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11 Claims. (Cl. 149-19) 
The present invention relates generally to gas-produc 

ing propellants suitable for use in thrust-producing rocxet 
engines, and more particularly to solid propellants of this 
character and to methods of making same. 

In the art of rocketry, one of the most pressing needs 
for effecting propulsion of large scale rockets, is a high 
energy solid propellant which is castable into a single 
massive grain of maximal speci?c impulse. Accordingly, 
it is the primary purpose of this invention to provide a 
rocket propellant of this general character, and to fur 
ther provide such a propellant which can be prepared with 
comparative ease under conditions of optimum safety for 
producing homogeneous propellant grains of any desired 
size and shape having good qualities of stability with re 
spect to shock, heat, atmospheric humidity, and ordinary 
handling. 
To provide a propellant having the features outlined 

above, the invention contemplates a solid composition 
comprising ?nely divided particles of fuel and oxidizer 
materials evenly dispersed in a polymer of at least one 
monomer selected from the group of monomers consist 
ing of ?uoroalkyl acrylates and ?uoroalkyl methacrylates 
characterized by the general formula 

in which n is an integer from 2 to 5 and R is selected 
from the group consisting of H and CH3. 

Although ?uoroalkyl acrylates and ?uoroalkyl meth 
acrylates can be used with various combinations of solid 
oxidizer and fuel materials for producing propellant com 
positions in different energy categories, the present inven 
tion is primarily concerned with production of high 
energy propellants which employ solid oxidizer materials 
selected from the group consisting of perchlorates and 
nitrates respectively characterized by general formulas 
YCIO, and YNO3 in which Y is at least one member se 
lected from the group consisting of NH4, N2H3, N02, Li, 
Na and K, and which also employ solid fuel materials 
selected from the group consisting of aluminum, boron, 
beryllium, magnesium, lithium, aluminum, hydride, lith 
'ium hydride, lithium aluminum hydride, beryllium hy 
dride, magnesium hydride, zirconium hydride, solid boron 
hydrides, and boron-containing compounds characterized 
by the general formula Bx yHz in which z/x is a num~ 
her from 2 to 8 and x/y is a number from 1 to 10, and 
by the general formulas B10C2H12 and BmCzHnZ in which 
Z is an aliphatic radicalln the latter compound, it is pre 
ferred that the aliphatic radical Z contain not more than 
4 carbon atoms. 
There are numerous advantages in using ?uoroalkyl 

acrylates and/or ?uoroalkyl methacrylates as binder ma 
terials in compounding high-energy solid propellants. For 
example, these monomers are nonhydroscopic and are 
stable at room temperatures; they are physically and 
chemically compatible with the above-named fuel and 
oxidizer materials; they are capable of being polymerized 
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either singly or in combination to a strong rubbery solid 
by a simple polymerization process; and because of their 
high ?uorine content, they act as oxidizers in the com 
pound such as to effect substantial reductions in the quan 
tity requirements for separate and speci?c oxidizer ma 
terials. Moreover, the members of this group of mono 
mers can be combined in various proportions to provide 
polymers having various physical properties such as dif 
ferent degrees of hardness, tensile strength etc. In ad 
dition, these monomers, used singly and/or in combina 
tion, are liquids; hence they provide a condition of ?uid 
ity which is essential to a castable compound. Regarding 
this ?uidity, it is noted that, in both the acrylate and 
methacrylate series, the monomers in which n is 5, are 
solids at temperatures below 35 ° C., and that they are 
soluble in the liquid members of either series. Thus, when 
a solid member is dissolved in one or more of the liquid 
members the resulting solution is a liquid at room tem 
peratures. However it should also be noted that such 
monomers in which n is 5 liquefy at temperatures above 
35° (3.; hence, fuel and oxidizer materials can be read 
ily mixed with these monomers providing the ingredients 
in the mixture are compatible with each other at the tem 
peratures effecting liquidity. 

