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Preparation and characterization of nano-1, 1 

Diamino-2, 2-dinitroethene (FOX-7) explosive 

Bing Gao, †abc Peng Wu,a Bing Huang,a Jun Wang, †a Zhiqiang Qiao,a 
Guangcheng Yang*ab and Fude Nie*a 

Nano-1,1-Diamino-2,2-dinitroethene (FOX-7) explosive particles were successfully prepared 

via ultrasonic spray-assisted electrostatic adsorption (USEA) method and sub-micro FOX-7 

were also obtained by recrystallization (absolute ethyl alcohol as solvent)  for comparison. The 

samples were characterized by Field emission scanning electron microscopy (FE-SEM), X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), Atomic force microscope 

(AFM) and particle size and size distribution. The results show that there are two groups of  

size distribution in the range from 30 to 200 nm for the nano-sized FOX-7 prepared by USEA 

method, and the average particle size of FOX-7 is approximately 78 nm. While, sub-micro 

FOX-7 particles obtained via recrystallization are in a single size distribution of 200-450 nm. 

The particles were cubic and spheroidic, respectively. What’s more, their thermal properties 

were also investigated by Differential scanning calorimetry (DSC) and Thermogravimetry 

(TG). For nano-sized FOX-7, the first exothermal peak is 267.4℃ increased by 45℃ and is 

fast energy release efficiency and more release energy compare to original and sub-micro 

particles crystals (222.7 ℃ ), there is a potential alternative application for micro electro 

mechanical systems (MEMS), micro thrusters and so on.  

1. Introduction 

1,1-Diamino-2,2-dinitroethene (C2H4N4O4) commonly called 

FOX-7 is a thermally stable insensitive munition (IM) high-

energy materials developed by the Swedish Defence Research 

Agency in 1998. 1-3 It has been reported to be an energetic high 

explosive nitroenamine which is suggested as a potential 

replacement for the currently used secondary explosive cyclo-

1,3,5-trimethylene-2,4,6-trinitramine (C3H6N6O6, RDX) and 

1,3,5,7-tetranitro-1,3,5,7-tetrazoctane (C4H8N8O8, HMX), due 

to its higher threshold toward impact and friction sensitivity.4-8 

Many researchers have focused their eyes on the theoretical 

calculation, synthesis, thermal properties by now,2,9-11 whereas 

few studies are on the nanostructures of FOX-7. As we all 

known that nano materials have unique large surface area and 

extraordinary properties, the structures, compositions, sizes and 

shapes, are of great difference at the atomic and molecular 

scale.12-14 The use of nano technology has provided a great 
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approach in military and industrial applications, especially in 

the area of nano energetic materials, such as RDX,15-17 HMX, 
18-20 2,4,6-triamino-1,3,5-trinitrobenzene (TATB),21-23 

2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitan (CL-

20),24,25 3-nitro-1,2,4-triazol-3-one (NTO).26 And nano-sized 

Fig. 1 Planar structure of FOX-7 (a) and  crystal structure of FOX-7 (b). C, 

H, O, and N atoms are indicated in grey, white, red, and blue, respectively. 

 

FOX-7, as a very promising alternative energetic material, may 

be widely used in micro electro mechanical systems 

(MEMS),27-29 micro thrusters,30-31 and so on, in particular. 

 In the recent years, some works have been done for the 

properties of FOX-7, Huang et al.32 of our groups have 

fabricated FOX-7 quasi-three-dimensional grids of one-

dimensional nano structures via spray freeze-drying method 

together with the size-dependence’s thermal properties in 2010, 

Thao T. Vo et al.33 made Copper and Nickel Diamine 

Complexes and Copper FOX-7, the samples are less sensitive to 
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impact as expected. Alok Kumar Mandal et al.34 also provided 

another way for the preparation of spherical particles of FOX-7 

using a Micellar Nanoreactor. What’s more, Cai et al.35 has 

made a novel FOX-7 nanocrystals by embedding FOX-7 in 

mesoporous carbon FDU-15, the result  shows that the extreme 

insensitivity is closely related to the high thermal and 

mechanical stability of FDU-15.  

