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This invention relates to solid propellant composition 
containing a hygroscopic compound. In one of its aspects 
this invention relates to waterproofed or water-resistant 
propellant composition. 

Solid propellant utilized in rockets, such as the type 
used in assisting the take-off of aircraft, comprise a fuel 
and an oxidant for oxidizing the fuel. Ammonium nitrate 
is often utilized as the oxidant while the fuel component 
is usually a hydrocarbon material which acts as a binder 
for bonding the oxygen particles into a solid grain as well 
as acting as a fuel. Binder-fuel materials include asphalt, 
rubber and other tacky organic, e.g., hydrocarbon 
containing, materials. 
One of the prerequisite properties of an ammonium 

nitrate-containing propellant is that it remains relatively 
stable during transportation and storage. Should any de 
composition or deterioration of the propellant occur, the 
sensitivity of the propellant and the degree of uniformity 
in performance correspondingly decrease. Deterioration 
of the propellant can be due to a number of reasons. The 
effect of moisture toward a solid propellant is an exceed 
ingly important factor especially when the propellant con 
tains a hygroscopic component such as ammonium 
nitrate. The affinity for water of ammonium nitrate is 
one disadvantage of solid propellants containing same. 

Accordingly, therefore, one or more of the following 
objects will be achieved by the practice of my invention. 
One object of this invention is to provide an improved 

propellant containing a water soluble or hygroscopic com 
ponent. Another object of this invention is to provide 
a propellant, the water resistance of which has been sub 
stantially improved. A further object is to provide an 
improved propellant containing a hygroscopic component 
wherein said propellant is coated with a water resistant 
composition. Another object is to provide an improved 
ammonium nitrate containing propellant which is coated 
with a water-proofing medium fortified with micro 
atomized, non-hygroscopic oxidizing material such as am 
monium perchlorate, potassium perchlorate and the like. 
Other objects will be apparent to those skilled in the art 
from a consideration of this specification. 
The broad aspect of this invention pertains to moisture 

proofing a solid propellant containing a hygroscopic com 
ponent by coating said propellant with a moisture 
proofing material. In one embodiment this invention is 
directed to rendering an ammonium nitrate containing 
propellant resistant to moisture by coating the propellant 
with a water-resisting medium containing micro-atomized 
ammonium perchlorate or other suitable non-hygroscopic 
oxidants dispersed therein. 
The propellants which are particularly suitable in my 

invention are those containing a rubbery binder as the 
continuous phase and a hygroscopic oxidant, particularly 
ammonium nitrate, as the dispersed phase. The rubbery 
binder can be natural or synthetic rubber with Mooney 
values (ML-4) generally ranging from about 5 to 100 or 
higher, preferably from about 10 to about 40. The 
natural rubbers and synthetic rubbers are too well known 
in the rubbers art to warrant detailed discussion thereof. 

2 
By way of illustration, however, the synthetic rubbers 
can be prepared in any manner known in the art such as 
mass polymerization emulsion. One suitable method is 
the emulsion polymerization of conjugated diolefins alone 

5 or with other polymerization monomers from 0 to 140" 
F. in such systems as the iron-pyrophosphate, with sugar 
free or containing sugar, sulfoxylate and the persulfate 
recipes. Any suitable emulsifier such as a fatty or rosin 
acid wax or the like can be used. These recipes usually 

10 contain to 9 parts by weight of emulsifier per 100 
parts of monomer. 
The conjugated diolefins which can be employed are 

those containing at least 4 carbon atoms per molecule 
such as 1,3-butadiene, isoprene, piperylene, methylpenta 

15 diene, 2,3-dimethyl-1,3-butadiene, chloroprene, 2,3-di 
methyl-1,3-hexadiene, 2,3-diethyl-1,3-octadiene and the 
like. The various alkoxy and cyano derivatives such as 
2-methoxy-3-ethylbutadiene, 2-ethoxy-3-ethyl-1,3-hexa 
diene, 2-cyano-1,3-butadiene and the like are applicable. 

20 The monomer which can be copolymerized with the 
above diene can be any monomer containing an active 
CH2=C- group such as aryl olefins, esters of acrylic and 
substituted acrylic acids, nitriles, amides, ketones and 
vinylpyridines. Examples of such monomers include, 

25 among other, styrene, alpha-methylstyrene, alkyl-substi 
tuted styrenes, p-chlorostyrene, p-methoxystyrene, acrylo 
nitrile, methacrylonitrile, methyl methacrylate, butylmeth 
acrylate, methacrylamide, methyl isopropenyl ketone, 
2-vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-5-vinyl 

