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My invention relates to new propellants for reaction 
motors, and more particularly, to propellant mixtures of 

The missile industry has been unable to formulate a 
stable, non-corrosive, relatively insensitive monopropel 
lant which can be easily stored and handled without en-i. 
dangering the life and health of personnel working in 
the area. Compounds such as ethylene oxide nitrometh 
ane, tetranitromethane, propyl nitrate, etc. have found 
some use as monopropellants in reaction motors. There 
has been no wide acceptance of these materials as mono 
propellants, due to the extreme shock sensitivity or re 
activity inherent in these products. 

I have now discovered that solutions of lithium chlo 
rate in ammonia are excellent monopropellants and fuels. 
As the oxygen balance of my new lithium chlorate-am 
monia solutions can be varied over a wide range, my 
compositions find a variety of uses in the propellant 
field. Some of my new compositions, having a high ratio 
of reducing potentials to oxidizing potentials, are useful 
as fuels for air-breathing engines, such as pulse jets and 
ramjets, and as fuels for bipropellant reaction motor sys 
tems; while my solutions having approximately 'equal 
ratios of oxidizing potentials to reducing potentials are 
excellent monopropellants in that they are thermally 
stable and relatively insensitive to shock resulting from induced pressures or impact. 

... It is known that ammonia will dissolve many oxidant 
salts. It is also known that most oxidant 'salts are too 
insoluble in ammonia to form mixtures suitable for use 
as monopropellants. No ammonia-oxidant salt mixtures 
are known which have oxygen balances such that the 
systems could be used as liquid monopropellants. Known 
mixtures are exemplified by Divers solution, which is so 
difficult to burn that it cannot be used as a monopro pellant. Unexpectedly, I have found that ammonia 
lithium chlorate mixtures, having suitable oxygen bal 
ances, have very rapid burning rates, and low, ignition 
temperatures when compared with other ammonia-oxi 
dant salt solutions, and as a result, are excellent mono propellants. . . . . . . . . . . . . . . . . . . 

I have also determined that up to one quarter mole of 
water can be added to my propellant mixtures per mole 
of ammonia. The addition of desired amounts of water 
allows me to regulate the combustion chamber tempera 
tures to some extent, to lower viscosity, and to modify 
burning characteristics. 

Various otherinert additives may be added to my mix 
tures as needed, up to about 20% by weight. Such addi 
tives must be inert to the extent that they do not react 
with lithium chlorate, ammonia or other additives at 
ordinary storage temperatures and pressures in such a 

... manner as to reduce materially the desired explosive or 
. propellant properties of the mixtures. The inert addi 

tives may be introduced into my mixtures to sensitize or 
desensitize the compositions, to add oxidizing or reduc 

sing potentials to the compositions, to catalyze the burn 
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ing rate of the mixtures, to make the mixtures hypergollic 
with strong oxidants, to depress the freezing points of the 
mixture, to lower the average molecular weight of the 
exhaust gases or to reduce the burning temperatures of 
the mixtures. Additives which act as fuels in my mix 
tures include hydrazine; metals such as aluminum and 
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perchlorate, etc. 
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magnesium; boranes; alcohols such as methanol and eth 
anol; etc. Additives which I have found useful in adding 
oxidizing potentials to my compositions include nitrosyl 
fluoborate, monomethylamine nitrate, monomethylamine 

Water may be added to my composi 
tion to increase the volume of the combustion products 
formed and to decrease the burning temperatures of my 
compositions. 

Oxidants which may be utilized with my fuel mixtures 
in bipropellant systems are any of the commonly used 
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oxidants, such as liquid oxygen, red and white fuming 
nitric acid, dinitrogen tetroxide, etc. . 
My new compositions have specific impulses of about 

210, on the order of some commonly used liquid bipro 
pellant systems, while being relatively economical to pre 
pare. As my propellant solutions have relatively high 
densities, on the order of 1.3 or more, they have impulse 

25 
densities in excess of 280. . . . . - 
My new lithium chlorate-ammonia mixtures are rela 

tively non-corrosive to cold rolled steel and aluminum 
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and are non-reactive with rubber, Teflon, polyethylene, 
etc. 

The compositions of my invention have very low vapor 
pressures, on the order of about 5 pounds at 25 C. 
The compositions of my invention can contain from 

about 2 to about 3 moles of ammonia per mole of lithium 
chlorate. A solution containing two moles of ammonia 
and one mole of lithium chlorate is in exact oxygen bal 
ance. However, slightly better performance is obtained 
when the propellant solution is slightly fuel-rich. 
My new compositions are prepared by passing anhy 

drous ammonia into the solid lithium chlorate salt. I 
prefer to prepare my compositions at temperatures below, 
the boiling point of anhydrous ammonia, due to ease of 
handling. . 
My compositions are easily 'adapted to a variety of . 

uses in the propellant field. My compositions having re 
ducing potentials in the range of 5 to 15% in excess 
of the oxidizing potentials are excellent monopropellants. 
Solutions that are very fuel-rich, containing from 20 to 
40% excess reducing potentials are useful as bipropellant 
fuels in rockets or fuels for ramjets, etc. : - 
To utilize the propellant solutions of my invention, I 

introduce them, at a desired rate, into a reaction chamber. containing a suitable igniter, such as a starting squib or 
a white hot platinum grid, to initiate combustion. Once 
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combustion has begun, the heating element can be re 
moved, or, in the case of platinum heaters, can remain 
within the reaction motor to catalyze the burning rate 
of the propellant. . . . . . . . . . . . . . . . - 
As previously stated, compositions containing from 20 

