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Abstract: HMX/Viton A nanocomposites were prepared by a spray drying process 
using different processing parameters, which included the dry gas inlet temperature, 
the air flow rate, and the solution feed flow rate. Scanning electron microscopy 
(SEM) and X-ray diffraction (XRD) were used to characterize the nanocomposites. 
The effects of the processing parameters on the morphology of the samples were 
investigated and are discussed. The thermal decomposition behaviour and impact 
sensitivity of the raw HMX and HMX/Viton A nanocomposites were also measured 
and compared. Optimal morphology and dispersion of the coated samples was 
achieved when the dry gas inlet temperature and the air and solution feed flow rates 
were 55 °C, 660 L/h and 1.5 mL/min, respectively. Under these optimal processing 
conditions, the nanocomposites were spherical in shape, ranged from 0.2-2 μm in 
size, and were composed of many tiny particles of 50-100 nm in size. The crystal 
phase of the nanocomposites was the same as that of raw HMX. Compared with 
those of raw HMX, the melting point and impact sensitivity of the nanocomposites 
were lower and the thermal decomposition rate was slightly higher.
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1	 Introduction

There has been strong recent interest in energetic nanocomposites because 
they have the advantages of both nano-sized energetic materials and additives.  
HMX (1,3,5,7-tetranitro-1,3,5,7-tetrazocane) based spherical nanocomposites 
using Viton A as a binder have many advantages.  Firstly, nano-sized particles 
of explosives cannot only have reduced mechanical sensitivity [1-4], but also an 
enhanced burning rate compared with the bulk material [5, 6].  However, they 
have one disadvantage – a reduced shelf life [7].  Energetic nanocomposites 
can overcome this problem to some extent.  Secondly, Viton A is a type of high 
molecular weight polymer which provides sufficient strength, superior mechanical 
performance, and improves the ageing, heat-resistance, and corrosion resistance 
of materials when used as a binder [8], so the mechanical properties of HMX-
based Viton A energetic nanocomposites are excellent [9].  Thirdly, spherical 
particles of explosives can also have reduced mechanical sensitivity [10, 11].

Energetic spherical nanocomposites can be prepared using spray drying 
methods [12-16].  However, there are great differences in the morphology of 
the particles produced under different processing parameters.  In particular, par-
ticles may suffer from obvious holes and cracks under some conditions.  These 
defects easily form “hot spots”, which increase the mechanical sensitivity of 
the energetic material [17-19].  In the present work, we prepared HMX/Viton A 
energetic spherical nanocomposites by spray drying and optimized the process-
ing parameters to decrease the number of defects in the samples.  The influence 
of the spray drying conditions on the properties of the HMX/Viton A energetic 
spherical nanocomposites was studied in detail.

2	 Experimental

2.1	 Materials
β-HMX was provided by the Modern Chemistry Research Institute of China, 
acetone was purchased from Shanghai Chemical Ltd., China, and Viton A was 
received from Huizhou HaoYuan Plastic Raw Material Co., Ltd., China.

2.2	 Preparation of HMX based composite energetic microspheres
Initially, appropriate amounts of HMX and Viton A were dissolved in acetone 
under ultrasonication to form the spray drying precursor solution.  The mass 
ratio of HMX to Viton A was 98 : 2 and the solution mass concentration 
was 2%. The processing parameters of a mini Buchi 290 spray dryer (BUCHI 
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Labortechnik AG; nozzle dimension: 0.7  mm; three variables, dry gas inlet 
temperature, air flow rate, and feed solution flow rate) were then set at the desired 
values.  The solution was sprayed and dried in an electrically-grounded glass 
collection vessel to obtain the nanocomposites.

2.3	 Instruments and apparatus
A  DX-2700 diffractometer (Dandong Haoyuan Instrument Co., Ltd., China) 
was used to investigate the crystal phases of the raw HMX and the HMX/
Viton A nanocomposites by X-ray diffractometry (XRD).  The morphology 
and size of the HMX-based nanocomposites were studied using a  Hitachi 
S-4800 scanning electron microscope (SEM; Hitachi Ltd., Japan).  Differential 
scanning calorimetry (DSC) experiments were conducted under a N2 atmosphere 
using a Setaram DSC131 instrument (Setaram instrumentation Co., France).  
The test conditions were: sample mass, 0.7 mg; N2 flow rate, 15 mL/min and 
sample heating rate, 20 K/min.  The impact sensitivity of the HMX/Viton A 
nanocomposites was tested at room temperature using an ERL type 12 drop 
hammer apparatus with a  sample mass of 35 ± 1  mg and a  drop weight of 
5 ± 0.002 kg.  Four groups of each sample and 25 identical specimens from each 
group were tested.  The results are described in terms of the critical drop-height 
of 50% explosion probability (H50) and the standard deviation (S).

