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Introduction

ECENT developments in the synthesis of hexanitro-
ethane (IINE) have renewed interest in its use as a pos-
sible high energy oxidizer. The chemical reactivity and the
physical properties of HNE have recently been reported.!
As might be expected for such an energetic compound, HNE
is chemically reactive with many compounds, particularly
curable organic binders. HNE does not lend itself well to a
castable, curable propellant system because 1) it requires low-
temperature mixing and casting, 2) it is incompatible with
standard binders and curing agents, and 3) it may undergo
phase transition. The problems associated with using HNE
in a conventional composite type of propellant could possibly
be circumvented by utilizing noncurable slurries of HNE.
This paper ‘describes the preparation and evaluation of non-

" curable HNE propellant slurries.

Performance Calculations

Performance calculations§ were made of propellant systems
composed of HNE with the following fuels: polyethylene,
decane, l-nitropropane, 1-nitrobutane, 1,1-dinitroethane,
1,1-dinitropropane, 1,1,1-trinitropropane, ethyl nitramine,
propylnitramine, diethyl nitramine, and trimethyolethane tri-
nitrate. The propellant systems containing the saturated
hydrocarbons, mononitroalkanes, and the primary and
secondary nitramines gave calculated specific impulses of
275-278; the main difference is that 849, HNE was required
for the hydrocarbon systems, whereas 70-72% HNE was
needed for the mononitroalkanes and only 55-65%, was re-
quired for the nitramines. The hydrocarbon system has too
high a solids loading for a castable slurry, but the mononitro-
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§ Performance calculations are based on mobile equilibrium,
isentropic expansion between 1000 psia chamber pressure and an
exhaust pressure of 14.7 psia.
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Fig. 1 Performance calculations of HNE propellant
slurries.

alkanes and nitramines with the lower solids loading would
qualify as castable systems. 1,1-dinitroethane has an opti-
mum specifiec impulse of 270 at 249, HNE, whereas 1,1-di-
nitropropane peaks at 273 with 469, HNE. The higher
homologs of the 1,1-dinitroalkanes, such as 1,1-dinitrobutane
and 1,1-dinitropentane, will undoubtedly give a specific im-
pulse of 275-277 at a practical oxidizer loading. Nitrate
esters such as trimethyolethane trinitrate do not give specific
impulses in excess of 270 and are not of interest. The results
are summarized in Fig. 1. The heats of formation of the
liquid fuels that were used in the performance caleulations are
compiled in Table 1.

Compatibility Studies

Compatibility studies were run on HNE and the following
compounds: decane, oronite polybutene #6, 1-nitroethane,
l-nitropropane, 2-nitropropane, l-nitrobutane, 1,1-dinitro-
propane, 1,1-dinitrobutane, butyl nitramine, methyl ethyl
nitramine, and diethyl nitramine. The mononitroalkanes
were samples from Commercial Solvents Company and were
used as received with the exception of 1-nitrobutane that was
purified by fractional distillation. The 1,1-dinitroalkanes
were prepared by the Lockheed Missiles and Space Company,
and the nitramines were synthesized at Stanford Research
Institute. Both the 1,1-dinitroalkanes and the nitramines
had purities greater than 999, as indicated by vapor phase
chromatography.

Stoichiometric mixtures of HNE and the liquids were
placed in manometric tubes and the gas evolution was meas-
ured as a function of time at ambient temperature. HNE
showed excellent compatibility with decane and the 1,1-di-

Table I Heat of formation data on HNE propellant

components
Heat of formation,
Compound keal /100 g
Hexanitroethane 9.53
Polyethylene —42.99
Decane —50.56
1-nitropropane —45.32
1-nitrobutane —44.69
1,1-dinitroethane : —28.87
1,1-dinitropropane —29.85
1,1,1-trinitropropane —15.66
Ethyl nitramine —22.85
Propyl nitramine —25.79
Diethyl nitramine —21.57
Trimethyolethane trinitrate —39.70°
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Table 2 Manometric stability studies of HNE propellant slurries®: AP (mm) with time at ambient temperature

Time, 1,1- 1,1-
hr Decane PB#6° 1-NE? 1-NP? 1-NB? MENA? DENA? DNP? DNB®
17 0 101 0 0 0 0 0 0 -0
24 0 152 0 0 0 112 27 0 0
93 0 .. 0 56 1 - 29 0 0

164 0 96 105 42 e 29 0 0
260 0 145 140 87 0 0
329 0 225 170 0 0

@ Measurements were made on stoichiometric mixtures of HNE and liquid.

b PB #6 = oronite polybutene, mol. wt. 330; 1-NE = l-nitroethane; 1-NP = Il-nitropropane; 1-NB = I-nitrobutane; MENA = methyl ethyl nitra-
mine; DENA = diethyl nitramine; 1, 1-DNP = 1, 1-dinitropropane; 1, 1-DNB = 1, 1-dinitrobutane.

nitroalkanes at ambient temperatures. A slurry of HNE
and 1,1-dinitrobutane gave no gas evolution after 329 hr at
ambient temperature. The mononitroalkanes and nitramines
showed poor compatibility with HNE. The results are sum-
marized in Table 2.

