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This invention relates to improvements in fuels having
high energy content and especially in rocket fuels, and
more particularly to improvements in those combustible
materials which are conventionally utilized in two-compo-
nent chemical fuels.

Since rocket fuels are known as those combustible
materials which require the higher energy content, the
following description will refer more particularly to this
kind of fuels. However, if will be understood that par-
ticulars of the present invention may as well be applied
to any other kind of fuel requiring high energy content.

_ Rocket fuels are generally composed of two chemicals;
one a material ‘which yields an enormous quantity of en-
ergy mpon being decomposed, and the second a very
strong oxidizing agent. Fxamples of the energy emitter
are hydrocarbons, hydrazines, and boro-hydrides; and ex-
amples of strong oxidizing agents are nitric acid, hydro-
gen peroxide, perchlorates, liquid ozone and liquid oxy-
gen, the most common oxidizing agent being liquid oxy-
gen.

In view of the fact that liguid oxygen contains no
other carrier atoms, it is apparent that it constitutes a
very concentrated oxidizing agent. It is easily recognized,
however, that the utilization of liquid oxygen has many
disadvantages due to the necessary low temperature
liquefaction and comcomitant storage problems in order
to maintain the oxygen in the liguid state.

For many purposes the preparation and storage of
liquid oxygen is so cumbersome that it is customary to
utilize other strong oxidizing agents which do con-
tain carrier atoms, such as perchlorates and hydrogen
peroxide, which are normally either solid or liquid at
pressures and temperatures of use. Tt is to be noted,
however, that these latter compounds necessarily con-
tain “dead weight” carrier atoms. This fact is important
as the performance of rockets is closely connected to the
ratio of weight to energy release of fuel, the lower the

weight, other things being equal, the better the per- -

formance. It can be seen, therefore, that conventional
oxidizing agents in rocket fuels are either difficult to
prepare, handle and store up, or they are comparatively
inefficient because of “dead weight.”

An object of the present invention, therefore, is to im-
prove rocket fuels by eliminating the disadvantages of
the prior art fuels and by improving the performance
of rockets.

Another object is to provide new fuel additives.

Still another object is to provide a method for produc-
ing polyperoxides.

Other objects and advantages of this invention will be-
come apparent on further study of the specification and
appended claims.

The objects of this invention are accomplished by
utilizing a mew concept in rocket fuels. Whereas prior
art fuels contained a combustible material on the one
hand, and an oxidizing material on the other hand, it
has been discovered that great advantages can be obtained
by utilizing a combustible material which also contains
reactive forms of oxygen necessary for combustion.
These compounds belong to the class of polyperoxides.

The polyperoxides can be considered as copolymers of
oxygen with a polymerizable compound such as an ole-
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finic or polyolefinic compound. They can be represented
by the following general formula
(‘Rx‘oz)n
in which R, represents the polymerizable compound.
As examples of polyperoxides obtained from mono-
olefinic compounds, the following may be used.
Polyperoxide of styrene:
(—0—CH—CH;—0—)n
CeHs
Polyperoxzide of acrylonitrile:
(—0—CHy—CH—0—)x
CN
Polyperoxide of methyl methacrylate:
COOCH;
(—O—CH:—-({J—O—) n
CHs
Polyperoxide of methacrylonitrile:
A(lJN
(——O——CH:—?——O—)n
CH;
Polyperoxide of vinyl acetate:
00C~—CHs
(—0—CH;—CH—0—)n
Other pelyperoxides of the mono-olefins are for exam-
ple:
Polyperoxide of 1,1-diphenylethylene
Polyperoxide of a-methylstyrene
Polyperoxide of indene
Polyperoxide of ethylene
Polyperoxide of propylene
Polyperoxide of methylene
Polyperoxide of isobutylene
Polyperoxides of pentenes
Polyperoxide of 1,1-difluorethylene
Polyperoxide of vinylchloride

QOther compounds such as the polyperoxides of the
diolefins can actually be formed into several types of co-
polymers, the oxygen atoms being bonded to the carbon
atoms in the 1,2 and/or 1,4 positions. For example, the
polyperoxides of 2,3-dimethylbutadiene can be repre-
sented by the following two distinct formulae:

@ CH,
(—O—CHz——CIJ—-O—-) 2
C—CIi;
CH;z
(—~0—CHs—C=—=C—CHy—0—)n
CHz CH;y

®

Likewise the polyperoxides of butadiene and of iso-
prene can also be represented by a plurality of con-
figurations.

