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This invention relates to a controlled burning of nitro 
nium perchlorate mixed with a compatible hydrocarbona 
ceous fuel by addition of a perhalohydrocarbon in a small 
amount for retarding the rate of burning with minimum 
adverse effects on the pressure exponent and on the speci 
fic impulse of the resulting system. 

Nitronium perchlorate (NO2ClO4), abbreviated NPC, 
is a potent solid oxidizer for high energy rocket propel 
lant formulations but has given difficulties in utilization 
with other propellant ingredients. 

Attempts to burn NPC at ordinary rocket chamber pres 
sures with high energy fuels resulted in rapid deflagration 
or detonation. Pure NPC does not burn under ordinary 
rocket chamber pressures and a large amount of heat has 
to be applied for its decomposition. In U.S. patent appli 
cation Ser. No. 79,946, filed Dec. 29, 1960 by H. Bieber 
et al., it is disclosed that NPC can be burned at a con 
trolled rate by admixture of a small critical amount of a 
compatible fuel or binder, such as polyethylene, provided 
the said fuel is admixed in a precisely controlled amount. 
However, it is desirable to be able to adjust burning rate 
by parameters other than fuel content. 

It has now been found, in accordance with the present 
invention, that a perhalohydrocarbon, i.e., a saturated hy 
drocarbon in which halogen atoms are substituted for all 
the hydrogen, used in a small amount, such as 0.10 to 5 
wt. percent of the NPC-fuel mixture, gives a very desir 
able reduction of the burning rate. 
The compatible fuels suitable for admixture in said 

small amounts with the NPC crystals are hydrocarbonace 
ous compounds that can be admixed with the NPC under 
ordinary conditions without causing appreciable reaction 
and which under combustion temperature and pressure 
conditions after ignition, promote burning of the NPC. 
Examples of the compatible hydrocarbonaceous fuels use 
ful for the controlled burning of the NPC are substantially 
saturated hydrocarbon polymerss, such as polyethylene 
(-CH-), and other solid or semi-solid hydrocar 
bonaceous compounds which contain principally a satu 
rated hydrocarbon or poly (-CH-) group, e.g., paraf 
fin and microcrystalline waxes, saturated fatty acids, such 
as stearic acid, and saturated fatty esters, which contain 
long saturated hydrocarbon chains of polymethylene 
groups (-CH-) Any of the hydrocarbonaceous fuel 
substances when admixed with the NPC will affect the 
rate of burning according to the energy output, in ac 
cordance with the principles set forth herein, and in U.S. 
app. Ser. No. 79,946. Burning rates will increase with in 
creasing fuel content, independently of fuel type, since 
hydrocarbonaceous compounds have essentially the same 
heat of combustion on a weight basis. The hydrocarbona 
ceous fuel substance is preferably a polymeric material, 
such as polyethylene, so that it can serve also as binder 
of the NPC crystals. The hydrocarbon polymers having 
molecular weights ranging upwardly from 10,000 to 
1,000,000 or higher may have only a small amount 
(<5%) of double bond unsaturation. 
The burning rate of NPC mixed with polyethylene, or 

other material predominantly (-CH2-) is a function of 
pressure and of the amount of binder. 
Samples of NPC used for determining the relationship 

of burning rate to pressure and to polyethylene binder con 
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centration had a particle size of 100 to 200 microns. The 
NPC crystals were mixed with polyethylene which has 
been screened through 100 mesh screens. Compressed 
grains of the NPC in polyethylene mixtures were made and 
burned under varying pressures to determine the rates of 
burning. The data are summarized in the following Table: 
TABLE -BURNING RATE OF NEPC-POLYEEYLENE 

BINDER GRAINS AT P, PRESSURES IN P.S.I.A. 
Burning Rate, in...iscC. 

Wt. Percent Binder 
P-00 P=250 P-500 P=2,000 

0 O 0 0. 
0.03 0.10 0.25 ------------ 
0.20 0.50 0.87 20 
0.42 0.70 1.10 50 
0.7. 1.25 1.75 

The grains of NPC with 0 to 2 wt. percent of poly 
ethylene did not burn. At the 3 wt. percent binder level, 
the burning rate is extremely low at low pressure (P=100 
p.s.i.a.), but the system has a pressure exponent greater 
than one indicating unstable burning. The pressure ex 
ponent, n, is the exponential variation of the burning 
rate, r, with pressure p in the following equation: r=ap, 
wherein a is a constant for any particular propellant or 
initial temperature. 

