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[57] ABSTRACT 
Solid propellant composition of improved efficiency 

‘ including an oxidizer,‘ particularly ammonium perchlo 
rate, and a powdered metal fuel, preferably aluminum 
or beryllium, in the form of a composite, the pow 
dered metal fuel being contained in the crystalline lat 
tice framework of such oxidizer, and hence being oc 
cluded within the oxidizer particles, as well as being 
disposed in the interstices between the oxidizer parti 
cles of the composition, such propellant composition 
produced by a process comprising crystallizing ammo 
nium perchlorate in water, in the presence of ?nely 
divided aluminum or beryllium. A suitable binder is 
incorporated in the propellant composition to bind the 
individual particles of metal and particles of oxidizer 
containing occluded meta], together. 

4 Claims, 3 Drawing Figures 
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PREPARING OXIDIZER COATED IVETAL FUEL 
PARTICLES 

ORIGIN OF INVENTION 

The invention described herein was made in the per 
formance of work under a NASA contract and is sub 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 
85-568 (72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is directed to new and im 

proved readily ignitable or burnable compositions, par 
ticularly solid propellants, and is more particularly di 
rected to the production of a novel solid propellant 
composition of improved efficiency, comprising ammo 
nium perchlorate oxidizer having ?nely divided burn 
able metal, particularly aluminum or beryllium, sub 
stantially uniformly distributed throughout the parti 
cles of such oxidizer'and the propellant composition, 
and to the method of preparing such composition. 
Composite solid propellants generally include an oxi 

dizer, metal fuel and binder. In preparing such solid 
propellants, it is conventional practice to mechanically 
mix the oxidizer and the metal fuel, together with the 
binder, followed by curing the binder in the usual man 
ner. As presently practiced, in the resultant solid pro 
pellant the oxidizer occupies the major percentage of 
the weight and volume of the propellant and the metal 
is located in the void spaces or interstices between the 
large oxidizer particles. This arrangement concentrates 
the metal fuel in a relatively small volume of the pro 
pellant. When the propellant is burned, large spheres of 
metal are observed near the burning surface. These rel 
atively large masses of metal are dif?cultly removed 
with the gas phase, and as the oxide layer is formed, it 
tends to encapsulate the metal, particularly in the case 
of beryllium, causing lower burning rate and incom 
plete combustion. The presence of large particles of 
metal particularly increases the two phase flow losses, 
the two phase system being that composed of the solid 
metal particle phase and the gas phase. In metal fueled 
solid propellants of this type, it is considered that 
agglomerization of the metal during burning often re 
sults in substantially decreased burning ef?ciency, gen 
erally designated as I,p efficiency, where [8,, is the im 
pulse delivered per unit mass. This phenomonen is par 
ticularly apparent in propellants containing beryllium, 
and in both beryllium and aluminum propellants when 
burned at low pressure, e.g. of the order of about 100 
psia. 

2. Description of the Prior Art 
The following patents are representative of the prior 

art. 

U.S. Pat. No. 3,257,801 discloses a pyrotechnic com 
position formed by mixing aluminum powder and 
boron powder and an oxidizer such as potassium per 
chlorate. U.S. Pat. No. 3,370,537 is directed to a com 
bustible or pyrotechnic composition wherein a metal 
phase such as aluminum, is dispersed in a continuous 
solid phase, e.g. a metal chlorate, by slurrying the pow 
dered metal in the molten salt, and the mixture cooled 
to solidify the molten salt. U.S. Pat. No. 2,168,562 dis 
closes an inorganic nitrate explosive comprising a solid 
dispersion of ammonium nitrate and a sensitizer such 
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2 
as aluminum, such dispersion resulting from precipita 
tion of the ammonium nitrate with such sensitizer from 
substantially anhydrous liquid ammonia, followed by 
expelling the free ammonia. 
One method for reducing the amount of agglomeriza 

' tion of the metal fuel in the propellant is to lower the 
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percentage amount of metal therein. However, this de 
creased metal content also results in decreased l,,,. 
The chief object of the present invention and concept 

is to spread or distribute the metal fuel, particularly 
aluminum, uniformly throughout the propellant by in 
corporating such metal into the oxidizer particles, par 
ticularly ammonium perchlorate particles, by simple, 
convenient and relatively inexpensive procedure, for 
production of a low burning rate low pressure propel 
lant. Thus, the maximum local concentration of the 
metal is reduced, thereby substantially reducing unde 
sirable agglomerization, while maintaining the overall 
level of metal percentage in the propellant. 

