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This invention relates to improved fuels and methods 
of increasing the calorific value of fuels. The invention 
is particularly useful in providing a fuel which is com 
posed of metal particulates such as substances which are 
decomposable to release large volumes of gas heated to 
high temperatures. 
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The principal object of the invention is to provide a 

solid fuel which forms a suitable burning mixture useful 
as propellants, missiles, rockets, power plants, etc., and 
which may be used as a fuel for jet-driven airplanes, tur 
bines, and the like, as employed in the fields of aviation, 
rail transportation and military equipment and opera 
tions. - 

It is another object of the invention to provide a 
composition useful as fuel which is adapted to burn at a 
non-explosive rate and produce a large amount of gases. 

It is a further object of the invention to provide a 
powdered fuel mixture which can be used in the form 
of a slurry or admixed with liquid hydrocarbons, and 
which releases a large amount of exothermic heat upon 
burning. 
A still further object of the invention is to provide 

a method for carrying out the combustion of powdered 
metal fuel mixtures of the character described which 
Supply or release a sufficient amount of oxygen to main 
tain the combustion of the mixture once it is initiated. 
The invention utilizes ammonium nitrate as one of 

the principal constituents and which decomposes to re 
lease nitrous oxide and water as steam. 
Ammonium nitrate when heated, as shown below, de 

composes in accordance wtih the equation 
Gas 
N2O 

Steam 
2EO 

heated 

200-260° C. 
NINO3 

The reaction may be carried out safely and even when 
the reaction is rapid it is controlled by the burning mix 
ture. The heat developed, being an exothermic reaction, 
is sufficient to decompose the nitrous oxide into nitrogen 
gas, and oxygen, two volumes of nitrogen being formed 
and one volume of oxygen. 
The ammonium nitrate is finely divided prills and 

dried as follows 
Example I 

Ammonium nitrate used in the propellent fuel prefer 
ably is of fertiziler grade and consists of prills which 
are free-flowable, and substantially free of moisture, the 
prills being ground to a particulate size of 1 to 10 microns. 
The ammonium nitrate is dried at a temperature of 

approximately 90° F. to prevent physical change until 
the moisture contact is reduced to about 0.1% by weight. 

Control of the burning is provided by limiting the size 
of the nitrate particles, the burning rate increasing as the 

In this way by selec 

of the fuel may be varied and controlled. 
Examples of the powdered metal fuel containing am 

monium nitrate are illustrated below, it being understood 
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that the proportions may be varied 5-10% either way to 
produce a powdered metal fuel mixture in accordance 
with applicant's invention. 

Example II 

Parts by Range 
weight 

... -- - Percent 

Ammonium nitrate (Dry Ex. I)---------...------. 80 70-90 
Metal particles (Al, Mg, Zn)-...------------------ 20 10-30 

Example III 

Parts by Range 
weight 

- Percent 

Ammonium nitrate (Dry Ex. I)------------------- 70 60-80 
Metal Particles (Al, Mg, Zn).--------------------- 15 i0-20 
Metal Soap (Aluminum stearate).--------------...-- i5 10-20 

In preparing the powdered metal mixture, ammonium 
nitrate is admixed with the metal particulates. The metal 
particulates are relatively small particle size and on the 
order of one-half to one micron, with particle size of 
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less than one micron in diameter preferred. The mixture 
of ammonium nitrate and metal powder may be suit 
ably compressed and used as a solid block fuel or used 
as a slurry mass by adding hydrocarbon liquids such as 
kerosene or an aromatic alkane in amounts from 10 to 
30% by weight of the total mixture. 

In Example III, a small amount of metallic soap is 
incorporated with the metal powder to catalyze its oxi 
dation. The metal soap may be admixed into the fuel 
as a powder or melted and sprayed onto the metal par 
ticulates, the latter method being preferred since a more 
uniform distribution of the soap in the fuel is obtained. 
The metallic soaps employed are preferably selected from 
the polyvalent metals consisting of aluminum, mag 
nesium, zinc.; fatty acid esters of these metals, e.g., the 
metal stearates, palmitates, oleates and ricinoleates and 
the like are employed. One readily available commer 
cially is aluminum stearate. 

This metallic soap catalyzer may approximate the 
Weight of the metal particulates or range downward to 
50% of the metal content of the fuel, depending upon the 
temperature of burning desired. For higher burning 
temperatures of the propellent gas larger amounts of 
metal particulates are used. 

It has been found by tests that the combination of 
the metal particles with the ammonium nitrate when 
heated to burning in air releases large quantities of nitro 
gen, OXygen and gases heated to very high temperatures 
and on the order of 5000° C. and higher. The pow 
dered metal particles along, such as aluminum metal, 
burn at a temperature of around 3500 C. and produce 
an intense heat. The high temperatures produced dur 
ing burning of the metal particles causes rapid decom 
position of the admixture and release of large volumes 
of gases. Vaporization of any water formed during the 
reaction forms steam, which is decomposed into hydro 
gen ind oZygen at the high temperature of the burning 
metal, 

Metal particulates are preferably selected from the 
light metal group and consisting of aluminum, mag 
nesium, zinc, tin and the like or mixtures thereof. The 
presence of metallic soap catalyzes the burning so that 
the same takes place at a uniform rate and yet is under 
sufficient control so that the fuel does not explode but 
provides a continuing expanding gaseous force useful as 
a propellant or propulsion jet prime mover. 
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The rate of combustion or burning of the mixture is 
varied by varying of the proportionate amounts of the 
constituents and particulate size of constituents. 

Ignition of the fuel mixture may be achieved by elec 
trical means such as that produced by a spark plug or 
by the heating of a wire to incandescence in contact with 
the mixture. 

It is understood that various changes and additions in 
equivalent materials may be substituted for those set 
forth in the above examples when compounding the com 
position of this invention and that the proportionate 
amounts of the constituents may be varied, as heretofore 
described, and depending upon the particular use to 
which the mixture is to be put. Such changes and 
variations are deemed to be contemplated to come with 
in the spirit and scope of this invention and which are 
particularly set forth in the appended claims. 
What is claimed is: 
1. A fuel consisting of the following constituents in 

parts by weight: 
Percent 

Ammonium nitrate ---------------------------- 70 
Metal particles selected from the group consisting of 
aluminum, magnesium and Zinc and mixtures 
thereof ------------------------------------ 15 

Aluminum Stearate ---------------------------- 15 

said metal particles having a size on the order of one 
half micron to one micron in diameter. 

2. A fuel consisting of the following constituents in 
parts by weight: 

Percent 
Ammonium nitrate ---------------------------- 70 
Metal particles of aluminum -------------------- 15 
Aluminum Stearate ---------------------------- 15 
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4. 
said aluminum metal particles having a size on the order 
of one-half micron to one micron in diameter. 

3. A fuel consisting of the following constituents in 
parts by weight: 

Percent 
Ammonium nitrate ---------------------------- 70 
Metal particles of magnesium ------------------ 15 
Aluminum stearate ---------------------------- 15 

said magnesium metal particles having a size on the order 
of one-half micron to one micron in diameter. 

4. A fuel consisting of the following constituents in 
parts by weight: 

M Percent 

Ammonium nitrate ---------------------------- 70 
Metal particles of zinc ------------------------ 15 
Aluminum stearate ---------------------------- 15 

said zinc metal particles having a size on the order of 
one-half micron to one micron in diameter. 
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