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Characterization and Properties of Desensitized Octogen
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Abstract: A kind of desensitized octogen ( D-HMX) was characterized with various analysis methods, including Optical Microscopy with Matching
Refractive Index (OPM), Scanning Electron Microscopy (SEM), Laser Particle Sizer, High Performance Liquid Chromatography ( HPLC), density
gradient technique and X-ray Diffraction( XRD). The thermal properties of D-HMX were investigated by Differential Scanning Calorimetry ( DSC) and
Vacuum Thermal Stability test(VST). The sensitivities of D-HMX against friction, impact and shock were studied. Compared with conventional octogen
(C-HMX) , D-HMX has better morphology, lesser crystal defects, better thermal properties and takes great effect on reducing shock sensitivity in both
cast and pressed PBX formulations. Which are incarnated from the following aspects. First, the D-HMX has no twinned crystals or congeries, which
shape is regular polyhedron and nearly spheric. Second, there are no inclusions in D-HMX crystals, the purity of D-HMX is (99.6 =0.1)% and the
mean particle density is great 1.9016 g - cm . Third, the results of DSC and VST show that the B— 38 phase transition of D-HMX is shifted to
high temperatures about 6 °C and that the amount of gas evolution of D-HMX is obviously less after being heated for 48 h at 120 °C compared with
C-HMX. Fourth, the results of shock sensitivities demonstrate that the aluminium gap thicknesses of cast and pressed PBXs based on D-HMX are lesser
10% ~23% than that of PBXs based on C-HMX. Additional, the impact sensitivity of D-HMX appears lower sensitivity than C-HMX. Especially for the
fine grain D-HMX(FD-HMX) , the drop-height of 72.2 cm and initiation probabilities of 24% indicate there are significantly higher resistance to impact

than the fine grain C-HMX(FC-HMX) of 16.8 cm and 88%.
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1 Introduction

High performance and safety of ammunitions are more
and more importment with the development of insensitive
ammuniton and penetration weapon system. Many resear-
ches' %! find that the properties of the explosive particles,
especially particle size and shape, crystal quality, surface
chacteristics would not only greatly affect the processing prop-
erties, but also evidently affect the sensitivity of explosives
charges. While, these particle properties all can be controlled
by crystallization. So, in recent years much interest has been
generated in reducing sensitivity by recrystallization to improve
the crystal quality of explosives'*’. HMX is one of predomi-
nant explosives for the integrated properties and widely used in
military applications as the most powerful explosive and an im-
portant ingredient of propellants. Then it is important to ulteri-
orly improve its integrated properties by ameliorating its crysal
quality through recrystallization. About recrystallization meth-
ods for HMX, there were many patents”® ~’’ and papers' "' to
report. For example, Levinthal et al. "*’ investigated a method
of directly precipittiong pure B-HMX from substantially anhy-
drous nitric acid solution without forming and recrystallizing
polymorphic HMX. Svesson et al. ®*' investigated the crysltal-
lization of HMX from +-butyrolactone by cooling and precipi-
tation. Kréber et al. ' studied the crystallization of HMX from
different solvents such as cyclohexanone, N-methylpyrrolidone
(NMP) , propylene carbonate and N, N-dimethylformamide
by cooling crystallization. Antoine et al."'"’ reported that
HMX showed a tendency to form twinned crystals when being
grown in y-butyrolactone and cyclohexanone. Our institute
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prepared a kind of desensitized HMX ( D-HMX) with high crys-
tal quality by recrystallization. In this paper, D-HMX was char-
acterized and compared with conventional HMX ( C-HMX)
from the aspects of particles characteristics, thermal properties
and sensitive properties.

2 Materials and methods

2.1 Materials

D-HMX was prepared by Institute of Chemical Materials,
CAEP. The D-HMX samples with two size grades were ob-
tained by drowning-out crystallization. The fine grains desensi-
tized HMX named FD-HMX and the large grains desensitized
HMX named LD-HMX.

