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[51] ABSTRACT 
An electrostatically sprayable insecticidal formulation 
comprising a solution of from 0.5 to 50% of permethrin 
or like compound in an organic solvent medium, the 
medium being formulated so that the formulation has a 
resistivity at 20° C. in the range 1X 106 to 1X 1010 ohm 
centimeter and a viscosity at 20° C. of 5 to 50 centi 
stokes. 

4 Claims, No Drawings 
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ELECTROSTATICALLY SPRAYABLE 
lNSECl'lClDAL FORMULATIONS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of application Ser. No. 969,434, 
?led Dec. l4, 1978, now abandoned. 

This invention relates to insecticidal formulations, 
and more particularly to insecticidal formulations con 
taining permethrin and like insecticides. 

Permethrin is a recently discovered (U.K. Pat. No. 
MI 3491 to the National Research Development Corpo 
ration) highly active insecticide of formula: 

It has a broad spectrum of activity at low rates of appli 
cation, being particularly effective against lepidoptera, 
and seems likely to be widely used, for example against 
spruce budworm and pests of cotton. There is a group 
of related compounds with generally similar properties 
of permethrin having the general formula: 

0 

where R is hydrogen or cyano, and R1 is either (i) a 
group of formula: 

where X is hydrogen, chlorine or methyl; or (ii) a group 
of formula: 

CH 
Y\ / 

c 
/ \ 

Z C(CHsh 

where Y and Z are halogen or methyl or Y is hydrogen 
and Z is methyl or a group of formula: 

R2 

=CH 

R3 

where R2 and R3 are chlorine or bromine. Additionally, 
at least one R2 and R3 may be methyl or ethyl, option 
ally substituted by one or more halogen atoms. This 
group of insecticides is hereinafter referred to collec 
tively as “permethrin and like compounds“. 

Permethrin and like compounds, being active at low 
rates, are well suited to agricultural application by the 
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2 
known ULV (ultra low volume) technique. This 
method uses relatively concentrated liquid formula 
tions. containing e.g. 5 to 50% by weight of active 
ingredient, and a correspondingly low rate of applica 
tion ofthe formulation per hectare. e.g. 25-l00 liters per 
hectare, in contrast with more usual high volume spray 
rates of 200-500 liters per hectare, or more. With such 
relatively concentrated solutions, it is important to en 
sure that as much as possible of the formulation goes 
and stays where it is needed, i.e. on the plants being 
sprayed, and as little as possible is misdirected onto the 
ground or carried away by the wind. For this purpose, 
it is useful to apply electrostatically charged sprays. 
These are attracted to the foliage of plants; electrostatic 
forces carry them to the underside of leaves as well as to 
the top surfaces, and even coating is promoted. Hitherto 
electrostatic spraying of pesticides has not been widely 
adopted, for lack of convenient, reliable and cheap 
spraying apparatus. A suitable apparatus is however 
now available, and is described in U.l(. patent applica~ 
tion No. 29539/76 (U.S. Ser. No. 812,440). We have 
also found that ultra-low volume sprays of permethrin 
and like compounds are biologically more effective in 
the form of small droplets e.g. below 70 p. in diameter. 
Such droplets are particularly prone to drift unless elec 
trostatically charged. 
The object of the present invention is to provide a 

class of insecticidal compositions particularly suited to 
ULV electrostatic spraying, in particular by the appara 
tus described in UK. patent application No. 29539/76 
(U.S. Ser. No. 812,440). 

According to the present invention we provide an 
electrostatically sprayable insecticidal formulation 
comprising a solution of from 0.5 to 50% of permethrin 
and like compounds (as herein de?ned) in an organic 
solvent medium, the formulation having a resistivity at 
20' C. in the range 1X 106 to l><l0l0 ohm centimeter 
and a viscosity at 20° C. of l to 50 centistokes. In gen 
eral with higher resistivity values (If)8 to i010 ohm centi 
meters), it is preferred to use higher viscosity values, 
e.g. above 10 centistokes. In this way, lower spray drop 
let sizes are obtainable. 
We find that solutions according to the invention are 

readily sprayed at satisfactory rates using the apparatus 
of U.K. patent application No. 29539/76 (U.S. Ser. No. 
812,440) and will give a range of mean spray droplet 
sizes of from about 50 to about 200 microns in diameter, 
according to the strength of the electrostatic field ap 
plied to them (the stronger the ?eld the smaller the 
droplets), flow rate through the apparatus and other 
operating conditions. 
The resistivity of solutions according to the invention 

