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Mechanical methods of dispersion other than those em 

ploying conventional mixers have also been developed to 
disperse fine ammonium perchlorate particles in propel 
lants. One such method involves the mechanical incor 
poration of fine ammonium perchlorate particles, such 
as by the use of a roll mill, in a carboxyl-terminated poly 
butadiene polymer to form a paste. The paste is subse 
quently added to the propellant mix. However, this meth 
od has several disadvantages. Only a portion of the total 
propellant oxidizer can be added in the paste form because 
of the limitation of the amount of ammonium perchlorate 
which can be held in the paste. The remainder must be 
added in the dry nondispersed state. Furthermore, a sol 
vent must be added to the paste during dispersion to 
facilitate processing. Additionally, complete dispersion is 
usually not achieved by this mechanical process, and a 
portion of the ammonium perchlorate is ground. This 
affects the repeatability of the finished propellant prop 
erties. 

Logically, chemical dispersion methods have been in 
vestigated as a means of improving the dispersion of the 
ammonium perchlorate, aluminum or ferric oxide par 
ticles in the propellant. 

Accordingly, it is the principal object of this invention 
to provide an improved method for dispersing fine am 
monium perchlorate, aluminum or ferric oxide particles 
in a propellant. 

It is a particular object of this invention to provide 
such a method which involves chemical dispersion. 

SUMMARY OF THE INVENTION 
Fine ammonium perchlorate (or aluminum or ferric 

oxide) particles can be completely dispersed in propellants 
by first preparing a slurry of fine ammonium perchlorate 
particles (and other propellant solid or liquid ingredients, 
if desired) with a suitable surfactant and an organic 
liquid. This is normally done by conventional mixing. The 
slurry is then allowed to stand, until the surfactant re 
acts with the ammonium perchlorate surface and estab 
lishes equilibrium at the ammonium perchlorate-liquid 
interface. The surfactant reaction produces complete dis 
persion of the ammonium perchlorate, ferric oxide or 
aluminum particles in the slurry by effectively neutralizing 
the charges and reducing the cohesive forces between the 
particles. Preferred organic liquids are normal-hexane, 
normal-heptane, 1,1,2-trichloro-1,2,2-trifluoroethane and 
1,1,2,2-tetrachloro - 12 - difluoroethane. The type and 
amount of Surfactant are critical. Sodium sulfonate of 
mineral oil has been found satisfactory as a surfactant, 
Preferably 0.1 to 0.5 weight percent (on a total solids 
basis) should be used. Examples of other suitable sur 
factants are lecithin and Asolectin. 

After the ammonium perchlorate (and other propellant 
solid ingredients, if desired) is dispersed, the propellant 
binder is mixed in, and the organic liquid is then removed. 
If desired, the binder can be added after the organic 
liquid is removed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fine ammonium perchlorate (or aluminum or ferric 
oxide) particles can be completely dispersed in propel 
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2 
lants by means of a chemical method of dispersion. The 
method involves preparing a slurry of fine ammonium 
perchlorate particles (together with other propellant solid 
or liquid ingredients, if desired) with a suitable surfactant 
and an organic liquid. This is done by conventional mix 
ing. These other propellant solids include (usually) fine 
aluminum powder and any solid catalyst Such as ferric 
oxide. After the solids are dispersed by allowing equilibri 
um to be established at the ammonium perchlorate-liquid 
interface or other solid-liquid interface, the propellant 
binder is mixed in, and the organic liquid is then removed. 
If desired, the binder can be added after removal of the 
organic liquid. The curing agent is generally added and 
mixed in after the removal of the organic liquid, but can 
instead be added before removal of the organic liquid. 

