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were processed for this purpose. The plasticizer

used was either dioctyl phthalate (DOP) or triacetin

(TA). The merits and demerits of the various LOYA

formulations processed have also been discussed on the

basis of their closed vessel (CY) firing test results,

computed data, mechanical properties and vulnerability

aspects.

2. EXPERIMENTAL DETAILS & DATA

The percentages by weight of each ingredient

added in various propellant formulations processed for

the present studies are given in Table I.

Table I. Composition of LOVA formulations
(Values are In weight per cent)

The processing of all LOVA formulations was

carried out with existing setup used for processing

conventional gun propellants. The binder CA and

NC, along with the plasticizer (DOP or TA), was

gelatinized with the help of suitable solvent in a

Sigma blade incorporator (5.1 capacity). The
desensitized fine RDX (unimodal or bimodal) was

then added to the gelatinized binder and mixed into a

homo.genous dough. The dough was then extruded

into heptatubular strands with the help of a vertical

hydraulic press using a suitable die-pin assembly.

Extruded strands were. pre-dried and then made into

grains of suitable length, using a rotary cutting

machine. The propellant grains were dried at elevated
temperature (40 °C) by blowing hot air, and then
subjected to various tests.

The theoretically obtained thermodynamic data

using computer software (THERM)9 developed by

the High Energy Materials Research Laboratory

(HEMRL), Pune, for all LOVA formulations are

presented in Table 2. The closed vessel firings of all

the LOVA propellant samples, were carried out in a

700 cc CV at 0.2 glcc density of loading. The closed

vessel firing test results are presented in Table 3.

The data for comparison of all the LOVA batches

along with the data on picrite propellant NQ available
from literature9, are presented in Table 3.

.RDX particle size Sj!m and 20 j!m with 9 : I ratio

...
CA cross-lmked with TDI

+ The values reported against each ingredient are the actual

quantity weighed and not the analytical result.

Table 3. Results or closed vessel firing or LOVA propel
lants at 0.20 glcc loading density

2 NQ6
Formulation No.
3 4 5

Force 1027 1051 1050 1047 1120 1127 1134 1063
constant (JIg)

Linear 0.214 0.10 ~-~~::::-:-,~

burning rate: "
co-efficient

( PI)
(crn/sIMPa)

Pressure

exponent (a)

Cal. val 795 812 881 887

(cal,g)

0.0882 0.0601 0.0937 0.114 0.121 0.123

1.255 0.988 0.844 0.740 !>.853 0.990 0.989 0.75

899 941 903 880

The ignition temperature of propellant batches

was determined by Julius Peters apparatus using 40 mg

sample at a heating rate of 5 degree per minute. The

impact sensitivity was determined on a sample of

20 mg and 2 kg falling weight by Bruceton Staircase

method. Friction sensitivity was determined by Julius
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as impact and friction sensitivity. However, the

removal of NC results in decrease in compression

strength of the propellant.

3.2 Burning Characteristics or RDX/CA
Form ulatlons

LOVA propellants in general have high pressure

exponents (a) and lower linear burning rate coefficients

(J31) than the conventional nitrate-ester based

propellants13,14, The a values for LOVA propellants in

the present work were in the range 0.74-1.25 and J31

values in the range of 0.0601-0.214 cm/s/MPa (Table

3). In general, LOVA propellants based on both

RDX/CA/DOP/NC and RDX/CA/TA/NC systems have
low burning rates compared with those for conven-

tional NQ propellant (Fig. 1).

on impact sensitivity, friction sensitivity and ignition

temperature. The data given in Table 4 shows that

ignition temperature for all the propellants is in the

range 210-235 °C, which is significantly higher than

that for ptopellant NQ (175 °C) and most of the

conventional propellants based on NC, NO

composition. Thus, these LOVA propellants are less

sensitive to ignition than the NQ propellant.

Impact sensitivity values in terms of height for

50 per cent explosion (2 kg falling weight) are listed

in Table 4. These values are in the range 43-65 cm as

against 29 cm for the propellant NQ. The LOVA

propellants have been found to be insensitive to

friction up to 36 kg wt as against 16 kg wt for NQ

propellant.

Thus, as far as sensitivity to heat, impact and

friction are concerned the LOVA propellants reported
here are found to be less vulnerable to these stimuli
than the NQ propellant.

3.3 Force Constant & Thermochemical Data

The observed force constant (F) for LOVA

propellants is in the range 1027 -1134 Jig as against

1063 Jig for propellant NQ (Table 3). The

theoretically calculated values are in the range

1063-1113 Jig (Table 2). The calorimetric values for

LOVA propellants are in the range 795-941 callg as

against 880 callg for propellant NQ. Thus, LOVA

propellants based on RDXICAIDOPINC or RDXICAI

TAINC systems have comparable or in some cases,

better energy levels than those of the NQ propellant.

Adiabatic flame temperatures for the candidate
LOVA propellants are in the range of 2640-2897 K as

against 2800 K for the propellant NQ. For formulations

with TA, the adiabatic flame temperature is higher as

compared to the formulations with DOP which is

expected due to higher calorimetric value of TA.

This can be attributed to the higher oxygen content in

TA than in DOP.

The higher values of co-volume for LOVA

propellants as compared to conventional triple base

NQ propellant indicate the formation of low

molecular weight product gases during the combustion

of these formulations. According to HeineylS this
need not be considered as a drawback of the LOVA

propellant.

3.5 Mechanjcal Properties

In general, the propellants with cArrA system had

better compression strength and also higher densities

as compared to the propellants with CA/DOP

system; this indicated that TA has better plasticizing

effect with CA as compared to DOP (Table 5). Thus,

compression strength for formulation No.2 with DOP
as plasticizer is 309 kg/cm2 as against 487 kg/cm2 for

formulation No.4 with TA as plasticizer. All other

ingredients remain the same. This trend was observed

even 'in bimodal RDX formulaqons. Thus, the

compression strength of the propellant containing

bimodal RDX (90 per cent RDX of 5 Jim and 10 per

cent. RDX of 20 Jim) and DOP as plasticizer

(formulation No.1) was 232 kg/cm2 as against
387 kg/cm2 for the same propellant composition but

containing TA as the plasticizer (formulation No.3).

The presence of similar moieties (viz. -O-CO-CH3) in

both CA and TA is expected to lead to better
intermixing of these two as compared to the DOP and

CA combination. In addition, TA being an aliphatic

plasticizer is expected to interact better with CA which

is also aliphatic in nature as compared to DOP which is

aromatic in nature.

Cellulose acetate has free hydroxyl groups (0.5

per repeating unit in its molecular structure). If these

hydroxyl groups are cross-linked by toluene

diisocyanate (TDI), the mechanical strength of the

3.4 Vulnerability or LOVA Propellants

The vulnerability aspects of LOVA formulations

processed in the present work were compared with

those of propellant NQ on the basis of data obtained
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