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[ ABSTRACT]

Nanoscale particles of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) are obtained by means of the bi-

directional superfine mill with controlled solid loadings and rotation speeds. 500g of raw RDX is addressed per batch. The

size distribution of the nano-RDX is characterized by a laser particle size analyzer. The TEM observation shows that the

nano-particles are semispherical having an average size of about 60 nm. The nano-RDX is free of contamination as detected

by XPS. The peak thermal decomposition temperature of nano-RDX shows a decrease of 1.6 “C, compared with that of raw

RDX. Significant decrease happens in the friction, impact and shock sensitivities, especially a decrease of 59.9% in the

shock sensitivity. It is expecting to promote large-scale manufacture of sensitivity-reduced nano-RDX which would work for

insensitive munitions.
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1 Introduction

Nitroamine explosives, such as RDX having high
detonation velocity, detonation heat and detonation
pressure, are very indispensible in the fields of aero-
nautics and astronautics, Tactical Missile Defense and
civil blasting, etc. However, the high mechanical sen-
sitivities of the raw materials restrict their actual appli-
cations, so it has become a research focus on reducing
their values. Surface coating has been found able to cut
down the sensitivities of energetic materials. Synthe-
sized nano CL-20, which was coated with cured nitro-
cellulose, was testified imperfect in that the thermal
decomposition properties and the impact sensitivity
were controlled by the coating material '/, The impact
and fiction sensitivities of the RDX coated with 2,4 ,6-
trinitrotoluene ( TNT ) decreased obviously, whereas
the explosion heat reduced to a certain extent>'. As an
inspiring fact, the particle size and its distribution af-
fected the sensitivities of explosives significantly' >’
The mechanical sensitivities decreased with the de-
crease of particle size and varied with the change of

size distribution and morphology of the particles *'"’.
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Thus, much attention had been paid on the preparation
of superfine energetic materials.

Nano-RDX was fabricated by Rapid Expansion of
Superecritical Solution ( RESS) with carbon dioxide as
the carrier to achieve an average particle size of 110 ~

120 nm and a narrow size distribution''

. A spraying
drying method was used to prepare nano-RDX with an
average particle size of 40 ~60 nm. The superfine ener-
getic materials could be also produced by a sol-gel syn-

12-15]

thetic approach' Using 1,2-epoxypropane as the
agent for accelerating the hydrolyzation of Fe (III)
ions, nano-RDX particles within the range of 60 ~ 90
nm were obtained by sol-gel method after the complete
etching of amorphous Fe,O; by dilute hydrochloric

acid"'®. Nano-size HMX with reticular structure was

171 n

prepared by reprecipitation at room temperature
addition, solvent/nonsolvent recrystallization was em-
ployed to prepare nano-TATB with the size ranging
from 27 nm to 41 nm'"*’.

However, it is very difficult to prepare nano-RDX

YEETEM: XIAR1987 ~ ) 3B Wk, EENFSREM RIS AL R YRS . E-mail s jie_liu 1987@ 163. com



© 2 B W #% M Explosive Materials

Fa2BEIM

massively and continuously in the aforementioned
ways. In this study, 500g nano-RDX per batch can be
successfully fabricated by the employment of a bi-
directional mill. It is a promising method for the mas-
sive and continuous fabrication of insensitive nano ex-
plosives.

2 Experimental

2.1 Sample Preparation

The raw RDX, produced by Gansu Yin’guang Chem-
ical Industry Group Co. Ltd, was suspended in a solu-
tion. In this suspension, the solid loading was 25%
(mass percent) and the solution consisted of 90%
(mass percent) deionized water and 10% ( mass per-
cent) ethanol. 500g of raw RDX were addressed for
each batch.

The above suspension was put into a Bi-directional
Superfine Mill designed by Li ( Chinese Patent:
CN2766956). In this device, the axis and the shell
reversely rotated under 50 °C for 8 h at their own con-
trolled speeds, respectively. The pulverization system
was cooled down by the cycling water.

The optimized technology was determined by some
factors, such as solids loadings and rotation speeds.
The solid loading need to be controlled in the range of
20% ~ 30% (mass percent), and the appropriate ro-
tation speed is from 90 r/min to 150 r/min. It is im-
possible to get nano-scaled RDX without selecting
proper factors for this technology. The milled RDX was
dried in the vacuum environment to obtain the final
product.

2.2 Sample Tests

A laser particle sizer, Malvern Mastersizer Micro,
was used to trace the particle size distribution of RDX.
An optical microscope, Nikon eclipse 551, was used to
characterize the particle size and morphology of the raw
RDX. The nano-RDX was characterized by JEOL JEM-
200CX Transmission Electron Microscope ( TEM ).
The purity of the milled product was detected by the X-
ray Photoelectron Spectroscopy ( XPS), PHI 5000
Versaprobe. Thermal properties of the samples were
measured by the TA Model Q600 TG/DSC simultane-
ous thermal analyzer.

Two standards (80°, 2.45 MPa; 90°, 3.92 MPa)
were adopted in the friction sensitivity test, and 50

trails were conducted to obtain a mean value of the ex-

plosion probability (P,% ) for each standard. The im-
pact sensitivity characterized by the special height
(H,,) was calculated from 50 test values. The shock
sensitivity was characterized by the Small Scale Gap
Test (SSGT) , in which the donor columns were made
from the RDX refined by acetone with a density of
(1.48 £0.01) g/cm’ and the acceptor columns got a
density of (1.63 +0.01) g/cm’.
(8) was calculated by 25 effective values.