In preparing the mixture or compound for casting a 
high-energy solid propellant grain according to this in 
vention, at least one polymerizing catalyst from the fam 
ily of organic peroxides preferably selected from the 
group consisting of benzoyl peroxide, tertiary butyl per 
oxide, and tertiary butyl perbenzoate is dissolved in at 
least one liquid monomer selected from the class con 
sisting of ?uoroalkyl acrylates and ?uoroalkyl methac~ 
rylates; the amount of said catalyst being from about 0.005 
percent to about 2 percent by weight of the monomer. 
When the solution is completed, the resulting catalyst 
containing monomer is partially polymerized at a tem 
perature of about 50° C. to increase the viscosity thereof 
before mixing said monomer with fuel and oxidizer ma 
terials, for reasons hereinafter described. 

After cooling to room temperature, the partially po 
lymerized monomer is thoroughly mixed With the dry 
fuel and oxidizer materials selected for the castable com 
pound. During this operation, considerable heat may be 
evolved; hence, from a practical point of view, the mix 
ing process is preferably performed under controlled con 
ditions wherein the temperature of the mixture is main 
tained at about 20° C. It is essential however, that dur~ 
ing the mixing operation, the mixture be maintained at 
a temperature safely below the ignition point of the fuel 
involved. 

Regarding the partial polymerization, above, described, 
the increased viscosity of the monomer should be such 
as to assure a homogeneous mixture of the monomer 
material and the fuel and oxidizer materials, and at the 
same time, provide a ?uid mass suitable for pouring a cast 
propellant grain wherein the fuel and oxidizer ingredi 
ents are evenly dispersed throughout the poured mix 
ture. In other words, even though the ?nely divided solid 
particles of the fuel and oxidizer act as a thickener for 
the monomer, the viscosity of the latter should be such 
as to preclude settling of the solid particles after the 
mixture has been poured into a suitable mold. 

Partial polymerization is also important in that dur 
ing the mixing process a more viscous monomer acts to 
coat the separate particles of the fuel and oxidizer ma 
terials instead of being absorbed thereby, as would be 
the case with a less viscous monomer. Moreover, the 
coated particles are, in effect, insulated from undesired 
chemical activity during subsequent curing operations 
performed on the cast propellant grain. Attention is fur 
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ther directed to the fact that, of the fuel materials named 
above as being suitable for high-energy propellants, at 
least one; namely, lithium aluminum hydride is, of itself, 
a catalyst of the ionic type for ?uoroalkyl acrylates and 
?uoroalkyl methacrylates. Thus, in a propellant compo 
sition according to this invention wherein the fuel ma 
terial is lithium aluminum hydride, the catalystic action 
of this fuel material competes with the catalytic action 
of the catalyst from the organic peroxide family such as 
benzoyl peroxide, which latter catalytic action is of the 
preferred free radical type. This preference stems from 
the fact that the action of an ionic type catalyst is more 
rapid than the action of a free-radical type catalyst; 
hence, where polymerization of a monomer in a propel 
lant mixture is effected by an ionic type catalyst, the time 
period of the mixture as a pourable liquid is of shorter 
duration than would be the case if the polymerization 
were effected by a catalyst of the free radical type. In 
other words, more time is available for mixing and pour 
ing a propellant composition in which polymerization of 
the monomer is effected by a free-radical type catalyst. 
From the foregoing comments concerning the catalytic 

properties of lithium aluminum hydride with respect to 
?uoroalkyl acrylate and methacrylate monomers, it is 
clearly apparent that an additional advantage results from 
the partial polymerization of these monomers, in that a 
catalytic mechanism of the free radical type is caused to 
be well established before fuel and monomer materials 
are intermixed; hence, the polymerizing activity of the 
lithium aluminum hydride is effectively inhibited. 

