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ABSTRACT OF THE DISCLOSURE 
High burning rate solid propellants having fuel-binders 

based on carboranyl copolymers having the recurring 
structural units: 

RCB. Hac)(CH.) I. 
-O-Si-O-si 

R R3 

- wherein R, R1, R2 and Rs are selected from hydrogen, 
aliphatic, cycloaliphatic and aryl radicals and n is an in 
teger including zero. 

This invention relates to solid propellants adapted to 
be used as rocket fuels and more particularly to solid 
propellants comprising fuel-binders containing carboranyl 
polymers. The propellants of the invention are character 
ized by exceptionally high burning rates. 

Sold propellants commonly comprise a major propor 
tion of particulate inorganic oxidizer, a minor amount of 
organic fuel-binder and minor amounts of various special 
purpose additives such as burning rate modifiers, catalysts, 
plasticizers, pigments and wetting agents. Conventional 
solid propellants usually have burning rates of the order 
of 0.2 to 0.4 inch per second. While such burning rates 
are acceptable for certain applications, there are other 
applications for which it would be desirable to have a 
propellant with a substantially higher burning rate. 

Various materials have heretofore been proposed for 
incorporation in solid propellants to increase the burning 
rates thereof. However, in general, such materials have 
been either relatively ineffective or have produced un 
desirable side effects, such as adverse effects on the physi 
cal properties of the propellant or increases in its impact 
sensitivity. For example, boron hydrides such as deca 
borane, because of their high heats of combustion, are 
capable of increasing the burning rate of a propellant in 
which they are incorporated. However, propellants con 
taining decaborane have a high impact sensitivity, and 
if they contain a high concentration of decaborane, have 
a tendency to detonate upon ignition. 

It is accordingly an object of the present invention to 
provide a solid propellant having a high and stable burn 
ing rate. It is another object of the invention to provide 
a high burning rate solid propellant that can be safely 
stored and handled. It is still another object of the inven 
tion to provide a high burning rate propellant that can 
be safely used over a wide range of combustion chamber 
pressures. It is a still further object of the invention to 
provide a solid propellant having good mechanical prop 
erties. Other objects and advantages of the invention will 
be in part obvious and in part pointed out hereafter. 
The objects and advantages of the invention are 

achieved in general by utilizing as the fuel-binder of a 
solid propellant a carboranyl copolymer having recurrent 
units of the structure: 

(1) R (CB10-10C) (CH.) R2 

-0--0- 
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wherein (CB10H10C) is the divalent carboranyl radical 
and may be the ortho, meta or para isomer; R, R1, Ra 
and R3 are selected from the group consisting of hydro 
gen, aliphatic, cycloaliphatic and aryl radicals; and n is 
an integer including zero. Copolymers having recurring 
units of the above structure may be prepared by co 
polymerizing a carboranyl compound of the structure: 
(2) X 

R(CB10H10C) (CH)-di-R, 
k 

with a silane of the structure: 
(3) X 

R--R, 
k 

wherein R, R, R2, R8 and n are defined as above and X 
is selected from halogen and alkoxy groups. The struc 
tures of the recurring units of typical copolymers that 
can be used as fuel-binders in the present propellants are 
as follows: 

(4) Hobatic)(CH) gh, 
-O-Si-O-Si 

CH-CH3 

(5) Cha-CH-CH3 H(CBHC) (CH), 
-O-Si-O-Si 

&H-CH-CH, 
CH-C-C3 

H(CBHac)(CH.) (H, 
-O-Si-O-Si 

&H, &H, 
H(CB10H10C) (CEI) CH 

-O-Si- O-- 
ÖH, 

C-CH-CH-CH3 

H(CBHsc)(CH.) (H, 
-O-Si-O-Si 

&H, &H, 
H(CBHC)(CH). (H-CH-CH, 

-O-Si-O-Si 

&H-CH-CH, 

H(cBattac)(CH), (H, 
-O-Si-O-Si 

HC Ballac)(CH) CH3 -0--0-- 
ch, 

C-CE-C3 
H(CBioH10C)(CH) CH-CH-CH-CH3 

-0--0-- 
&H, CH-CH-CH-CH, 

HC Ballac)(CH.) C3 -0--0-- 

off, Yoh, 
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H(CBioHoC) (CH2) CH-CH-CH3 
-O-Si-O-Si 