DESCRIPTION OF THE INVENTION 

In accordance with the invention, an improved solid 
propellant of increased efficiency is provided, compris 
ing an oxidizer, preferably ammonium perchlorate, and 
small particles of powdered metal fuel, such as alumi 
num or beryllium, contained in the crystal lattice of the 
oxidizer, and thus occluded within the particles of oxi- 
dizer, as well as uniformly distributed in the voids or in 
terstices between the oxidizer particles. Thus the high 
local concentration of metal contained in the voids or 
spaces between oxidizer particles in conventional pro 
pellants, is avoided and a substantially even distribution 
of the ?ne metal fuel throughout the entire propellant, 
including incorporation of the metal within the oxidizer 
particles, as well as in the spaces between particles, is 
achieved. 
The inorganic metal-oxidizer material of the im 

proved propellant composite according to the inven 
tion is obtained by the simple procedure of crystallizing 
the oxidizer from aqueous solution in the presence of 
finely divided metal such as aluminum or beryllium, to 
produce the uniformly occluded product combining 
burnable metal and an oxidizer, and removing the crys 
talline product from the water and drying. A suitable 
binder such as a polyurethane is then mixed with the 
metal-oxidizer material crystallized from aqueous solu 
tion, and the mixture is cured to produce the ?nal pro 
pellant composition. The resulting propellant composi 
tion is a low burning rate propellant having high ef? 
ciency, of the order of 90 percent or greater, when 
burned at low pressure of the order of about 100 to 200 
psia. 
The accompanying drawing illustrates the improved 

propellant composition of the invention over a prior art 
propellant composition. 

In the drawing ~ 
FIG. 1 is a simplified illustration of a composite met 

allized propellant of the prior art; 
FIG. 2 illustrates the composite metallized propellant 

comprised of oxidizer particles with occluded metal 
fuel, according to the present invention; and 
FIG. 3 illustrates the burning of prior art propellant 

of the type illustrated in FIG. 1, wherein metal agglom 
erates with an oxide coating formed on the surface 
thereof are present, and particularly characteristic of 
propellant containing beryllium. 
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In FIG. 1, illustrating the propellant according to the 
prior art, it is seen that the propellant indicated at 10 
is composed of relatively large oxidizer particles 12 
with ?ne metal particles 14, such as ?ne aluminum or 
beryllium particles, located in the spaces between the 
large oxidizer particles 12. The propellant contains a 
binder 16 which binds the oxidizer particles 12 and 
metal particles 14 together to form the composite 
metal propellant. It is seen in FIG. 1 that the concentra 
tion of metal particles 14 is localized in the spaces be 
tween the large oxidizer particles 12, and hence in such 
spaces between oxidizer particles, the metal concentra 
tion is substantially higher than the overall concentra 
tion of metal in the propellant composite. 
On the other hand, according to FIG. 2 illustrating a 

propellant 10’ according to the present invention, the 
metal, e.g. aluminum particles 14, are occluded within 
the oxidizer particles 12, as well as being distributed in 
the voids or interstices between the oxidizer particles, 
vand hence the metal particles are substantially uni 
formly distributed or dispersed throughout the entire 
propellant composite, and such lowering of the local 
ized metal concentration in the binder 16 between oxi 
dizer particles markedly affects and reduces the 
agglomerization of the metal particles during burning. 

FIG. 3 shows a metal agglomerate 18 comprising a 
metal particle of beryllium 14 having an oxide coating 
or layer 20 thereon, produced during the burning of a 
conventional composite metal propellant containing 
beryllium particles illustrated in FIG. 1. During burn 
ing, the oxidizer gases from the oxidizer particles 12 
must diffuse through the oxide layer 20 to reach the 
metal fuel particles 14, as indicated by the arrow 22, or 
the metal vapor from the metal particles 14 must dif 
fuse through the oxide layer 20 outwardly, to meet the 
oxidizer gases, as indicated by the arrow 24. The effect 
of the oxide layer is proportional to its thickness. The 
greater the thickness of the oxide layer the lower the 
burning ef?ciency, and the presence of such large par 
ticles of metal oxide also increases the two phase losses, 
that is the losses resulting from the large solid phase 
particles being accelerated by the gas phase out the 
rocket nozzle. In the case of aluminum, the oxide 
formed does not completely encapsulate the free metal 
particles, but rather forms a cap on one side of the par 
ticle, and also contributes to two phase flow losses, the 
amount of which is proportional to the. size of such 
metal agglomerate. 
The composite of the invention illustrated in FIG. 2, 