is conveniently measured by measuring the resistance of 
a cell of standard dimensions containing the solution 
held at a temperature of 20° C., using, for example, a 
Keithley electrometer. It is preferred that the resistivity 
of the solutions be in the range 106 to 5 X 105 ohm centi 
meters. 
The viscosity of solutions according to the invention 

is conveniently measured by timing the flow ofa mea 
sured quantity of the solution through a hole of known 
size (as is done, for example, in the Redwood viscome 
ter). It is preferred that the viscosity of the solutions is 
in the range 5 to 25 centistokes. 
The resistivity and viscosity of the solutions depend 

primarily on the properties of the solvents used to make 
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them. though they are also affected by the nature and 
amount of the dissolved insecticide. 
One way of obtaining the desired properties is to mix 

solvents having various resistivities and viscosities. 
High-boiling hydrocarbon solvents, e.g. ‘Solvesso' 150, 
‘Isopar‘ L and ‘Exsol' Dl80/220, are convenient and 
relatively cheap, but usually have low viscosities (e.g. 
of the order of3 centistokes) and high resistivities (e.g. 
of the order of 1011 ohm centimeters). To bring down 
the resistivity of these materials, they may be mixed 
with polar solvents such as alcohols and in particular 
ketonic solvents. These have lower resistivities but are 
also usually not viscous enough; for example, the useful 
solvent cyclohexanone has a resistivity of about 2>< l06 
ohm centimeters, but a viscosity of only about 3 centi 
stokes. However the viscosity of the solution may be 
increased by addition of more viscous oil-soluble sol 
vents, for example polybutenes e.g. 'Hyvis' (Trade 
mark) and long-chain chlorinated hydrocarbon prod 
ucts such as ‘Cerechlor' (Trademark) C42 or C48. The 
latter has a high resistivity, greater than 10‘0 ohm centi 
meters. and a high viscosity, of the order of 100 centi 
stokes. By suitable adjustment of the proportions of 
three solvents such as these, a solution of the desired 
properties can easily be obtained. 
The resistivity of solvents and solutions is easily af 

fected by the presence of water or other contaminants. 
It is not necessary always to use ultra-pure materials, 
but consistent results will only be obtained from materi 
als of consistent composition; and formulations which 
have been made up with the desired properties should 
thereafter be protected from any further contamination, 
especially by water. 
An alternative way of producing a solution with the 

required properties is to make up a solution of the re 
quired viscosity but excessive resistivity (e.g. from a 
mixture of hydrocarbons and long-chain chlorinated 
hydrocarbons) and then dose this with an antistatic 
agent to reduce the resistivity to the desired level. A 
suitable antistatic agent is sold for use as a static charge 
dissipator with hydrocarbon fuels under the name 
‘ASA’; it consists of a complex mixture of calcium and 
chromium cations with various organic acid anions. 
Other similar materials, e.g. copper oleates, may also be 
used. This technique is not always suitable by itself for 
producing solutions having a resistivity below about 
lO3. 
Examples of insecticides suitable for use in the solu 

tions of the invention are listed below in Table I. In 
general, the presence of one or more asymmetric carbon 
atoms, as well as of a cyclopropane ring and (in some 
cases) a carbon-carbon double bond in these insecticides 
leads to the possibility ofa number of different stereo 
isomers and geometrical isomers. The invention visual 
ises using both pure isomers and mixtures of isomers, 
the former being potentially more active. the latter 
cheaper. 

TABLE I 
COM— 
POUND COMMON 
NO NAME R R' x Y 2 

l permethrin H (ii) — H —CH :CCl; 
2 cypermethrm CN (it) — H —CH:CCl3 
3 decamethrin CN (ii) — H —CH :CBr; 
4 H (i) p-Cl — — 

5 H (ii) — H —CH:C(CF3); 
6 CN (ii) — H —CH:C(CF3]2 
7 H (ii) — H —CH:C(CF3]CI 
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TABLE l-continued 
CONL 
POUND COMMON 
NO NAME R R‘ x Y z 

8 CN (ii) — H —-CH:C1CF3|CI 
9 H (ll) — H —CH:C(CF3)Br 

10 CN (ii) — H —CH:ClCF3lBr 
ll phenothrin H (iij — H —CH:C(CH3); 

Preferably the concentration of active ingredient is not 
more than 10% by weight ofthe solution. lfdesired. the 
solutions of the invention may additionally contain 
quantities of other active ingredients dissolved therein 
The following Examples illustrate the invention. 

