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EPX-2R is a high-performance plastic explosive produced for different applications. EPX-2R is based on RDX (1,3,5-trinitro-1,3,5-
triazinane) bonded by the elastic matrix of the softened styrene butadiene binder. A computerizing mixer plastograph was used for
the production of EPX-2R. The internal energy of combustion was measured and used to determine the enthalpy of formation.
Friction and impact sensitivities were measured. The velocity of detonation was determined experimentally, and the detonation
properties were calculated by the EXPLO 5 code. For comparison, traditional plastic explosives, composition C-4, Semtex 10,
Formex P1, EPX-1, and Springdeg m/46, were studied. It was concluded that the velocity of detonation of EPX-2R was higher than
the studied samples except composition C-4, while its sensitivity is the lowest. Interesting inversely proportional relationship

between the measured internal energy of combustion and the calculated heat of detonation was observed.

1. Introduction

Plastic explosives are produced under different trade names by
several countries. The plastic explosive consists mainly of the
energetic material as filler bonded by the selected rubbery
material in order to reduce the sensitivity of the explosive and
improve its mechanical properties [1, 2]. The main key in the
production of the plastic explosive is the polymeric matrix.
This matrix in addition to the mixing process has a significant
influence on the characteristics of the produced plastic ex-
plosive [3-5]. Several publications presented the different types
of plastic explosives and compared the sensitivity and the
performance of the commercially available plastic explosives
[6-8]. The composition of the polymeric matrix has also a
significant influence on the thermal stability of the energetic
materials [9-11]. Many researches discussed the de-
composition kinetics of plastic explosives produced by dif-
ferent countries and their effect on the shelf life and the stability
of the different products using variable techniques [12-16].

Composition C-4 (comp C4) is a commercial American
plastic explosive including 1,3,5-trinitro-1,3,5-triazinane
(RDX) as an energetic filler bonded by the softened ma-
trix of polyisobutylene binder [17], and it has variable
military applications as a destructive material [17]. Semtex
10 is a Czech plastic explosive which is used for under water
blasting and demolition of rocks. It contains pentaerythritol
tetranitrate (PETN) as the filler mixed with plasticized nitril
rubber [18]. Formex P1 produced by France company
contains a polymeric matrix of styrene butadiene rubber
bond PETN explosive [19]. EPX-1 is an Egyptian plastic
explosive that contains PETN explosive bonded by the
nonenergetic binder, and it has been used in blasting
techniques for civil applications [20]. The Sweden explosive,
Springdeg m/46, contains a mixture of viscous liquid that
bonded with the energetic material, PETN [20].

In this work, the production method of advanced highly
energetic plastic explosive named EPX-2R was presented.
The explosive properties of the new EPX-2R in comparison
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with several commercial explosives, composition C-4,
Semtex 10, Formex P1, EPX-1, and Springdeg m/46 were
determined and discussed. The detonation properties of the
studied materials were calculated by EXPLO5 software. The
internal energy of combustion and the heat of detonation
were discussed. Sensitivities of the samples to different
stimuli were compared. The performance represented by the
detonation velocity and detonation pressure of each sample
was discussed. The effect of the energy content on the
performance of the plastic explosive was also observed.

2. Experimental

2.1. Preparation of EPX-2R. The production of EPX-2R is
performed in Heliopolis Company for Chemical Industries,
Egypt. RDX with a mean particle size of 38 and 284 yum,
respectively, is produced by the company. Dioctyl azelate
(DOZ) is obtained from Sigma-Aldrich Company. Styrene
butadiene binder rubber (SBR) is also product of the
company.

The preparation of the polymeric matrix is based on
softening of the SBR rubber by DOZ in order to obtain a
viscous polymeric matrix. The production of the plastic
explosive is performed in a computerizing mixer plasto-
graph BRABENDER. The process is based on mixing of RDX
with the softened SBR at two stages: 88 wt.% of RDX was
placed in the plastograph and mixed with 12wt.% of the
softened SBR for 30 min at 70°C followed by another 40 min
mixing under vacuum at the same temperature. The product
was extruded to form the cylinder with a diameter of 21 mm.
A typical figure of the mixing process including the torque
and temperature of mixing versus the mixing time is pre-
sented in Figure 1. It was observed that, at the beginning of
the mixing process, the torque was high and starts to de-
crease by the time until it reaches a nearly stable value after
20 min, and then a peak can be observed on the figure at
30 min. which happened due to stopping of the mixing
process in order to start the under vacuum stage. The torque
starts to decrease slightly by the time until it reaches the
stable value after 60 min of mixing. This result confirms the
good mixing of the explosive with the polymeric matrix
specially after the removing of the air voids from the
mixture.

