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[57] ABSTRACT 
The present application discloses a pyrotechnic for 
mulation for disseminating insecticides such as Durs 
ban and Ronnel brand insecticides manufactured by 
The Dow Chemical Company. The formulation com 
prises an oxidizing agent, a non-halogenated polyepox 
ide resin as fuel and binder, an auxiliary fuel such as 
thiuram disul?de, a cooling additive, and an effective 
amount of the insecticide to be disseminated. 

7 Claims, No Drawings 
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PYROTECI‘INIC DISSEMINATING SYSTEM 

BACKGROUND OF THE INVENTION 

The present application is a continuation-in-part of a 
parent application of Ser. No. 709,916 ?led Mar. 4, 
1968, now abandoned, by Erwin M. Jankowiak, Earl T. 
Niles and George A. Lane. 
The area of art to which this invention relates is that 

involving pyrochemical dissemination of pesticides, 
and particularly insecticides, by pyrochemical means. 

Presently, it is common practice to disseminate insec 
ticides by the use of complex and expensive machinery 
which generate fogs or sprays. Many areas, such as 
swamps or extremely mountainous terrain are inacces 
sible to wheeled vehicles bearing such machinery. Air 
craft can be ?tted with machinery for spraying but air 
coverage is not always thorough. In addition, airborne 
sprays do not sift easily through the canopy of trees and 
vegetation which shield the waters of swampy terrain. 
Such waters therefore remain substantially inaccessible 
to airborne sprays and continue to exist as prime breed 
ing places for mosquitoes and other pestilential forms 
of life. Further, airplane spraying, as with other present 
forms of dissemination, is quite expensive. For the rea 
sons enumerated above, it is advantageous to employ 
a pyrochemical munition such as the type revealed in 
this disclosure. Such a device has several advantages in 
that it is relatively inexpensive to manufacture if com 
posed of the ingredients disclosed herein, can be used 
any place that is accessible to man, and does not re 
quire complex, cumbersome and expensive dissemina 
tion devices. 

Heretofore, pyrochemical devices have been em 
ployed to disseminate fogs, gases, light producing ?are 
components, and other chemical agents. Many such de 
vices suffer from the disadvantage that they are diffi 
cult and expensive to make. Ordinarily, in conventional 
applications the agent to be disseminated is compacted 
with a mixture of carbohydrates or sulfur, and an inor 
ganic oxidizing agent. Such compaction is very hazard 
ous in that the composition is sensitive to shock and 
may detonate during the preparation of the munition. 
In addition, the machinery employed is expensive and 
the compaction process is slow. Also, using such fabri 
cation procedures the ingredients often give off pow 
ders or dusts which create health problems and poor 
working conditions. 
The invention disclosed herein surmounts the prob 

lems outlined hereinabove. Instead of employing high 
pressures to compact the ingredients as is done cur 
rently, the present invention provides a castable formu 
lation containing a liquid non-halogenated polyepoxide 
resin and curing agent as binder fuel, an insecticide to 
be disseminated, an inorganic oxidizing agent, a gas 
generating compound and an easily oxidized auxiliary 
fuel. The solid ingredients are blended into the liquid 
system of epoxy resin and curing agent until a homoge 
nous mixture is obtained. This mixture will generally be 
fluid or plastic in nature, and can be easily cast or ex 
truded to a desired shape. The formed, i.e., shaped, 
product is cured to produce a solid product. On attach 
ing a suitable ignition source, such as the commonly 
used grenade ignition fuse, to the resulting cured grain, 
a munition is formed which can be ignited by the fuse 
to disseminate an insecticide. Because the particles 
produced on dissemination are less than 10 microns in 
size, the present invention also provides the additional 
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2 
advantage and utility of being suitable for fumigation 
purposes. 

It is a principal object of the present invention to pro 
vide a novel pyrotechnic composition for the dissemi 
nation of insecticides. 

It is a further object to provide a composition which 
before curing can be easily cast or extruded into a pre 
determined shape or form, and is relatively safe when 
being manufactured, because the high pressures en 
countered in compaction as well as the dusts formed in 
the use of such a technique are not present. 
Another object of the present invention is to provide 

a pyrotechnic formulation which permits convenient 
dissemination of pesticides into areas not readily 
reached by presently available spraying equipment and 
processes. 