EXAMPLE 1 

The following solution was made by mixing together 
the constituents. 

Ingredient Parts by Weight 

Technical permethrin 50 
“Solvessd‘ 150 350 
Cyclohexanone I00 
“Cerechlor" C42 500 

Viscosity 21.2 centistokes; resistivity 12X 108 ohm cen‘ 
timeters (both measured at 20° C). 

This solution was tested in the device illustrated in 
FIGS. l—3 of UK. patent application No. 29539/76 
(U.S. Ser. No. 812,440), and atomised very satisfacto 
rily. 

EXAMPLE 2 

A formulation ("Formulation A") of permethrin was 
prepared suitable for ultra-low volume spraying. This 
had the following composition: 

Constituent Parts by Weight 

Permethrin 50 
Cottonseed oil 200 
“lsopar" L (trade name for a 750 

high-boiling paraffin I000 
fraction) 

Formulation A had a viscosity of 7.0 centistokes and a 
resistivity of l0H ohm cm. Attempts to spray it through 
the device illustrated in FIGS. l—3 ofU.K. patent appli 
cation No. 29539/76 were unsuccessful. The formula 
tion was therefore modified to give a composition ac 
cording to the invention, by mixing the following ingre 
dients. 

Constituent Parts by Weight 

Formulation A 700 
“Cerechl0r" C48 290 
ASA-l (antistatic additive] 10 

I000 

The modi?ed composition had a viscosity of 19.5 
centistokes and a resistivity of 2.4x 108 ohm cm. and 
sprayed very satisfactorily through the aforesaid device 

EXAMPLE 3 

The following solution was made by mixing together 
the constituents. 
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Ingredient Parts by Weight 

Technical cypermethrin 12.5 
n-butanol 220 
'Solvesso' 100 I50 
Cottonseed oil to 1000 

Viscosity 11.0 centistokes; resistivity 5.4>< 107 ohm cen 
timeters (both measured at 20'’). 

This solution atomised satisfactorily when tested as in 
Example 1. 

EXAMPLE 4 

The following solution is made by mixing together l5 
the constituents: 

ingredient Parts by Weight 

Compound No. 8 of Table 1 15 
(mixture of isomers) 
n~butanol 220 
‘Solvesso‘ 100 150 
Cottonseed oil to 1000 

Viscosity 11 centistokes; resistivity 5.4x 107 ohm centi 
meters (both at 20° C.) 

This solution atomises satisfactorily when tested as in 
Example 1. 

EXAMPLES 5-11 

Seven compositions according to the invention were 
prepared from cypermethrin (compound No. 2 of Table 
1) by mixing together the constituents. in each case the 
resulting solution atomised satisfactorily when tested as 
in Example 1. The cypermethrin used was a technical 
grade mixture of isomers supplied as a 34% solution in 
‘Aromasol' H hydrocarbon solvent. Viscosity data are 
given in centistokes and resistivities in ohm centimeters. 

EXAMPLE 5 

Ingredient Parts by Weight 

Cypermethrin 12.5 
‘Aromasol' H 25 
n-butanol 220 
‘Solvesso‘ 100 150 
Cottonseed oil 592.5 

1011) 

Properties at 20° C.: Viscosity 11.0; Resistivity 
5.4 X 107; Density 0.886. 
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EXAMPLE 7 _ 

Ingredient Parts by Weight 

Cypermethrin 12.5 
‘Aromasol‘ H 25 
Cyclnhexanone 220 
‘lsnpar‘ L 150 
Cottonseed 011 592.5 

1000 

Properties at 20“ C.: Viscosity 15; Resistivity 4.6x 107; 
Density 0.896. 

EXAMPLE 8 

Ingredient Parts by Weight 

Cypermethrin 12.5 
‘Aromasol' H 25 
‘lsopar‘ L 150 
ASA 3 175 
Cottonseed oil 637.5 

1000 

Properties at 20° C.: Viscosity 50: Resistivity 4.7x 107: 
Density 0.898. 

EXAMPLE 9 

lngredient Parts by Weight 

Cypermethrin 12.5 
‘Aromasol‘ H 25 
‘Exsol‘ 0180/220 150 
ASA 3 175 

Properties at 20° C.: Viscosity 43: Resistivity 4.7)<107: 
Density 0.898. 

