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Abstract: 2,4,6-Trinitrotoluene (TNT) based melt cast RDX/TNT compositions
stockpiled for a period of time were exposed under natural environmental
conditions, with humidity and temperature for storage in the range of 40-95% RH
and 4-47 °C, respectively. The composition, chemical, thermal and mechanical
properties of the RDX/TNT compositions before and after ageing were studied by
high performance liquid chromatography, Fourier transform infrared spectroscopy,
thermogravimetric analysis, differential scanning calorimetry and a universal test
machine, respectively. In addition, the safety, mechanical sensitivities, detonation
velocity and blast parameters were also investigated through vacuum stability
tests (VST), a BAM fall hammer apparatus, a BAM friction tester and a piezo-
electric accelerator, respectively. The results showed that after ageing, the colour
of the composition had become dark but there was no variation in the RDX and
TNT content by high performance liquid chromatography (HPLC). The VST
results showed that the volume of evolved gas was almost the same and less than
2 mL/g, indicating chemical stability. The results obtained from different analytical
techniques demonstrated that there was no significant variation in the chemical,
thermal and mechanical properties for the aged samples as compared to the fresh
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composition. The change in mechanical sensitivity is related to the components
and the ageing mode. The detonation velocity and detonation pressure were found
to be similar to those of the freshly prepared composition and consistent with the
data obtained from overall natural ageing. The results of blast studies revealed
that there was either a similar or slight variation in the blast peak over pressure
and impulse for RDX/TNT compositions at different locations before and after
ageing under natural environmental conditions.

Keywords: TNT/RDX explosive, melt cast composition, ageing, explosive
properties

1 Introduction

Conventional melt cast explosives consist of 2,4,6-trinitrotoluene (TNT) and
other high explosive compounds, mainly 1,3,5-trinitro-1,3,5-triazinane (RDX)
or 1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX), in which the explosive crystals
are dispersed in the TNT matrix. TNT based melt cast compositions, including
RDX/TNT, HMX/TNT compositions etc. are mainly developed as the main
charge for the manufacture of shells, artillery shells, bombs and other warheads
in missiles systems [1-5].

TNT has a low melting point for casting, acceptable chemical and thermal
stability in addition to compatibility with most energetic compounds with fairly
high explosive power. These compositions and other TNT based compositions
are mixed in melt-cast systems. They are usually melted and cast into rockets,
bombs, shells etc. where they are allowed to cool and solidify. Of the TNT-based
melt cast explosive compositions, RDX/TNT compositions are the best known
and widely used in military applications because of their high energy content,
relatively high detonation velocity, ease of processing for any shape [6, 7].
However, this composition has the drawback of its high sensitivity to mechanical
stimuli [8-11]. It has been extensively studied for its safety parameters, in terms
of thermal sensitivity, mechanical sensitivity and by theoretical studies [12-15].

TNT is in principle a reactive organic compound and is kinetically and
thermodynamically capable of reacting with other components of many
environmental systems. The TNT-based melt cast explosive compositions filled
in warheads/munitions and stockpiled for many years always have the tendency
for slow decomposition during storage under different environmental conditions.
The decomposition process may accelerate due to direct contact with the casing,
elevated temperature or direct exposure to the environment, thereby resulting
in degradation of the physical, chemical and thermal properties. It may also
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enhance the sensitivity, and reduced the performance and service life [15]. The
gases evolved due to decomposition may increase the pressure, which may lead
to rupture/leakage of the casing. It is well established that changes in the physical,
chemical, thermal, mechanical and explosive properties are of utmost importance
for calculating the storage life [ 16]. The chemical stability and thermal properties
are investigated by conducting several tests, including the vacuum stability test,
gravimetric analysis (TGA) and differential scanning calorimetry (DSC) [17-27].
Therefore, it is important to predict and determine the shelf-life/storage life for
safe storage and use of energetic materials and munitions.

Many researchers have predicted the shelf-life of solid propellants by the
Arrhenius and Berthelot equations. Furthermore, the accelerated ageing method
has also been reported for estimating the storage life of energetic compounds,
munitions/energetic formulations and propellants [28-30]. The effects of thermally
accelerated ageing of the explosive formulations and propellants composed of
nitrocellulose and nitroglycerin have been extensively investigated to simulate
ageing on performance and safety after undergoing accelerated ageing [31-34].

