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1. 
This invention relates to a reaction propulsion 

method, and more particularly to a method for 
generating power by ejecting a stream of com 
bustion products at high velocities. Rocket 
motors of the type used for propelling airplanes 
are the most important field in which this 
method of propulsion is employed at the present 
time, although the invention in its broader 
aspects is not limited to this field. 
Modern rocket motors of the type now in use 

to give an accelerated take-off or accelerated 
speeds in airplanes consist of a suitable housing 
provided with pairs of jets adapted to inject a 
fuel and an oxidant, respectively. The com 
bustion of these two materials creates a mass of 
hot, burning gases which are ejected at high 
velocity through a suitable Orifice, the reaction 
from this ejection providing the propulsive force. 
Such motors are of great potential Value in 
assisting the take-off of seaplanes, since addi 
tional power is needed to overcome the skin 
friction of the water against the hulls of Such 
planes. They are also of great value in assisting 
the take-off of heavily loaded land planes, since 
it is well-known that only a fraction of the 
power in a modern airplane is used in flight, as 
compared with that necessary to lift the plane 
from the ground under ordinary take-off con 
ditions. 
In order to assist the take-off of airplanes it is 

of utmost importance to have a rocket fuel which 
will ignite immediately and with certainty, as 
the plane would be almost certain to crash if 
the rocket motor failed to fire. For this reason 
a self-igniting fuel mixture is greatly preferred 
to one which must be ignited by a spark or by 
compression, as in ordinary internal combustion 
engines. It is a principal object of the present 
invention to provide a reaction propulsion 
method which is both instantaneous in action 
and certain in character, so that power failure 
is reduced to a minimum. 

I have found that the alkyl-substituted mono 
nuclear aromatic amines containing One Or more 
alkyl Substituents will ignite spontaneously upon 
admixture with strong nitric acid to produce a 
stream of combusion products capable of de 
veloping high velocities in a rocket motor. I 
have also discovered that this class of compounds 
possesses a number of other extremely important 
properties which cause the members thereof to 
be well-suited for use in propulsive fuels. The 
compounds of this class have very low freezing 
points and will therefore remain fluid at the low 
temperatures encountered in severe winter 
weather and during high altitude flights. More 
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2 
over they are soluble in low-boiling hydrocarbon 
fuels such as gasoline and light fuel oil and will 
form Solutions therein that do not freeze or 
thicken at low temperatures. Solutions of this 
type containing at least 20% by volume of alkyl 
Substituted mononuclear aromatic amines will 
ignite spontaneously upon admixture with strong 
nitric acid, and are therefore suitable for use as 
a rocket fuel instead of the pure aromatic com 
pounds themselves. 
The class of alkyl-substituted mononuclear 

aromatic amines includes those compounds con 
taining one or more alkyl substituents on the 
amino nitrogen and those containing one or 
more alkyl substituents on the aromatic nucleus 
as well as those in which both an amino nitrogen 
and the aryl nucleus are substituted by aliphatic 
radicals. Typical compounds possessing the ad 
vantages enumerated above are the lower N 
aliphatic mononuclear aromatic amines such as 
mono- and dimethylandline and mono- and 
diethylaniline. These compounds may be emi 
ployed in the pure state, but the crude mixtures 
obtained by their ordinary methods of prepara 
tion may be used with equally good results. 
Thus, for example, crude monoethylaniline as 
prepared by the autoclave process has the foll 
lowing composition: 

Per cent 
N-monoethylaniline -------------------- 55 
Aniline ------------------------------- 30-35 
Residue ------------------------------- 10-15 
The residue is a high-boiling mixture contain 
ing N,N-diethylandline, p-amino-ethylbenzene 
and mixed aminodiethylbenzenes. 
Crude monoethylaniline prepared by passing 

the mixed vapors of aniline and ethanol over a 
bauxite catalyst at about 300-350° C. has the 
composition 

Per cent 
N-monoethylaniline ---------------------- 60 
Aniline ---------------------------------- 30 
Residue ---------------------------------- O 
The residue consists principally of N,N-diethyl 
aniline, but contains small quantities of nuclear 
substituted anilines. 