2.2. Elemental Analysis. In order to determine the % of C, H,
and N in the produced explosive, PerkinElmer 2400 CHNS/O
elemental analyzer was used. The obtained elemental analysis
was recalculated in order to match the N content of the
individual explosive and is reported in Table 1. This calculated
summary formula was used as a representative of particular
explosive, and so it can be used as a formula in the EXPLO5
code to determine the detonation parameters of EPX-2R.

2.3. Internal Energy of Combustion. The internal energy of
combustion was measured using an Automatic Combustion
Calorimeter MS10A. The process is based on ignition of the
prepared sample in a bomb filled by excess of oxygen [24].
The obtained result is reported in Table 1. The internal
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energy of combustion was used to calculate the heat of
formation which is required for the calculation of the det-
onation parameters.

2.4. Impact Sensitivity Measurements. BAM impact sensi-
tivity instrument with exchangeable drop weight was used to
determine the impact energy required for initiation [25].
50 mm” of the sample tested and drop hammers of 2 and 5 kg
weight were used. The probit analysis method was applied to
predict the probability levels of the initiation [26]. Only the
50% probability of initiation was used and is reported in
Table 2 as impact energy.

2.5. Friction Sensitivity Measurements. The sensitivity to
friction was measured by the BAM friction test apparatus
with the standard test conditions [25]. 0.01 g of the studied
sample was spread on the surface of the porcelain plate
where different loads were used to change the normal force
between the porcelain pistil and the plate. Sound, smoke, or
smell is the characteristics of the initiation of the sample.
Applying the Probit analysis method [26], only the normal
force at which 50% of initiations occurred is reported in
Table 2 as the friction force of initiation.

2.6. Detonation Velocity Measurements. EXPLOMET-
FO-2000 produced by KONTINITRO AG was used to
measure the detonation velocity of EPX-2R. Cylinder of
21 mm diameter and 200 mm length was prepared where
three optical sensors were placed in each charge. The first
sensor was placed at 50 mm distance from the initiator side,
while the other sensors were placed at a distance of 50 mm
from each previous sensor. Detonator no. 8 was used for the
initiation process. The mean value of three measurements is
recorded in Table 2.

2.7. Calculation of the Detonation Characteristics. The cal-
culated detonation parameters (detonation velocity, D; heat
of detonation, Q; detonation pressure, P) of EPX-2R and the
traditional plastic explosives were calculated by the EXPLO5
thermodynamic code [28]. BKWN set of parameters for the
BKW EOS was applied, and these parameters are a=0.5,
$=0.298, x=10.50, and ® = 6620 [29]. The calculated det-
onation characteristics of all the tested explosives are re-
ported in Table 3.

3. Results and Discussion

As discussed in the first part of the preparation of EPX-2R,
it was observed that the conditions of mixing the in-
gredients affect the characteristics of the final product. The
torque value was decreased until it reached a stable range
where the sample had a high homogeneity, and the air gaps
were removed. The results of impact and friction sensi-
tivities are plotted in Figure 2 for comparison. Two groups
of plastic explosives were observed. The first group includes
Comp C4 and EPX-2R; the two plastic explosives are based
on RDX, where the sensitivity of EPX-2R is lower than that
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FIGURE 1: A typical mixing curve of EPX-2R. The blue line represents the temperature of the sample, while the red peaks represent the torque
during the mixing process.

TaBLE 1: The data required for calculation of detonation characteristics.

No Explosive type Formula Molecular wlreight Internal energy (if Heat of formation
’ (g-mol ) combustion (J-g™) (kJ-mol™)

1 Comp C4 [21] C.66Hs.04N6Os 00 243.97 12356 22.1

2 EPX-1 [20] Cy 58H1236N4015 5 364.58 11528 —666.5

3 Semtex 10 [22] Cs.05H126:N4015 37 363.38 11942 ~646.8

4 Formex P1 [20] Ca26H13.0sN401 1 85 358.93 12943 —613.2

5 Sprangdeg m/46 [23] Cs.10H1281N4010.90 340.63 13179 -539.2

6 EPX-2R Cus1Hs 07NgO6 0 246.11 12618 + 56 10.6

TaBLE 2: The measured characteristics of the studied explosives.