DESCRIPTION OF THE INVENTION 

The invention is a pyrochemical composition com 
prising an inorganic oxidizing agent; a polyepoxide 
resin having a functionality in excess of l and less than 
about 3, as fuel and binder; a curing agent for said 
binder consisting of an amine, a mono or dicarboxylic 
acid or acid anhydride thereof; a gas generating cooling 
agent; an auxiliary fuel; and an effective amount of an 
insecticide to be disseminated. More speci?cally, the 
invention comprises from about 15 to 35 percent by 
weight of an alkali metal or ammonium nitrate, -chlo 
rate, -perchlorate or mixtures thereof; from about 12 to 
about 25 per cent by weight of a resin of the type set 
forth directly hereinbefore, from about 0.1 to about 10 
per cent by weight of curing agent, from about 5 to 20 
per cent of a cooling agent, from about 5 to 20 per cent 
of an auxiliary fuel, and the balance an effective 
amount of an insecticide to be disseminated. 
The term “effective quantities" as used herein to des 

ignate the amount of insecticide to be disseminated 
means that amount of insecticide which would nor 
mally be employed by one skilled in insecticide dissem 
ination to accomplish a predetermined or desired level 
of treatment or activity. 
The term “epoxide functionality” refers to the aver 

age number of epoxy groups contained in the average 
polyepoxide molecule. This value should be greater 
than 1, preferably greater than 1.5 and can be obtained 
by dividing the average molecular weight of the polye 
poxide by the epoxide equivalent weight. 

If the polyepoxide material consists of a single com 
pound and all of the epoxy groups are intact, the epox 
ide functionality will be integers such as 2,3,4, and the 
like. However in the case of polymeric polyepoxides, 
many of the materials may contain some of the mono 
meric monoepoxides or have some of their epoxy 
groups hydrated or otherwise reacted and/or contain 
macromolecules of somewhat different molecular 
weight so the epoxy equivalency may be quite low and 
containing fractional values. The polymeric material 
may, for example, have an epoxy equivalency of 1.5, 
1.8, 2.5, and the like. 
The polyepoxides which can be employed as binder 

fuels may be aliphatic, cycloaliphatic, aromatic or 
heterocylic. Generally, the polyepoxides are non 
halogenated. Suitable aliphatic polyepoxides include, 
for example, aromatic glycidyl ethers such as the di 
glycidyl ether of bisphenol A, and disulfide-containing 
aromatic glycidyl ethers such as [p-(2,3-epoxy 



3 
propoxy)-phenyl] disulfide which corresponds gener 
ally to the structural formula: 

Aliphatic glycidyl ethers such as glycerine glycidyl 
ethers (e.g., the diglycidyl ether of glycerine) are also 
employed as the binder fuel. Other polyepoxides in 
clude sul?de-containing aliphatic glycidyl ethers such 
as l,2,4-tris(2-(2,3-epoxypropylthio)ethyl)cyclohex 
ane . and 3,3’-(ethylenebis(thioethylene)bis(7 

oxabicyclo[4. l .0] cycloheptane. 
To achieve the optimum in castability of the binder 

fuels, it is desirable to copolymerize the polyepoxide 
with a liquid low molecular weight polysulfide resin. 
The polysulfide resins also increase the efficiency of 
combustion and agent dissemination. Suitable polysul 
tide resins correspond generally to the structural for 
mula: 

and are generally prepared by reacting dichloroethyl 
formal with sodium polysulfide and a chlorinated hy 
drocarbon such as trichloropropane or chlorinated eth 
ane. The molecular weight of the polysulfides is within 
the range of from about 500 to about 4,000. Viscosity 
of the polysulfides is less than about 60 poise (mea 
sured at l60° F.). Suitable polysulfide resins which are 
commercially available include the “LP-3” and 
“LP-8” brand of polysulfide resins manufactured by 
the Thiokol Corporation. 
Generally, if used, the polysulfide resin comprises up 

to a maximum of about 50 per cent of the binder-fuel 
weight and, preferably up to a maximum of about 28 
per cent. This corresponds to a maximum of about 10 
per cent and preferably about 5 per cent of the total 
formulation weight of the pyrotechnic composition. 
The following compounds are illustrative of those 

materials which can be employed in the present inven 
tion as auxiliary fuels; thiourea, tetramethylthiuram di 
sulfide, tetraethylthiuram disulfide, 
monoaminoguanidinium nitrate, cliaminoguanidinium 
nitrate, triaminoguanidinium nitrate, ethylenebisamin 
omonoguanidinium)dinitrate, l-amino-2,5-hydrazine 
triazol nitrate, l-amino-2,5-hydrazinotriazol dinitrate, 
thiosemicarbazide, ethylenebis(thiosemicarbazide), 
thiocarboxyhydrazide, aminonitroguanidine and dithi 
obiurea. 
Compounds suitable for use as cooling additives are 

