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Summary

Three batches of the commercial energetic material RDX, as
received from various production locations and differing in
sensitivity towards shock initiation, have been characterized
with different microscopic techniques in order to visualize the
defect content in these crystals. The RDX crystals are embed-
ded in an epoxy matrix and cross-sectioned. By a treatment
of grinding and polishing of the crystals, the internal defect
structure of a multitude of energetic crystals can be visual-
ized using optical microscopy, scanning electron microscopy
and confocal scanning laser microscopy. Earlier optical mi-
crographs of the same crystals immersed in a refractive index
matched liquid could visualize internal defects, only not in the
required detail. The combination of different microscopic tech-
niques allows for a better characterization of the internal de-
fects, down to inclusions of approximately 0.5 um in size. The
defect structure can be correlated to the sensitivity towards a
high-amplitude shock wave of the RDX crystals embedded in a
polymer bonded explosive. The obtained experimental results
comprise details on the size, type and quantity of the defects.
These details should provide modellers with relevant and re-
alistic information for modelling defects in energetic materials
and their effect on the initiation and propagation of shock
waves in PBX formulations.

Introduction

The crystallization of a substance is subject to increasingly
stringent demands regarding, for example, its purity, par-
ticle shape, particle size distribution, stability and shelf-life
(Van der Heijden & Ter Horst, 2005). The crystallization con-
ditions (growth kinetics, hydrodynamics, hardware geome-
try, scale of operation, etc.) under which these substances are
produced, as well as the processing solvents used, influence
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these properties. Improvement of current production tech-
niques and the design of new processes therefore focus on
how these product demands can be fulfilled in an economi-
cally feasible way.

Energetic materials, such as oxidizers and explosives, are
generally based on CHNO-containing molecules. The presence
of oxygen (in excess in case of oxidizers) and nitrogen in these
energetic molecules leads to the formation of large amounts of
relatively small, gaseous molecules during decomposition or
combustion of the energetic material. These gases can be used
to propel a rocket or sustain a detonation. In these types of en-
ergetic compositions (propellants and secondary explosives),
the energetic particles are mixed with a polymer at solid loads
up to 80—85 wt% that, after casting, is chemically cured to ob-
tain a composition consisting of energetic materials embedded
in a rubbery matrix, forming a solid composite propellant, in
case of oxidizers, or a polymer bonded explosive (PBX) in case
of explosive particles.

Energetic materials form a special class of substances that
generally require additional demands with respect to their
hazardous properties: sensitiveness to friction and impact
stimuli, thermal instabilities and incompatibilities with other
ingredients may lead to undesired initiation of these energetic
materials, posing a potential risk to military personnel, mate-
rial and infrastructure. In particular, for shock stimuli, it was
shown that the presence of defects in energetic crystals, like
dislocations and inclusions, determines the shock pressure
that is needed to initiate an explosive: generally it can be
stated that an explosive is more easy to initiate if the energetic
crystals have a poor quality (high-defect content). Only a
relatively small increase in HMX crystal density from 1.886
t0 1.902 g cm~? almost doubled the shock initiation pressure
of these crystals when immersed in a liquid or dispersed in a
polymeric matrix, demonstrating the significant gains to be
made in vulnerability reduction (Krober et al., 1998; Van der
Heijden & Bouma, 1998; Van der Heijden et al., 2000). It is less
clear, however, which types of defects (e.g. macro- or microin-
clusions) are responsible for determining the value of the shock
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initiation pressure. Therefore, the characterization of the de-
fect content of energetic crystals has been the subject of many
research studies (e.g. Borne, 1993; Van der Heijden & Bouma,
2004; Van der Heijden et al., 2004; Van der Heijden & Bouma,
2010). In parallel, manufacturers attempted to improve their
products, finally leading to the commercial introduction of
several types of insensitive RDX (research developed explosive,
cyclotrimethylene trinitramine, C3;Hy N Oy ) by different com-
panies in the past decade. The use of this reduced sensitivity
RDX in explosive compositions has led to less shock sensitive
munitions. These developments further contributed to the
concept of insensitive munitions (IM), already introduced in
the 1960s following severe accidents involving munitions
(Beauregard, 2004), aiming at significant reductions of the
risks of undesired munitions responses towards external
threats (e.g. bullet or fragment impact, fire, shock, etc.).