C-HMX was bought from Gansu Yinguang Chemical In-
dustries Group Co. Ltd. There are two size grades convention-
al HMX as reference samples, one is fine grain conventional
HMX ( FC-HMX) and the other is large grain conventional
HMX (LC-HMX). It is specialized that LC-HMX samples have
been sieved.

2.2 Characterization

The morphology and defects were described qualitatively
by Optical Microscopy with Matching Refractive Index
(OPM) and Scanning Electron Microscopy (SEM). The parti-
cle size and distribution were measured with Coulter LS230.
The density of the particles was measured with density gradient
method founded by Institute of Chemical Materials, CAEP.
The purity analysis was performed by HPLC on HEWLETT
PACKARD Series 1100. Crystal structure was charcaterized
with X-ray powder diffraction on a Bruker D8 Advance X-ray
diffractometer by using Cu Ka radiation without any mono-
chromator.

The thermal properties were characterized respectively by
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DSC and Vacuum thermal stability test. DSC measurement was
performed by PE Diamond DSC, the heating rate 1 °C - min ',
sample weight 1 mg, N, atmosphere. The conditions of VST
test were 48 h at 120 °C and measured samples 5 g.

Sensitivities of HMX were characterized from the aspects of
impact sensitivity, friction sensitivity and shock sensitivity. The
impact sensitivity was measured by initiation probability test
and drop-height test. For initiation probability test, the hammer
is 10 kg, the sample is 50 mg and the drop is 25 cm. For drop-
height test, the hammer is 2 kg and the sample is 35 mg. The
friction sensitivity test was performed with 1.5 kg hammer, 90°
angle and 20 mg sample. The shock sensitivity was measured
by small scale GAP Test. The gap is aluminium gap. The sam-
ples used in impact sensitivity test and friction sensitivity test are
HMX powder, while the samples used in GAP test are @20 mm
x 20 mm charges processed respectively with cast formulation
and pressed formulation based on D-HMX and C-HMX.

3 Results and discussions

3.1 Particle characterization

3.1.1 Morphology and particle size

OPM can provide qualitative insight into the internal
defects of HMX particles. Figure 1 confirms qualitatively that
particles of LD-HMX and LC-HMX have different internal
defects populations. LD-HMX particles are very transparent
and almost have no inclusion in the crystals. However, there
are many dark areas in the OPM picture of LC-HMX and the
largest one is above 100 wm, which indicates LC-HMX parti-
cles have many internal defects. The shape of LD-HMX parti-
cles is regular geometrical polyhedron and nearly spheric,
unlike LC-HMX particles have twinned crystals or congeries.
So compared with LC-HMX, LD-HMX has better morphology
and lesser internal defects.

b. LD-HMX
Fig.1 OPM of LD-HMX and LC-HMX
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Figure 2 gives the SEM pictures of FD-HMX particles and
FC-HMX particles. The shape of FD-HMX particles is much
regular like diamond and the crystal surfaces are very smooth.
While, the FC-HMX particles show more complex shapes.

15 KV 1.00KX 10um KYKY-2800 0#

a. FC-HMX

15 KV 1.00KX 10um

b. FD-HMX
Fig.2 SEM of FD-HMX and FC-HMX

KYKY-2800 0#

Table 1 shows that the mean particle sizes of LD-HMX
and FD-HMX are approximately 150 wm and 15 um respec-
tively. The particle size distribution of FD-HMX is more nar-
row than FC-HMX. LD-HMX has the same narrow particle size
distribution as LC-HMX being sieved.

Table 1  Particle size of HMX particles measured by laser particle sizer
sample e T:g'a" /D;; /D:om
LD-HMX 153.4 153.3 81.4 224.9
LC-HMX 162.4 185.3 88.8 227.6
FD-HMX 15.5 16.3 8.4 24.7
FC-HMX 26.9 18.0 4.2 62.1

3.1.2 Purity and density

The purity of HMX particles was measured by HPLC. The
particle density of HMX was measured by density gradient
technique. The results are listed in Table 2. Fig. 3 shows the
distribution of HMX particles in density gradient tube.