50 

55 

Crude monomethylaniline prepared by the 
autoclave process contains about 40% N-mono 
methylaniline, about 20% N,N-dimethylaniline 
and about 40% aniline. All three of these mix 
tures are soluble in gasoline and light fuel oils 
and will ignite and generate power upon ad 
mixture with the proper quantities of strong 
nitric acid. 
Another preferred class of igniting and Com 
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bustion agents are the lower nuclear-substituted 
alkyl anilines such as the toluidines and the 
mixed xylidines obtained by the reduction of ni 
trated toluene and xylene mixtures. Other typi 
cal compounds are the N-alkyl xylidines and 
toluidines such as N-mono- and dimethyl meta 
and para-toluidines and alkyl-substituted phen 
ylene diamines, such as N,N'-dipropy, dibutyl 
and diamyl para-phenylene diamines. These 
compounds may be used as such, or in admixture 
with each other, or in admixture with other ig 
niting and combustion agents such as aniline, 
gasoline, Diesel fuel oil, #2 fuel oil, benzene, or 
mixtures thereof. 

In order to obtain rapid and positive spontane 
ous ignition of the aromatic amines it is neces 
sary to use strong nitric acid, and this term is in 
tended to designate nitric acid containing not 
more than about 10% of water. As is illustrated 
in detail in Example 5, bleached nitric acid hav 
ing a strength of about 95% HNO3 is about the 
weakest acid that will give reliable results, but 
the quenching effect of larger amounts of water 
can be compensated to a limited extent by the 
presence of NO2. Accordingly, nitric acid of 
about 96-99.5% HNO3 content or fuming nitric 
acid containing not more than 8-10% of water 
are the proper types of acid to use in conjunction 
with the igniting agents of the present invention, 
and these are the materials designated by the 
term "strong nitric acid.' 
From the foregoing it will be seen that the 

process of the present invention consists in the 
generation of rocket propulsion by impinging a 
jet of strong nitric acid upon a similar jet of a 
fuel containing an aliphatic-Substituted mono 
nuclear aromatic amine, or by commingling the 
oxidizing agent and fuel by any other suitable 
means. The ratio of strong nitric acid to fuel 
will depend upon the type of fuel and upon the 
strength of the acid used, but in general the ra 
tios should be such as to provide Sufficient nitric 
acid to oxidize at least 70-80% of the fuel. The 
alkaryl amine may be used as a fuel or it may be 
dissolved in a hydrocarbon fuel to function as 
an igniting agent therefor, with or without the 
addition of aniline or other additional combus 
tion agents. In this case the amount of alkary 
amine may vary from 10% to 50% by volume of 
the total quantity of fuel, the higher concentra 
tions being used when the rocket motor is first 
fired and a somewhat leaner mixture being em 
ployed during continued operation. Alternative 
ly, the motor may be started by the use of a 
straight alkaryl amine or mixture thereof with 
aniline or other aromatic amines as the sole ig 
niting agent and carburant and then operated 
with a straight hydrocarbon fuel or with a simi 
lar fuel containing a relatively small quantity of 
aralkyl amine as an igniting agent. 
The rapidity of ignition and flame formation of 

the aliphatic-substituted mononuclear aromatic 
amines can be demonstrated by a cup test in 
which a strong nitric acid is poured into a dish 
containing the amine or solution thereof under 
test. A large number of such tests have shown 
that the results obtained thereby are reproducible 
and will give a reliable indication of the opera 
tion of similar mixtures in a rocket motor. Ac 
cordingly, cup tests of mixtures illustrative of the 
present invention are described in the following 
examples, it being understood that similar re 
Sults are obtained when the same ingredients are 
Eled to the jets of a rocket motor as described 
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4. 

The invention will be illustrated in greater de 
tail by the following specific examples. It should 
be understood, however, that although these ex 
amples may describe some of the more specific 
features of the invention, they are given primar 
ily for purposes of illustration and 'the invention 
in its broader aspects is not limited thereto. 

Eacample 1 
The efficacy of N-ethyl andline, both alone and 

in admixture with low-boiling hydrocarbon fuels, . 
was tested by a cup test in which suitable quan 
tities of strong nitric acid were poured into a 4 
inch porcelain evaporating dish containing the 
igniting agent. 

(a) 15 cc. of red fuming nitric acid (sp. gr. 1.60) 
Were poured into 10 cc. of the N-ethyl andline. 
There was an immediate bright flash followed by 
violent combustion with evolution of heavy white 
fumes. 