In an international reduced-sensitivity RDX Round Robin
program, RDX Class 1 crystals from seven different sources
were distributed blind to participating laboratories (Watt et al.,
2006; Doherty & Watt, 2008). One of the aims of this Round
Robin was to search for a measurable property of the RDX
crystal quality with unequivocal relation to the shock sensi-
tivity of an RDX-based explosive composition. The mandatory
tests that were thought to be discriminating regarding crystal
quality and shock sensitivity, comprised optical microscopy
of crystals in a contrasting or refractive index matched lig-
uid, scanning electron microscopy (SEM) of crystals, crystal
density distribution determination via a flotation method and
gas or liquid pycnometry for determining the average crys-
tal density. However, no conclusive argument could be made
regarding a measurable and crystal quality related property,
and the shock sensitivity of a cast PBX. Additional research
was carried out at the crystal level using line broadening in nu-
clear quadrupole resonance (Doherty et al., 2006) and in X-ray
diffraction (Forter-Barth et al., 2007), a modified differential
scanning calorimetric method (Spyckerelle, 2006; Spyckerelle
et al., 2010), SEM applied to cleaved crystal surfaces (Van der
Heijden et al., 2008; Van der Heijden & Bouma, 2010), impact
testing with a ballistic impact chamber (Bouma et al., 2008)
and nanoindentation (Hudson et al., 2013).

For completeness, it has to be understood that not only crys-
tal defects contribute to the shock sensitivity of PBXs. Other
contributors are, for example, the local propagation, focusing
and divergence of the shock wave when crossing the poly-
mer/energetic crystal interface (Baer, 2002; Handley, 2011),
shape and mean size of the energetic crystals (Moulard, 1989;
Qiu et al., 2011) and incomplete wetting of the energetic crys-
tals by the polymeric binder. In this paper, however, the focus
is on the internal defect structure of the RDX crystals, being
the main source determining the shock initiation pressure at
the PBX level. The objective of this study was to visualize the
internal defect structure of three RDX batches selected from
the Round Robin program by means of optical microscopy,
SEM and confocal scanning laser microscopy (CSLM) and to

Table 1. Sourcesofthe RDX crystals, a quality assessment based on optical
micrographs of crystals immersed in a refractive index matched liquid
and shock initiation pressure of RDX crystals in composition PBXN-109
(Doherty & Watt, 2008), crystal density and impurity content, that is,
HMX by HPLC, cyclohexanone and acetone by GC for two separate sample
preparations (Watt et al., 2006)

RDX K1 K6 K7

Source BAe Royal Dyno Type I ADI
Ordnance

Quality intermediate  bad good

Pinitiation (kbar) 50.6 38.6 53.3

Perystal (g cm™3) 1.795 1.804 1.794

HMX (%) 0.19 8.55 0.02

Cyclohexanone (%0) 0.72/0.87 0.00/0.01 0.58/0.69

Acetone (%o) 0.00/0.049 0.045/0.068 0.045/0.085

correlate the defect structure with the sensitivity towards a
high-amplitude shock wave of the RDX crystals embedded in a
PBX, as has been assessed in the aforementioned Round Robin
program.