Polyperoxide of cyclopentadiene
Polyperoxide of 1,3-cyclohexadiene
Polyperoxide of «-terpinene
Polyperoxide of «-phellandrene
Polyperoxide of furan
Polyperoxide of alloocimene
Polyperoxide of chloroprene

These polyperoxides can be obtained by the reaction
of oxygen on olefins and polyolefins. The reaction is
advantagecusly conducted in the liquid phase at tempera-
tures of about 0° to 80° C. and preferably between
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35-50° C. Althcugh the best results are obtained in that
temperature range, the latter is not critical for the forma-
tion of polyperoxides, as even outside of these tempera-
ture limits polyperoxides can be formed but comparatively
ineficiently. For example, it is necessary to avoid very
low temperatures which would result in very low reaction
rates or very high temperatures at which the compounds
would decompose. The oxygen reactant is utilized in the
gaseous form by itself or in mixture with an inert gas
such as nitrogen. One may operate under atmospheric
pressure, although under bigher pressures, the reaction
rate is appreciably increased.

Yn order to initiate the reaction or increase its rate,
it is generally preferred to employ an initiator, ie. a
compound which liberates free radicals at the tempera-
ture of the reacticn. Such chemical compounds may be
peroxides, for example, benzoyl peroxide, reactive azo
compounds, for example, azo di-isobutyronitrile, or
analogs. It is obvious that one can also employ photo-
chemical or radiochemical or other equivalent conven-
tional reaction initiating techniques.

The obtained compounds can be isolated or concen-
trated by taking advantage of their physical and physico-
chemical properties, but it is obviously necessary to avoid
such conditions which would allow their possible decom-
position. Thus it is often possible to isolate them by
adding to their solutions at a temperature preferably
below 0° C., for example at about —30° C., such solids
or liquids which reduce their solubility, for example
methanol. If desired, these products may be dissolved in
benzene or another aromatic solvent and re-precipitated
by means of methanol, preferably below 0° C. It may
also be of advantage to concentrate them by distillation
or sublimation of their solvent in the cold under reduced
pressure. Additional purification steps are generally un-
necessary.

The above described procedures can be carried out
either continuously, or by a batch process.

In order to explain this invention better, attention is
directed to the following examples which however are not
intended to be limitative of the appended claims.

Example 1

An excess of gaseous oxygen is bubbled into styrene at
temperatures from about 35-50° C. in the presence of azo-
diisobutyronitrile at a concentration of about 0.02 mol
per liter of styrene. After 24 hours of oxygen absorp-
tion 20% of the theoretical amount of polyperoxide is
obtained; the polyperoxide is precipitated by the addition
of methanol at about —30° C., taken up in benzene
and re-precipitated by means of methanol at the same
temperature. It was then dried at 0° C. under reduced
pressure (20 mm. Hg). The product thus obtained is a
white solid, softening at about 50° C. and melting at
about 120-130° C.

Example I

The same process as described above was successfully
carried out utilizing benzoyl peroxide as an initiator.

Example 111

Example I was repeated successfully employing ultra-
violet light as a photochemical initiator.

Example iV

Example I was completed successfully employing the
radiation of cobalt 60 as a radiochemical initiator.

Example V

In the same manner, described in Example I, a poly-
peroxide of acrylonitrile is formed.

Example VI

In the same manner, described in Example I a poly-
peroxide of methyl methacrylate is formed.
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Example VII

In the same manner, described in Example I,
peroxide of 1,1-difluorethylene is formed.

Example VIII

In the same manner, described in Example I, a poly-
peroxide of vinyl acetate is formed.

Example IX

In the same manner, described in Example 1,
perozide of 1.1-diphenylethylene is formed.

a poly-

a poly-

Example X

In the same manner, described in Example I, a poly-

peroxide of «-methylstyrene is formed.
Example X1

In the same manner, described in Example I,
peroxide of indene is formed.