those materials which upon heating liberate carbon di 
oxide, nitrogen, sulfur or mixtures thereof, including, 
for example, alkali metal acid carbonates, ammonium 
acid carbonates, guanidine carbonate, oxamide, oxalic 
dihydrazine and urea oxalate. 
Compounds employed as curing agents include 

amines and dicarboxylic acids and their respective acid 
anhydrides. Typical amines include the aliphatic 
amines such as ethylene diamine, ethylamine, iso 
propylamine, n-butylamine, isobutylamine, 2 
ethylhexylamine, and cyclohexylamine. Representative 
carboxylic acids include aliphatic dicarboxylic acids 
such as oxalic acid, malonic acid, succinic acid, maleic 
acid and itaconic acid. Typical polycarboxylic acid an 
hydrides include succinic anhydride, maleic anhydride, 
itaconic anhydride and phthalic anhydride. 
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The amount of curing agent and total quantities of 

binder components to be employed in preparing a par 
ticular munition within the composition range dis 
closed herein are dependent to a large extent of the 
type of handling properties desired in the blended mu 
nition, temperature of mixing and blending, the length 
and temperature of cure to be employed and the 
amount of agent present. 
To illustrate, it has been found in formulations con 

taining a binder of an aromatic disulfide containing 
polyepoxide resin cured with maleic anhydride that 
when the binder weight is greater than about 25 per 
cent of the formulation, the maleic anhydride curing 
agent should comprise from about 20 to about 50 per 
cent of the total binder while in formulations contain 
ing less than 20 per cent binder, the maleic anhydride 
should be from about 26 to about 50 per cent of the 
binder. 
Fabrication of the composition is accomplished by 

blending the insecticide, oxidizer (e.g., KCl04), auxili 
ary fuel, gas generator and curing agent into the liquid 
polyepoxide resin at room temperature until a homoge 
neous mass is obtained. 
The resulting blend is cast or extruded into a mold of 

predetermined con?guration to provide a propellent 
grain. The curing of the resulting blend preferably is 
conducted by allowing the so-cast grain to reside in the 
mold at room temperature for from about 24 to about 
48 hours. Following this step, the product is heated 
gently at about 50° C.—60° ‘C., for from about 4 to about 
6 hours, after which the product can be ?tted with an 
igniter as is common in solid propellents, or otherwise ‘ 
ignited when used. 
The invention surmounts previous fabrication prob 

lems of safety and health because the oxidizer and 
agent to be disseminated are dispersed throughout a 
liquid media which can be easily extruded or cast by 
presently available processes. Thus, the unsafe high 
pressures and shock of compaction are avoided and the 
unhealthy dust laden atmosphere generally accompa 
nying the compaction of powdery substances is sub 
stantially reduced if not eliminated. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention 
consists (on a weight basis) of from about 20 to about 
35 per cent of an insecticide to be disseminated, from 
about 18 to about 28 per cent oxidizer, from about 13 
to about 20 per cent of a non-halogenated sul?de 
containing polyepoxide resin as binder-fuel, from about 
1 to about 10 per cent of a curing agent, from about 10 
to about 20 per cent of a thiuram type compound as an 
auxiliary fuel, and from about 10 to about 20 per cent 
of a reaction cooling additive (e.g., sodium acid car 
bonate). Preferably, the auxiliary fuel is an alkylthi 
uram disulfide corresponding to the formula 
[R2NCS]2S2, where the R group is composed of either 
straight or branched chain alkane hydrocarbons of 
from one to 10 carbon atoms. The tetraethyl- and tet 
ramethylthiuram disulfides, known in the art as thiu 
ram, are particularly suitable for use in the present in 
vention. 
This composition generally is suited to the dissemina 

tion of insecticides, and because of its low combustion 
temperature is especially suitable where Dursban brand 
insecticide (0,0-diethyl-0,3,5,6-trichloro-2-pyridyl 
phosphorothioate) or Ronnel brand insecticide (0,0 
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dimethy1-0,[ 2 ,4,5-trichlorophenyl 1 phosphorothioates) 
is to be disseminated. ‘ 

EXAMPLE I 

About 14.8 parts by weight of a liquid non 
halogenated, aromatic disul?de-containing polyepox 
ide resin, 5.3 parts by weight of maleic anhydride, and 
about 13.3 parts by weight of tetramethylthiuram disul 
fide were mixed until homogeneous. The polyepoxide 
resin corresponded generally to the structure 