3	 Results and Discussion

3.1	 Influence of processing parameters on sample morphology
The processing parameters (dry gas inlet temperature, air flow rate, feed 
solution flow rate) had significant effects on the morphology and distribution 
of the products obtained.  The experimental scheme is listed below (Table 1).  
The morphology of the particles prepared under different process parameters 
were compared.

Table 1.	 Process parameters used in each experiment
PP a E1 e E2 e E3 e E4 e E5 e E6 e E7 e

Temp b, [°C] 55 75 85 55 55 55 55
FAc, [L/h] 430 660 660 280 660 660 660

FF d, [mL/min] 1.5 1.5 1.5 1.5 1.5 4.5 7.5
a PP: processing parameter; b Temp: temperature of dry gas inlet; c FA: air flow rate; d FF: flow 
rate of feed solution; e E1-E7: experiments 1-7.



490 X. Shi, C. Wang, J. Wang X. Li, C. An, J. Wang, W. Ji

3.1.1	Temperature of dry gas inlet 

Figure 1.	 SEM images of coated HMX samples produced at different 
temperatures of the dry gas inlet: a) 55 °C;  b) 75 °C;  c) 85 °C.

As is shown in Figure 1, three samples were prepared by spray drying at 
different dry gas inlet temperatures (E5, E2 and E3).  The particles produced at 
a dry gas inlet temperature of 55 °C were spherical and without cracks (Figure 1a).  
The microspheres were composed of many tiny particles, most of which were 
50-100 nm in size.  The particles obtained at 75  °C were also spherical but 
exhibited large surface cracks (Figure 1b).  As shown in Figure 1c, the particles 
obtained at 85 °C were ruptured and flower-like in shape.  These results were 
caused by the acceleration in the speed of evaporation with the increase in the dry 
gas inlet temperature.  When the evaporation rate is faster than the rate of solid 
spreading into the droplets, the droplets swell, break, or even split.  This splitting 
generates dense solid fragments.  However, if the dry gas inlet temperature is 
lower than 55  °C, the solvent (acetone) may not be evaporated completely.  
Hence, the particle shape of the sample obtained at 55 °C, shown in Figure 1a, 
was considered to be the optimum achievable.

3.1.2	Air flow rate
As shown in Figure 2, three samples were prepared by spray drying at different 
cyclone flow rates (E4, E1 and E5).  Figures 2b and 2c show that the particles 
obtained at 430 and 660 L/h were spherical and did not have hollows on their 
surfaces.  In Figure 2a however, many hollows are clearly visible on the surface 
of the particles produced at 280 L/h.  The degree of droplet dispersion decreased 
with the speed of the air flow, resulting in larger droplets.  When the vapour 
ressure inside the large droplets is greater than that outside the sphere, the wet 
bulb shell breaks.  This caused the products to have irregular shapes.  No further 
decrease in particle size was obvious when the air flow rate was greater than 
660 L/h, so the optimum air flow rate was chosen as 660 L/h.
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Figure 2.	 SEM images of coated HMX samples prepared at different cyclone 
flow rates: a) 280 L/h;  b) 430 L/h;  c) 660 L/h.

3.1.3	Flow rate of feed solution
Three samples were prepared by spray drying at different flow rates of the feed 
solution (E5, E6 and- E7).  As is shown in Figure 3, the three samples were 
all spherical in shape, but had different particle sizes.  The particle sizes of the 
samples ranged from 0.2-2 μm, 0.5-3.5 μm, and 1-4 μm for the samples prepared 
at flow rates of 1.5, 4.5, and 7.5 mL/min, respectively.  Compared with the 
samples produced at feed solution flow rates of 4.5 and 7.5 mL/min (Figures 3b 
and 3c), the particles produced at 1.5 mL/min (Figure 3a) exhibited the most 
homogeneous size distribution.  This can be explained as the dispersion of the 
droplets being ameliorated, tiny droplets being more likely to form at lower flow 
rates of the feed solution.  The particle size of the samples did not obviously 
change if the flow rate of the feed solution was set lower than 1.5 mL/min. Thus, 
the optimum flow rate was chosen to be 1.5 mL/min.