It must be emphasized that the slurry must be allowed 
to stand until equilibrium is established at the Solid (S)- 
liquid interface, before the propellant binder and other 
propellant ingredients are mixed in. This allows the sur 
factant to react with the ammonium perchlorate or other 
solid surface. The surfactant reaction produces complete 
dispersion of the ammonium perchlorate in the slurry by 
effectively neutralizing the charges and reducing the co 
hesive forces between the particles. The surfactant re 
duces the interfacial surface tension. Furthermore, the 
use of a surfactant and an organic liquid enables the sur 
factant to more readily establish equilibrium at the binder 
solid interface as the organic liquid is removed. 
The specific organic liquid employed in the tests re 

ferred to hereinafter is normal-heptane. Equivalent or 
ganic liquids other than normal-heptane can also be em 
ployed. Examples are: normal-hexane, 

g C g f 
C---Cl and C---Cl 

E. E. E. E. 

Other organic liquids which can also be employed are 
ethyl acetate, tetrahydrofuran, benzene, toluene, hexane, 
acetone and ethyl alcohol. Although still other organic 
liquids can also be employed, the liquid boiling point and 
vapor pressure should be low enough so that it can be 
readily removed during subsequent propellant processing, 
but not so low that it will readily evaporate during slurry 
preparation and standing. The ammonium perchlorate 
must be insoluble in the organic liquid and the surfactant 
must be soluble in the organic liquid. 
The type of surfactant used is critical. A surfactant 

which will work is Twitchell Base -8240, a trademark of 
Emery Industries, Cincinnati, Ohio. This surfactant is 
Sodium sulfonate of mineral oil. The amount of surfactant 
used is also important, because it affects the final propel 
lant properties. The amount of Twitchell Base -8240 used 
is preferably from about 0.1 to about 0.5 percent by 
Weight (on a total solids basis). Amounts of surfactant 
less than about 0.1% may not be completely effective 
while amounts in excess of 0.5% may have detrimental 
effects on final propellant properties. If the organic liquid 
is used without the surfactant, the desired ammonium 
perchlorate dispersion is not achieved. 

Generally speaking, the method of this invention is 
concerned with dispersing fine ammonium perchlorate, 
aluminum or ferric oxide particles having less than 50. 
weight-median diameter. The particles to be dispersed must 
be in the organic liquid-surfactant slurry. 
The foregoing procedure has been tested and has re 

Sulted in complete dispersion of the fine ammonium 
perchlorate particles in the normal-heptane slurry (as 
established by using an accepted packing fraction measure 
ment procedure). Using a nominal 4a weight-median 
diameter ammonium perchlorate particle size (which size 
is normally very difficult to disperse), the dispersion anal 
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ysis for a normal-heptane slurry without the surfactant 
showed a measured packing fraction (e) of 0.34. The same 
analysis for a normal-heptane slurry with 0.2% of 
Twitchell Base -8240 showed e to be 0.77. The much 
larger e for the slurry with the surfactant added shows 
that the 4u ammonium perchlorate was completely dis 
persed. 

Certain other equivalent proprietary surfactants (both 
of Emery Industries and other companies) can also be 
employed. In general, these surfactants are sodium sul 
fonates of mineral oil. By mineral oil is meant that por 
tion of petroleum which distills at 626-734 F., is purified 
and redistilled (boiling at 680° F.). Mineral oil is a mix 
ture of long-chain aliphatic hydrocarbons. 

Surfactants other than sodium sulfonates of miner 
oil can also be employed to achieve the solids dispersion. 
In particular, the following surfactants have also been 
demonstrated to be effective: 

(1) Asolectin (marketed by Associated Concentrates, 
Inc., Long Island, N.Y.). This material from soybeans 
is a mixture consisting essentially of approximately equal 
parts (by weight) of phosphatidyl cholines (lecithin), 
ethanolamines, and inositols. This is a qualitative estimate. 
Numerous unknown liquids are also present as well as 
antioxidant pigments. The structures of the main ingredi 
ents are: 
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R-C-O-CH, 
O 

R- -O-CH O 

b (-) 
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O 
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HO 
R'-C-O-CE O 

Phosphatidyl inositol 

(2) Lecithin (marketed by Central Soya Co., 1825 N. 
Laramie Avenue, Chicago, Ill.). This is a fluid natural 
product from soybean oil. The structure is given above. 
The method of this invention eliminates most of the 

disadvantages of the prior art mechanical methods of 
dispersion. The advantages of this invention are: 

(1) The procedure is safer than mechanical methods of 
dispersion, because little work is required and the slurry 
is less sensitive than the dry ammonium perchlorate. 