No. Explosive type Impact energy (J)  Friction sensitivity (N)  Density (g-cm )  Detonation velocity measured (m-s™')
1 Comp C4 [21] 21.1 214 1.61 8055

2 EPX-1 [20] 13.9 176 1.55 7636

3 Semtex 10 [27] 15.7 204 1.52 7486

4 Formex P1 [20] 13.5 194 1.53 7544

5 Sprangdeg m/46 [23] 14.2 183 1.52 7520

6 EPX-2R 23.2 247 1.58 7883 +63

TaBLE 3: The calculated detonation characteristics of the studied explosives.

_ EXPLO5
. Density . . . .

No. Explosive type (g cm™?) Detonation velocity (Deal = Dexp)/ Detonation pressure Detonation heat
(m-s™) (Dexp/100) (%) (GPa) Ugh

1 Comp C4 [21] 1.61 7815 -2.9 23.57 5512

2 EPX-1 [20] 1.55 7398 -3.1 21.17 5742

3 Semtex 10 [27] 1.52 7370 -1.5 20.89 5708

4 Formex P1 [20] 1.53 7346 -2.6 20.03 5411

5 Sprangdeg m/46 [21] 1.52 7232 -3.8 19.28 5345

6 EPX-2R 1.58 7679 -2.6 22.76 5493

of Comp C4. The second group includes the rest of the  plastic explosives based on PETN (group 2) [30]. It is also
studied plastic explosives; all of them are based on PETN as  clear that the new plastic explosive, EPX-2R, has the lowest
the explosive filler. The result seems logic as the sensitivity of ~ sensitivity of all the studied plastic explosives.

RDX is lower than that of PETN. So the results confirm that On the contrary, the detonation velocities measured were
the plastic explosives based on RDX (group 1) are lower than  plotted in Figure 3 versus the loading density of the prepared
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FIGUure 2: The impact and friction sensitivities EPX-2R in com-
parison with the studied samples.
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FIGURE 3: A relationship of the loading densities versus the ex-
perimental detonation velocities.

samples. This relation is well known according to the theory of
explosion. The results proved that Comp C4 has the highest
detonation velocity of all the studied samples. Actually EPX-
2R has lower detonation velocity than Comp C4, but it is
higher than all the other studied traditional plastic explosives.
The results verify the predicted relationship with high ac-
curacy R*=0.9885. It also confirms the compatibility of the
results of this study with the results of the references.

The calculated detonation parameters also proved that
EPX-2R has higher detonation parameters than all the
studied plastic explosives except Comp C4. The compati-
bility of the calculated results with the experimentally
measured ones might be checked by presenting a re-
lationship between the calculated detonation pressure and
the experimentally measured density multiplied by square of
the detonation velocity measured, as shown in Figure 4.

From Figure 4, a linear relationship was observed with
lower accuracy than our prediction. The calculated deto-
nation pressure of Formex P1 and Spriangdeg m/46 is lower
than the expected from the measured values. The calculated
detonation velocity of Springdeg m/46 is lower than the
value of the measured detonation velocity by 3.8%. This gap
of calculation might be due to an error in the elemental
analysis of the Sprangdeg m/46 sample, and it affects the
compatibility of the calculated results with the measured
ones. Another inverse linear relationship was observed
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FIGURE 5: Inversely proportional relationship between the mea-
sured internal energy of combustion and the calculated heat of
detonation.

between the measured internal energy of combustion and
the calculated heat of detonation obtained by EXPLOS5 code,
as shown in Figure 5. Increasing the weight percentage of the
polymer in the sample cause increase of the internal energy
of combustion and in the same time decrease the heat of
detonation (due to decreasing of the explosive wt.%). The
results seem logic according to the physics of explosion; it is
known that increasing the weight percentage of explosives
causes increasing of the detonation parameters (including
the heat of detonation). Comp C4 and EPX-2R have very
close heat of detonation, while the internal energy of
combustion of EPX-2R is higher. This might be due to the
effect of the polymeric matrix used in EPX-2R which has
high energy content compared with Comp C4.

4. Conclusion

EPX-2R is an interesting plastic explosive; the conditions of
its production affect its characteristics. Its sensitivities to
different stimuli are the lowest compared with all the studied
traditional plastic explosives. EPX-2R has higher detonation
characteristics than the studied traditional explosives except
Comp C4 which still has the highest performance of all the
well-known plastic explosives. The heat of detonation of
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EPX-2R has a very close value to Comp C4. In addition, an
inversely proportion relationship was observed between the
measured internal energy of combustion and the calculated
heat of detonation. EPX-2R is a highly energetic plastic
explosive which could replace many of the commercial
available plastic explosives for military and civilian
applications.
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