TNT based explosives degrade very differently to solid propellants based on
ammonium perchlorate-loaded polymer binders. The Arrhenius relation suggests
that storing samples of explosives or propellants at elevated temperatures for
a short time is equivalent to natural ageing for prolonged periods. Actually, the
relationship between the accelerated ageing time and the natural age of energetic
materials is problematic due to shortcomings in the Arrhenius relation and several
types of temperature-dependent processes. Therefore, we proposed to study the
effect of naturally aged RDX/TNT compositions on their thermal stability, safety
and performance. The outcomes from these studies were able to determine if
this RDX/TNT material may be further used for military applications or should
be discarded for safety reasons.

In our previous work, we have studied the effects of natural ageing
on the properties of 2,4,6-triamino-1,3,5-trinitrobenzene (TATB).
The kinetic parameters of aged Composition B and Octol samples stockpiled
for prolonged periods have been studied by isoconventional kinetic methods
using TGA and DSC. In this context, the activation energies of aged TATB,
Composition B and Octol have been studied by different kinetic methods using
the DSC method [35-38].

In the present work, the effects of natural ageing on the composition,
chemical, thermal, mechanical and safety properties were studied with RDX/TNT
material and compared with fresh RDX/TNT material of the same composition.
In addition, the effects of ageing on the performance and blast parameters were
also investigated for both aged and fresh compositions.
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2 Experimental

2.1 Materials

The most popular melt-cast RDX/TNT composition is the so-called
Composition B. This consists of 60 wt.% of RDX and 40 wt.% of TNT, and
was procured from the M/s Ordinance Factory, Bhandara, India. This material
was in direct contact with the casing and was exposed for 32 years under natural
environmental ageing conditions. The temperature and humidity of storage were
in the range 4-47 °C and 40-95% RH, respectively. A fresh lot of RDX/TNT
composition, having the same composition, was also recently procured from the
M/s Ordinance Factory (Bhandara, India). The naturally aged and fresh samples
were used for investigating the composition, chemical information, sensitivity
and thermal properties.

In order to study the compressive strength, blast and detonation parameters,
these materials were further cast by the melt cast technique in a vacuum cast
facility into an explosive charge. The materials were kept in the vessel under
continuous stirring in a steam jacketed anchor blade mixer at a temperature of
86 £2 °C. These materials were stirred at 100 to 125 rpm for 40 min and then
transferred to a suitable mould. After controlled cooling and solidification to
ambient conditions, the explosive charges were removed from the mould and
machined to obtain the required dimensions for compressive strength, detonation
and blast parameter studies.

2.2 Test methods

HPLC was performed with the Agilent Series 1100 equipped with an in-line
degasser, an auto sampler, a column thermostat and pump. Acetonitrile solvent
was used to analyse the composition of the RDX/TNT sample.

FTIR spectra were obtained by using the KBr pellet technique (FTIR Nicolet
Avtar 360 model) to study structural changes in the material. The powder sample
was ground with KBr and then pressed into pellet form. The spectra were recorded
from 4000 to 400 cm™".

A vacuum stability tester STABIL 21 (OZM Research, Czech Republic) was
used for the Vacuum Stability Test (VST), to assess the chemical stability of the
aged and freshly prepared material. In the VST method, 6.0 £0.5 g of sample
was placed in the heating tube followed by evacuation. VST measurements for
all kinds of samples were performed at an isothermal temperature of 100 °C for
40 h. The amount of gas evolved was recorded.

The impact sensitivity was determined by a BAM Fall Hammer apparatus
using the Bruceton staircase method. Approximately 39.0 £1.0 mg of the dried
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sample was placed in between two cylinders which are covered by a guide ring.
Then, a 2 kg standard weight was dropped from pre-determined heights. A sound
was noted due to decomposition for a recorded event. The impact energy (E)
was calculated using the following Equation 1.

E=m-g-h (1)

where m is the mass of the drop weight, g is acceleration due to gravity and /4 is
the height from which the weight was dropped.

A BAM friction apparatus (OZM Research s.r.0., Czech Republic) was used
for the determination of the friction sensitivity of the fresh and aged samples. In
the friction sensitivity test, approximately 20 £5.0 mg of sample was uniformly
placed on the porcelain plate and the frictional force was provided by standard
BAM weights. The results were reported in terms of the mean frictional force at
which 50% initiation of the samples occurred, and was obtained by conducting
more than 25 trials using the Bruceton staircase method.