(2) All of the ammonium perchlorate in the final 
propellant formulation can be added using the chemical 
dispersion method of this invention. 

(3) The particle size of the ammonium perchlorate is 
not altered. 

(4) Better dispersion of the ammonium perchlorate is 
achieved, which results in better propellant mechanical 
properties and easier propellant processing. 

(5) Higher solid loadings for high density impulse 
propellants can be obtained by optimum combinations of 
fine ammonium perchlorate sizes with larger ammonium 
perchlorate sizes. 

(6) High burning rates can be obtained by high solid 
loading of fine ammonium perchlorate sizes. 
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4. 
The method of this invention is beneficial for any pro 

pellant which contains ammonium perchlorate, aluminum 
or ferric oxide that is difficult to disperse, but is especially 
applicable to high burning rate propellants that contain 
high percentages of fine ammonium perchlorate and alumi 
num and/or ferric oxide. 

Various other modifications and variations of this inven 
tion will readily suggest themselves to those skilled in the 
art in the light of the above teachings, which modifications 
and variations are within the spirit and scope of this inven 
tion. 
We claim: 
1. A method for dispersing fine ammonium perchlorate, 

aluminum or ferric oxide particles of less than 50 a weight 
median diameter comprising the steps of mixing a slurry 
of said fine ammonium perchlorate, aluminum or ferric 
oxide particles, an organic liquid and a surfactant, said 
surfactant being of about 0.1 to about 0.5 percent by 
weight on a total solids basis, which lowers the interfacial 
surface tension between said fine ammonium perchlorate, 
aluminum or ferric oxide particles and said organic liquid, 
and allowing said slurry to stand until said surfactant re 
acts with said ammonium perchlorate, aluminum or ferric 
oxide particles to effectively disperse said ammonium per 
chlorate, aluminum or ferric oxide particles in said slurry, 
said surfactant being selected from the group consisting of 
sodium sulfonate of mineral oil, lecithin, and a mixture 
consisting essentially of approximately equal parts by 
weight of phosphatidylcholines, ethanolamines and inosi 
tols, and said organic liquid being selected from the group 
consisting of normal-heptane, normal-hexane, 1,1,2-tri 
chloro - 1,2,2 - trifluoroethane, 1,1,2,2-tetrachloro-1,2-di 
fluoroethane, ethyl acetate, tetrahydrofuran, benzene, 
toluene, hexane, acetone, and ethyl alcohol. 

2. The method of claim a wherein said particles are 
solid propellant ingredients, wherein a propellant binder 
and other propellant ingredients that are liquid are added 
to said slurry after dispersion, and wherein said organic 
liquid is thereafter removed. 

3. The method of claim 2 wherein said organic liquid 
is normal-heptane, normal-hexane, 1,1,2-trichloro-1,2,2- 
trifluoroethane or 1,1,2,2-tetrachloro-1,2-difluoroethane. 

4. The method of claim wherein said organic liquid 
is normal-heptane. 

5. The method of claim 4 wherein said surfactant is 
said lecithin in an amount of about 0.2 percent by weight 
on a total solids basis. 

6. The method of claim 4 wherein said surfactant is 
sodium sulfonate of mineral oil. 

7. The method of claim 1 wherein said particles are 
solid propellant ingredients, wherein said organic liquid 
is removed from said particles and thereafter a propellant 
binder and other propellant ingredients that are liquid are 
added to said dispersed particles. 

8. The method of claim 1 wherein said organic liquid 
is tetrahydrofuran. 
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