Formulation and Casting Studies

The formulation studies were carried out on a small scale.
Up to 50 g of propellant were manually mixed in a plastic
beaker and the slurry was cast at atmospheric pressure with
vibration into Lucite tubes. To eliminate the possibility of
settling at the lower oxidizer concentrations, the slurries were
thickened by the addition of a small amount of poly(methyl
methacrylate) (PMMA). The PMMA was dissolved by
warming it with the nitroalkanes and then the solution was
allowed to cool to ambient temperature. A stock solution of
the PMMA in the nitroalkane was blended in the required
amounts with HNE.T The mixture was allowed to warm to
room temperature before casting. Unlike HNE itself, there
was no agglomeration of the HNE crystals when the slurry
warmed to ambient temperature. It was found that this
slurry had high viscosity and settling did not occur; further-
more, the slurry appeared to be thixotropic since it underwent
shear thinning and flowed well under vibration.

Burning Rate Studies

Burning rates of the slurry propellants were determined

using both a Crawford strand-burning bomb (where strands
up to £ in. in diameter could be burned) and a large window
bomb (in which strands up to 1 in. in diameter could be ac-
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Fig. 2 Burning rates of ammonium perchlorate and
hexanitroethane propellant slurries.

T The HNE had been recrystallized from methylene chloride,
dried under vacuum, and stored in a refrigerator at 0°.

commodated). In order to test out the slurry concept,
model studies were first made with ammonium perchlorate
as the oxidizer in the following propellant composition: 70%
ammonium perchlorate (APC)/249, 1-nitropropane (1-
NP)/69% poly(methyl methacrylate). This propellant slurry
was then cast into 4-in. lengths of Tygon tubing having ap-
proximately a i-in. i.d.. These slurries burned smoothly in
the strand burning bomb over a pressure range of 200-1000
psi. The burning rates ranged from 0.17 to 0.20 in./sec,
with a pressure exponent of 0.10. The results are shown in
Fig. 2. Similar efforts to obtain burning rates of HNE
slurries in Tygon tubing were unsuccessful. Above 200 psi,
flashing occurred down the side of the grain. To overcome
this difficulty, burning rate measurements were then attempted
on larger propellant samples in Lucite tubes in the window
bomb. The HNE slurries were cast into 3-in.-long Lucite
tubes with 4-in. 1.d. and were tested over a pressure range of
200-1400 psi. The propellant compositions studied were
509% HNE/459%, 1,1-dinitropropane/5%, poly(methyl meth-
acrylate) and 709 HNE/28%, l-nitrobutane/2%, poly-
(methyl methacrylate). The slurries burned smoothly in
each case. The burning rates ranged from 0.2 to 0.4 in./sec.
with a pressure exponent of about 0.8 (Fig. 2).

Normally a framing eamera was used to record the burning,
and burning rates were calculated from the time required for
the propellant to burn between two gage marks. Because
the slurry was translucent, it was somewhat difficult to de-
termine accurately the burning surface of the propellant
from some of the film records. A collimator-photoelectric
detector was employed in an effort to circumvent this prob-
lem. The collimator was used in conjunction with a pair of
photoelectric cells and the output from the cells was fed into
a Sanborn strip-chart recorder. The burning of the propel-
lant strand produced two blips on the recorder chart. From
the data, the time of burning between the parallel slits of the
collimator was measured. This technique was faster than
the photographic method and, under the circumstances, ap-
peared to be somewhat more accurate.

Conclusions

Performance calculations have shown that the high specific
impulse (275-278 sec) of the nonmetallized HNE-hydro-
carbon prope'lant system can be retained, whereas the solids
loading can be reduced to a practical castable level by the re-
placement of the hydrocarbon with nitroalkanes or nitra-
mines. Stability studies have indicated that HNE has the
best compatibility with 1,1-dinitroalkanes. Propellant slur-
ries of HNE-nitroalkanes burned smoothly over the pressure
range tested which varied from 200 to 1400 psi. The burning
rates are moderate but the pressure exponents (0.8) are ex-
cessive. '
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