About 13.3 parts by weight of sodium bicarbonate, 
20.0 parts by weight of potassium chlorate, and 33.3 
parts by weight of Dursban brand insecticide (a prod 
uct of The Dow Chemical Company) were added and 
the mixture was agitated until a homogeneous mass was 
obtained. The entire mixing operation was carried out 
at about 20° C. 
The resulting mass was cast into a cylindrical muni 

tion mold and cured at 20° C. for about 30 hours. Fol 
lowing this step, the product was cured at 55° C. for 5 
hours. The resulting product was a cylindrical, end‘ 
burning grain weighing 10 grams. 
Combustion studies were carried out on samples of 

the product. The studies indicated a burning time of 
about 5 seconds per 10 grams of product and a com 
bustion temperature range of from about 275° C. to 
about 400° C. The ef?ciency of agent dissemination 
was about 50 per cent. 
To demonstrate the utility of the composition in dis 

seminating insecticide under actual operating condi 
tions, ?eld studies were carried out. Ten gram end 
burning munition grains were ignited, thereby forming 
a coherent cloud of insecticide about 50-60 feet from 
the line of ?re. The cloud was carried along by the wind 
so that it passed through cages containing adult mos 
quitoes of the type Culex fatigans and Aedes aegypti set 
4 to 5 feet above the ground. The cloud also passed 
over pans one-fourth to one-half full of water setting 
upon the ground, and containing larvae of the above 
named types of mosquitoes. The amount of munitions 
employed in separate studies was selected so that, upon 
firing, a cloud would be produced which was calculated 
on a theoretical basis to provide an insecticide density 
of either about 0.2 pounds per acre or about 0.05 
pounds per acre. The results of this study are summa 
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6 
These test results demonstrate conclusively that~ 

Dursban brand insecticide can be effectively dissemi 
nated and its biological activity maintained by the pyro 
technic means of dissemination disclosed in the present 
application. 
Other embodiments of the above-de?ned formula 

tion also can be employed successfully. To illustrate, 
Applicant found that a munition with a dissemination 
ef?ciency of about 45 per cent to about 60 per cent was 
produced by a fuel munition grain comprising about 
25.0 parts by weight of Dursban brand insecticide, 
about 22.4 parts by weight of potassium chlorate, about 
16.5 parts by weight of the disul?de containing epoxy 
based resin, about 5.9 parts by weight of maleic anhy 
dride, about 15.1 parts by weight of tetramethylthi 
uramdisul?de, and about 15.1 parts by weight of so 
dium acid carbonate. This formulation burned at a tem 
perature of about 300° C. to about 400° C., and at a 
rate of about 5 to about 6 seconds per every 10 grams 
of munition employed. 

In yet another embodiment, about 15 parts by weight 
of Dursban brand insecticide, about 25.5 parts by 
weight of potassium chlorate, about 18.7 parts by 
weight of a liquid aromatic disul?de-containing epoxy 
based resin, about 6.8 parts by weight of maleic anhy 
dride, about 17.0 parts by weight of tetramethylthi 
uramdisul?de, and about 12.0 parts by weight of so 
dium acid carbonate were employed. The blending and 
curing process used to make the munition was similar 
to that employed in Example 1. This cured munition 
product upon ignition burned at a combustion rate of 
about 5 seconds for every 10 grams of munition em 
ployed. The insecticide was disseminated at a reaction 
temperature of about 275° C. to about 400° C. The mu 
nition developed an ef?ciency of about 24 per cent to 
about 45 per cent. 

In a manner similar to that de?ned for the foregoing 
examples, other pyrotechnic disseminating munitions 
containing pesticides such as Ronnel brand insecticide, 
for example, can be fabricated within the disclosed op 
erating parameters disclosed above. 

EXAMPLE II 

A disseminating formulation is fabricated as in Exam 
ple 1. However, no cooling additives (e.g., sodium acid 
carbonate) or auxiliary fuels (e.g., tetramethylthiuram~ 
disul?de) are employed in the formulation. Upon igni 

50 tion, the disseminating efficiency is less than about 10 
rized in Table l. per cent. 