(b) 10 cc. of the same acid were poured into a 
solution of 3 cc. of N-ethyl aniline in 7 cc. of #2 
fuel oil. An immediate bright flash was followed 
by rapid burning. 

(c) 10 cc. of red nitrio acid analyzing 81.4% 
HNO3, 4.1% H2O and 15.5% dissolved NO were 
poured into 7 cc. of the monoethyl aniline. An 
audible flash resulted, followed by a hissing flame. 

(d) 10 cc. of 99.5% nitric acid were poured in 
to 7 cc. of the fuel oil solution described in (b). 
There was a large bright flame after about 0.25 
Second or less, and the mixture burned vigorously. 

Eacample 2 
15 cc. of 99.5% nitric acid were poured into 10 

cc. of N-methyl aniline as described in Example 
1. There was an instant bright, audible flame 
Which burned with evolution of brown fumes. 
The same result was obtained with N-isopropyl 
andline and with N,N-dimethylaniline. 

Eacample 3 

15 cc. of 99.5% nitric acid were poured into 
10 cc. of o-toluidine. The mixture ignited im 
mediately and burned with a large, bright flame. 
The same result was obtained upon substituting 
2-cymidine or p-tertiary amyl aniline. A solu 
tion containing 30% by volume of p-tertiary 
amyl aniline in 70% of #2 fuel oil ignited in less 
than 1 Second with an audible flash and burned 
With a Smoky yellow flame. 10 cc. of 3,5-di 
methylaniline ignited immediately upon addition 
of 15 cc. of 99.5% nitric acid, and the same re 
sult was obtained with a technical mixture of 
Xylidines obtained by the reduction of a nitro 
xylene mixture. 

Eacample 4 
Aniline itself is a good igniting and combustion 

agent for propulsive fuel mixtures, but its freez 
ing point (-6. C.) is too high for use. I have 
discovered, however, that the addition to aniline 
of aliphatic-substituted mononuclear aromatic 
amines such as 2-cymidine, mixed xylidines, N 
methyl aniline, N-ethyl aniline and the like will 
produce combustion agents of much lower freez 
ing points having as good or better igniting prop 
erties than aniline itself. 
Another very serious disadvantage of aniline is 

its relatively low solubility in hydrocarbon fuels 
such as diesel fuel, gasoline and fuel oil. Thus, 
for example, a mixture of 10 parts by volume of 
andline with 90 parts by volume of light fuel oil 
forms two immiscible layers. A 10% aniline-90% 
by volume gasoline solution separates into two 
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layers at 20° C.; a 15%-85% at 25 C. and 
20%-80% at 30° C. The alkyl-substituted ani 
lines, on the other hand, are very soluble in hy 
drocarbon fuels and do not separate out at low 
temperatures. Thus, for exampde, the solubili 
ties of representative compounds of this series in 
gasoline are as follows: - 

Percent by volume Gasoline Effect on Cooling 

N-Methyi Aniline: 
33.3------------- 66.7 Tbid at -35°C., Freezes at -40° 
0--------------- 50 Turg -35° C. Two layers at 
2--------------- 75 Turbid at 35° C. Does not freeze 

at al-48 C. 
10--------------- 90 Turbid at -50 C., but does not 

freeze. 
N-Ethyl Aniline: 

0-------- SO Does not separate at -50° C. 
33.3------- 66.7 Do. 
26---- 5 Do. 
10--------------- O Do. 

Mixed Xylidines 
20--------------- O Does not freeze at le48 C. 

The freezing points of representative mixtures 
containing aniline are as follows: 

5 

20 

6 
acid that will give reliable results. However, NOa 
and NaO4 may also be used, and the quenching 
effect of water in acids weaker than 95% may be 
compensated to a limited extent by the presence 
of NO. This was shown by testing the following 
compositions: 

percent 

4,65 
3 3.3 
89.6 3.5 
38.2 5.9 60 
7.6 7.8 14.4 
4,6 2.7 13.6 

a Commercial bleached 95-nitric acid, plant production. 

These acids were tested in the cup test against 
a crude vapor-phase antine having the composi 
tion previously described and also against mix 
tures of this material with hydrocarbon fuels. 