containing occluded metal within the oxidizer particles 
substantially reduces or hinders the formation of large 
metal agglomerates of the type illustrated in FIG. 3, 
and decreases the thickness of any oxide layer 20 
formed on the respective metal particles, and increases 
the total surface area available for combustion, thus 
improving combustion efficiency. Two phase flow 
losses are reduced by the reduction in size of the metal 
oxide particles formed. 
The preferred oxidizer for producing the propellant 

composition of improved efficiency according to the 
invention, is ammonium perchlorate. However, ammo 
nium nitrate has also been found effective. These oxi 
dizers are readily soluble in water to form a saturated 
solution, perferably at elevated temperature for exam 
ple 50° to 90°C, from which crystallization of the am 
monium perchlorate or ammonium nitrate can occur 
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4 
by suitable cooling, and the crystals of such oxidizer, 
together with occluded metal fuel such as aluminum, 
are readily removed from the aqueous medium, as de 
scribed in greater detail below. 
The metal fuels employed in producing the solid pro 

pellant composition of the invention are aluminum and 
beryllium. Aluminum is the preferred metal fuel, since 
in propellants employing beryllium as the metal fuel, an 
oxide layer of the type illustrated at 20 in FIG. 3 tends 
to form, wherein oxidizer gases must diffuse through 
the oxide layer to reach the metal fuel or the metal 
vapor must diffuse to meet the oxidizer gases, such dif 
fusion process decreasing the speed at which the parti 
cle burns and thus decreasing performance. On the 
other hand, when employing aluminized propellants ac 
cording to the invention, utilizing aluminum as the 
metal fuel, the mass of such oxide- layer on the metal 
fuel, as previously noted, is decreased due to reduced 
size of the metal agglomerate formed. Moreover, where 
beryllium is employed, since beryllium metal is not 
readily wetted by water, it is necessary to employ a pas 
sivated beryllium, for example beryllium containing a 
chromate coating, which is suitably wetted when in 
contact with water used as the solvent for the oxidizer. 

As previously noted, the method for achieving the 
metal dispersion, eg an aluminum dispersion, through 
out the above-noted oxidizer, preferably ammonium 
perchlorate, comprises crystallizing the oxidizer from 
aqueous solution in the presence of small particles of 
the suspended metal fuel. Water is saturated with oxi 
dizer at an elevated temperature e.g., 80°C and the 
metal is incorporated. The entire solution is agitated or 
stirred by suitable means to maintain the metal sus 
pended, and is cooled slowly to a reduced temperature 
to produce crystallization. Thus, for example, cooling 
of the metal suspended-oxidizer aqueous solution can 
be carried out down to any lower temperature below 
the elevated initial temperature of the solution, for ex 
ample down to as little as 5°C below such elevated tem 
perature, or such cooling can be carried out down to a 
temperature at or below room temperature, e.g. down 
to about 5°C or lower, crystallization at these lower 
temperatures taking place in a short period from about 
5 minutes, and up to a couple hours at higher tempera 
tures. The resulting product consists of the crystallized 
oxidizer, particularly ammonium perchlorate, with 
metal, preferably aluminum, occluded in and/or on the 
surfaces of the particles of the oxidizer. 

In carrying out the above process, small particle size 
metal fuel, e.g. ?ne aluminum or aluminum powder, is 
employed. The particle size of the metal fuel, e.g. alu 
minum, ranges generally from about I to about 30 mi 
crons, preferably about 3 to about 20 microns, with 
mixtures of varying sizes within these ranges being suit 
able. 
The particle size of the oxidizer, e.g. ammonium per 

chlorate, initially employed for solution in the water, i 
can be any size which will readily dissolve in water in 
a short time, for example ammonium perchlorate or 
ammonium nitrate having a particle size of the order of 
about 200 microns. However, following crystallization 
of the inorganic composition comprising the oxidizer 
particles with occluded metal such as aluminum, it is 
preferred to control the size of the resulting particles of 
oxidizer and occluded metal. Generally such particle 
size can range up to 400 microns, and usually the pro 
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pellant composition following its crystallization from 
water is processed by screening to a mixture having 
varying particle sizes ranging from about 10 to about 
200 microns. The smaller particles of metal occluded 
oxidizer in such mixture are intended to be introduced 
into and ?ll in the voids between the larger particles of 

- metal occluded oxidizer, as described in detail below. 
Thus for example mixtures of oxidizer such as ammo 
nium perchlorate and aluminum metal fuel having the 
exemplary distribution of particle sizes noted below 
can be employed: 

a. 75 percent composed of 200 micron particles, 25 
percent composed of 12 micron particles; 

b. 50 percent composed of 400 micron particle size, 
35 percent of 200 micron size and 15 percent of 50 
micron size. 

