous pesticidal solution is then applied by spraying, or by any other known
technique, to the location requiring treatment.

Thus, in a further embodiment of the present invention, there 1s provided a method of
combating or controlling an agricultural pest which comprises applying to the pest or to a
locus of the pest a pesticidally effective amount of an aqueous dispersion prepared by
dispersing in water a concentrated pesticidal solution according to the invention.

The advantage of the concentrated pesticidal solutions of the present inventton is that

they can produce sub-micron (ca. 0.4[im) essentially mono-disperse particles on dilution

into water which are stable to subsequent growth for at least 24 hours.
The invention is illustrated with reference to the following Examples. In the

Examples the following abbreviations are used:

ai = active ingredient SI. = soluble concentrate

ppm = parts per million w/v = weight/volume

w/w = weight/weight init = initial

NMP = N-methylpyrrolidone GBL = y-butyrolactone

DMSO = dimethylsulphoxide THFA = tetrahydrofurfuryl alcohol

PEG 200 = poly(ethylene glycol), average molecular weight 200
EL  =ethyl lactate
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EXAMPLE 1

This Example shows how the particle size is assessed when various concentrated
pesticidal solutions, prepared according to the present invention, are diluted in water.
Results are given for a number of invention solutions.
Method of Dispersion Testing

Formulations were tested for dispersing properties in water by adding 2.5ml solution
concentrate by pipette to a stoppered Crow receiver containing 97.5ml of a CIPAC
standard hard water. The initial “bloom” was noted when the first few drops were added
to the water, then the receiver was inverted 3 times and homogeneity of the dispersion
was noted. Checks were made at set time intervals over a 24 hour period to check for any
sedimentation or crystallisation.

Particle size checks on dilutions initially and after 24 hours were carried out using a

Malvern Mastersizer S. Instrument parameters were as follows:

Polydisperse model Particle size values quoted:-

Obscuration 2-4% volume median diameter D(v,0.5)
Pump speed 40% volume mean diameter D[4,3]
Stirrer Speed 20% % less than 1 um

Ultrasonics — nil
The CIPAC standard hard water types that were used were CIPAC A and CIPAC C.
These have the following characteristics:
CIPAC A: 20 ppm hardness; pH 5.0-6.0; Ca®": Mg** = 1:1
CIPAC C: 500 ppm hardness; pH 7.0-8.0; Ca**: Mg** = 4:1

(a) Soluble concentrates of azoxystrobin
SL formulations containing 10% w/v azoxystrobin in NMP and varying levels of
lignin were prepared and tested for dilution properties. Tables 1 and 2 below show the

results.
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Table 1: Azoxystrobin dilutions in CIPAC A water

Indulin AT Tnitial CIPAC A 24 hour CIPAC A
0 0.37 100.00

95.68
100.00
100.00
70.43

3.46 0.39
0.40 0.37

Table 2: Azoxystrobin dilutions in CIPAC C water
Indulin AT

T0 WiV

10

|

|
Lh d [\ —

i

p— -

" Tnitial CIPAC C 24 hour CIPAC C

Median Median %<1 p-xm

0.88 0.38 94.11
0.37 88.05 0.53 0.39 96.58

1.39
0.74 0.38 93.62 1.96 0.41 83.11

1.33 0.40 8776 35.44 0.61 64.38

10 5.14 0.90 5193  [7.15 1.90 3038

- — gy — p— R i i e TS —— — T . i —— o — i, — S

Mean

These results indicate that there is an optimum level of Indulin AT at around 2-3% for

maintaining fine particle size.

At 5-10% there is evidence of flocculation after 24 hours, especially in CIPAC C,

shown by increasing mean particle size values and a reduction in percentage less than

1 um in size.