Based on the measurement results, the purities of D-HMX
are appreciably greater than that of C-HMX. Whereas, there are
considerable differences in the particle density and particle
density distribution between D-HMX and C-HMX. D-HMX has
higher mean density and more nrarrow particle density distribu-
tion than C-HMX. The mean densities of FD-HMX and LD-HMX
are 1.9016 g - cm > and 1.9018 g - cm ~’ respectively, which is
very closed to the theoretical density of 1.903 g - cm ~*. Further-
more, D-HMX is very good homogeneity. Its density variations
are obvioustly smaller than that of C-HMX.
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Table 2 Purity and particle density of HMX particles

sample LD-HMX LC-HMX FD-HMX FC-HMX

?;my 99.7+0.1  99.3+0.1  99.6=0.1  99.2 0.1
0

mean

density 1.9018 1.9003 1.9016 1.8984

/g -cm™?

densit

di;;Lﬁﬁon 1.9012~  1.8973~  1.9010~  1.8970 ~

g omt  1:9020 1.9018 1.9019 1.8993

maximum

densit

V;;Z;ﬁn 0.0008 0.0045 0.0009 0.0023

/g - cm™?

Fig.3 Distribution of HMX particles in density gradient tube

3.1.3 Crystal microstructure

X-ray diffraction is a powerful tool for the characterization
of crystalline materials. In this paper, the crystal structures of
D-HMX and C-HMX were contrasted by powder X-ray diffrac-
tion(Fig.4). The two kinds of HMX have the same peak posi-
tions as B-HMX reference pattern (PDF Number 025 —1747) ,
but their relative intensities of the X-ray diffraction peaks are
very different. These indicate that they are all B-HMX but their
crystal tropisms are different. D-HMX nearly has no tropism
like B-HMX theory X-ray pattern, while C-HMX has strong
tropisms. So for D-HMX, the relative intensities of diffraction
peaks are very coincident with B-HMX reference pattern, but
for C-HMX, especially for LC-HMX, the intensities of each dif-
fraction peaks are similar. The reason may be linked to the
particle morphology. The morphology of D-HMX particles is
regular like diamond or sphere. Every particle of D-HMX is
nearly a single crystal, but the morphology of C-HMX is com-
plex due to twinned crystals, agglomerated crystals and irregu-
lar shape. On the other hands, the internal defects of C-HMX
particles also have effect on the intensity of diffraction peaks.
All these lead to the tropisms becoming strong for C-HMX and
poor for D-HMX.

3.2 Thermal properties

Table 3 lists the thermal properties of D-HMX and C-HMX.
The endothermic peaks were observed between 190 °C and
205 °C in the DSC curves of HMX. Which are 3—3 phase transi-
tion of HMX. The B—3§ phase transition of D-HMX is shifted to
high temperatures about 6 °C compared with C-HMX. Especially
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Fig.4 X-ray powder patterns of D-HMX and C-HMX at room temperature

Table 3 The thermal properties of D-HMX and C-HMX

phase transition VST
sample _
temperature/°C /mL- (5g) 7"
LC-HMX 196.31 0.12
FC-HMX 193.96 0.24
LD-HMX 202.33 0.06
FD-HMX 203.81 0.06

Note: 1) test condition is 120 °C and 48 h.

for FD-HMX, the phase transition temperature is about 204 °C,
significantly higher than 193 °C of FC-HMX. This resistance in
the conversion from B to § may be related to different inclusions
and crystal defects in D-HMX and C-HMX. D-HMX has more
less inclusions and defects than C-HMX, so the phase transition
temperature is higher than that of C-HMX.

According to the results of VST, the amount of gas evolu-
tion of D-HMX was obviously lesser than that of C-HMX after
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being heated for 48 h at 120 °C.
The results of DSC and VST indicate D-HMX has better
thermal properties than C-HMX.