In practicing this invention, propellant grains with satis 
factory physical and performance characteristics have 
been cast from a number of different fluid propellant com 
pounds consisting essentially of fuel and oxidizer mate 
rials intermixed in partially polymerized binder materials 
from the ?uoroalkyl acrylate and methacrylate group of 
monomers. In these different compounds, the fuel mate 
rials selected from those previously named were varied in 
quantity from about 5 percent to about 25 percent by 
weight of the whole mixture; while the oxidizer materials 
from the perchlorates and nitrates were varied in quan 
tity from about 35 percent to about 75 percent by weight 
of the whole mixture; whereas the catalyst-containing par 
tially polymerized binder materials were varied in quantity 
from about 20 percent to about 50 percent by weight of 
the whole mixture. Each of the different compounds, after 
a thorough mixing under conditions precluding the tem 
perature thereof from exceeding the upper limit of about 
20° C., was poured into a rocket engine casing or other 
suitable mold where it was subjected to heat between the 
temperatures of about 35° C. to about 85° C. for a period 
of time between about 120 hours and 168 hours so as to 
cure the plastic binder material and thus provide a solid 
propellant grain. 
The following examples are representative of the pro 

pellant compounds and resulting solid propellants referred 
to in the preceding paragraph. 

Example I 

A one-pound batch was thoroughly mixed under con 
trolled conditions wherein the temperature of the mixture 
was prevented from exceeding 20° C., which "batch con 
sisted of the following ingredients in percentages of the 
total batch weight: 15 percent lithium aluminum hydride; 
42 percent ammonium perchlorate; 0.10 percent carbon 
black; and 42.90 percent of a partially polymerized binder 
material consisting of, in percentages of the total binder 
material Weight, 99.85 percent of a ?uoroalkyl methacry 
late monomer in which n is 4 and R is CH3, and 0.15 per 
cent of benzoyl peroxide. After the mixing operation, the 
resulting highly viscous mixture was poured into a rocket 
engine casing where it was heated in successive steps at 
a ?rst temperature of 35° C. for a time period of 24 hours, 
a second temperature of 45° C. for a period of 24 hours, 
and a third temperature of 55° C. ‘for a period of 120 
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hours. The resultant propellant grain, cast in situ, was 
a rubbery solid having good physical properties, which 
grain burned smoothly and completely in a successful 
?ring. 

Example II 

A ten-pound batch was thoroughly mixed under con 
trolled conditions wherein the temperature was maintained 
well below the ignition point of the mixture. In this ex 
ample the batch consisted of the following ingredients in 
percentages of the total batch weight: 20 percent pul 
verized aluminum; 55 percent ammonium perchlorate; and 
25 percent of a partially polymerized binder material con 
sisting of, in percentages of the total binder material 
weight, 59.91 percent of a ?uoroalkyl methacrylate mon 
omer in which n is 3 and R is CH3, 39.94 percent of a 
?uoroalkyl methacrylate monomer in which n is 4 and R 
is CH3, and 0.15 percent of benzoyl peroxide. After the 
mixing operation, the resulting highly viscous mixture 
was poured into a rocket engine casing where it was 
heated in successive steps at a ?rst temperature of 50° C. 
for a time period of 72 hours, a second temperature of 
70° C. for a period of 24 hours, and a third temperature 
of 85° C. for a period of 24 hours. The resultant pro? 
pellant grain, cast and cured in situ, was a rubbery solid 
having superior qualities in regard to stability, impact 
sensitivity, and mechanical properties. This propellant 
grain, successfully fired in a test stand, showed perform 
ance characteristics of the order indicated by theoretical 
considerations. 

Example III 

A S-gram solid propellant grain was prepared accord 
ing to Example I, except that the fuel ingredient lithium 
aluminum hydride was replaced with decaborane, one of 
the solid boron hydrides. The materials involved were 
wholly compatible throughout the mixing and curing op 
erations. Moreover, the resultant product was a solid rub 
bery grain of good physical properties, which burned 
smoothly and completely when tested. 

Example IV 
A 5-gram solid propellant grain was prepared accord 

ing to Example I, except that oxidizer material nitronium 
perchlorate was used in place of ammonium perchlorate. 
In this example, the materials were fully compatible and 
produced a solid rubbery grain having good physical 
properties, which grain burned smoothly and completely 
when tested. 