Experiment

Three RDX qualities from the aforementioned Round Robin
program have been selected for further study, based on (i) the
shock initiation pressure of these RDX grades when embed-
ded in the polymer-bonded explosive PBXN-109 consisting of
64 wt% RDX, 20 wt% aluminum and a 16 wt% hydroxyl-
terminated polybutadiene binder system and (ii) a qualitative
assessment (good, intermediate, bad) based on the optical mi-
crographs of the RDX crystals immersed in a refractive index
matched liquid. The samples are referred to as K1, K6 and
K7. All samples contain large and distinguishable voids, al-
though their number density may differ. Especially K6 and
to a lesser extent K1 contain ‘greyish’ areas, which might be
related to the presence of many small inclusions localized in a
small volume in the crystal (Watt et al., 2006; Van der Heijden
et al., 2008). The source of the RDX crystals, shock initiation
pressure, crystal density and impurity content are reproduced
in Table 1 (Watt et al., 2006; Doherty & Watt, 2008). The
HMX present in the samples is a by-product in one of the RDX
synthesis processes. The presence of cyclohexanone and ace-
tone are indicative of the solvents used in the crystallization
processes.

Sample preparation

Samples are prepared by embedding the RDX crystals in an
epoxy matrix in order to observe the internal defects in the
RDX crystals. Samples have been obtained by taking a scoop
while gently moving through the larger volume of each of the
three different RDX batches. The epoxy matrix is prepared by

© 2013 The Authors
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Fig. 1. Optical micrograph of K1 RDX crystals in incident light mode.

mixing a resin and hardener (EPO-THIN) from Buehler Ltd.,
in a 5:2 ratio by weight. The mixture is stirred for 2 min
and transferred to a vacuum oven to let the evolved gases es-
cape. The epoxy mixture is carefully poured into plastic cups
with the RDX crystals covering the bottom surface. After cur-
ing the epoxy mixture over night at room temperature, the
plastic cups are removed. The epoxy surface containing the
RDX crystals is polished using a Motopol 8 polishing machine
from Buehler Ltd. Sequential steps were planar grinding using
SiCP1200 paper with water, polishing using a Nylon disc with
first a 6-um and then a 3-um diamond particle oil suspension,
and polishing with MasterTex® cloth using a colloidal silicon
cloth (0.06 wm) fluid. In between polishing steps, the surface
is cleaned from particles and fluids. A microscope is used to
monitor the surface in between polishing steps and adjust the
polishing procedure, that is, corotational velocity of sample
and polishing plate, pressure and duration.

Characterization methods

Several microscopic techniques are applied to demonstrate fea-
tures of the RDX crystal defects. Using an optical microscope in
incident light reflection mode, voids in the crystals are clearly
demonstrated. Differential interference contrast shows small
surface features at the cross-sections. Both characterizations
are carried out with a Leica LM optical microscope. More de-
tails at the surface of the cross-section can be observed by a
FEI NovaNanoSEM 650 scanning electron microscope. The
microscope is operated in 100 Pa low-vacuum mode to avoid
electrical charging and sublimation in high vacuum. Typical

© 2013 The Authors
Journal of Microscopy © 2013 Royal Microscopical Society

CHARACTERIZATION OF DEFECT STRUCTURE IN RDX CRYSTALS 3

operating conditions are 4—6-kV acceleration voltage and a
6—-8-mm working distance. A Leica TCS SL confocal system
with a DM6000 B microscope is used to obtain the CSLM im-
ages. In reflection mode, the optical slices have a thickness
down to about 0.5 um. Local differences in refractive index
inside the RDX crystal are revealed as bright spots against a
dark background. The original CSLM images are inverted by
image processing, showing grey/black spots against a white
background, since this provides a better contrast.

Results and discussion

Optical microscopy

The origin of the observed defects is most likely related to
the crystal growth process of the RDX during its production.
Only general remarks can be made on the formation of de-
fects and their relation to the crystallization process, because
detailed information on the crystallization and process con-
ditions during the production of the different RDX batches is
not available. Generally, during the growth of a crystal, the
growth conditions, such as supersaturation, impurity concen-
tration and boundary layer thickness, may vary locally. These
variations are reflected in single crystals in the form of growth
banding, growth sectors and sector boundaries. These may in-
troduce dislocations, inclusions, the uptake of impurities and
other lattice defects in the growing crystal. Such inclusions
are visible in the optical micrographs of Figures 1-3, which
are made in incident light reflection mode. Typical dimensions
of the inclusions are 10-40 um in K1 and K6 and only up to
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Fig. 2. Optical micrograph of K6 RDX crystals in incident light mode.