80 pyridine and others. In the preparation of the copoly 
mers, the amount of conjugated diene used is generally in 
the range from 50 to 99 parts by weight per 100 parts 
of monomer. 
The propellant can have 50 to 90 parts by weight of 

oxidizer and 50 to 10 parts of binder per 100 parts by 
weight of oxidizer-binder blend. There can be present 
the conventional reinforcing agent, plasticizer, antioxi 
dant, etc. Some reinforcing agents which can be used are, 

40 by way of illustration, carbon black, wood flour, lignin, 
and resins such as the styrene-acrylic acid-divinylbenzene 
polymers. The antioxidant can be phenyl-beta-naphthyl 
amine, tris-nonyl-phenyl-phosphite, and the like. Any 
vulcanization accelerator can be employed such as the 

45 dithiocarbamates, e.g., N,N-dimethyl-S-tertiary-butyl sul 
fenyi dithiocarbamate. 
The ingredients are mixed on a roll mill or internal 

mixer such as a Banbury or a Baker-Perkins dispersion 
blade mixer. The binder forms the continuous phase in 

50 the propellant. The propellant grains are formed by com 
pression molding, injection molding, or extrusion. The 
grains are then cured at temperatures in the range of 
70° to 250 F., preferably between 140° to 180° F. The 
time for cure is generally around three hours with the 

55 higher temperatures and up to 7 days for the lower tem 
peratures. 
The particular procedure or method for applying the 

moisture-profing material to the propellant is governed by 
a number of considerations such as the size, type and for 

60 mulation of the propellant, thickness of the coating de 
sired, the kind of water resisting medium employed, eco 
nomic factors, etc. The propellant can be coated, i.e., 
moisture-proofed, by various techniques well recognized 
in the art such as the one-step and/or multi-step dipping 
process, brushing or painting or spraying followed by an 
appropriate drying period of the coated propellant. 

35 
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The coating medium employed in my invention will 
preferably have a melting point above about 170 F. and 
below about 225 F. though compounds having lower or 
higher melting points can be employed. However, the 
Air Force specification requirements, temperature at 
which the coated propellant will be stored, probability of 
igniting the propellant during the coating procedure and 
the like, are factors which will limit the melting point 
range of the particular coating material used. 
Among the compounds which can be employed are 

hydrocarbonaceous Waxes, such as paraffin wax, carnauba 
wax, montan wax, micro-crystalline wax, beeswax, and 
the like which have melting points in the range from 
about 170 to about 230 F.; normally solid thermo 
plastic resins which are fluid at a temperature below about 
230 F., preferably those resins which are fluid at a tem 
perature in the range from about 170 F. to about 225 
F., such as various polyethylenes, polypropylenes, poly 
styrene, and the like, and mixtures of the above illustrated 
waxes and resins; said coating medium containing about 
25 to about 50 percent by weight of a micro-atomized 
non-hygroscopic oxidizing material, based on the weight 
of said coating medium. Sufficient microatomized oxidiz 
ing material Such as ammonium perchlorate, potassium 
perchlorate and the like is dispersed in the coating 
medium so that the ignition of a propellant so coated will 
not be adversely affected, and, in fact, the coating ma 
terial will burn with a similar uniformity as the pro 
pellant composition itself. 
The hydrocarbonaceous wax can be fortified with a 

Small amount of a normally solid thermoplastic resin 
which is fluid at a temperature below about 230 F. 
Thus, micro-crystalline wax containing up to 10 weight 
percent, and higher, of a low melting polyethylene can 
be used as the continuous phase and the micro-atomized, 
non-hygroscopic oxidant is dispersed therein which gen 
erally would be about 25 to about 50 weight percent of 
oxidant based on the weight of the fortified wax phase. 
The average particle size of the micro-atomized, non 

hygroscopic oxidant is preferably in the range from about 
2 to about 50 microns, though slightly smaller or larger 
particle sizes can be employed. The non-hygroscopic 
oxidant can be micro-atomized by means of a conven 
tional pulverizing mill, a number of different types of 
which are commercially available. 
The hydrocarbonaceous waxes or mixtures thereof or 

the normally solid thermoplastic resins which are ex 
emplified above can be dissolved in a suitable organic 
solvent, such as benzene, toluene, cyclohexane and the 
like, and sufficient micro-atomized oxidizing material is 
subsequently added to the resulting solution. Of course, 
the organic solvent employed must not deleteriously effect 
the propellant which is to be coated, i.e., moisture 
proofed. For example, a normally-solid polyethylene 
which is fluid at a temperature below about 230 F. is 
dissolved in cyclohexane and micro-atomized ammonium 
perchlorate is subsequently dispersed in the resulting So 
lution, the temperature of said solution being kept below 
230 F. The solution will contain up to 10 weight per 
cent, or higher, of polyethylene, based on the weight of 
the cyclohexane solvent, and between about 25 to about 
50 weight percent of dispersed ammonium perchlorate, 
based on the weight of the polyethylene. Of course, the 
previously exemplified normally solid thermoplastic resins 
can be heated to the fluid state below a temperature of 
230 F. and the micro-atomized oxidant is then dispersed 
therein. The propellant is immersed in this fluid mixture, 
removed, and placed on a rack or other suitable means 
so that a thin film of solid polyethyene interspersed with 
micro-atomized oxidant coats the surfaces of the propel 
lant thereby water-proofing said propellant. 