The thermal decomposition behaviour was studied by using a simultaneous
Thermogravimetric/Differential Scanning Calorimetry analyser, TGA/DSC 1,
manufactured by Mettler Toledo. The analyses were conducted in open alumina
crucibles (standard volume 70 puL capacity) under a nitrogen atmosphere.
Approximately 4-5 mg samples were subjected to heat in the TGA/DSC furnace
from room temperature to 400 °C at a heating rate of 2 °C-min'. The flow rate
of nitrogen was kept constant at 30 mL-min' for all TGA/DSC measurements.

The compressive strength of aged and fresh compositions was measured by
employing a Universal Testing Machine (UTM) supplied by Ashian Engineers
Company (India). Pellets of standard size were prepared from the energetic
composite. The pellets were machined to obtain charges having dimensions of
20%20 mm (diameterxlength). The load cell was adjusted to compress the pellets
at a speed of 10 mm-min'. The pellets were compressed to their breaking point.
The instrument recorded the data of the stress versus strain, from which the
compressive strength was calculated.

The detonation velocity of the aged composition was measured by pin
ionization probes and streak photographic methods. The composition was
prepared in the form of a cylindrical charge with dimensions of 50%150 mm
(diameterxlength). Three optical sensors were placed in each charge, with the sensor
being placed at a distance of 50 mm from the surface equipped with the detonator.
The shock wave passed through the cylindrical charge having pins attached at pre-
determined distances and the arrival time of the shock wave was detected. The
detonation velocity was calculated from the distance-time relationship.
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The blast parameters were measured by piezoelectric transducers at different
distances from the centre of initiation point. Main charges of fresh and aged
RDX/TNT charges were equipped with plastic explosive Kirkee (Khadki, Pune,
India), as a booster, and electric detonator 33. Detonator 33 is an instantaneous
detonator with medium resistance to the effects of external sources of electricity.
The RDX/TNT charge was detonated at standoff distances of 5.0, 7.0 and 9.0 m.
The impulse was calculated by integrating the peak overpressure over the positive
duration of the pulse using a MATLAB® program.

3 Results and Discussion

3.1 Composition analysis

For HPLC analysis, a mixture of water and methanol (60:40) was used as the
mobile phase, while the sample was dissolved in acetonitrile. Figure 1 shows
the chromatographs of the aged and fresh tested RDX/TNT compositions. For
qualitative and quantitative analysis of the RDX/TNT, HPLC chromatography
provides the retention time and the area under the peak.
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Figure 1. HPLC chromatographs of aged (a) and fresh (b) RDX/TNT
compositions

It was observed that the contents of RDX and TNT in naturally aged
RDX/TNT material was found to be 60.5% and 39.3% respectively, while
a freshly prepared sample was 60.8% RDX and 39.2% TNT. The results indicate
that there was no effect due to the natural ageing environmental conditions for
a prolonged period of time.

3.2 Chemical structural analysis
The chemical structure and functional groups of the aged RDX/TNT material
were investigated by FTIR spectroscopy. The FTIR spectrum of the aged sample
was recorded in the range 4000-400 cm ™' as shown in Figure 2. It can be seen that
the absorption peaks appearing in the region 1359-1328 cm! correspond to the
symmetric stretch of p-nitro group (4-NO,), while absorption peaks appearing in
the region 1562-1535 cm™! are assigned to the asymmetric stretch of the o- nitro
group (NO,). The absorption peaks appeared at:

1592 cm! (antisymmetric stretching of —-NO, group),
— 1269 cm™! (symmetric stretching vibration of -NO,),
— 1038 and 911 cm™! (ring stretching),
— 784 cm™! (0 and y NO»),
— 636 cm! (z+ y NO,) were observed due to the presence of RDX.
Similar absorption peaks were observed for a fresh RDX/TNT composition. The
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FTIR characteristics of fresh and aged RDX/TNT material are listed in Table 1.
The results of the FTIR study indicate there is no change in intensity or shift
in the peaks for the aged composition as compared to the fresh composition,
indicating that there is no degradation of the chemical structure after ageing
under natural environmental conditions.
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Figure 2. FTIR spectra of aged and fresh RDX/TNT compositions at
4000-400 (a) and 2000-400 (b) cm!
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Table 1.  FTIR characteristics of fresh and aged RDX/TNT material