At the 4 wt. percent polyethylene binder concentra 
tion, the pressure exponent decreased to 0.76 even through 
the absolute burning rate was almost a magnitude greater. 

Comparison between the burning action of the grains 
indicates that a minimum amount of the hydrocarbon 
aceous fuel must be admixed for burning to supply heat 
for volatilization and decomposition of the NPC. Color 
movies of the burning grains show that at a low 2-3 wit. 
percent polyethylene level, burning is sporadic due to 
localized deficiencies of fuel and thus the high pressure 
exponent. At above 3 wt. percent concentration of poly 
ethylene (well mixed with the NPC), the burning is 
smoother but at a higher linear rate as the pressure is 
increased. 

There is a sharp break at 1500 p.s. i. for the grains of 
NPC with 4 wt. percent and 5 wt. percent polyethylene 
binder. This break occurs when the burning rate rises 
to above 2 inches per second and then becomes ex 
tremely rapid. This would indicate that a critical pressure 
is reached. At the 5 and 10 wt. percent polyethylene 
binder concentration, the pressure exponent is a satisfac 
tory 0.57 below 1500 p.s.i.; however, the burning rate is 
too rapid for many applications. 

Thus, it can be seen that there are practical limitations 
in burning the NPC with the higher concentrations of 
the compatible hydrocarbonaceous fuels, the limitations 
being extremely high burning rates often leading to 
detonation, especially if one tries to use a stoichiometric 
amount of the fuel. 84 wt. percent NPC with 16 wt. per 
cent of polyethylene binder or similar compatible hydro 
carbonaceous fuel corresponds to a stoichiometric bal 
ance for producing CO2 and H2O as gas products. A 
mixture of 63.5 wt. percent NPC and 36.5 wt. percent 
of compatible hydrocarbonaceous fuel is the stoichio 
metric balance for producing gaseous reaction products 
which are mainly CO and H. 

There is a rapid rise in burning rate as the compatible 
fuel binder concentration is increased to about 5 wt. 
percent. From 5 to 15 wt. percent of fuel binder con 
centration, the burning rate increase is more more grad 
ual. From 15 to 36.5 wt. percent concentration of the 
compatible fuel binder, the burning rate increases slowly, 
Hence there are incentives for being able to control 
burning rate other than by variation of system stoichi 
ometry and pressure. 
As shown in the following table, although the burning 

rate increases as the weight proportion of hydrocarbon 
fuel binder (-CH-) admixed with NPC is increased, 
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the pressure exponent has reasonable values once enough 
fuel D3% has been added to provide smooth vaporiza 
tion of the NPC. 
TABLE 2.-RELATIONSHIP OF PERCENT (-CH-) FUEL 
IN NFC TO BURNING RATE AND PRESSURE EXPONENT 

EPressure Wit. percent Burning rate 
(-CH2-)n in r at 100 p.s. i. in.fsec. at 500 exponent 
NOCIO p.S.i. 

25 1.36 
37 (3.77 

... O .56 
.5 

2. .56 

The perhalohydrocarbons suitable as burning-rate re 
tardants when admixed with NPC and a compatible hy 
drocarbonaceous fuel Such as polyethylene, are typified 
by perhaloalkanes, such as hexafluorotetrachloropropane 
(CFCl4), hexachloroethane (C2Cl6), nonafluoropenta 
chlorohexane (C6F9Cl5), materials of the general form 
Cl(CF2=CFCI)Cl and the like. The perhaloalkanes are 
compounds in which the carbons are singly bonded to 
gether in a chain and have their other valence bonds 
attached to halogen atoms. They may be non-volatile 
liquids boiling above 100° C., waxes or solid polymers 
such as the polymers of chlorotrifluoroethylene. 
When the perhalohydrocarbons suitable as burning-rate 

retardants are admixed in a minor amount with the fuel 
or binder, e.g., polyethylene, and the NPC, they are sur 
prisingly effective burning-rate retardants without ad 
verse effects on the burning rate stability indicated by a 
pressure exponent of less than 1 and without substantial 
adverse effects on the impulse of the fuel-NPC mixture. 

