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bstract

Efforts to develop gun propellants with low vulnerability have recently been focused on enhancing the energy with a further improvement in its
ensitivity characteristics. These propellants not only prevent catastrophic disasters due to unplanned initiation of currently used gun propellants
based on nitrate esters) but also realize enhanced energy levels to increase the muzzle velocity of the projectiles. Now, in order to replace
itroglycerine, which is highly sensitive to friction and impact, nitramines meet the requirements as they offer superior energy due to positive
eat of formation, typical stoichiometry with higher decomposition temperatures and also owing to negative oxygen balance are less sensitive
han stoichiometrically balanced NG. RDX has been widely reported for use in LOVA propellant. In this paper we have made an effort to present
he work on scantily reported nitramine HMX based LOVA gun propellant while incorporating energetic plasticizer glycidyl azide polymer to
nhance the energy level. HMX is known to be thermally stable at higher temperature than RDX and also proved to be less vulnerable to small

◦
cale shaped charge jet attack as its decomposition temperature is 270 C. HMX also offers improved impulse due to its superior heat of formation
+17 kcal/mol) as compared to RDX (+14 kcal/mol). It has also been reported that a break point will not appear until 35,000 psi for propellant
omprising of 5 �m HMX. Since no work has been reported in open literature regarding replacement of RDX by HMX, the present studies were
arried out.

2007 Published by Elsevier B.V.
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. Introduction

Efforts to develop gun propellants with low vulnerability
ave recently been focused on enhancing the energy with a
urther improvement in its sensitivity characteristics. These
ropellants not only prevent catastrophic disasters due to
nplanned initiation of currently used gun propellants (based
n nitrate esters) but also realize enhanced energy levels to
ncrease the muzzle velocity of the projectiles. Now in order
o replace nitroglycerine, which is highly sensitive to fric-
ion and impact, nitramines are used. Nitramines offer superior
nergy due to positive heat of formation, typical stoichiome-
ry with higher decomposition temperatures and also possess
egative oxygen balance. They are less sensitive than stoi-

hiometrically balanced NG. RDX has been widely reported
or use in LOVA propellant. In this paper we have made an
ffort to present the work on HMX based LOVA gun pro-
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ellant while incorporating energetic plasticizer glycidyl azide
olymer to enhance the energy level, since very less infor-
ation is available in open literature. HMX is known to be

hermally stable at higher temperature than RDX and also
roved to be less vulnerable to small scale shaped charge jet
ttack as its decomposition temperature is 270 ◦C. HMX also
ffers improved impulse due to its superior heat of formation
+17 kcal/mol) as compared to RDX (+14 kcal/mol). It has also
een reported that a break point will not appear until 35,000 psi
or propellant comprising of 5 �m HMX. The present experi-
ents were carried out to study the ballistic and vulnerability

ehaviour by incorporating HMX in LOVA propellant formula-
ions.

. Experimental procedure

Cellulose acetate (CA) was selected as the inert binder and

lycidyl azide polymer (GAP) was used as the energetic plasti-
izer. Nitrocellulose (NC) of lower nitrogen content (N2 12.2%)
as used alongwith inert binder. Fine RDX (5 �m) was selected

s the energetic ingredient which was then replaced by fine
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Table 1
Fine HMX based LOVA propellant formulations

Ingredients (nominal %) I II III IV

Fine RDX 70–75 45–50 20–25 –
Fine HMX – 20–25 45–50 70–75
NC (A) 10–15 10–15 10–15 10–15
CA 8.5 8.5 8.5 8.5
Carbamite 0.5 0.5 0.5 0.5
GAP (low mol. wt.) 6 6 6 6

Table 2
Theoretical thermochemical calculations

Composition I II III IV

Force constant (J/g) 1206 1203 1201 1198
Flame temperature (K) 3214 3206 3199 3192
R.R. Sanghavi et al. / Journal of Ha