(b) Soluble concentrates of picoxystrobin
10% w/w SL formulations in NMP containing 1, 2 and 5% w/v lignin were prepared

and dilutions analysed for particle size after 24 hours. Results are shown in Table 3.
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Table 3: Picoxystrobin dilutions

ey e e B S S S i

Indulin AT CIPAC A CIPAC C

Yo wWiv Mean %<1 um %<1 pm
1 -14.01 -0.56 -76.32 -23.81

(c) Soluble concentrate of tebuconazole

5
A 10% wlv SL formulation in NMP was prepared containing 5% lignin. Dilutions
after 24 hours gave the results shown in Table 4.
Table 4: Tebuconazole dilution
Indulin AT CIPAC C
10 - ) o
(d) Soluble concentrate of cyproconazole
A 10% w/v SL formulation in NMP was prepared containing 5% lignin.
The results obtained are shown in Table 5.
15

Table 5: Cyproconazole dilution

Indulin AT ' CIPAC C

(e) Soluble concentrate of a picoxystrobin/cyproconazole mixture
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An SL formulation of 12.5% w/v picoxystrobin and 5.0% w/v cyproconazole was

prepared containing 8% w/v lignin. Dilution after 24 hours gave the results shown in

Table 6.
5 Table 6: Picoxystrobin/cyproconazole dilution
Indulin AT CIPAC A

—

EXAMPLE 2

This Example illustrates the use of alternative polar solvents for preparing the
concentrated solutions of the invention and the use of other pesticides.

10 SL formulations containing 10% w/w active ingredient and 4% w/w Indulin AT were
prepared using the active ingredients azoxystrobin, hexaconazole, cypermethrin and
mesotrione with NMP as solvent. In addition, similar formulations of azoxystrobin were
prepared with the following solvents: GBL, DMSO, THFA, ethyl acetate and 50%
NMP/50% PEG 200.

15 Dilutions of these formulations (2500 ppm active ingredient in CIPAC C water) were
tested by the method described in Example 1 with the results shown in Table 7.

Table 7: Alternative solvents

Solvent Dilution quality after time (hourgs - Sieve
| Retention
3.0 6.0 24.0 | (75um)
1= *  |nil

| * * 2 5% " nil
S * " % ' * [nil
3t A 3 % % l nil

S— Al - e — —— — - F— ™ T — e pp———

* Fine sub-micron particle suspension
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These results show that all combinations of active ingredients and solvents gave

satistactory dilutions after 24 hours, any fine suspension passing a 75 pum sieve.
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CLAIMS:
1. A concentrated pesticidal solution which comprises one or more

water-insoluble pesticides and lignin dissolved in a water miscible, polar solvent.

2. A concentrated pesticidal solution according to claim 1, wherein the

one or more water-insoluble pesticides are present in the solution, in an amount
from 0.5 to 50% wi/v.

3. A concentrated pesticidal solution according to claim 1 or 2, wherein
the one or more water-insoluble pesticide is a strobilurin fungicide, a triazole

fungicide or a mixture thereof.

4. A concentrated pesticidal solution according to claim 1 or 2, wherein
the one or more water-insoluble pesticide is a fungicide selected from the group
consisting of azoxystrobin, picoxystrobin, tebuconazole, cyproconazole, and

picoxystrobin in admixture with cyproconazole.

5. A concentrated pesticidal solution according to any one of claims 1
to 4, wherein the lignin is present in the solution in a weight ratio of from 1:10 to

1:1 of lignin to pesticide.

6. A concentrated pesticidal solution according to claim 5, wherein the

one or more water-insoluble pesticides are present in the solution, in an amount

from 1 to 30% w/v.

7. A concentrated pesticidal solution according to claim 6, further

comprising up to 0.5% w/v of another additive.

8. A concentrated pesticidal solution according to any one of
claims 1 to 7, wherein the polar solvent is selected from the group consisting of

y-butyrolactone, tetrahydrofurfuryl alcohol, ethyl lactate and N-methyl pyrrolidone.

9. A concentrated pesticidal solution according to any one of

claims 1 to 8, further comprising a polymer stabilizer or anti-settling agent.
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10. A concentrated pesticidal solution according to claim 9, wherein the

polymer stabilizer or antisettling agent is ethyl cellulose.

11. A method of combating or controlling an agricultural pest which
comprises applying to the pest or to a locus thereof, a pesticidally effective
amount of an aqueous dispersion prepared by dispersing in water a concentrated

pesticidal solution as defined in any one of claims 1 to 10.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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