K7A_01

Fig. 3. Optical micrograph of K7 RDX crystals in incident light mode.

a few micrometres in K7. Growth bands and growth sectors
are observed in K6 and K7, but not in K1, when observing dis-
sections of these crystals by means of differential interference
contrast microscopy (DICM), see Figures 4—6. This technique
uses interference of two orthogonally polarized light beams
which increases the contrast due to optical path differences. In
Figure 6, two parallel defect planes, not being polishing de-

fects, are visible about 150-um apart from each other. These
defects seem to be correlated with one specific crystallographic
orientation. Each growth band and growth sector has a specific
crystallographic orientation of the RDX molecular structure.
It appears that the defect itself can cross multiple growth sec-
tors, but the crystallographic structure is maintained across
these sectors.

© 2013 The Authors
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Fig. 4. Optical micrograph of K1 RDX crystal in differential interference contrast mode.

RDX-K6f

Fig. 5. Optical micrograph of K6 RDX crystal in differential interference contrast mode.

SEM

Typical scanning electron micrographs for K1 crystals are
shown in Figures 7-9. The large spherical or ellipsoidal voids
with smooth internal surface in Figure 7 originate from air and
solvent inclusions. Occasionally, areas with submicron voids

© 2013 The Authors
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are found, see Figure 8. At the interface of grains, no irregu-
larities are observed. Large epoxy-filled cavities like in Figure 9
can be present in K1 crystals. These pockets were accessible by
the epoxy during sample preparation. These internal cavities
inK1 crystals were not noticed before in scanning electron mi-
crographs as no cross-sectioning procedure was applied (Watt
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RDX-K7

Fig. 6. Optical micrograph of K7 RDX crystal in differential interference contrast mode.

\'if 3/4/2011 WD | spot
X |

4

0:37:34 AM 6.0 mm 4.0

Fig. 7. Scanning electron micrograph of K1 RDX crystal.

etal., 2006). The filling of such a cavity in a crystal during the
casting of a PBX might be difficult and, in the worst case, leave
avoid, which can act as a so-called hot spot in accidental shock
impact scenarios (Van der Heijden & Bouma, 2004). Figure 10
is a single observation in the multitude of studied K1 crystals,
showing a large void, with irregular steps and smooth surface.
In contrast to cavities like in Figure 9, this defect was not filled
with epoxy during sample preparation. The defect is either an

oy | 422011 Vv WD HFW
Ai}‘i 1:45:07 PM 5.8 mm 25.6 um

Fig. 8. Scanning electron micrograph of K1 RDX crystal.

inclusion or due to dislodging of an agglomerate in the sample
preparation.

In many of the K6 crystals that were examined, a large num-
ber of submicron voids can be observed throughout a crystal
cross-section, see Figures 11 and 12. These submicron voids,
as observed before in a single crystal, cleaved with a scalpel
(Bouma et al., 2008; Van der Heijden et al., 2008) are thus
typical for this entire production lot. Submicron inclusions

© 2013 The Authors
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Fig. 9. Scanning electron micrograph of K1 RDX crystal.
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Fig. 10. Scanning electron micrograph of K1 RDX crystal.

aligned as a ‘pearl necklace’ are identified, see Figure 11.
Grains can merge without entrapped volume, as shown in
Figure 13. This image also shows a relatively large elongated
void, with dimensions of ~15 x ~40 pum.

Spherical and ellipsoidal voids typical for air and/or solvent
inclusions are found in the K7 crystals, see Figure 14. Typical
for the K7 crystals are sharp-edged and almost crack-like de-
fects across the entire single crystal. In many cases multiple
and parallel planar defects are observed, about 10 um or even
more than 100-um apart, see Figures 15 and 16, respectively.
Itindicates a preferential crystallographic orientation at which

© 2013 The Authors
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Fig. 12. Scanning electron micrograph of K6 RDX crystal.

these defects emerge. Another typical feature of the K7 crystals
are those locations where several grains have grown towards
each other, and where a void with an irregular cross-section
remains, see Figure 17.