The oxidizer, e.g. ammonium perchlorate, is em 
ployed in major proportion, generally ranging from 
about 65 to about 99 percent, preferably about 75 ‘to 
about 90 percent, by weight of combined oxidizer plus 
metal. The metal fuel, e.g. aluminum, is employed in 
minor proportion generally from about 1 to about 35 
percent, preferably about 10 percent to about 25 per 
cent, by weight of the combined oxidizer plus metal. ln 
carrying out the procedure for producing the propel 
lant composition according to the invention, as noted 
above, the amount of metal fuel, e.g. aluminum, incor 
porated in the oxidizer, preferably ammonium perchlo 
rate, is calculated with respect to the amount of oxi 
dizer to be crystallized from the aqueous solution, so 
that the ?nal propellant will contain the desired pro 
portions of metal fuel and oxidizer within the above 
noted ranges. 
As previously noted, water is the preferred solvent 

for crystallizing out the metal fuel occluded-oxidizer 
particles employed for producing the propellant com 
position of the invention, since as previously pointed 
out, ammonium perchlorate and ammonium nitrate are 
highly soluble in water and can be readily crystallized 
therefrom, with the ?ne particles of metal fuel, e.g. alu 
minum, incorporated in the crystal lattice of the oxi 
dizer and hence occluded in the particles of the oxi 
dizer. In addition, the crystals of metal fuel occluded 
oxidizer formed in the aqueous medium can be readily 
removed therefrom as by decantation or filtration. Fur 
ther, the use of water is convenient, safe and economi 
cal. Although tap water can be employed, high purity 
water, such as deionized or distilled water preferably is 
employed. Thus, the use of expensive and dangerous 
solvents such as the anhydrous liquid ammonia of the 
prior art as illustrated in above U.S. Pat. No. 2,168,562 
is avoided, together with any problems inherent in free 
ing ammonia from the precipitated propellant. 
Following crystallization, the crystallized oxidizer 

particles, e.g. ammonium perchlorate, containing oc 
cluded metal fuel, e.g. aluminum, together with free 
aluminum particles, are removed from the aqueous me 
dium by suitable means such as decantation, followed 
by ?ltration, and the resulting mixture is dried, as by 
washing with ethyl alcohol, followed by heating, e.g. in 
a vacuum oven. The resulting composition containing 
the ranges of proportions of oxidizer and metal fuel 
noted above is adapted for use in a solid propellant by 
addition of a binder. 
Any suitable conventional organic binder material 

which burns and is readily decomposable can be em 
ployed for binding the metal fuel particles and oxidizer 
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6 
particles containing occluded metal fuel of the above 
described novel composition, to form the solid propel 
lant of the invention. Such binder in effect adds to the 
fuel of the propellant. Thus, suitable organic polymeric 
binders include thermoplastic, thermosetting, elasto 
meric, polymeric and plastic materials of various types. 
Such materials can be either naturally occurring, or 
synthetically produced. 
Among thermoplastic material which can be_em 

ployed as binders are polymers and copolymers of 
mono-ole?nic hydrocarbons such as polyethylene, 
polypropylene and polybutene. Illustrative examples of 
thermosetting-polymers include polyurethane resins, 
epoxide resins and polyesters. In addition, elastomers 
such as the natural and synthetic rubbers may be em- ' 
ployed which are generally polymers and copolymers 
of a diole?n with other ole?n constituents which can be 
cured or vulcanized to cross link the polymer. These 
include polybutadiene, butadiene-styrene and butadi 
ene-acrylonitrile polymers and copolymers. Preferred 
binders employed according to the present invention 
include polyether polyurethane and hydroxy termi 
nated polybutadiene. 
Additional binders which can be employed include 

polyamides, vinyl polymers such as polyvinyl acetate, 
polyvinyl chloride and the like, cellulose esters such as 
cellulose acetate and cellulose acetate-butyrate, ethyl 
cellulose, formaldehyde resins such as urea 
formaldehyde resin, phenol-formaldehyde and mela 
mine-formaldehyde resin, and silicone resins. 
A detailed list of binder materials is given in U.S. Pat. 