Example XI1I

In the same manner, described in Example I, a poly-
peroxide of dimethylbutadiene is formed.

Example X111

In the same manner, described in Example I,
peroxide of cyclopentadiene is formed.

Example XIV
In the same manner, described in Example I,

a poly-

a poly-

a poly-

peroxide of 1.3-cyclohexadiene is formed.
Example XV
In the same manner, described in Example I, a poly-

peroxide of «-terpinene is formed.
Example XVI

In the same manner, described in Example I, a poly-
peroxide of a-phellandrene is formed.

Example XVII

In the same manner, described in Example I,
peroxide of furan is formed.

Example XVIII

In the same manner, described in Example I,
peroxide of alloocimene is formed.

Example XIX

In the same manner, described in Example I,
peroxide of vinyl chloride is formed.

a poly-

a poly-

a poly-

Example XX

A mixture of the product produced in Example I and
ammonium perchlorate was ignited and found to yield a
high energy release without an undesirable high weight
of reactants.

Example XXI

The products described in Examples I to XIX were
mixed in the same manner as described in Example XX
and were also found to yield unexpectedly good results.

Example XXII

Example XX was repeated ‘with a solution consisting of
equal weights of the product produced in Example I and
styrene. The energy release was substantially higher
than with styrene alone.

In general, the organic polyperoxides of this invention
can be utilized either as fuels per se or as additives in
conjunction with other conventional fuels or oxygen-con-
taining solid or liquid oxidants, such as perchlorates,
nitric acid, hydrogen peroxide, liquid ozone and liquid
oxygen. Preferably, the proportion of oxygen-containing
material is chosen as to provide a substantially complete
combustion of the fuel.

Since the polyperoxides of this invention have also
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significant advantages as combustion-improving additives,
even a very minor percentage added to a conventional
fuel will be of great value.

It is considered that even a small percentage of poly-
peroxide within the fuel wiil be of some value as even a
small percentage of oxygen reduces the necessary amount
of other strong oxidizing compounds and facilitates the
combustion. - Of course, the higher the percentage of
oxygen within the molecule, the more efficient will be
the fuel and thus the performance of the rocket, per fuel
weight unit.

Of course, these fuels are useful for propelling all types
of vehicles which utilize rockei-type fuel.

It will be understecod that this invention is susceptible
to other modifications in order to adapt it to the different
usages and conditions, such as in the process of manufac-
turing a polyperoxide of styrene any unreacted styrene
can be recovered by vacuunmy distillation and used over
again, and accordingly it is desired to comprehend such
moedifications within the invention as may fail within the
scope cf the appended claims.

What is claimed is:

1. In a method for propelling rockets by means of the
force developed by igniting therein a chemical composi-
tion consisting of a fuel and an oxidizing agent, the im-
provement of adding thereto a minor amount of a poly-

zroxide selected from the group comnsisting of polyperox-
ides of styrene, acrylonitrile, methyl methacrylate, meth-
acrylonitrile, vinyl acetate, 1,1-difluorcethylene, vinyl-
chloride, 1,1-diphenylethylene, «-methylstyrene, ethylene,
propylene, isobutylene and pentenes.

2. A fuel composition consisting essentially of a ma-
jor amount of a chemical composition consisting essen-
tially of a fuel and an oxidizing agent and a minor amount
of polyperoxide selected from the group consisting of
polyperoxides of styrene, acrylonitrile, methyl methacry-
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late, methacrylenitrile, vinyl acetate, 1,1-difluorcethylene,
vinylchloride, 1,1-diphenylethylene, «-methylstyrene, eth-
ylene, propvlene, isobutylene and pentenes.

3. A fuel composition according to claim 2 wherein
the oxidizing agent is selected from the group consisting
of solid and liquid oxidizing agents.

4, A fuel composition according to claim 2 wherein
the oxidizing agent is a perchlorate.

5. A fuel composition according to claim 2 wherein
the oxidizing agent is nitric-acid.

6. A fuel composition according to claim 2 wherein
the oxidizing agent is hydrogen-peroxide.

7. A fuel composition according to claim 2 wherein
the oxidizing agent is ozone.

8. A fuel composition zccording to claim 2 wherein
the oxidizing agent is Hquid oxygen.
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