There are many techniques which have been used to 

reduce the particle size of materials. However, most methods 

are only in small doses. Milling methods,36,37 as the classical 

nano crystal technology, are known as a top-down approach to 

nano world from the first half of the 20th century, which can be 

equipped widely into industry. The materials to be crushed are 

added in the form of a powder of about 50-100 µm diameter 

grain size and the milling time can last from about 30 minutes 

to hours or to several days depends on different drugs and other 

factors, such as the surfactant content, hardness of the materials, 

viscosity, temperature, energy input, size of the milling 

media.38-41 However, besides the high output of heat and 

threshold toward impact and friction sensitivity for energetic 

materials, security is another key consideration and discussion 

which need to be noticed. Unfortunately, the heat release is not 

controllable in milling methods. Moreover, inevitable impact 

and friction go with the reduction of products is also occurred, 

so a further improvement of great scale and safety operation in 

preparing nano energetic materials is needed.  

Ultrasonic spray-assisted electrostatic adsorption (USEA) 

method has been demonstrated as a simple and continuous 

method for the preparation of nano-/sub-micro-sized particles, 

based on droplet recrystallization under the influence of 

gradient evaporation.17,42 Compared with other chemistry 

methods, USEA provides a facile approach to generate 

relatively uniform nano/micro particles.43,44 Other methods can 

also assemble nanoparticles into microspheres.45,46 But 

uniquely, the USEA method has the advantage of producing 

nano/micro particles with a narrow size distribution. 

Additionally, the possible control and tuning of solution 

concentration, ultrasonic transducer frequencies and working 

temperatures by USEA method can prepare different size 

particles from nano to micro meters. Furthermore, it is also a 

very effective alternative for industrial by this electrostatic 

assist, making this approach particularly useful to produce other 

small-molecule organic materials. 

 The objective of this study was to develop a new and 

continuous method of the atomization process for the 

preparation of FOX-7 explosive nano-/sub-micro-sized 

particles for the first time via ultrasonic spray-assisted 

electrostatic adsorption (USEA) method as the part of 

evaporative crystallization. An ultrasonic nebulizer is used to 

generate the aerosol in which a piezoelectric transducer is 

located at the centre bottom of the container. When the 

piezoelectric transducer is switched on, ultrafine droplets are 

generated on the upper liquid surface, because of the 

qualification caused by ultrasonic waves generated in the liquid. 

The mechanism of ultrasonic atomization has been studied by 

Robert Lang.47 The droplet size can be estimated reasonably 

and  accurately using Lang’s equation: 

                                      dp =0.34(8πσ/ρf2)1/3  (1) 

where dp: the droplet size, σ: surface tension (dyne/cm), ρ: 

density (g/ml), f: excitation frequency (Hz). A constant fraction 

of 0.34 of certain frequencies from 10 to 800 kHz is given.48 

The capillary wavelength is calculable by Kelvin’s equation 

using the exciting frequency and the properties of the fluid 

being atomized. There is a good correspondence between 

capillary wavelength and droplet size, the capillary wavelength 

increases slowly with liquid phase viscosity. Although Lang’s 

study is only limited to the low frequency, many studies49-51 

have shown that the particle size might be directly related to the 

wavelength of these capillary waves. Herein, we report a 

method for the preparation of nano FOX-7 explosive which 

may be helpful for the potential use in military and industrial 

application areas. 

2. Experimental section 

2.1 Materials  

1,1-Diamino-2,2-dinitroethene (FOX-7, C2H4N4O4 ) explosive 

(purity =99. 6%, particle size 4-20 μm) were obtained from our 

own laboratory. Acetone (CH3COCH3, AR grade) and absolute 

ethyl alcohol (CH3CH2OH, AR grade) were obtained from 

Chengdu United Chemical industry (Chengdu, China). High 

purity nitrogen (N2, 99.999%) was bought from Changjun GAS 

CO.,LTD (Mianyang, China), The ultrasonic nebulizer (402-B) 

with a series of Ultrasonic frequency was supplied by YUYUE 

medical CO.,LTD. (Jiangsu, China), and the Work Voltage is 

220 V, the ultrasonic transducer frequency is 1.7 MHz ± 0.17 

MHz. 

2.2 Sample preparation  

2.2.1 Preparation of sub-micro-sized FOX-7 

Sub-micro FOX-7 particles were prepared by recrystallization, 

about 0.10 g of raw FOX-7 is dissolved into 50.0 ml absolute 

ethyl alcohol (solvent) and under stirring (300 rpm) at 60℃ for 

one hour, and following by a state of static settlement for 

another hour. After filtration, lavation, and air-drying at room 

temperature, the recrystallized sub-micro FOX-7 samples with 

regular morphology were obtained. 