Absorption peaks for the tested
RDX/TNT compositions in [cm™'] Functional group
fresh aged
3070 3070 CHj, stretching
Antisymmetric stretchin
1595 1596 Vi)t/)ration of -NO, ¢
1535 1534 2,6-NO,
1351 1351 4-NO,
1269 1269 Symmetric stretching vibration of -NO,
1036 1038 Ring stretching
913 911 Ring stretching
784 784 0 and y NO,
636 636 7+ yNO,
589 589 NO,

3.3 Vacuum stability test (VST)

It was observed that the amount of gas evolved increased on increasing the test
time. The amount of gas evolved for the aged sample was 0.94 mL-g!, while the
amount for a fresh sample was 0.905 mL-g ' after 40 h. These results indicate
that there is no change in the amount of gas evolved for samples before and after
ageing for a prolonged period of time. Furthermore, the amount of gas evolved
was found to be less than 2.0 mL-g'. This indicates that the aged composition
possesses good chemical stability.

3.4 Impact and friction sensitivity

The impact and friction sensitivity were determined for aged and fresh
compositions and the results are listed in Table 2. The value of the impact energy
of the aged samples was found to be 6.32 J, while the value for a fresh sample
was 5.56 J. The values of the friction sensitivity for aged and fresh compositions
were found to be 360 and 294 N, respectively. This indicates that the aged
composition exhibits comparatively less sensitivity towards impact and friction
than a freshly prepared RDX/TNT composition.
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Table 2.  The results of mechanical sensitivities obtained from the BAM
impact and friction test methods

RDX/TNT | Impact sensitivity for 2 kg falling weight | Friction sensitivity
sample Hso [cm] Impact energy [J] [N]
Aged 31.62 6.32 360
Fresh 29.29 5.56 294

3.5 Thermal decomposition
Figure 3 shows the TGA thermograms and the corresponding differential curves.
The DTG curves of the aged and fresh RDX/TNT compositions obtained for
the temperature range 25-400 °C under a nitrogen atmosphere. The TG curves
showed that the mass loss started gradually at 190 to 205 °C, and thereafter faster
thermal decomposition of RDX and TNT. The DTG curve showed a single peak
due to the thermal decomposition of RDX and TNT.

The thermal data, in terms of the onset temperature (onset), peak temperature
(T,) and endset temperature (7enaser), Obtained from the TG/DTG curves are
tabulated in Table 3. The values of the Tonserand 7}, of the aged sample were 187.5
and 216.1 °C, respectively. The corresponding values for the fresh sample were
186.9 and 215.3 °C, respectively. As far as the thermal stability is concerned,
the mass loss for all kinds of compositions before and after ageing was observed
at a temperature above 170 °C. This indicates that the thermal stability of an
aged composition is similar to that of a fresh composition. These results also
demonstrate that thermal stability does not change for an RDX/TNT composition
after ageing for a prolonged period of time.
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Figure 3. TG/DTG curves of aged and fresh compositions obtained at
25-400 °C and under a nitrogen atmosphere

The thermal decomposition of pure TNT and RDX was also studied by TGA
at 25-400 °Cunder a nitrogen atmosphere. Figure 4 shows the TGA thermograms
and their corresponding DTG curves for TNT and RDX. The TG curves showed
that the mass loss started gradually at 175 to 200 °C, and thereafter faster thermal
decomposition of TNT and RDX. The DTG curve showed a single peak due to
the thermal decomposition of RDX and TNT. The thermal characteristic values
of the Tonset, Tendser, and T, are listed in Table 3. These results demonstrate that
the thermal stability of pure TNT and RDX is comparable to those of aged and
fresh RDX/TNT samples.
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Figure 4. TG/DTG curves of TNT (a) and RDX (b) obtained at 25-400 °C and
under a nitrogen atmosphere
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Table 3.  Thermal data, Tonset, Tendset, and 7, along with the decomposition
percentage obtained at 25-400 °C, heating rate of 2 °C-min' and
under a nitrogen atmosphere