Example 
A high melting paraffin wax (melting point, 185-191 

F.) is heated to an oily-like fluid to a temperature in the 

0. 

5 

20 

4. 
range from about 210-215 F. Approximately 32 per 
cent by weight of ammonium perchlorate, based on the 
weight of said paraffin wax is dispersed in the fluid wax, 
and the resulting mixture is stirred to maintain the an 
monium perchlorate in suspension. A rocket propellant 
comprising 90 butadiene/10 methylvinylpyridine as the 
binder and ammonium nitrate as the oxidant is completely 
immersed in the fluid mixture. The propellant is re 
moved in one minute, placed on a rack, and allowed to 
dry at room temperature for two hours. A thin, water 
proofed coating of paraffin wax interspersed with micro 
atomized ammonium perchlorate is formed on the pro 
pellant. The coating is approximately 5 thousandths of 
an inch thick. 

In general, the moisture-proofed coating can be as 
much as 32 inch or greater; however, a thickness in the 
range from about 2 mils to about 50 mils is especially 
suitable. Because of the explosive nature of the propel 
lant composition and the micro-atomized oxidant, the 
temperature of the paraffin wax or other wax or plastic 
which are employed during the coating step will be gen 
erally kept below about 230 F., and preferably below 
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about 215 F. 
Reasonable variations and modifications can be carried 

out in the light of the above disclosure without departing 
from the spirit and scope of said disclosure. 

I claim: 
1. An ammonium nitrate-containing rocket propellant 

grain coated with a mixture consisting essentially of 
micro-atomized, non-hygroscopic oxidizing material 
selected from the group consisting of ammonium perchlo 
rate and potassium perchlorate dispersed in a compound 
selected from the group consisting of hydrocarbonaceous 
waxes, normally solid polystyrene resin, and normally 
solid thermoplastic polyloweraikene resins, said resin 
being fluid at a temperature below about 230 F., and 
mixtures thereof, said oxidizing material being present in 
a sufficient amount to provide a coating having burning 
properties similar to said propellant. 

2. An ammonium nitrate-containing rocket propellant 
grain rendered resistant to moisture by a coating con 
sisting essentially of about 25 to about 50 weight percent 
of a micro-atomized, non-hygroscopic oxidizing material 
selected from the group consisting of ammonium perchlo 
rate and potassium perchlorate dispersed in a substance 
selected from the group consisting of hydrocarbonaceous 
waxes, normally solid polystyrene resin, and normally 
solid thermoplastic polyloweralkene resins, said resins be 
ing fluid at a temperature below about 230 F., and 
mixtures thereof. 

3. The composition of claim 2 wherein the oxidizing 
material is ammonium perchlorate dispersed in micro 
crystalline wax. 

4. The composition of claim 2 wherein the oxidizing 
material is ammonium perchlorate dispersed in a high 
melting paraffin wax. 

5. The composition of claim 2 wherein the oxidizing 
material is ammonium perchlorate dispersed in poly 
styrene. 

6. The composition of claim 2 wherein the oxidizing 
material is ammonium perchlorate dispersed in polyethyl 
ce. 

7. The composition of claim 2 wherein the oxidizing 
material is ammonium perchlorate dispersed in micro 
crystalline wax fortified with up to 10 weight percent poly 
ethylene, based on the weight of said micro-crystalline 
Wax. 

8. A process of water proofing a solid ammonium ni 
trate-containing rocket propellant grain, which process 
comprises coating said propeliant with a compound Se 
lected from the group consisting of hydrocarbonaceous 
waxes, normally solid polystyrene resin, and normally solid 
thermoplastic polyloweralkene resins, said resin being fluid 
at a temperature below about 230 F., and mixtures there 
of, said compound containing about 25 to 50 weight per 
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cent of micro-atomized, non-hygroscopic oxidant selected 
from the group consisting of ammonium perchlorate and 
potassium perchlorate dispersed therein, said coating car 
ried out at a temperature below about 230 F. 

9. The process of claim 8 wherein said compound is 
micro-crystalline wax fortified with up to 10 weight per 
cent polyethylene, based on the weight of said micro 
crystalline wax, and wherein said dispersed oxidant is am 
monium perchlorate. 

6 
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