Figure 11 also shows regular features, which appeared
when observing RDX samples again after they had been in the
SEM under ultrahigh vacuum for several days. The appear-
ance of features at the surface of RDX, limits the duration one
can keep RDX samples (relatively) unchanged at high vacuum
and/or reduced pressures as are generally applied in a SEM.
These new surface features show similarities with the etch pits
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Fig. 13. Scanning electron micrograph of K6 RDX crystal.
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Fig. 14. Scanning electron micrograph of K7 RDX crystal.

as observed, for example, by Armstrong & Elban (2004) after
slight dissolution of specific RDX crystal faces. Based on these
similarities, it is assumed that the regular features shown in
Figure 11 can be attributed to ‘etching’ effects. It is known that
etch pits are formed due to preferential dissolution of disloca-
tion lines emerging at the surface of a crystal. The preferential
dissolution is related to areas of mechanical stress localized at
and around the dislocation line, which leads to a higher dis-
solution rate compared to that of nonstressed areas (Van der
Hoek et al., 1982; Van der Heijden & Van der Eerden, 1992).
The morphology of the etch pits generally follows the (point

[ —T;} M ——

3172011
2:42:41 PM rdx k7 11em089

Fig. 15. Scanning electron micrograph of K7 RDX crystal.

Fig. 16. Scanning electron micrograph of K7 RDX crystal.

group) symmetry depending on the crystallographic orienta-
tion of the crystal face on which the etch pits have been formed
(Van der Heijden & Geertman, 1992). Since the orientation of
the RDX crystals embedded in the epoxy is random, the crys-
tallographic orientation of the polished RDX surfaces differs
from crystal to crystal and therefore also the morphology of
the pits as a result of the etching effect may differ from one
particle to another. However, the fact that the pits, shown in
Figure 11, all have the same orientation and direction is an
indication that these pits have been formed along dislocation
lines. Because the etch effects appear only when storing the

© 2013 The Authors
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Fig. 17. Scanning electron micrograph of K7 RDX crystal.

samples under ultrahigh vacuum, the etching is very likely
due to sublimation of RDX from the RDX surfaces exposed to
the vacuum. In order to judge whether sublimation can be
an explanation of the formed etch pits, an estimate was made
of the amount of sublimed material from an RDX crystal sur-
face of 100 x 100 pm?. Gershanik & Zeiri (2012) measured
the sublimation rate of RDX in air for temperatures of 60°C,
65°C and 70°C. Assuming an Arrhenius-type dependence of
sublimation rate on temperature, an activation energy of 114
k] mole~! has been determined by Gershanik & Zeiri (2012).
By extrapolation to room temperature, a sublimation rate of
0.23ngh~! can be calculated. For a 3 days storage of the RDX
samples in ultrahigh vacuum, this leads to a total mass of sub-
limed RDX of 17 ng. For an area of 100 x 100 xm?, this corre-
sponds to a sublimation of a layer of ~1-um thickness (density
of RDXis 1.82 gcm 3, thickness of one molecularlayer ~1 nm;
this latter value is an approximate value based on the lattice
constants of the orthorhombic crystal structure of RDX: a =
13.182,b=11.574 and ¢ = 10.709 A; Herrmann & Fietzek,
2005). The estimated value for the sublimed layer thickness of
~1 pm appears to be in the same range as the surface features
that can be observed in Figure 11, indicating that sublimation
ofthe RDX in ultrahigh vacuum can be a realistic explanation.
It should be realized that the estimated value for the sublimed
layer thickness is probably only a lower limit, since its esti-
mation is based on sublimation rate data in air, whereas it
can be assumed that under ultrahigh vacuum conditions the
sublimation rate will be higher than at ambient pressure.