Sample Decomposition temperature [°C] Decomposition [%]
Tonset Tendset T,
TNT 183.9 209.2 207.5 99.9
RDX 203.6 230.9 222.4 97.0
Aged RDX/TNT 187.5 225.7 216.1 90.8
Fresh RDX/TNT 186.9 337.1 2153 90.5

The thermal decomposition behaviour was also studied by the DSC method
in the temperature range 25-400 °C under a nitrogen atmosphere. Figure 5 shows
the DSC curves of aged and fresh compositions at a heating rate of 2 °C-min™!
and under a nitrogen atmosphere. The DSC curves exhibit sharp endothermic and
exothermic peaks corresponding to melting point and thermal decomposition,
respectively. The first endothermic peak appeared around 80 °C which is
corresponds to the melting point of TNT, followed by an exothermic peak due
to the thermal decomposition of RDX.

fexo

___Fresh RDX/TNT
__Aged TDX/TNT

Heat flow [mW)]

4740 60 80 100 120 140 160 180 200 220 240 260 280 300
Temperature [°C]
Figure 5. DSC curves of aged and fresh RDX/TNT compositions at 25-400 °C,
heating rate of 2 °C-min™! and under a nitrogen atmosphere
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The DSC thermal data, Tonser, 7p and Tenaser, along with the enthalpy for
RDX/TNT before and after ageing are listed in Table 4. The values of the
Tonse and T}, of the aged samples were 194.2 and 215.2 °C, respectively, while
the corresponding values for the fresh composition were 193.2 and 213.5 °C,
respectively. These studies further confirmed that these compositions possess
high thermal stability. The results further confirm that there is no change in the
thermal decomposition behaviour of RDX/TNT composition after ageing for
a prolonged period of time.

Table 4. DSC data of aged and fresh RDX/TNT samples at 25-400 °C,
at heating rate 2 °C/min and under a nitrogen atmosphere

Melting Decomposition temperature [°C] .

RDX/TNT temperature [°C] Tonset Tendset T, AfT)g]
Aged 80.2 194.2 225.2 215.2 693.3
Fresh 80.1 193.2 225.3 213.5 645.4

3.6 Compressive strength

Pellets of the RDX/TNT with dimensions of 20 mm in diameter and 30 mm in
length were machined to evaluate their compressive strength. The pellets were
compressed to breaking point using a UTM, and the software recorded the data
in terms of stress versus strain. It was observed that the stress initially increased
linearly with the increasing strain from zero. After certain values, the stress was
tremendously increased with further increasing strain and the stress curves passed
through a maximum. This point of maximum stress was used for determining
the compressive strength. The point at the maximum stress value is related to
the failure strain. The results of compressive strength for both aged and fresh
compositions are listed in Table 5.

Table 5.  The compressive strength of RDX/TNT compositions obtained by

the UTM technique
RDX/TNT Strain Compressive strength | Average compressive
sample [MPa] strength [MPa]
0.04 10.31
Aged 0.06 8.79 9.19
0.04 9.71
0.043 9.07
Fresh 0.037 8.79 9.60
0.040 9.71
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The compressive strength of the aged sample was 9.6 MPa, while the
corresponding value for the fresh composition was 9.19 MPa. It can be seen
that there is no variation in the compressive strength before and after ageing for
a prolonged period of time.

3.7 Performance parameters

A detonation wave was obtained with the help of a donor charge, which passed
through the cylindrical charge fitted with pin sensors (Figure 6). In this method,
pins are inserted at different distance along the cylindrical charges. These pin
sensors were placed at predetermined points for detecting the arrival time of the
detonation wave. The charges were initiated by an electrically initiated detonator.
The charge (loading) density of the pellets was measured gravimetrically
after machining.

Electrical

f / Detonator

Booster

TN
N\

Tonization —»=—
pin sensor 7|

1%

—® 50.80—

Figure 6. Schematic diagram for the experimental setup with the positioning
of the sensors
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The data acquisition was performed with an oscilloscope. Pin ionization
oscilloscope graphs were recorded for the arrival of the shock wave through the
energetic charges. In addition, streak photography was also used to measure the
detonation velocity. The results of the detonation velocity measured from the
pin ionization probes and the streak method along with the detonation pressure
are listed in Table 6. The values of the detonation velocity of the aged and fresh
compositions based on two measurements were found to be 7.79 and 7.81 km-s !,
respectively. The results of the detonation velocity and detonation pressure were
found to be almost same. This indicates that the performance of RDX/TNT does
not change after ageing for 32 years under natural conditions.