Example V 

A S-gram batch was thoroughly mixed at room tem 
perature (about 20° C.). In this example, the batch con 
sisted of the following ingredients, in percentages of the 
total batch weight: 20 percent pulverized aluminum; 55 
percent ammonium perchlorate; and 25 percent of a par 
tially polymerized binder material consisting of, in per 
centages of the total binder material weight, 99.90 percent 
of a ?uoroalkyl acrylate monomer in which n is 2 and R 
is H, and 0.10 percent of benzoyl peroxide. After the 
mixing operation, the resulting highly viscous mixture 
was poured into a mold where it was heated at a tem 
perature of 50° C. for a period of 120 hours. The cured 
grain was a rubbery solid having a good mechanical prop 
erties and satisfactory burning qualities. 

Example VI 

The batch in this example consisted of, in percentages 
of its total weight: 15 percent pulverized aluminum; 55 
percent ammonium perchlorate; and 30 percent of a par 
tially polymerized binder material consisting of, in per 
centages of the total binder material weight, 99.90 per 
cent of a ?uoroalkyl acrylate monomer in which n is 5 
and R is H, and 0.10 percent of benzoyl peroxide. Inas 
much as the monomer in this example is a solid at tem 
peratures below 35° C., the mixing operation was per 
formed at a temperature of about 40° C., safely below the 
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ignition point of the mixture. The batch When thoroughly 
mixed was poured into a suitable mold where it was sub 
jected to more heat at a temperature of 50° C. for a period 
of 120 hours. The cured grain was a rubbery solid which, 
when tested, showed good physical properties and accepta 
ble burning qualities. ' 

In using ?uoroalkyl acrylates and ?uoroalkyl methacry 
lates as binder materials for solid propellants, another ad 
vantage results from the fact that the ?uorine content of 
the homologues in both series varies from 50.6 percent 
to 65.0 percent; hence a binder material having any de 
sired ?uorine content ‘between these percentages may be 
provided by mixing different homologues from either or 
both series. In this way, cast propellant grains of different 
physical properties can be produced. Moreover, these 
monomers are of low volatility and present no toxicity or 
odor problems; they are not sensitive to moisture, except 
in mixtures where another ingredient such as lithium alu 
minum hydride or nitronium perchlorate precludes the 
presence of moisture; and when polymerized as binders 
they are inert to a wide variety of reactive chemicals, and 
have demonstrated high degrees of stability to heat under 
short exposure and prolonged aging conditions. 
What is claimed is: 
1. A solid rocket propellant grain comprising: from 

about 5 percent to about 25 percent by weight, of pul 
verized solid fuel material; from about 35 percent to 
about 75 percent by weight, of pulverized solid oxidizer 
material; and from about 20 percent to about 50 percent 
by weight, of solidi?ed binder material in which said fuel 
and oxidizer materials are uniformly dispersed; said bind 
er material consisting essentially of a polymer of at least 
one monomer selected from the group consisting of ?uoro 
alkyl acrylates and ?uoroalkyl methacrylates character 
ized by the general formula 

in which n is an integer from 2 to 5 and R is selected 
from the group consisting of H and CH3; said fuel ma 
terial consisting of at least one member selected from the 
group consisting of aluminum, boron, beryllium, mag 
nesium, lithium, aluminum hydride, lithium hydride, lith 
ium aluminum hydride, beryllium hydride, magnesium 
hydride, zirconium hydride, solid boron hydrides, and 
boron-containing compounds characterized by the gen 
eral formula BxNyHz in which z/x is a number from 2 
to 8 and x/y is a number from 1 to 10, and by the gen 
eral formulas B10C2H12 and B10C2H11Z in which Z is an 
alphatic radical; and said oxidizer material consisting of 
at least one member selected from the group consisting 
of perchlorates and nitrates respectively characterized by 
general formulas YClO4 and YNO‘a in which Y is at least 
one member selected from the group consisting of NH4, 
N2H3, N02, Na and K. 

2. A solid rocket propellant grain according to claim 
1 in which the pulverized solid fuel material consists of 
at least one member selected from the group consisting 
of aluminum, boron, beryllium, magnesium, lithium, alu 
minum hydride, lithium aluminum hydride, beryllium 
hydride, magnesium hydride, zirconium hydride, and 
solid boron hydrides. 