to 40% excess reducing potentials are useful as fuels 
for reaction motors such as ramjets and as fuels for bi 
propellant rocket systems. The use of such mixtures as 
fuels for bipropellant systems means that less oxidant is 
required as the high specific gravity fuel carries con 
siderable amounts of oxygen. - 
When my compositions are used in air-breathing en 

gines, such as ramjets or pulse jets, principles of oper 
ation which apply are similar to those applicable to pres 
ent day engines employing ordinary hydrocarbon fuels. 
In all of these engines the oxygen in the air is mixed 
with the fuel so that the fuel-air ratio is approximately 
stoichiometric. In this way, complete burning and effi 
cient operation of the engine is assured. For example, 
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when a 50% lithium chlorate, 50 wt. percent ammonia 
mixture is used as a ramjet engine fuel, a ratio of 1.9:1. 
air to fuel by weight is desired. This fuel produces about 
1930 B.t.u. per pound of air-used while standard hydro 
carbon; fuels; produce only about 1200--1300 B.t.u. per 
pound of air. During or after combustion of my fuels 
in the combustion chambers of the reaction engines 
large amounts of excess air are passed through the en 
gines in order that the combustion chamber walls may be 
maintained at desired temperatures. 
The following table discloses the physical properties 

of a representative propellant solution of my invention, 
containing one. mole of lithium. chlorates to two moles 
of ammonia. As previously stated, this, composition is 
in oxygen balance. 
Density, 25 C------------------------------ 1:35 
Specific impulse at 300 p.S.i.a., Sec-------------- 20 
Impulse density, sec--------------------------- 283 
Viscosity, centipoises at: 

25 C---------------------------------- 65 
20 C---------------------------------- 79 
10 C---------------------------------- 122 
0 C----------------------------------- 198 

10 C-------------------------------- 343 
Vapor pressure mm.abs. at 25 C-------------- 
The following table sets out the solubility of various 

amounts of lithium chlorate in ammonia. 

SOLUBILITY OF ANHYDROUs LITHIUM CHLO. 
RATE IN ANHYDROUS AMMONIA 

Percent wt. Percent mole ratio, 
lithium wt. an- anmonia; observations 
chlorate Inonia chlorate 

84 16 il undissolved chlorate fluid 
suspension. 

78 22 1.5: some chlorate still undis 
solved. 

72.6 27.4 2:1 few specks chlorate remain 
ing, solution quite fluid. 

32.4 2.5:1. al: chlorate dissolved. 67.6 

The following specific examples more fully illustrate 
my invention, but it is not intended that my invention be 
limited to the processes, reaction motors or fuels de 
scribed therein, but rather it is intended that all equiva 
lents obvious to those skilled in the art be included with 
in the scope of my invention as claimed. 

Example I 
To test one of my compositions as a monopropellant 

0.18 pounds per second of a 2:1 molar ratio of mono 
methylamine to lithium chlorate was injected into a 
small rocket thrust chamber through four converging in 
jection nozzles. 
specific impulse of 209 seconds. 

Example II 
To test one of my propellant compositions in a bi 

propellant system a small thrust chamber made up of 
available 1' stainless steel pipe and stainless steel pipe 

This propellant burns well and has a 
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4. 
fittings was prepared. The fuel injection nozzie was 
made from a pipe plug. An orifice diameter of 0.040 
was drilled in the pipe plug and the needle valve assem 
bly was seated in and welded onto the plug. For ease of 
repair a 1' union was used to attach the nozzle to the 
4' pipe which comprises the burning chamber. An oxy 
gen inlet tube and a Bourdon-type pressure gauge with a 
range of 0-600 p.s. i. were attached to the burning cham 
ber through the plug. A reducing coupling was utilized 
as the motor nozzle. A reaction mixture having a molar 
ratio of 3:1 ammonia to lithium chlorate was introduced 
into the thrust chamber through the injector nozzle at a 
rate of 0.2 cu. ft. per minute. An approximately stoichi 
ometrically equal amount of gaseous oxygen was also in 
troduced into the thrust chamber. Ignition was initiated 
by preheating the chamber to 625 C. The fuel burned 
well with good thrust. 
This application is a continuation-in-part of my U.S. 

patent application Serial No. 704,361 filed December 23, 
1957 now abandoned. 
Now having described my invention what I claim is: 
1. Monopropellant mixtures consisting essentially of 

lithium chlorate-ammonia mixtures having a molar ratio, 
of lithium chlorate to ammonia ranging from about 1:2: 
to about 1:3, and an inert additive selected from the group 
consisting of lower alkyl alcohols, water, monomethyl 
amine nitrate, and monomethylamine perchlorate. 

2. Monopropellant mixtures consisting essentially of 
lithium chlorate-ammonia mixtures containing a ratio of 
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1 mole of lithium chlorate to about 3 moles of ammonia 
and up to 0.25 mole of water per mole of ammonia. . 

3. In a process for producing thrust in a reaction motor 
which comprises burning, in a reaction motor, mixtures 
having a molar ratio of lithium chlorate to ammonia 
ranging from about 1:2 to about 1:3. 

4. The process for producing thrust in a monopropel 
lant burning reaction motor which comprises burning, 
in a monopropellant burning reaction motor, a mixture. 
of lithium chlorate in ammonia, said mixture having a 
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molar ratio of 2.5:1 ammonia to lithium chlorate. 
5. The process for producing thrust in a bipropellant 

burning reaction motor which comprises burning, in a bi 
propellant burning reaction motor, mixtures having a 
molar ratio of lithium chlorate to ammonia ranging from 
about 1:2 to about 1:3 and a bipropellant oxidant selected 
from the group consisting of liquid oxygen, red and white 
fuming nitric acid and dinitrogen tetroxide. - 
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