2. In all cases 10 cc. of the acid were poured into 

Percent by 
woulae. Other Component 

50 2-cynidine.--- 
20 N-ethyl andline 
40N-ethyl antine 
20 N-methyl ann 

30 

40N-methyl aniline------------------------------------------------------------------- 
15 f 
20Equal Wolumes of N-Ethyl Antline, Mixed Xylidines and 2-Cymidine------------- 

Remarks 

a-1,6 to -18.5 No definite F. P. 
ser25 to -28 Do. 

al-3.5 to -14 Do. 
-23 Sharp F. P. 

-0.5 O 
-13.2 Do. 
-15 Do. 
-20 Do. 
-36 Do. 

It is evident from these figures that the alkyl 
substituted anilines may be used as such or in 
admixture with aniline as igniting and combus 
tion agents in gasoline, diesel fuel, light fuel oils, 
benzene and other low-boiling hydrocarbons 
even in severe winter weather and at the low 
temperatures encountered in high-altitude flights. 
Typical results are shown by the following tests, 
which were made by pouring 2 parts by volume 
of 97% HNO3 into part of the composition under 
test, as described in Example 1, the parts being 
by volume: 

(a) Aniline ignited vigorously with copious 
flame formation - 

(b) Aniline 60%, mixed xylidines 40%. 
vigorous than andline. 

(c) Aniline 50%, N,N-dimethylaniline 25%, 
nitrobenzene 25%. Results equal to aniline. 

(d) Aniline 50%, mixed xylidines 25%, nitro 
benzene 25%. Better than (b). 

(e) Gasoline 80%, benzene 10%, aniline 5%, 
nitrobenzene 5%. Most vigorous of all. 

Eacample 5 
Strong nitric acid should be used to obtain reli 

able and rapid ignition of the mononuclear aros 
matic amines and their mixtures with low-boiling 
hydrocarbons. Bleached nitric acid having a 

More 

50 Acid No. 

7 cc. of the igniting agent. The results are shown 
in the following table: 

Igniting Agent Time lag 

1. - Crude N-ethylianline--- Instantaneous 
2 do. Do. 
3 --do- Do, 
4. --do- 0.5Sec. 

55 50%YEA, 50%. 2 Fuel Oil Instaneous, 
- - - - - - - 0---------------------- O 

4--- MEA, 60% 2Fuel.----------- 12 Sec. 
4--- MEA, i; 2 Fuel------------- 20 Sec. 
4--- MEA, ; Octane gasoline.- 0.5 Sec. 
------------ MEA, 50% 2Fuel Oil------- 0.25 Sec, 

6----------------- d 0.75 See 

Eacample 6 
65 Nuclear substituted anilines containing a num 

ber of alkyl radicals are very effective igniting 
agents. Thus, for example, 7 cc. of a mixture of 
pseudocumidine (2,4,5 - trimethylaniline) and 
mesidine (2,4,6-trimethylaniline) ignited upon 

70 addition of 10 cc. of ordinary 95% nitric acid 
with a time lag of only 0.4 seconds and burned 
With a bright flame, 

Eacample 7 
strength of 94-95% HNO3 is about the weakest 75 A pair of rocket motor jets having internal 
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diameters of 64' and set at an angle of 60' were 
fed with 99.5% nitric acid and with N-monoethyl 
aniline, respectively, under pressures of 7 lbs. per 
square inch. The mixture ignited immediately at 
the jets and burned with a big flame that was 5 
propelled violently against a metal shield five feet 
distant. 
What claim is: 
1. A rocket propulsion method which comprises 

generating an ignited propulsive charge by con 
mingling with strong nitric acid a volatile hydro 
carbon having dissolved therein 10-50% of an 
alkyl-substituted mononuclear aromatic amine 
and ejecting the burning charge at high velocity. 

2. A rocket propulsion method which comprises 
generating an ignited propulsive charge by com 
mingling with strong nitric acid a volatile hydro 
carbon having dissolved therein 10-50% of an 
N-aliphatic mononuclear aromatic amine and 
ejecting the burning charge at high velocity. 

3. A rocket propulsion method which comprises 
generating an ignited propulsive charge by com 
mingling with strong nitric acid a volatile hydro 
carbon having dissolved therein 10-50% of an 
N-alkyl aniline and ejecting the burning charge 
at high velocity. 

4. A rocket propulsion method which comprises 
generating an ignited propulsive charge by com 

ningling with strong nitric acid a volate hydro 
carbon having dissolved therein about 10-50% of 
a mixture of aniline and N-ethylanline and eject 
ing the burning charge at high velocity. 

VICTOR, . KING 
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