3. A solid rocket propellant grain according to claim 2 
in which the pulverized solid oxidizer material consists 
of at least one member selected from the group consist 
ing of ammonium perchlorate and nitronium perchlorate. 

4. A solid rocket propellant grain according to claim 3 
wherein the pulverized solid fuel material consists of at 
least one member selected from the group consisting of 
aluminum, lithium aluminum hydride and decaborane; 
wherein the pulverized solid oxidizer consists essentially 
of ammonium perchlorate; and wherein the solidi?ed 
binder material consists essentially of a polymer of at 
least one monomer selected from the group consisting of 
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?uoroalkyl acrylates characterized by the general formula 

i’ 11(0 Fz—CH2)n—CH2-O é-C=CH2 

in which n is an integer from 2 to 5. 
5. A solid rocket propellant grain according to claim 4 

in which the pulverized solid fuel material consists es 
sentially of aluminum; and in which the solidi?ed binder 
material is a polymer of the ?uoroalkyl acrylate monomer 
characterized by the formula 

6. A ‘solid rocket propellant grain according to claim 4 
in which the pulverized solid fuel material consists es 
sentially of aluminum; and in which the solidi?ed binder 
material is a polymer of the ?uoroalkyl acrylate monomer 
characterized by the formula 

0 

p 7. A solid rocket propellant grain according to claim 3 
wherein the pulverized solid fuel material consists of at 
least one member selected from the group consisting of 
aluminum, lithium aluminum hydride, and decaborane; 
and wherein the solidi?ed binder material consists es 
sentially of a polymer of at least one monomer selected 
from the group consisting of ?uoroalkyl methacrylates 
characterized by the general formula 

H(CFz—CF2)n—CHz—O (Ii-0:013, 
CH3 

in which n is an integer from 2 to 5. 
8. A solid rocket propellant grain according to claim 7 

wherein the pulverized solid fuel material consists es 
sentially of aluminum; wherein the pulverized solid oxi 
dizer material consists essentially of ammonium perchlo 
rate; and wherein the solidi?ed binder material consists 
of a copolymer of monomers selected from the group 
consisting of ?uoroalkyl methacrylates characterized by 
the general formula 

H3 
in which n is an integer from 3 to 4. 

9. A solid rocket propellant grain according to claim 7 
wherein the pulverized solid fuel material consists es 
sentially of lithium aluminum hyride; wherein the pul 
verized solid oxidizer material consists essentially of am 
monium perchlorate; and wherein the solidi?ed binder 
material consists essentially of a polymer of a fluoroalkyl 
methacrylate monomer characterized by the formula 

10. A solid rocket propellant grain according to claim 
7 wherein the pulverized solid fuel material consists es 
sentially of decaborane; wherein the pulverized solid oxi 
dizer material consists essentially of ammonium perchlo 
rate; and wherein the solidi?ed binder material consists 
essentially of a polymer of a ?uoroalkyl methacrylate 
monomer characterized by the formula 

11. A solid rocket propellant grain according to claim 
7 wherein the pulverized solid fuel material consists es 
sentially of lithium aluminum hydride; wherein the pul 
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verized solid oxidizer material consists essentially of OTHER REFERENCES 
nitronium perchlorate; and wherein the solidi?ed binder Father Astronautics August 1960 pp 34 40, and 42 
material consists essentially of a polymer of a ?uoroalkyl Smith ’Memorandun’l NO 20478’ Eiastgme’rioBindér 
methacrylate monomer characterized by the formula and MelzhanicabProperty liequiremgnts for Solid Pro_ 

(I) pellants, Jet Propulsion Laboratory, Calif., Inst. Tech., 
H(CF2-CF2)4—OH2—O(JJ—C=CH2 Pasadena, Calif., Jan. 7, 1959, pp. 1, 2, 11, 12 and 13. 

(‘3.13 Warren; “Rocket Propellants,” Reinhold Publishing 
Corp., New York (1958), pp. 60-67. 
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