No. 3,257,801, noted above, and such materials can be 
employed as binders for the solid propellant of the 
present invention. 

If desired, plasticizers such as the phthalates, e.g. di 
butyl phthalate or dioctyl phthalate, can also be incor 
porated in the binder, but are not necessary. 
Burning catalysts to obtain a higher burning rate such 

as metal oxide burning catalysts, e.g. ferric oxide or 
chromic oxide, can be used in the propellant composi 
tion of the invention, but are not necessary. For pro 
ducing the propellant of the invention, it is preferred 
not to employ a burning catalyst since the solid propel 
lant of the present invention is specifically designed as 
a low pressure-low burning rate propellant. 
The amount of binder material which can be em 

ployed in the solid propellant can vary. However, gen 
erally about 5 to about 25 percent, preferably about 10 
to about 20 percent, of polymeric binder is employed 
by weight of the total composition of propellant, in 
cluding metal fuel and oxidizer, and binder. 
The resulting finished propellant composition con 

tains the metal fuel, e.g. aluminum, particles uniformly 
distributed or dispersed throughout the mass of the 
propellant including the spaces or voids between the 

- oxidizer particles, as well as occluded in such oxidizer 
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particles, the metal occluded oxidizer particles and free 
metal particles in such spaces being bonded together by 
the binder ?lling such spaces. 
The following are examples of practice of the inven 

tion. The amounts set forth in the examples are in terms 
of parts or per cent by weight unless otherwise speci 
?ed. 

EXAMPLE 1 

(batch procedure) 
Forty parts of ammonium perchlorate and 10 parts of 
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aluminum powder having a particle size ranging from 
5 to 10 microns are added to a pot containing 55 parts 
of water, and the mixture is heated to about 80°C while 
maintaining the aluminum particles in suspension by 
stirring. Sufficient ammonium perchlorate is employed 
to form a saturated solution at 80°C. It is desirable not 
to have a super saturated solution. The mixture is then 
cooled while stirring to about 20°C over a period of 
about 1 hour. 
Ammonium perchlorate crystallizes out on the sus 

pended aluminum, forming particles of ammonium per 
chlorate with occluded aluminum, such particles as 
well as particles of aluminum trapped between particles 
or crystals of the ammonium perchlorate with occluded 
aluminum, being removed by decantation and ?ltra 
tion. The resulting mixture is dried by heating in a vac 
uum oven at about 150° to about 110°C for 24 hours. 

EXAMPLE 2 

(continuous procedure) 
A warm saturated solution of ammonium perchlorate 

containing crystals of ammonium perchlorate is main 
tained in a separate ?rst container at 60°C. 
A second container or crystallizer is provided having 

aluminum powder of 5 to 10 microns particle size sus 
pended in water at temperature ranging from about 5 
to about 70°C, speci?cally about 40°C, cooler than the 
warm ammonium perchlorate solution in the ?rst ves 
sel. 
The warm solution of ammonium perchlorate is con 

tinuously passed into the second vessel or crystallizer 
containing the cooler aluminum powder suspension, 
which is maintained in suspension by suitable agitator 
means. Ammonium perchlorate solution is continu 
ously pumped out of the cooler crystallizer container 
via a ?lter, leaving all aluminum solids in the crystal 
lizer. The liquid ammonium perchlorate solution leav 
ing the crystallizer is pumped back to the warmer con 
tainer and the cycle is repeated. 
As ammonium perchlorate solution is pumped into 

the crystallizer containing suspended aluminum, the 
aluminum perchlorate crystallizes out on the sus 
pended aluminum, forming particles of ammonium per 
chlorate with occluded aluminum. Such particles to 
gether with trapped particles of aluminum between the 
oxidizer particles are removed by decantation and ?l 
tration, and the particles are dried by washing with 
ehtyl alcohol, followed by heating in a vacuum oven at 
about 105° to about 110°C. 
The above continuous process is controlled so that 

the resulting oxidizer-metal mixture or composition 
contains 85 percent ammonium perchlorate and 15 
percent aluminum, by weight. 