EXAMPLE l0 

Ingredient Parts by Weight 

Cypermethrin 12.5 
‘Aromasol‘ H 25 
Cycloheitanone 220 
‘Isopar' L 150 
Cottonseed oil 592.5 

1000 

Properties at 20° C.: Viscosity 7; Resistivity 5.0x 107; 
Density 0.851. 

55 EXAMPLE 11 
EXAMPLE 6 

. _ Ingredient Parts by Weight 
Ingredient Parts by Weight 

_ Cypermethrin 12.5 
Cypermethrin 12.5 60 ‘Ammasop H 25 
‘Aromasol‘ H 25 ‘Hyvis' 30 100 
n-butanol 220 qsopar' |_ 200 
‘lsopar' L 150 White Oil 447-5 
Cottonseed 011 592.5 cyclohcnanone 220 

1000 1000 
65 

Properties at 20° C.: Viscosity 12.4; Resistivity 
6.0x 107; Density 0.862. 

Properties at 20° C.: Viscosity 10; Resistivity 5.1 X 107; 
Density 0.856. 
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“Solvesso" l00 and lSO are mixtures of aromatic 
hydrocarbons with boiling point ranges of l64°~174° C. 
and l90°-208° C., respectively. 

“Isopar“ L is a mixture ofisoparaf?nic hydrocarbons 
with a boiling range of lS9°-208° C. 

“Exsol“ Dl80/22O is a mixture of paraf?nic hydro 
carbons and cycloparaf?nic hydrocarbons having a 
boiling point range of l82°—220° C. 
“Aromasol" H is a mixture of aromatic hydrocar 

bons. 
"Cereclor“ C42 and C48 are mixtures of chlorinated 

long chain parafl'inic hydrocarbons containing, respec 
tively, 42% and 49% by weight of chlorine. 

“I-lyvis" 30 is a polybutene thickening agent. 
We claim: 
1. An electrostatically sprayable insecticidal formula 

tion suitable for use in an electrostatic spraying appara 
tus to spray plants to give an even coating ofthe insecti 
cide on the leaves of said plants, the formulation having 
after spraying a spray droplet size in the range of from 
about 50 to about 200 microns in diameter, and consist 
ing essentially of a solution of from 0.5 to 50% by 
weight of an insecticide in an inert organic solvent me 
dium, said medium being a mixture of inert organic 
solvents or a mixture of inert organic solvents and an 
antistatic agent, formulated so that the formulation has 
a resistivity at 20° C. in the range l X 106 to lX10l°ohm 
centimeters, and a viscosity at 20° C. in the range 5 to 50 
centistokes, and the insecticide being of formula: 
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8 
where R is hydrogen or cyano. and R1 is selected from 
the group consisting of: 

(i) a group of formula: 

cit-CHiCi-Qi; 

where X is selected from hydrogen, chlorine and 
methyl, and 

(ii) a group of formula: 

Y CH 
\ / 
c 

where Y and Z are selected from halogen L] and 
methyl, [and] or Y is hydrogen and Z is methyl or a 
group of formula R2R3C:CH-—, where R2 and R3 are 
selected from chlorine, bromine, methyl, ethyl, halo 
substituted methyl and halo-substituted ethyl. 

2. A formulation as claimed in claim 1 having a vis 
cosity at 20° C. in the range 5 to 25 centistokes. 

3. An electrostatically sprayable insecticidal formula 
tion as claimed in claim 1 consisting essentially of a 
solution of from 0.5 to 10% by weight of an insecticide 
selected from the group consisting of permethrin and 
cypermethrin in an organic solvent medium comprising 
from 15 to 25% ofan alcoholic or ketonic solvent, from 
10 to 20% by weight ofa hydrocarbon solvent and from 
55 to 65% by weight of cottonseed oi], the formulation 
having a viscosity at 20° C. in the range 5 to 50 centi 
stokes and a resistivity at 20° C. in the range l0" to 
5X 108 ohm centimeters. 

4. A method of treating a plant infested by insects. 
said method consisting essentially of the step ofelectro 
statically spraying the plant with an insecticidally effec 
tive amount ofa formulation as claimed in claim 1 so as 
to provide an even coating of the insecticide on the 
leaves of said plant. 

l i it ‘I ‘l 