CSLM

Typical CSLM images of K1, K6 and K7 crystals are shown in
Figure 18-20, respectively. The original images show bright
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Fig. 18. Inverted confocal scanning laser micrograph (375 x 375 pum)
of K1 RDX crystal.

Fig. 19. Inverted confocal scanning laser micrograph (93.5 x 93.5 um)
of K6 RDX crystal.

spots against a dark background as a result of differences in
refractive index, most likely caused by inclusions or voids
present in the crystal. The K1 crystals do contain a few in-
clusions/voids. More inclusions are observed in K6 and K7. In
K6 and specifically in K7 crystals, the inclusions appear to be
mainly localized in the periphery of the crystals, whereas the
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Fig. 20. Inverted confocal scanning laser micrograph (375 x 375 pum)
of K7 RDX crystal.

central part is relatively ‘clean’. The spots in the CSLM images
of K6 crystals appear to be more ‘blurred’ compared to those in
the other two RDX batches. This can point at the presence of
regions with a higher (mechanical) stress, leading to a differ-
ent refractive index of that specific area. In subsequent CSLM
slices, approximately 0.5-um apart, generally different spots
are visible at different locations, which indicates that at least a
number of the inclusions is in the order of 0.5 pm or smaller.
The findings shown in Figures 8, 11 and 12 are in line with
SEM observations on cleaved crystal surfaces (Bouma et al.,
2008; Van der Heijden et al., 2008), as well as with earlier
CSLM observations using different product qualities of HMX
crystals (Van der Heijden & Bouma, 2004).

The RDX crystals that have been examined by means of
optical microscopy, SEM and CSLM, each represent different
samples obtained from the original RDX batches. In the order
of a few hundreds of crystals are available at the polished
sample surface. Optical microscopy is used to verify crystal
features in a large multitude of crystals. For SEM and CSLM,
generally about five to ten crystals have been examined in
more detail, and a selection of those images displaying the
typical features observed in these crystals has been included
in this paper. The RDX batches examined in this study have
been the subject of previous characterization studies, including
optical microscopy and SEM (Doherty & Watt, 2008; Van der
Heijden et al., 2008; Van der Heijden & Bouma, 2010; Hudson
etal., 2013), and comparison of the current observations with
those reported in the other characterization studies shows
similar results for the different RDX batches investigated here.

Table 2. Summary of defects (macro-, microinclusions, intragranular
voids, cracks) and observations (growth bands and sectors) with optical,
scanning electron and confocal scanning laser microscopy

Defects and observations K1 K6 K7
Macroinclusions Yes Yes, many Hardly
Microinclusions Yes, few Yes, many® Yes
Intragranular voids No No Yes
Cracks No No Yes
Growth bands No Yes Yes
Growth sectors No Yes Yes

4Including micro-inclusions aligned as a ‘pearl necklace’.

This provides confidence that the samples are representative
of the larger batches. The current sample preparation allows
for the analysis of many crystals regardless of their size, in
contrast to the previously reported manual cleaving of a single
and relatively large crystal for SEM analysis (Van der Heijden
etal., 2008).

Both the optical microscopy and SEM images represent
2D imaging techniques. Although also the CSLM technique
records 2D slices, it can be considered a 3D imaging tech-
nique: by displaying subsequently recorded 2D slices one after
the other, one in fact moves through a 3D part of the crys-
tal. This evidently is an advantage compared to the other two
imaging techniques, since it provides information on how the
defects extend not only in 2D (lateral) but also in 3D.