TABLE I 

Mortality - Percent 

Adult 
Larvae 

Distance Culex Aedes Mixed 
from fatigans Aegypti Aedes +Culex 
Firing 0.05 lb. 0.2 lb. 0.05 lb. 0.2 lb. 0.05 lb. 0.2 lb. 
(ft. ) Acre Acre Acre Acre Acre Acre 

60 100% 100% 100% 100% 45 % 100% 
120 90. 
180 95. 
240 93. 
300 45.0 40.0 85. 
360 0. 
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What is claimed is: 
1. A pyrotechnic disseminating formulation compris 

ing on a weight basis: 
a. from about 15 to about 35 per cent of an oxidizing 
agent selected from the group consisting of an al 
kali metal or ammonium nitrate, chlorate, perchlo 
rate and mixtures thereof, 

b. from about 12 to about 25 per cent of a non 
halogenated polyepoxide resin having a functional 
ity greater than 1 and less than about 3, said polye 
poxide resin being selected from the group of the 
glycidyl ether of bisphenol A, bis[p-(2,3-epoxy 
propoxy)-phenyl disul?de], glycerine glycidyl 
ether, 1,2,4-tris (2-(2,3-epoxypropylthio)ethyl) cy 
clohexane and 3,3 ' 
(ethylenebis(thioethylene)bis(7-oxabicyc1o)4.1.0 
)cycloheptane; , 

c. from about 0.1 to about 10 per cent of an amine 
or a dicarboxylic acid or dicarboxylic acid anhy 
dride as curing agent, said curing agent being se 
lected from the group of ethylene diamine, ethyl 
amine, isopropylamine, n-butylamine, isobutyla 
mine, Z-ethylhexylamine, cyclohexylamine, oxalic 
acid, malonic acid, succinic acid, maleic acid, ita 
conic acid, succinic anhydride, maleic anhydride, 
itaconic anhydride and phthalic anhydride; 

. from about 5 to about 20 per cent of a gas generat 
ing cooling agent selected from the group consist 
ing of alkali metal acid carbonates, ammonium 
acid carbonates, guanidine carbonate, oxamide, 
oxalic dihydrazine and urea oxalate; 

e. from about 5 to about 20. per cent of auxiliary fuel, 
selected from the group consisting of thiourea, tet 
ramethylthiuram disul?de, tetraethylthiuram disul 
fide, monoaminoguanidinium nitrate, 
diaminoguanidinium nitrate, triaminoguanidinium, 
ethylenebis(aminomonoguanidinium)dinitrate, 
l-amino-2,S-hydrazine-triazol nitrate, l-amino 
2,5hydrazine-triazol dinitrate, thiosemicarbazide, 
ethylenebis(thiosemicarbazide), thiocarboxyhy 
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8 
drazide, aminonitroquanidine and dithiobiurea; 
and 

f. the balance of an insecticide selected from the 
group of 0,0-dieth'yl-O,3,5,6-trichloro-2-pyridyl 
phosphorothioate and 0,0-dimethyl-O[2,4,5 
trichlorophenyl] phosphorothioate. 

2. The composition of claim 1 wherein on a weight 
basis from about 18 to about 28 per cent is oxidizer, 
from about 13 to about 20 per cent is a non 
halogenated, sul?de-containing polyepoxide resin as 
binder-fuel, from about 1 to about 10 per cent is curing 
agent, from about 10 to about 20 per cent is an auxili 
ary fuel, and from about 10 to about 20 per cent is a 
cooling additive. 

3. The composition of claim 1 having: from about 15 
to about 35 per cent of potassium chlorate as oxidizing 
agent; from about 1 to about 10 per cent of maleic an 
hydride as curing agent for the binder-fuel; from about 
10 to about 19 per cent sodium acid carbonate as cool 
ing agent; and from about 10 to about 20 per cent of 
tetramethylthiuramdisul?de as auxiliary fuel. 

4. The composition of claim 1 wherein the polyepox 
ide is copolymerized with a low molecular weight poly 
sul?de resin of the formula H(SCH2CH2OCH 
2OCH2CH2S),, wherein x is an integer sufficient to pro 
vide a resin having a molecular weight of from about 
500 to about 4,000. 

5. The composition of claim 4 wherein the molecular 
weight of the polysul?de is within the range of from 
about 500 to .about 4,000 and the viscosity at l60_°F. is 
less than about 60 poise. 

6. The composition of claim 4 wherein the polysul 
?de resin comprises a maximum of about 50 weight per 
cent of the binder fuel. 

7. The composition of claim 6 wherein the polysul 
?de resin comprises up to about 28 per cent of the 
binder fuel and corresponds to a maximum of about 10 
per cent of the total weight of the composition. 

>l< * * * >i< 