&H, &H-CH-CH, 
(14) 

(15) CE3 H(CBlac)(CH.) 
-O-Si-O-Si 

(H): &H, 
3 

(16) HC Ballac)(CH.) CH3 -o-di-O-- 
&H &H, 

c?, Yoh, 
&H, 

off, 
(17) H(CBHac)(CH.) CH3 -0--0-- 

du CH3 

CH-CH (CBattac)(CH). (H, 
-o-i-O-Si &H, CE3 

CHCH, CBHac)(CH.) (H. 
-O-Si-O-Si 

CH3 

(18) 

(19) 

(20) catchtoic 

The preferred copolymers for use as a fuel-binder in 
the present propellant are those having recurrent units 
of the structure of Formula 1 above and wherein R, R1, 
R2 and R3 are selected from hydrogen and lower alkyl 
groups having 1 to 4 carbon atoms and n is 2 to 4 inclu 
sive. Other examples of copolymers having recurring units 
of the structure of Formula 1 above and details concern 
ing methods of making such copolymers are given in Fein 
et al. application Ser. No. 400,582 filed Sept. 30, 1964. 

It has been found that when copolymers of the type 
described above are properly formulated with inorganic 
oxidizers, propellants with exceptionally high burning 
rates are achieved. In general, the propellant compositions 
of the invention are formulated by mixing a major 
amount of inorganic oxidizer with a minor amount of 
the copolymers, and optionally, various special purpose 
ingredients conventionally used in solid propellants. 
Any of the solid oxidizers known to be useful in solid 

rocket propellants can be used in the present composi 
tions. However, the preferred oxidizers are ammonium 
and potassium perchlorates and mixtures thereof. 

In some cases it has been found desirable to incor 
porate a curing agent for the copolymer in the composi 
tion. In such instances the curing agent may be, for ex 
ample, dibutyl tin dilaurate or ferric acetyl acetonate. 

It has been further found that both the physical prop 
erties and the burning rate of the present compositions 
can be improved by incorporating therein a plasticizer, 
preferably isopropyl carborane. While the use of isopro 
pyl carborane is not essential, it has been found generally 
advantageous. Also other known additives such as alumi 
num or magnesium powder, burning rate modifiers, cata 
lysts, etc. may be incorporated in the mixture. Upon com 
pletion of the mixing operation, the mixture is cast into 
a desired configuration and cured in situ in known man 
ner to form the solid propellant. 

In general, the relative proportions of the several in 
gredients of the propellant composition used are not par 
ticularly critical and may be varied considerably, pro 
vided that the oxidizer is used in a major amount and the 
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4. 
fuel binder in a minor amount. It is usually desirable to 
maintain the proportions within the following ranges in 
parts by weight: 
Oxidizer ---------------------------------- 60-80 
Fuel-binder -------------------------------- 10-25 
Other ingredients if used: 

Plasticizer ----------------------------- 5.25 
Metal powder -------------------------- 5-25 
Additives such as burning rate catalysts, pig 

ments, wetting agents, etc. -------------- 0-5 
In order to point out more fully the nature of the in 

vention a number of specific examples are given below 
illustrating the preparation and testing of several propel 
lant compositions embodying the present invention. 

EXAMPLE 1. 
Equimolar quantities (.025 mole) of 1-(methyldieth 

oxysilyl - 4 - butyl)carborane and dimethyldichlorosilane 
were refluxed in anhydrous benzene in the presence of a 
catalytic quantity of anhydrous ferric chloride for a period 
of about 36 hours. The benzene was stripped off and the 
residue washed with water and dried. A viscous liquid 
product having a molecular weight of 2286 was obtained. 
The copolymer as thus obtained was heated to 50° C. 