Figure 3.	 SEM images of coated HMX samples prepared at different flow rates 
of the feed solution: a) 1.5 mL/min;  b) 4.5 mL/min;  c) 7.5 mL/min.

3.2	 XRD characterization
X-ray diffraction was used to study the crystal structure of the particles prepared 
using the E5 process parameters (marked as the optimized sample).  Figure 4 
indicates that this HMX-based nanocomposite displayed peaks at similar 
diffraction angles as those of the raw HMX, but additionally a  number of 
unidentifiable diffraction peaks because of the addition of Viton A.  Furthermore, 
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the peaks of the HMX/Viton A nanocomposite were much weaker and broader 
than those of the raw HMX, attributed to the decreased crystal size of the 
nanocomposite [20].
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Figure 4.	 X-ray diffraction pattern of (a)  raw HMX, and (b)  HMX/
Viton A nanocomposite.

3.3	 Thermal Decomposition Characteristics
The raw HMX and the optimized nanocomposite sample were also studied by DSC. 
The DSC thermographs, obtained at a heating rate of 20 K/min, are shown in Figure 5.
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Figure 5.	 DSC curves of (a) raw HMX, and (b) HMX/Viton A nanocomposite 
at a heating rate of 20 K/min.
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The DSC curves of raw HMX and HMX/Viton A exhibited an endothermic 
peak at 279.76 and 277.92 °C, respectively.  This implies that the HMX began 
to melt at about 277-279 °C and that the melting point of the HMX/Viton A 
nanocomposite was lower than that of raw HMX.  This is because reducing the 
particle size of a material to the nano-scale reduces its melting point.  Meanwhile, 
the exothermic peak temperature of the HMX/Viton A nanocomposite was a little 
lower than that of raw HMX, indicating that the thermal decomposition rateof 
the HMX/Viton A nanocompositewas slightly faster than that of raw HMX, but 
not significantly so.

3.4	 Impact Sensitivity
The mechanical sensitivity results of raw HMX and the optimized nanocomposite 
sample are listed in Table 2.

Table 2.	 Impact sensitivity of raw HMX and HMX/Viton A

Sample Impact sensitivity [H50]/cm
E1 a (S b) E2 a (S) E3 a (S) E4 a (S) Average

Raw HMX 17.5 (0.09) 19.8 (0.06) 17.8 (0.05) 18.5 (0.06) 18.4
HMX/Viton A 56.2 (0.04) 53.6 (0.06) 55.7 (0.06) 58.4 (0.04) 56.0

a E1-E4: experimental group 1- 4; b S: standard deviation.

Table 2 shows that the drop height of HMX/Viton A is higher than raw 
HMX.  This indicates that the impact sensitivity of HMX/Viton A is better than 
raw HMX, which is because Viton A can provide a shock absorber or diverter of 
mechanical stimuli.  The tiny particle size and spherical shape of the sample can 
also decrease the mechanical sensitivity.  The results show that HMX/Viton A 
possesses an outstandingly insensitive character.

4	 Conclusions

Using 2% Viton A as a binder, HMX based nanocomposites were prepared by 
a spray drying method.  The temperature of the dry gas inlet and the flow rates of 
the air and feed solution were found to affect the morphology and dispersion of 
the samples obtained.  The best particle morphology and dispersion were observed 
when the dry gas inlet temperature, air flow rate, and feed solution flow rate were 
55 °C, 660 L/h, and 1.5 mL/min, respectively.  The products were broken or even 
split if the temperature of the dry gas inlet was higher; hollows were formed in the 
particles at increased air flow rates, and the particle size and dispersion became 
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worse as the flow rate of the feed solution was increased.  The nanocomposites 
prepared by spray drying under the optimal processing parameters were spheres 
of 0.2-2 μm in size and composed of 50-100 nm-sized particles.  Compared with 
raw HMX, the optimized sample had a similar crystal structure, a lower melting 
point, and an insignificantly faster thermal decomposition rate.  Meanwhile, 
the impact sensitivity of the optimized sample was significantly decreased; the 
critical drop height (H50) had been increased from 18.4 to 56.0 cm.
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