2.2.2 Preparation of nano-sized FOX-7 

0.10 g of raw FOX-7 is dissolved into 50.0 ml acetone (solvent), 

in a concentration below the saturation point at 25℃ . The 

ultrasonic spray-assisted electrostatic experimental installation 

which was designed by our own laboratory is shown in Fig. 2.  

There are three main components: (Ι) ultrasonic spray. It is used 

to generate an aerosol on the upper liquid surface of the 

solution and (ΙΙ) an oven which is heated differently with 

different zones. The half of the oven close to the entry is in hot 

surroundings with a maximum temperature of 90-120℃and 

attenuate to 60-80℃towards the other half of the oven. The 

oven is heated by the heater band which tightly bound around 
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the oven. (ΙΙΙ) Electrostatic adsorption precipitator composed of 

two electrodes between which an electrostatic field would be 

Fig. 2 A brief representation of the apparatus.for nano FOX-7 by UESA 

method. 

 

existed once the switch turned on. According to security 

consideration and balancing the efficiency of the installation, 

the minimum distance of the two electrodes is not less than 9.0 

cm. When ultrasonic spray is turned on, aerosols are produced 

on the upper of the solution, the aerosols quantity is affected by 

the frequency as well as the liquid level, then the aerosols are 

transported by the inert gas (nitrogen) towards the container 

and turn into droplets.  

When the droplet enters the oven which is differently 

heated in a different zones, crystallization process of nano-

FOX-7 is quickly completed with the evaporation of the solvent. 

Varied sizes of droplets get a complete crystal growth, as a 

result of unequal heating. The nanoparticles of FOX-7 flow out 

of the oven with the help of the gas and continue to be dried at 

the temperature 60±1℃  (higher than the boiling point of 

acetone). Nano FOX-7 was adsorbed via directional movement 

from the anode to cathode under the force of electrostatic 

attraction (electrical tension: 0-5 kV). The particles are 

accumulated mainly close to the bottom of the precipitator. 

There are few nano particles to be stored in the electrostatic 

adsorption precipitator, because the particles almost adhere to 

the inwall of the oven at the first hour of the experiment. The 

production rate is constant for a given work parameters. 

2.3 Characterization 

2.3.1 Field emission scanning electron microscopy (FE-SEM). 

The morphology and surface appearance of the nano FOX-7 

particles were characterized by field emission scanning electron 

microscopy (FE-SEM, Ultra-55, Carl Zeiss, Germany) at an 

acceleration voltage of 10 kV after gold sputtering coating under the  

vacuum degree of 10-6 Pa for 50 seconds. 

2.3.2 Particle size and size distribution. The average size and 

particle size distribution of FOX-7 were calculated by means of 

counting more than 300 particles from the obtained SEM images via 

the statistics of the smileview software. 
2.3.3 X-ray diffraction. The phase content of FOX-7 was 

determined by X-ray diffraction (XRD, X’Pert Pro, PANalytical, 

The Netherlands) analysis using Cu-Kα (λ= 1.540598 Å) radiation at 

50 kV and 30 mA and a graphite diffracted-beam monochromatic. 

The samples were packed into an amorphous silicon holder and the 

diffraction angle (2θ) scanned from 5°to 80°, The scanning rate 

was 10·min-1. 

2.3.4 Fourier transform infrared spectroscopy (FT-IR) FT-IR 

spectrum was recorded on a Bruker-Tensor 27 spectrometer (FT-IR, 

bruker, Germany). About 150 mg of KBr was ground in a mortar and 

pestle, and 1 wt % of the solid sample was ground with KBr in the 

region 4000-400 cm-1. 

2.3.5 Atomic force microscope.  The imaging of nano-RDX was 

carried out in ambient conditions on a SPA300HV Atomic 

force microscope (AFM, SPA300HV, Japan). Equipped with a 

piezoelectric ceramics scanning head. The tapping mode was 

used with a length of 10×10 μm and a spring constant of 40 

N·m-1. 