MX. Carbamite served the purpose of stabilizer. A two-stage
rocess was adopted for propellant processing. In the first stage
f this process, a basic composition of all the ingredients except
arbamite were prepared in the wet stage and finally dried. In
he second stage this dried basic mix alongwith carbamite was
sed to prepare the dough by the solvent method using ace-
one and alcohol in 70:30 ratio. The propellant dough was then
xtruded into propellant strands having heptatubular geometry
nd this was granulated to the required size. The chemical for-
ulation is given in Table 1 and the process flow chart in Fig. 1.
he theoretical thermochemical calculations by using Thermo
1 computer program [1] are given in Table 2. The finished
ropellant was evaluated for studying the ballistic behaviour by
losed vessel firing in a 700 cm3 vessel at 0.18 g/cm3 density
f loading. Results are given in Table 3. Mechanical properties
compression strength and percentage compression) of the pro-

ellant were determined by ASTM standard by using Hounsfield
24KS Material Testing machine having a capacity of 25 KN.
he results are given in Table 4. Vulnerability properties were
etermined by testing the propellant samples w.r.t. height for

Pmax (MPa) 265 264 264 263
Co-volume (cm3/g) 1.0040 1.0040 1.0041 1.0041
Specific heat ratio (γ) 1.2604 1.2604 1.2604 1.2604
Moles of product gases (n) (mol/g) 0.0451 0.0451 0.0451 0.0451

Fig. 1. Process flow chart for enhanced energy LOVA propellant.
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Table 3
Results of closed vessel evaluation

Composition I II III IV

Force constant (J/g) 1191 1193 1195 1198
Flame temperature (K) 3200 3192 3185 3177
Pressure exponent, α 0.83 0.88 0.95 0.99
β1 (cm/s/MPa) 0.132 0.143 0.148 0.173
dPmax (MPa/ms) 49 52 62 65

Table 4
Results of mechanical properties

Composition I II III IV

Compressive strength (kg/cm2) 332 297 250 257
%Compression 8 12.3 13.1 15.4

Table 5
Results of vulnerability results

Composition I II III IV

h50 (cm) 32 34 36 38
Friction insensitive up to (kg) 32.4 32.4 32.4 36
Ignition temperature (◦C) >220 >220 >220 >250

Table 6
Stability test results

Composition I II III IV
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eat test, 71.1 C 20 21 21 22
V test, 120 ◦C, NBF 50 55 75 >180
&J, 120 ◦C (cm3/5 g) 0.6 0.5 0.4 0.3

0% explosion by 2 kg falling weight, friction sensitivity and
gnition temperature by Julius Peter apparatus. The results are
iven in Table 5. The stability of the propellant was studied
y conducting heat test at 71.1 ◦C and Bergman & Junk test at
20 ◦C. The results of these tests are given in Table 6.

. Results and discussion

The results presented in Table 3 indicate that on replacing
DX by HMX the force constant is more or less unchanged

1190–1200 J/g) but there is rise in linear burning rate coefficient
rom 0.132 to 0.173 cm/s/MPa, pressure exponent from 0.83 to
.99 and dPmax from 49 to 65 MPa/ms. The reason for rise in lin-

ar burning rate coefficient, pressure exponent and dPmax may
e attributed to higher particle size of HMX (16.5 �m) as com-
ared to RDX (5 �m). These results are in agreement with those
eported by Barnes and Kristofern [2] and Pillai et al. [3]. As

[
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een from the data given in Table 3 the force constant determined
xperimentally is in close agreement with the theoretically pre-
icted values. It is also seen that the flame temperature of HMX
75%) based propellant is less (23 K) than RDX (75%) based
ropellant which is encouraging from application point of view.
he mechanical properties results have shown rise in percent-
ge compression from 8 to 15.4% with decrease in compression
trength from 332 to 250 kg/cm2. HMX based propellant is more
nsensitive as indicated by h50 of 38 cm, friction insensitive up
o 36 kg and ignition temperature is greater than 250 ◦C. This
orrelates with UK experience [4,5] that for a given high impe-
us level, HMX based propellants are less vulnerable than their
DX based equivalents. HMX based propellant is highly stable
s no brown fumes observed till 180 min when undergone MV
est and also only 0.3 g/cm3 per 5 g gas released at 120 ◦C by
&J test. This heat resist behaviour is also being highlighted
y Anfang and Xin [6] mentioning this as the main difference
etween RDX and HMX-LOVA propellants.

We intend to continue this research work on HMX based
ormulations with 5 �m particle size as it has been reported that
break point will not appear until 35,000 psi and it will also

ssist in lowering the pressure exponent value [7].

. Conclusion

HMX based propellant have shown considerable improve-
ent in terms of vulnerability, stability properties and

ercentage compression while exhibiting slight decrease in
ame temperature.
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