EXAMPLE 3 

The procedure of Example 1 is substantially re 
peated, employed passivated beryllium having a chro 
mate coating, of a particle size of about 5 to about 20 
microns, suf?cient passivated beryllium being em 
ployed to produce a crystallized composition contain 
ing particles of beryllium occluded in the crystallized 
ammonium perchlorate, comprising 75 percent ammo 
nium perchlorate and 25 beryllium by weight of the 
oxidizer-metal combination. 
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EXAMPLE 4 

The procedure of Example 1 is repeated employing 
ammonium nitrate oxidizer in place of ammonium per 
chlorate, the amounts of ammonium nitrate and alumi 
num metal fuel employed being such as to obtain a 
crystallized oxidizer-metal composition containing alu 
minum occluded in the ammonium nitrate and on the 
surfaces thereof, and composed of 75 percent ammo 
nium nitrate and 25 percent aluminum by weight. 

EXAMPLE 5 

The procedure of Example 2 is repeated, employing 
ammonium nitrate, while controlling the continuous 
procedure to obtain a crystallized oxidizer-metal com 
position of ammonium nitrate with occluded aluminum 
metal fuel, composed of 80 percent ammonium nitrate 
and 20 percent aluminum, by weight. 

EXAMPLES 6-1 1 

The following'are examples of oxidizer-metal compo 
sitions containing metal occluded oxidizer prepared ac 
cording to the invention by crystallizing from aqueous 
solution, and containing ammonium perchlorate or ani 
monium nitrate as oxidizer, and aluminum or beryllium 
as metal fuel, the metal fuel being occluded within the 
particles of oxidizer. 

. EXAMPLES 

(percent by weight) 
7 8 9 l0 1 l 

Ammonium perchlorate 90 7O 85 95 
Ammonium nitrate 85 80 
Aluminum 10 30 15 5 
Beryllium 15 20 

EXAMPLE l2 

(combining inorganic material with binder to form 
propellant) 

The oxidizer-metal composition of Example 1 is 
screened to provide a distribution of particle sizes 
wherein 75 percent of the mixture is composed of parti 
cles having an average size of 200 microns and 25 per 
cent is composed of particles having an average size of 
12 microns. A binder is added to the resultant mixture 
employing an amount of binder which is 20 percent by 
weight of the total propellant composition, the ammo 
nium perchlorate and aluminum fuel together compris 
ing 80 percent of the total propellant composition. 
As a speci?c binder there is employed a polyether 

polyurethane composed of the following. 
89 percent polypropylene glycol (90-93 percent 

total hydroxyl content) 
0.35 percent trimethylol propane (7-l0 percent of 
the total hydroxyl content) 

10.15 percent toluene 2,4-diisocyanate 
0.25 percent ferric acetylacetonate 
0.25 percent phenyl beta naphthylamine 
The above viscous mixture of binder, oxidizer and 

metal is placed in a mold- and cured at a temperature 
of about 60°C for about 5 days. The resulting cured 
binder which binds the particles of aluminum and am 
monium perchlorate oxidizer with aluminum occlu 
sions together, is a polyether polyurethane. 
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EXAMPLE 13 

A ?nished propellant composition is produced by the 
procedure of Example 12, employing the ammonium 
perchlorate-occluded aluminum mixture produced in 
Example 2, and employing 15 percent of the polyure 
thane binder and 85 percent of the mixture of Example 
2. 

EXAMPLE 14 

The ammonium perchlorate-occluded aluminum 
mixture of Example I is screened to form a mixture 
composed of 50 percent of particles of an average 400 
micron size, 35 percent of an average 200 micron size 
and 15 percent of an average 50 micron size particles. 

To this mixture is added 15 percent by weight of the 
total composition, of a binder composed of 83 percent 
hydroxy terminated polybutadiene (R45M, Arco 
Chemical Co.) and 17 percent of a diisocyanate (Gen 
eral Mills DDl diisocynnate 1410) as curing agent, such 
diisocyanate understood as having the structure 
OCN(ID)NCO where D is a 36 carbon hydrocarbon 
chain radical. 
The mixture of binder and propellant is placed in a 

mold and cured at 60°C for about 10 days, to provide 
a ?nished solid propellant according to the invention. 

EXAMPLE 15 

The procedure of Example 14 is repeated but em 
ploying the mixture of Example 3 instead of that of Ex 
ample l, resulting in a ?nished propellant composition 
of ammonium perchlorate containing beryllium as 
metal fuel. 