The variety in defects in the three RDX grades as observed by
the different microscopic techniques, is summarized in Table 2.
It is well known that voids and inclusions become hot spots
when interacting with a shock wave. For a shock to develop
into a detonation, it is generally assumed that the void size
cannot be below 0.1 um, as the local decomposition would
quench too quickly to produce ignition (Field, 1992). Nu-
merical modelling of the hot spot behaviour with hot spots at
periodicintervals, studying how the reaction waves, propagat-
ing from multiple hot spots, would interact at mesoscale was
carried out by Handley (2011). Numerical results for HMX
indicated a critical hot spot size between 0.5 and 0.25 pum.
Recently, both heterogeneous and homogeneous ignition be-
haviour were demonstrated in the shock initiation of mixtures
of nitromethane and silica beads of 1-4 um and 40 um, with
the smaller beads being more sensitizing than the larger beads
(Dattelbaum et al., 2010). Furthermore, the authors men-
tioned that also the number density of hot spots plays a role in
sensitizing mixtures of nitromethane and silica beads.

Extrapolating the conclusions of Handley (2011) and
Dattelbaum et al. (2010) to this study, single voids and defects
in the range of 0.5-10 um, like those observed in this investi-
gation, are expected to be important parameters determining
the shock initiation of the PBXN-109 compositions with dif-
ferent qualities of RDX. Referring to the work of Dattelbaum
et al. (2010), the presence of a submicron void may not be

© 2013 The Authors
Journal of Microscopy © 2013 Royal Microscopical Society



decisive in sustaining a reactive wave; it might be the differ-
ence in number density of (sub)micron voids in K1 and K6
crystals that makes the PBXN-109 containing the K6 grade
more susceptible to shock initiation than the one containing
the K1 crystals.

The details obtained on the defects present in the exam-
ined RDX crystals can be used to further refine the modelling
of energetic composite materials. Lately, significant steps for-
ward have been achieved in describing the heterogeneity of
energetic composite materials like PBXs, for example, by de-
veloping algorithms to create polydisperse packs of nonspher-
ical shapes of granular explosives (Stafford & Jackson, 2010),
by including the effect of metal particles on the deformation-
induced heating of an explosive composite (Chakravarthy
etal., 2013) and by modelling the hot-spot formation in gran-
ular and in PBXs (Handley, 2011; Barua et al., 2013). In the
hot-spot modelling, mechanical loading of energetic compos-
ites cause frictional dissipation as a result of grain fracture
or due to interparticle contacts, leading to local temperature
increases that act as hot spots. Based on the current results,
modellers are encouraged to extend and refine their models to
include typical defects (size, type and quantity) as described in
this paper for RDX, and to elucidate how these defects, when
interacting with a shock wave, affect the local temperature
fields, particularly in the interior of the energetic particles.

Conclusions

Three batches of the commercial energetic material RDX, re-
ferred to as K1, K6 and K7, differing in shock sensitivity, have
been characterized with different microscopic techniques in
order to visualize the defect content in these crystals.

Optical microscopy in incident light reflection mode on crys-
tals that were embedded in an epoxy resin and then cut and
polished reveals internal voids and inclusions in the crystals
for all of the three batches. By using DICM, growth bands and
growth sectors have been observed in K6 and K7 crystals,
as well as defects that are aligned with the crystallographic
structure.

A comparison between scanning electron micrographs of
random cross-sections in a multitude of crystals and micro-
graphs of single crystals that have been cleaved to obtain frac-
ture along a defect-rich plane has revealed the existence of dif-
ferent types of defects, which were found to be specific for each
source of the RDX batches. Furthermore, the existence of sub-
micron voids has been demonstrated. This was also confirmed
by CSLM characterization of the three RDX batches, revealing
local differences in refractive index, pointing at inclusions or
voids within the crystals. Inclusions as small as approximately
0.5 um have been observed by using this method.

It is well known that voids and inclusions become hot spots
when interacting with a shock wave. Single voids and 0.5—
10-um sized defects as well as the number density of the
(sub)micron voids appear to play an important role in the
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shock initiation of the PBXN-109 compositions with different
qualities of RDX.

The obtained experimental results comprise details on the
size, type and quantity of the defects. These details should pro-
vide modellers with relevant and realistic information for mod-
elling defects in energetic materials and their effect on the ini-
tiation and propagation of shock waves in PBX formulations.
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