to lower its viscosity and formulated into a propellant in 
a conventional mixer according to the following recipe in 
parts by weight: 
Ammonium perchlorate (300 to 800 micron particle 

size) ------------------------------------- 68.6 
Copolymer ---------------------------------- 9.5 
Isopropylcarborane -------------------------- 9.5 
Aluminum powder (about 40 micron particle 

size) ----------------------------------- 11.0 
Lecithin ------------------------------------ 1.0 
Kosmos carbon black ------------------------- 0.4 
The resulting propellant was tested to determine its 

burning rate at 500 p.s. i. and 1000 p.s. i. pressures. Also 
the exponent n of the burning rate equation for the pro 
pellant was determined. The value of the pressure expo 
nent in of a solid propellant is indicative of the stability 
of the propellant. Solid propellants having pressure ex 
ponents that approach unity tend to have unstable burn 
ing characteristics. 
The solid propellant of this example was found to have 

a burning rate of 1.75 inch/sec. at 500 p.s. i. and 3.19 
inch/sec. at 1000 p.s. i. Its pressure exponent in was 
found to be 0.86 in the 600 to 1600 p.s. i. range. Certain 
other properties of the propellant such as tensile strength, 
storability and resistance to cracking when subjected to 
temperature cycling were determined and found to be 
comparable to those of a conventional propellant. The 
measured burning rates of the propellant of this example 
were of the order of 3 to 10 times as great as those of a 
conventional prior art propellant. 

EXAMPLE 2 
Another propellant composition was prepared using the 

copolymer of Example 1 and a somewhat modified recipe 
as follows: 

Potassium perchlorate ------------------------ 68.6 
Copolymer ---------------------------------- 9.5 
Isopropylcarborane --------------------------- 9.5 
Aluminum powder --------------------------- 11.0 
Ammonium dichiromate ---------------------- 2.0 
Lecithin ------------------------------------ 1.0 
Kosmos carbon black ------------------------- 0.4 
The burning rate of this propellant was measured and 

found to be 5.0 inches/sec. at 500 p.si. and 9.95 inches/ 
Sec. at 1000 p.s. i. The burning rate of this propellant was 
of the order of 30 times that of conventional prior art 
propellants. The exponent n of the burning rate equation 
of this propellant was found to be .130 in the 1000 to 
2000 p.s.i. range. 
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From the foregoing examples it should be apparent 
that solid propellants embodying the present invention 
have exceptionally high burning rates, in some cases as 
much as 10 to 30 times as great as those of conventional 
propellants. Moreover, they have relatively low pressure 
exponents, and physical properties that permit them to 
be used in rocket motors having a variety of grain designs 
and under a variety of operating conditions. 

It is of course to be understood that the foregoing 
examples are intended to be illustrative, and that 
numerous changes can be made in the ingredients, pro 
portions and conditions set forth therein without depart 
ing from the spirit of the invention as defined in the 
appended claims. 

I claim: 
1. In a solid propellant of the type which comprises a 

major amount of finely divided inorganic oxidizer and 
a minor amount of a fuel binder the improvement which 
comprises using as a fuel binder a polymer consisting 
essentially of recurring units of the structure: 

R(CBE)(CH2) r i. 
-O-Si-O-Si 

l, k, 
wherein R, R, R2 and R3 are selected from the group 
consisting of hydrogen, aliphatic, cycloaliphatic and aryl 
radicals and n is an integer including 0. 

2. A solid propellant according to claim 1 containing a 
minor amount of a plasticizer which is isopropyl car 
borane. 
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3. A solid propellant according to claim 1 containing 

a minor amount of aluminum powder. 
4. A solid propellant according to claim 1 and wherein 

said oxidizer is selected from ammonium perchlorate, 
potassium perchlorate and mixtures thereof. 

5. In a solid propellant of the type which comprises 
a major amount of finely divided inorganic oxidizer and 
a minor amount of a fuel binder the improvement which 
comprises using from 60 to 80 parts by weight of said 
oxidizer and from 10 to 25 parts by weight of a polymeric 
fuel binder having recurring units of the structure: 

R (CBHC) (CEI) R. 
-O-Si-Si-iji 

R1 R8 

wherin R, R1, R2 and R3 are selected from hydrogen 
and alkyl groups of 1 to 4 carbon atoms and n is 2 to 
4, 5 to 25 parts by weight of isopropyl carborane and 5 
to 15 parts by Weight of aluminum powder. 
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