2.3.6 Differential scanning calorimetry and thermogravimetry. 

Samples of raw FOX-7 and prepared FOX-7 were analysed with a 

Differential Scanning Calorimetry and thermogravimetry TG 

(DSC/TG, PerkinElmer Diamond, America). The conditions were as 

follows: sample mass: 3.00 mg; heating rate: 10 K•min-1; nitrogen 

atmosphere (flow rate: 30 mL·min-1).  

3. Results and discussion 

3.1 Structural characterization 

The molecular structure of nano-sized FOX-7 and raw-FOX-7 was 

confirmed by powder XRD patterns. As shown in Fig. 3 (grey), the 

peaks observed at 2θ=26.8º, 28.1º, and 20.1º are assigned to the 

(020), (021), (111) reflection lines of the raw FOX-7 and exhibits a 

Fig. 3 XRD diffraction patterns of the raw FOX-7 (gray) and prepared FOX-

7 (red) by USEA method. 

 

high crystallinity. These values are in good agreement with the 

diffraction peaks. For the peaks of nano FOX-7 presented in Fig. 3 

(red), the location of (020), (021), (111) diffraction peak which is 

presenting the three strongest in its intensity were almost unchanged, 

indicating that the prepared productions are still FOX-7 explosives. 
35 

To obtain more quantitative information of the prepared FOX-7 

nanoparticles, the average particle size can be calculated by inserting 

the width at half height of the signals in the Debye-Scherrer 

equation:52 

                                       L=0.89λ/(βcosθ)  (2) 
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where L is the coherence length (nm), β is the full width at half 

maximum (FWHM) of the peak, λ is the wavelength of the X-ray 

radiation (1.540598 Å), and θ is the angle of diffraction peak. 

Though the peaks are weak, the obtained average L value  is 36 nm. 

The FT-IR spectroscopy of FOX-7 was carried out to further 

characterize the FOX-7 structure. FT-IR spectra of raw FOX-7 (Fig. 

4a), sub-micro FOX-7 (Fig. 4b) and nano FOX-7 (Fig. 4c) showed 

the characteristic band of the -NH2 and -NO2 functional group 

wavenumber ranges in the 3220-3416 cm-1 and 1332-1620 cm-1, 

respectively, together with numerous peaks in the fingerprint region.  

Fig. 4 FT-IR spectra of Raw-FOX-7 (a), sub-micro FOX-7 obtained by 

recrystallization (b) and nano FOX-7 prepared by USEA method. 

 

3.2 Morphology and particle size characterization 

The morphology and particle size of FOX-7 were observed and 

revealed by FE-SEM and AFM characterizations. In order to 

detect differences in their surfaces. The FE-SEM images of raw 

FOX-7 (Fig. 5C), sub-micro FOX-7 (Fig. 5A), and nano FOX-7 

(Fig. 5B) were studied together with their particle sizes and 

average particle size which measured from the FE-SEM image, 

as shown in Fig. 5. The FE-SEM images indicate that the 

samples of FOX-7 prepared via recrystallization (absolute ethyl 

alcohol as solvent) and USEA methods still retain the structural 

integrity. However, the morphology of particles prepared by 

recrystallization and USEA method are greatly different 

appearance from the original particles’ long-prismatic shape, 

were cubic and spheroidic, respectively.  

In particular, the samples obtained by recrystallization from 

absolute ethyl alcohol are a certain degree of agglomeration but 

homogeneous which in accordance with the relative broad 

distribution of particle size from 200 nm to 450 nm and the 

average particle size is 340 nm (Fig. 5 (a)). While, it is 

obviously observed that the particle size of FOX-7 prepared via 

USEA method is reduced (Fig. 5 (c)) and the suitable particle 

size & size distribution of the prepared nano particles is also 

given shown in Fig. 5 (b) and the average particle size is 78 nm. 

Moreover, its particle size distribution is relatively narrow with 

30-200 nm of smaller size compared with raw FOX-7. 

Specially, no obvious particle aggregation was observed from 

the SEM images of the samples prepared via USEA method. 