3.3 Sensitivity

Table 4 lists the results of the mechanical sensitivities. The
friction sensitivity is practically similar for D-HMX and C-HMX.
However, in impact sensitivity, D-HMX appears lower sensitivity
than C-HMX. Especially for FD-HMX, the drop-height of
72.2 cm and initiation probabilities of 24% indicate significantly
higher resistance to impact than FC-HMX of 16.8 cm and 88%.

Table 4 Mechanical sensitivities of HMX particles

friction sensitivity impact sensitivity

sample initiation probability

initiation probability

/% (P ,Py)o.95 /% (P, ,Py) o os Hso/cm
FC-HMX  56%(0.35,0.76) 88%(0.69,0.98)  16.8 0.1
FD-HMX  44% (0.24.,0.65) 24%(0.09,0.45)  72.2 +0.1
LC-HMX  32%(0.19,0.47) 72%(0.51,0.88)  59.6 0.1
LD-HMX  46%(0.32, 0.61) 60% (0.45,0.74)  68.8 £0.1

Table 5 lists the results of shock sensitivity of the cast and
pressed PBX formulations based on D-HMX and C-HMX. The
grain compositions are the same, namely, the weight rate is
3 : 1 for large grain HMX and fine grain HMX. During pro-
cessing cast PBXs, it was founded that the rheological property
of cast PBXs based on D-HMX was extraordinarily better than
that of PBXs based on C-HMX. This does well out of the near-
ly spheric shape of D-HMX particles. The results of shock sen-
sitivities demonstrate that the aluminium gap thicknesses of
PBXs based on D-HMX are all less than that of PBXs based on
C-HMX for both cast and pressed formulations. This indicates
the desensitized HMX can reduce greatly shock sensitivity
either in cast or pressed PBX formulations. However, the
results also show the desensitized HMX takes different extent
on reducing shock sensitivity when being used in different PBX
formulations. As though, the desensitized HMX particles can
more incarnate their reduced shock sensitivity feature in
pressed formulations.

Table 5 Shock sensitivities of different PBXs based on HMX particles

HMX HMX charge gap reduce

PBXs /o kind in density thickness extent
? PBXs TMD" /%  /mm /%

PBX-903 87 C-HMX 98.61 23.4
(pressed) D-HMX  98.72 20.1 15
PBX-10 21 C-HMX 98.29 13.25
(pressed) D-HMX 98.29 10.25 22.6
PBX-924 88 C-HMX 99.06 17.0
(cast) D-HMX 99.06 15.1 11.2
HL-10 85 C-HMX 98.96 16.1
(cast) D-HMX 98.96 14.6 9.3

Note: 1) TMD is theoretical maximum density of charge.
4 Conclusions

D-HMX is a kind of high crystal quality B-HMX explo-
sive, which has better morphology, lesser crystal defects, bet-
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ter thermal properties and takes great effect on reducing shock
sensitivity in both cast and pressed PBX formulations. D-HMX
has no twinned crystals or congeries, which particle shape is
regular polyhedron approaching sphericity and and the crystal
surfaces are smooth. The particles are uniform and the particle
size distribution is narrow. There are no obvious impurities
and internal defects in D-HMX crystal particles, the purity of
D-HMX is (99.6 +0.1)% and the mean particle density is
great 1.9016 g - cm~*. The B—3 phase transition of D-HMX
is shifted to high temperatures about 6 °C and that the amount
of gas evolution of D-HMX is obviously less after being heated
for 48 h at 120 °C compared with C-HMX. The aluminium gap
thicknesses of cast and pressed PBXs based on D-HMX are
lesser 10% ~23% than that of PBXs based on C-HMX. Addi-
tional, the impact sensitivity of D-HMX appears lower sensitiv-
ity than C-HMX. Especially for FD-HMX. the drop-height of
72.2 cm and initiation probabilities of 24% indicate there are
significantly higher resistance to impact than FC-HMX of
16.8 cm and 88%.
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