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2 Clains. (C. 60-35.4) 

This invention relates to propellant compositions and 
more particularly to propellant compositions useful in 
the propulsion of rockets. 

In the rocket propellant field elementary fluorine in 
the liquid state has been proposed as an oxidizer to be 
used in conjunction with fuels. For example, a combina 
tion of fluorine and hydrazine is considered one of the 
most powerful rocket propellant compositions. However, 
liquid fluorine presents many problems in handling be 
cause of its high reactivity and toxicity. 

It is the principal object of this invention to provide 
safe efficient fuels and oxidizers whose interaction will 
result in the high energies normally associated with the 
interaction of elementary fluorine and such fuels as hy 
drazine. Another object of the present invention is the 
provision of a propellant comprising a non-hypergolic 
fuel and a solid source of fluorine. Other objects will 
become apparent hereinafter. 
We have now discovered certain solid complex fluoride 

compounds which possess excellent hypergolic properties 
when interacted with conventional fuels. 

OXEDZERS 

After an investigation, suitable sources of fluorine We 
prefer to employ are the solid complex fluoride com 
pounds KBrF4, KIF6, SbCTFs. AsCIFs, and Asbrfa. We 
have found that the interaction of the aforesaid com 
plex fluoride compounds produce large volumes of gases 
when interacted with conventional fuels hereinafter set 
forth, 

FUELS 

The fuels we have found hypergolically operable with 
the complex fluoride compounds KBrF4, KIFs, SbClFs, 
SbBrF3, ASCEF and AsBrFs fall into the following 
groups: 
Group I-Symmetrical and asymmetrical alkyl hy 

drazines and their salts, said alkyl groups containing from 
one to three carbon atoms. 

Group II.-Organic alkyl di- and poly-amines and poly 
amine benzenes, said alkyl groups containing from one 
to four carbon atoms. 
Group III-Phenyl diazonium tetrafluoroborates and 

related stable phenyl diazonium salts with nitro, amino 
and alkyl substituents, said alkyl substituents containing 
from one to two carbon atoms. 

Group IV.-Aluminum and boron alkyls, said alkyl 
groups containing from one to three carbon atoms. 
Group V.-Alkyl borazanes, said alkyl group con 

taining from one to four carbon atoms. 
Group VI.-Decaborane. 
Group VII-Aminodiborane and ammonia or hy 

drazine or alkyl hydrazine complexes thereof, said alkyl 
hydrazine complexes containing alkyl groups having 
from one to four carbon atoms. 

Group VIII.-Dialkyl magnesium compounds, said 
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alkyl groups containing from one to four carbon atoms. 

All of the aforementioned fuels combine by simple 
mixing with the solid complex fluoride compounds 
KBrF4, KIFs, SbClF6, SbBrF3, AsCIF and AsBrF to 
produce extremely vigorous reactions evolving large 
Volumes of gases. While no action usually occurs im 
mediately upon mixing the fluoride-containing oxidizer 
and the fuel, after an induction period from a few to as 
many as 30 seconds, the reaction proceeds instantane 
ously and explosively. 
The number of active fluorine atoms present in the 

oxidizer will be from three to five. With an interhalide 
of bromine or chlorine, there will usually be 3 to 5 active 
fluorine atoms present and with an interhalide of iodine 
5 active fluorine atoms will usually be provided. The 
amount of fuel that will react stoichiometrically with the 
fluorine source is dependent upon the replaceable hy 
drogens in the fuel under the conditions of the reaction. 
Thus, the replaceable hydrogens in hydrazine hydrochlo 
ride, NH-NHHCl will usually be four or five in num 
ber; in decaborane (B10H14) are 14 in number; etc. 
Then having determined the number of active fluorines 

and the number of replaceable hydrogens, the amount of 
fuel and solid oxidizer to be employed will be such that 
the ratio of active fluorine to replaceable hydrogen is 
from about 1:1 to about 1:6. Therefore, an excess of 
oxidizer is usually employed. 
The following example is given to more clearly illus 

trate the invention and is not to be construed as limiting 
thereto. 

Example 
Four parts of hydrazine (NH-NHHCl) were mixed 

with approximately 22.5 parts of KBrF4 in an open vessel. 
After a short induction period of approximately 15 sec 
onds, a combustion occurred with explosive velocity 
evolving large volumes of gaseous products. In less than 
one minute the reaction mass had been consumed leaving 
a small amount of inorganic residue. Further experi 
ments with KIFs, SbCF, SbFBrF3, AsClF3, and ASBrF 
with other fuels defined hereinbefore, resulted in similar 
hypergolic reactions with a negligible amount of residue, 
even though the ratio of replaceable hydrogen to active 
fluorine was varied from about 1:1 to about 1:9. 

Various modifications may be made in the present in 
vention without departing from the spirit and scope there 
of and it is to be understood that we limit ourselves only 
as defined in the appended claims. 
We claim: 
1. A method of producing a vigorous hypergolic re 

action evolving large volumes of gases which comprises 
admixing a hypergolic oxidizer selected from the group 
consisting of KBrF4, KIFs, SbCIF, SbBrF3, ASCIF and 
AsBrF3 and a fuel selected from the group consisting of 
symmetrical and asymmetrical alkyl hydrazines and their 
salts, alkyl di- and polyamines and polyamine benzenes, 
phenyl diazonium tetrafluoroborates and stable phenyl 
diazonium Salts having nitro, amino and alkyl substitu 
ents, aluminum and boron alkyls, alkyl borazanes, deca 
borane, aminodiborane and ammonia, hydrazine and alkyl 
hydrazine complexes thereof and, dialkyl magnesium com 
pounds, the amounts of said fuel and said oxidizer in said 
admixture being such that the ratio of active fluorine to 
replaceable hydrogen is from about 1:1 to about 1:6 
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3. 

thereby to produce a vigorous hypergolic reaction evolv 
ing large volumes of gases. 

2. A method for producing a vigorous, high Velocity 
combustion evolving large volumes of gaseous products 
which comprises: 

(a) providing a solid fluorine-containing hypergolic 
oxidizer corresponding to the formula KBrF4 and 
hydrazine hydrochloride fuel, the relative parts by 
weight of said oxidizer and said fuel being about 
22.5 to 4, 

(b) mixing said oxidizer and said fuel thereby to 
produce a hypergolic high velocity reaction evolving 
large volumes of gaseous products. 
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