EXAMPLE 16 

A conventional solid propellant is prepared by plac 
ing all of the components of the binder described in Ex 
ample 12 in a container, except for the toluene diisocy 
anate component. Then aluminum powder having a 
particle size of 5 to 10 microns is added, following 
which ammonium perchlorate is added, the formula 
tion being mixed between each addition. The propor 
tions of aluminum and ammonium perchlorate em 
ployed in the mixture are 75 percent ammonium per 
chlorate and 25 aluminum, by weight of the total of 
these two components, the same relative proportions of 
these components as employed in Example 1. Then the 
toluene diisocyanate component is added last. 
The amount of binder employed is 20 percent by 

weight of the total composition of ammonium perchlo 
rate, aluminum and binder. The components of the 
binder are employed in the same proportions to each 
other as set forth in Example 12. 
The resulting mixture is placed in a mold and cured 

at 60°C for 5 days. 
The resulting solid propellant in which the metal fuel 

is simply added to the propellant during physical mix 
ing, and a second propellant composition of Example 
12 produced according to the invention and employing 
the same ammonium perchlorate, aluminum and 
binder components and in the same proportions, ex 
cept that the aluminum is added by incorporating it 
?rst with ammonium perchlorate in aqueous solution 
followed by crystallization thereof according to the in 
vention, are each burned under the same conditions 
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l. 
and at 100 and 200 psia. Photographs taken at 4,000 
frames per second during burning of these two propel 
lants showed in the case of the ?rst propellant pro 
duced by conventional procedure, the presence of 
large radiant spheres of aluminum of the order of about 
600 microns in size. On the other hand, such photo 
graphs of the propellant of Example 12 according to 
the invention, containing occluded aluminum in the 
ammonium perchlorate and produced according to the 
procedure of Example 1, showed the absence of the 
above-noted large aluminum spheres, indicating that 
agglomerization of the aluminum particles accompa 
nied by the formation of large particles of aluminum 
oxide is greatly reduced. 
From the foregoing, it is seen that the invention pro 

vides an improved solid propellant containing oxidizer 
and metal particles, having increased efficiency for use 
as a low burning low pressure propellant, comprising a 
more uniform distribution of metal fuel throughout the 
propellant, by crystallizing the oxidizer, perferably am 
monium perchlorate, from aqueous solution in the 
presence of ?ne particle size metal fuel, preferably alu 
minum, and forming a propellant in which the metal, 
i.e., aluminum, particles are occluded within and/or on 
the surface of the oxidizer, i.e. ammonium perchlorate, 
particles, as well as being distributed in the interstices 
or voids between such oxidizer particles. 
While we have described particle embodiments of 

our invention for the purpose of illustration within the 
spirit of the invention, it will be understood that the in 
vention is not to be taken as limited except by the scope 
of the appended claims. 
We claim: 
1. The process for preparing a composition adapted 

for use in a solid propellant, which comprises forming 
a ?rst saturated aqueous solution of an oxidizer at ele 
vated temperature, said oxidizer selected from the 
group consisting of ammonium perchlorate and ammo 
nium nitrate, said ?rst solution containing crystals of 
said oxidizer, forming a second suspension of particles 
of a metal fuel selected from the group consisting of 
aluminum and beryllium, in water, maintained at tem 
perature ranging from about 5° to about 70°C cooler 
than said ?rst oxidizer solution, continuously passing 
said oxidizer solution at elevated temperature into said 
aqueous suspension of metal fuel particles, crystallizing 
particles of said oxidizer containing said metal fuel oc 
cluded in said oxidizer particles from said second aque 
ous suspension, recovering said metal fuel-occluded 
particles of said oxidizer from said aqueous suspension, 
and continuously passing cooled aqueous oxidizer solu 
tion from said second aqueous suspension to said ?rst 
saturated oxidizer solution maintained at elevated tem 
perature. 
~ 2. The process as de?ned in claim ll, said oxidizer 
being ammonium perchlorate and said metal fuel being 
aluminum, the particle size of said aluminum ranging 
from about 1 to about 30 microns. 

3. The process as de?ned in claim 1, including ?lter 
ing said cooled aqueous oxidizer solution prior to pas 
sage thereof to said ?rst saturated oxidizer solution, to 
leave all metal fuel particles in said second aqueous 
suspension. 

4. The process as de?ned in claim 1, said ?rst oxi 
dizer solution being maintainedat 60°C. 
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