The possible reasons can be explained that the chaotic and 

complex aerosol size distribution generated by the piezoelectric 

transducer at the aerosol production process makes the aerosol 

size’s difference and its distribution.48 Thus, small aerosol size 

droplets crystallize small particles and at the same time, big 

aerosol size droplets crystallize big particles in the 

crystallization step. What’s more, the repulsive force existing in 

Fig. 5 SEM images and particle sizes of sub-micro FOX-7 (A, (a)) 

prepared by recrystallization absolute ethyl alcohol as solvent, nano FOX-7 

(B, (b)) prepared by USEA method at the voltage of 5kV, ultrasonic 

transducer frequency of 1.7 MHz, and the raw FOX-7 (C),  

 

the electrostatic field of each particle reduces the agglomeration 

of crystals with each other. And through the effect of 

ultrasound can help diminish the size to a certain extent, the 

main contribution of being nano size involves the rupture of the 

capillary surface waves and the subsequent ejection as droplets 

of the wave peaks from the surface in the aerosol process.  

To further demonstrate the morphology and particle size of 

the samples, we also examined nano-FOX-7 by atomic force 

micrographs (AFM) obtained by USEA method at the voltage 

of 5kV, ultrasonic transducer frequency of 1.7 MHz, as shown 

in Fig. 6 and Fig. 7. 

The micrograph of Fig. 6 gives a global AFM registration 

of a relative large scanning area (10×10 μm), Fig. 6A shows 

that there are two kinds of particles sizes: elementary particles 

of about 30-90 nm, and agglomerates together with each other 

of about 100-200 nm. It can be also read clearly from the FE-

SEM of Fig. 5B together with the magnification image 

attaching in the top right corner. A 3D view of the data in Fig. 

6B shows that the height is about 20 nm. Fig. 7 gives the length 

analysis of the nano FOX-7 prepared by USEA method at the 

voltage of 5kV, ultrasonic transducer frequency of 1.7 MHz 

after dispersing the nanoparticles in a non-solvent diethyl ether. 

The AFM microscopy of no vacuum and no heating 

needed, is considered the most suitable method for the 
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characterization. The sample is not destroyed during the 

observation. 

Fig. 6 AFM images and particle sizes of nano FOX-7 large registration 

scanning area imaging (A) prepared by USEA method at the voltage of 

5kV, ultrasonic transducer frequency of 1.7 MHz after dispersing the 

nanoparticles in a non-solvent diethyl ether, and a 3D view of the data (B). 

Fig. 7 AFM images of height measurements of nano FOX-7 elementary 

particles of about 30-90 nm (79 nm, 87 nm, surface analyze from left to 

right) (A), and agglomerates of about 100-200 nm (215 nm, 143 nm and 201 

nm surface analyze from left to right) (B), drawing on the different surface 

of Fig. 6 (A-red, B-blue). 

 

3.3 Thermal analysis and thermal stability properties 

The thermal properties of the raw FOX-7 and prepared FOX-7 

were investigated using differential scanning calorimetry (DSC) 

and thermogravimetry (TG) measurements. Fig. 8 shows the 

results of DSC curve of the raw FOX-7 (Fig. 8 (a)),  sub-micro 

FOX-7 (Fig. 8 (b)), and nano FOX-7 (Fig. 8 (c)). From the DSC 

curve, we can see that the thermal behaviour of FOX-7 can be 

divided into three stages: (1) the pyrogenic decomposition for 

the raw and sub-micro FOX-7 in the range of 200-210℃, (2) 

the first exothermic decomposition stage occurs at 210-268℃ 

and (3) the second exothermic decomposition stage occurs at 

280-292℃ for both raw and prepared FOX-7. Fig. 8 (a) and Fig. 

8 (b) have the first similar signal above 200 ºC (201.2 ºC), it 

corresponds to the presence of amorphous FOX-7 particles, 

according to the Bellamy review,1 while, there is no signal for 

nano FOX-7 which may indicate that the good degree of 

crystallinity for nano FOX-7.  

 In fact, the increasing of phase transition temperature is 

hard to be detected, most studies showed that the phase 

transition temperature is not found for nano FOX-7 

particles.10,32  

Fig. 8 DSC curve of the raw FOX-7 (a), sub-micro FOX-7 (b) prepared by 

recrystallization absolute ethyl alcohol as solvent, and nano FOX-7 (c) 

prepared by USEA method at the voltage of 5kV, ultrasonic transducer 

frequency of 1.7 MHz. 