Table 6.  Detonation parameters of aged and fresh RDX/TNT samples obtained
from high speed (streak) photography and pin ionization techniques

RDX/TNT Detonation velocity [km-s™] Detonation pressure
sample Streak camera Pin ionization [kbar]
Aged 7.81 733 267
Fresh 7.79 262

3.8 Blast parameters

The blast parameters were determined by a configuration technical test
trial set up and firing using a piezoelectric accelerometer. The overpressure
parameter was measured using piezo-electric pressure transducers, i.e. gauges.
The relationship of overpressure-time (p-t diagram) was obtained by software
processing of the recorded signals. The piezoelectric transducers were placed at
distances of 5.0, 7.0 and 9.0 m from the centre of the initiation point to obtain
the time dependence of the shock wave overpressure in air. Both the aged
and fresh charges were placed at a height of 1.5 m above the ground to avoid
reflected wave from the ground. The set of probes was placed perpendicular to
the direction of propagation of the shock wave front. Figure 7 shows the plots
of peak overpressure of the blast shock arrival versus time for aged and fresh
compositions. The results of peak overpressure, impulse and duration are listed
in Table 7.
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Figure 7. Plots of peak over pressure versus time for aged (blue) and fresh
RDX/TNT (pink) compositions

Table 7.  The results of peak overpressure, duration and impulse of before
and after ageing RDX/TNT compositions

RDX/TNT| Standoff | Peak overpressure | Duration Impulse
sample [m] [kgf-cm~] ([MPa]) [ms] [kgf-cm2-ms™]
5.0 1.126 (0.1104) 2.4 —
Aged 7.0 0.901 (0.0884) 4.4 1.52
9.0 0.528 (0.0518) 7.2 1.21
5.0 1.055 (0.1035) 24 —
Fresh 7.0 0.844 (0.0828) 4.4 1.43
9.0 0.528 (0.0518) 6.8 1.27

Impulse is important for design purposes because it refers to the total
force (per unit area) applied on a structure due to the blast load [38]. The peak
overpressure of the aged sample at distances of 5.0, 7.0 and 9.0 m was 1.126, 0.901
and 0.528 kgf-cm2, respectively, while the corresponding values for the fresh
composition was 1.055, 0.844 and 0.528 kgf*cm2, respectively. The values of the
impulse at a distance of 7.0 m were found to be 1.52 and 1.43 kgf-cm2-ms™! for
aged and fresh compositions, respectively. The impulse value at 5.0 m could not be
calculated because the decay profile of the blast wave was disturbed and fluctuated.
The results indicate that there is a similar peak overpressure and impulse data,
with only slight variations at different distances, for aged and fresh compositions.
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4 Conclusions

¢ Inthe present study RDX/TNT high explosive materials were stored under
natural environmental conditions for a long period of time (32 years).

¢ The effects of the natural ageing process on composition, chemical,
thermal and mechanical properties have been studied by different analytical
techniques. Furthermore, the sensitivity, detonation and blast parameters
have been investigated to see the effect of ageing. The composition of all
the samples clearly indicated that the RDX, TNT contents are almost the
same and no other peaks were detected by HPLC. The VST results indicated
that the volume of gas evolved is the same and less than 2.0 mL-g! for
RDX/TNT samples before and after ageing, which indicates high chemical
stability. The thermal decomposition behaviour of the aged composition
has been studied via the TGA and DSC methods. The results indicated that
the aged samples are thermally stable and there is no significant change in
thermal decomposition behaviour compared to the fresh material, as shown
by TGA and DSC.

¢ The sensitivity study indicated that the impact sensitivity and friction
sensitivity of the aged RDX/TNT material are comparable or better than
those obtained from fresh RDX/TNT material.

¢ It was also observed that the compressive strength of the aged RDX/TNT
material is comparable to that of fresh material.

¢ The detonation study revealed that the detonation velocity and detonation
pressure are very similar to that of the freshly prepared material, consistent
with overall natural ageing. The variations in the blast peak overpressure
and impulse are not significant for RDX/TNT composition before and after
ageing.

¢ It is concluded that this RDX/TNT material does not change in its
performance and safety parameters and is considered to be safe to use up
to 32 years on storage under typical natural ageing conditions.
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