EXAMPLE 
Addition of 1 wt. percent of CFC oil with 4 wt. 

percent polyethylene binder to NPC resulted in approxi 
mately 20% decrease in burning rate even though the 
pressure exponent remained nearly unchanged as is shown 
by measurements for the mixtures under varying pres 
sures in the following table. 
TABLE 3.-EFFECT OF CFC AS BURNING RATE RE 
TARDER IN NOCIO--POLYETHYLENE (PE) BURNING 
RATE, INCHESISECOND 

0% CF Cls, 4% PE 1% CF, Cl, 4% PE Pressure, p.s.i.a. 
With NOCO with NO2CO 

100------------------------ 0.258 ).219 
250------------------------ 0,485 0.404 

0.900 ().24 
1.45 1.22 
0.76 (). 74 

The proportion of the perhalohydrocarbon used as a 
burning rate retarder has to be sufficiently low so as not 
to interfere with smooth burning of the fuel and this 
depends on the exact composition of the hydrocarbon 
aceous fuel and its dispersion in the NPC. 
The data in Table 2 indicate the desirability of increas 

ing the amount of admixed fuel (-CH2-) in the mix 
ture with the nitronium perchlorate if the burning rate 
can be retarded. Moreover, with increased proportions 
of the fuel (-CH2-), particularly in the range of 3 
to 20 wt. percent, the mixture is given an increased 
specific impulse. Therefore, advantages are to be gained 
if the burning rate can be retarded while maintaining a 
low pressure exponent, e.g., preferably below 1 and with 
out excessive adverse effects on the specific impulse. 

However, the additive cannot be used to improve the 
pressure exponent. For example, if a 3% polyethylene 
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mixture with NPC (is in the unstable burning range) a 2 
wt. percent addition of the perhalohydrocarbon CFCl 
still makes the burning unstable. 

It is preferred in general to admix the perhalohy 
drocarbon in an amount not more than about /3 the 
proportion of the hydrocarbonaceous fuel, particularly 
Such as polyethylene or about 1-4% based on total 
propellant. This is to avoid excessive adverse effects of 
the perhalohydrocarbon on the specific impulse value of 
the NPC mixture. 

For example, if the amount of poly (-CH-) hy 
drocarbonaceous fuel, e.g., polyethylene, polypropylene, 
wax, petroleum resin or mixtures thereof added in a pro 
proportion of 10 to 20 wt. percent to NPC increases the 
burning rate to above 1 inch per second, then the pro 
portion of perhalohydrocarbon used as burning rate re 
tarder may be 2 to 4 wt. percent to lower the burning rate 
to an acceptable rate below 1 inch per second. 
The NPC with admixed hydrocarbonaceous fuel and 

perhalohydrocarbon burning-rate retarder may be com-. 
pressed into a large propellant grain to be used next to a 
separate grain of a monopropellant, or with sufficient fuel 
the NPC mixture may be used as a monopropellant. The 
NPC mixture containing the compatible fuel and per 
halohydroctarbon may be pelleted and encapsulated, e.g. 
by aluminum, for distribution in a grain containing other 
propellant ingredients, e.g., other fuels and other oxi 
dizing agents of high-energy values. 
The invention disclosed is claimed as follows: 
1. A high-impulse, modified burning-rate solid pro 

pellant composition consisting of nitroium perchlorate in 
timately mixed with about 3 to 20 wt. percent of poly 
ethylene and 0.1 to 5 wt. percent of hexafluorotetra 
chloropropane, the proportion of the hexafluorotetra 
chloropropane being less than one-third that of the poly 
ethylene. 

2. A high-impulse, modified burning rate solid pro 
pellant consisting essentially of nitronium perchlorate, 4 
wt. percent polyethylene and 1 wt. percent CF6C inti 
mately mixed together. 

3. A high impulse, modified burning rate solid pro 
pellant composition consisting essentially of nitronium 
perchlorate intimately mixed with about 3 to 36 wt. per 
cent of a compatible, non-volatile, saturated hydrocar 
bonaceous fuel substance containing a long chain of poly 
methylene groups and 0.1 to 5 wt. percent of a non-volatile 
perhalo alkane, the perhalo alkane being less than one 
third the amount of the saturated hydrocarbonaceous sub 
Stance. 

4. A high impulse, modified burning rate solid propel 
lant composition consisting essentially of nitronium per 
chlorate intimately mixed with about 3 to 36 wt. percent 
of a non-volatile saturated aliphatic hydrocarbon com 
patible with the nitronium perchlorate and with 0.1 to 
5 wt. percent of a non-volatile perhalo alkane, the per 
halo alkane being less than one-third the amount of the 
saturated aliphatic hydrocarbon mixed with the nitronium 
perchlorate. 

References Cited 
UNITED STATES PATENTS 
10/1961 Fox et al. ------------ 149-19 
3/1962 Bice ---------------- 149-19 

3,006,743 
3,027,283 

BENJAMIN R. PADGETT, Primary Examiner. 
LEON D. ROSDOAL OSCAR R. VERTIZ, Examiners. 

  