The gap thickness

3 Results and Discussion
3.1 Size and Morphology Characterizations
The mean particle size and its distribution are tested

and shown in Figure 1.
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(a)raw RDX; (b)nano-RDX
Fig. 1 Particle size distributions of raw

RDX and nano-RDX

The whole raw RDX is almost in the micron range,
having a mean particle size of 83. 64 pm and a wide
particle size distribution. The nano-RDX has a mean
particle size of 0. 28 pwm, and most of the particles
were under 0. 51 wm. The particle size distribution of
nano-RDX is much narrower than that of raw RDX.

As shown in Figure 2(a), it is irregular and hetero-
geneous for raw RDX. Some of the particles are bigger
than 100 wm, and some are just several micron. The

TEM image of nano-RDX is shown in figure 2(b) that
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the particles are semispherical and homogeneous having
an average size of about 60 nm. The phenomenon, that
the characterization result of the particle size analyzer
is not in line with that of TEM, can be explained as the
following two factors, the resolution and detection limit
of the instrument (about 200 nm) and the agglomera-

tion of the nano particles.

(b)
(a)raw RDX; (b)nano-RDX
Fig.2  Micrographs of raw RDX and
TEM image of nano-RDX

3.2 Product Purity

The XPS spectrum is shown in Figure 3. Figure 3
(b) to (d) are the separated peaks referred to the e-
lectron excitation for Cls, Nls, and Ols of nano-RDX

molecular, respectively.
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Fig.3  XPS spectrum of nano-RDX

As shown in Figure 3, the nano-RDX is exhibited 4
kinds of peaks, corresponding to 4 kinds of electrons,
the auger electron of O, the electron of Cls, the elec-
tron of Nls and the electron of Ols. Furthermore,
these aforementioned excited 1-orbital electrons are
corresponding to the bonds of N—O, N—N, N—C
and C—H. It means that there are only 4 kinds of ele-
ments, C, H, O and N, and there are no incoming
functional groups. There are no contaminants incoming
during the pulverized process.

3.3 Thermal Characterizations

The TG/DSC traces and DTG curves are shown in

Figure 4.

The initial and the ending weight loss temperatures
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of nano-RDX are both a bit lower than those of raw
RDX. The maximum weight loss temperature for nano-
RDX is 3 °C lower than that of raw RDX, and the peak
thermal decomposition temperature of nano-RDX is 1.6
C lower than that of raw RDX. It is also shown

that the maximum weight loss rate of nano-RDX is 1.7
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Fig.4 TG/DSC traces and DTG curves of raw
RDX and nano-RDX

higher than that of the raw material and the calculated
decomposition heat ( AH) for nano-RDX is 34 J/g
higher than that of the raw one. These are attributed to
the greater specific surface area and the higher surface
energy of nano-RDX, compared with the raw one.
3.4 Sensitivity Analysis

The friction sensitivity is tested and the results are

listed in Table 1.

Tab.1 Friction sensitivity of raw RDX
and nano-RDX
P /%
Samples
80°, 2.45MPa 90°, 3.92MPa
raw RDX 74 98
nano-RDX 58 94

The average explosion possibility of nano-RDX is
lower than that of raw RDX for 16% at 80°, 2.45 MPa
and 4% at 90°, 3.92 MPa, respectively. This can be

explained that the increase of stimulus would lead to
the decrease of test resolution.

As listed in Table 2, the special height of nano-RDX
is higher than that of raw RDX by 32. 60 cm under the
2 kg drop-hammer and 6.92 cm under 5 kg drop-
hammer, respectively. The impact sensitivity is re-
duced 71. 6% under the 2 kg drop-hammer and
45.4% under the 5 kg drop-hammer, when the raw
materials are pulverized to be in the nano-scale.

Tab.2 Impact sensitivity of raw RDX and nano-RDX

2 kg hammer 5 kg hammer
Samples Hyy/cm Sgen. Hyy/cm S e,
raw RDX 45.53 1.30 15.25 1.17
nano-RDX 78.13 1.10 22.17 1.12

As listed in Table 3, the gap thickness for nano-
RDX is 9.21 cm lower and the standard deviation
(S

sensitivity is reduced 59.9% and the detonation stabil-

4. ) 1s smaller than those of the stuff. The shock
ity is better, when raw materials is milled for nano par-

ticles.
Tab.3  Shock sensitivity of raw RDX and nano-RDX

gap thickness (6)

Sampl
amples Py S,
raw RDX 15.38 0.41
nano-RDX 6.17 0.32

4 Conclusions

Five hundred gram nano-RDX per batch is obtained
by means of the bi-directional superfine mill. The nano
particles are semispherical and pure having an average
size of about 60 nm. The maximum weight loss rate
and the decomposition heat of nano-RDX are higher
than those of the raw materials.

The mechanical sensitivities are decreased apparent-
ly, especially the shock sensitivity, decreased by
59.9% . The reduction of sensitivities may mainly be
attributed to the decrease of occlusions and dislocations
after the raw RDX milled.
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