 

Exothermal reactions have been one of the most important 

explosive properties of current interest from the reports until 

now.9,33,35,53 The other two stages are the exothermic 

decomposition processes: the first exothermal peak can be 

elucidated by the emergence of nitro-to-nitrite rearrangement in 

the molecule which leads to the destruction of conjugated 

system and hydrogen bonds and thus the fracture of nitro-result 

in the formation of nitrogen monoxide (NO),54 and the second 

exothermal peak can be described as the fracture of carbon 

skeleton in FOX-7 molecule. The raw FOX-7 exhibited an 

obvious exothermic peak at 222.7℃ (first exothermal peak), 

with the same peak of sub-micro FOX-7, while, that peak shifts 

right to 267.4 ℃, increased by 45 ℃ for nano FOX-7. It can be 

Fig. 9 TG curve of the raw FOX-7 (a), sub-micro FOX-7 (b) prepared by 

recrystallization absolute ethyl alcohol as solvent, and nano FOX-7 (c) prepared 

by USEA method at the voltage of 5kV, ultrasonic transducer frequency of 1.7 

MHz. 

 

clearly observed that this first exothermal peak shifts toward 

higher temperature with the decrease of FOX-7 particle sizes. 

This phenomenon can be explained by topochemical reactions 

theory,55 generally, the smaller (nano) sized FOX-7 particle 

requires a higher decomposition temperature because of its less 

Page 5 of 8 New Journal of Chemistry

N
ew

 J
o

u
rn

al
 o

f 
C

h
em

is
tr

y 
A

cc
ep

te
d

 M
an

u
sc

ri
p

t



ARTICLE Journal Name 

6 | New J. Chem., 2013, 00, 1-3 This journal is ©  The Royal Society of Chemistry 2013 

lattice defects and smaller internal stress. As for the second 

strong exothermic peak, the Tmax of raw and sub-micro FOX-7 

are 291.1 ℃and 288.0℃, respectively. Both of them are higher 

than that of the nano FOX-7 (280.5℃), namely that there is a 

shift of 11℃and 7.5℃ to lower temperature. The result shows 

that the second peak of FOX-7 typically decreased with a 

decrease in size which is similar to the former works of 

others.32,56 This probably caused by the increase of the ratio of 

surface atoms to interior atoms than raw and sub-micro FOX-7 

which leads to a higher surface energy and results in the 

decrease of decomposition peak. What’s more, it should be 

noted that the two decomposition processes of nano FOX-7 

were focused in a narrow temperature scope (267.4-280.5℃) 

compared with the sub-micro FOX-7 (227.7-288.0℃), and raw 

FOX-7 (227.7-291.1 ℃ ), which meant that they possessed 

higher energy release efficiency. Fig. 9 gives the TG curve of 

the raw and prepared FOX-7. The TG curve of the raw and sub-

micro FOX-7 showed three obvious decomposition steps, while 

nano FOX-7 showed only two vertical steps, identical to the 

DSC results. TG curve together with the DSC curve shows that 

nano FOX-7 has a higher decomposition rate than raw and sub-

micro FOX-7. 

Table 1 Thermal analysis and thermal stability properties of the raw and 

prepared FOX-7 

SD: size distribution, APS: average particle sizes, T1: The first exothermal 

peak, T2: the second exothermal peak. 

 

The total of the exothermal peak of nano FOX-7 (1004J/g) is 

higher than sub-micro FOX-7 materials (979.0J/g) which is 

similar with the former works of others,3,31,55 This still indicates 

that high energy release of the nano FOX-7 prior to the raw or 

sub-micro materials. Table 1 provides a comparison of the raw 

FOX-7 and prepared FOX-7. 

4. Conclusions  

In conclusion, nano-sized FOX-7 explosive materials were 

successfully prepared using ultrasonic spray-assisted 

electrostatic adsorption (USEA) method. The mean particle size 

of nano FOX-7 is 78 nm and with a narrow particle size 

distribution in a range of 30-200 nm. The nano sized crystals 

can be produced continuously and safely via USEA method as a 

very effective alternative for industrial production. And this 

method may be used for other energetic materials such as RDX, 

CL-20 and so on. Different characterization methods show that 

nano-sized FOX-7 particles prepared by USEA method are 

faster energy release efficiency and more release energy than 

the raw FOX-7 and sub-micro FOX-7, because of its less lattice 

defects and smaller internal stress. 
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Graphic: 

 

Text: Two kinds of nano FOX-7 particle sizes: elementary particles of about 30-90 nm and 

100-200 nm prepared by USEA method. 
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