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1. Introduction
3,3′-Diamino-4,4′-azofurazan (DAAzF) has become the subject
of significant investigations in recent years due to its potential as
an insensitive explosive [1–7]. DAAzF is also considered as a pos-
sible ingredient of solid [8] and fuel-rich propellants [9]. DAAzF
cannot be initiated by laboratory impact drop tests, and yet it has
in some aspects better explosive performances than 1,3,5-triamino-
2,4,6-trinitrobenzene (TATB)—the standard of insensitive high
explosives [3].

The thermal stability of DAAzF is also attractive, with the onset
temperature of the exotherm in DSC at 315 ◦C, which is compara-
ble to that of hexanitrostilbene (HNS), yet DAAzF is also a better
explosive performer than HNS [3]. However, studies reported for
DAAzF thermal stability are limited to DSC data only. The only
kinetic data of DAAzF thermal decomposition (E = 336.8 kJ mole−1,
A = 1026.4 s−1) have been obtained in non-isothermal conditions by
means of DSC [10,11], and to all appearances are characteristic
of a total process of DAAzF decomposition in both solid and gas
phases accompanied by evaporation, rather than characteristic of
the DAAzF breaking bonds strength. Furthermore, there are differ-
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xplosive with low sensitivity, 3,3′-diamino-4,4′-azofurazan (DAAzF), has
ermal conditions at 200–320 ◦C using the thin-walled glass manome-
Changing the ratio of the sample weight to the vessel volume allowed

arameters of DAAzF decomposition predominantly in the solid state
s−1) and the gas phase (k = 3.3 × 1012 exp(−21,020/T), s−1). The kinet-
ion (k = 3.5 × 106 exp(−14,070/T), s−1) have also been measured. Based
mocouple measurement data, rate constants of DAAzF decomposition
00 ◦C have been derived from a condensed-phase combustion model
1), which is in a good agreement with kinetic data obtained in the solution

of DAAzF thermolysis and combustion includes initial rupture of C–N bond
azan ring with subsequent nitrogen evolution and decomposition of the

stion wave, the heat release from decomposition of the stable furazan ring
o-group decomposition, resulting in a distinct two-stage flame structure.

© 2008 Elsevier B.V. All rights reserved.

ent opinions about the thermal stability of DAAzF. Thus, according
to reference [8], DAAzF gave over 5 ml of gas per gram in the vacuum
thermal stability test (VTS test, 100 ◦C, 48 h), which is unacceptable
for a propellant ingredient. At the same time, according to Chi-

nese researchers, DAAzF gave only 0.45 ml of gas per gram [10] or
0.26 ml g−1 [11] in the VTS test, which is quite satisfactory.

The purpose of the present work was to investigate DAAzF
decomposition in different states of the material using an isother-
mal method. A study of thermal decomposition was accompanied
by thermocouple-aided measurements in the combustion wave of
DAAzF that allowed determination of the surface temperatures and,
as a result, derivation of DAAzF decomposition reaction rates in
a high-temperature interval characteristic of DAAzF combustion
(600–800 ◦C).

2. Experimental

2.1. Preparation

3,3′-Diaminoazofurazan was synthesized by methods published
elsewhere [12] as a dark-orange crystalline solid. Analysis con-
firmed the assigned structure. 1H NMR (DMSO-d6) ı 6.89 (s, 4H); 13C
NMR (DMSO-d6) ı 150.4, 155.6. Anal. Calcd. for C4H4N8O2 (196.13):
C 24.48, H 2.06, N 57.14. Found C 24.44, H 2.09, N 57.11.

http://www.sciencedirect.com/science/journal/00406031
mailto:vps@rctu.ru
dx.doi.org/10.1016/j.tca.2008.04.004
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Fig. 1. Curves of the gas release from decomposition of DAAzF at m/V ∼10 mg cm−3

and different temperatures.

brownish film on the inner wall of the manometer remains, indi-
cating the existence of gas-phase decomposition. Assuming that
onset pressures in the glass Bourdon gauge are produced as a result
of initial substance sublimation only, it is possible to evaluate the
temperature dependence of vapor pressure above solid DAAzF. In
the temperature range of 280–310 ◦C, the initial pressures follow
the equation ln P (P in atm) = 18.61–11,960/T. The enthalpy of sub-
limation for DAAzF derived from it is 99.6 kJ mole−1.

Knowing the DAAzF vapor pressure, it is easy to calculate the
portion of the substance coming into the gas phase during our
experiments at m/V ∼10 mg cm−3. It changes from 13 to 60% in the
interval of 280–310 ◦C. Therefore, the kinetics parameters obtained
26 V.P. Sinditskii et al. / Therm

2.2. Decomposition study

Manometric experiments were carried out in thin-walled glass
manometers of the compensation type (the glass Bourdon gauge)
at 200–320 ◦C. A sample of DAAzF (from 5 to 140 mg, depend-
ing on a type of experiment) was loaded in a glass manometer of
10–50 cm3 volume. The device was evacuated to 10−2 mmHg, then
it was sealed and immersed in a thermostatted Wood’s metal bath.
The temperature in the bath was maintained with an accuracy of
±0.5 ◦C. The pressure of the gases evolved in the experiments was
measured with an accuracy of ±1 mmHg, which was then converted
to gas volume at normal conditions, and the rate of gas evolution
was then evaluated. The rate constant was calculated as a ratio of
the initial gas evolution rate to the final volume of gases. In the case
of experiments in solution, a sample of 2–6 mg DAAzF was admixed
with 200 mg hexachlorobenzene and placed in a glass manometer
with ∼12 cm3 volume.

2.3. Combustion study

Burning rates were measured in a constant-pressure window
bomb of 1.5 l volume in the 0.6–15 MPa pressure interval. Samples
to be tested were prepared as pressed cylinders of 0.90–0.95 of the
theoretical maximum density (TMD) (1.728 g cm−3 [8]) confined in
transparent acrylic tubes of 7 mm i.d. Prior to pressing, the mate-
rial was thoroughly comminuted in order to produce samples with
a minimum possible pore size, thus minimizing the possibility of
flame propagation between particles.

Temperature profiles in the combustion wave were measured
using fine thermocouples. The thermocouples were welded from
80%W + 20%Re and 95%W + 5%Re wires 25 �m thick followed by
rolling in bands 5–7 �m thick. The thermocouple signal was
recorded with a Pico ADC 216 digital oscilloscope.

2.4. Analysis

The condensed combustion and decomposition products were
analyzed with a Nicolet Magna Fourier transform spectrometer,
thin-layer, gas and liquid (Millikhrom-4) chromatography.

Thermodynamic calculations were performed with the use of
the “REAL” computer simulation of chemical equilibrium code [13].

3. Results and discussion
3.1. Thermal decomposition of DAAzF

The first experiments on thermal decomposition of DAAzF under
isothermal conditions were carried out at a loading density of
∼10 mg cm−3 (the ratio of the sample weight to the vessel volume,
m/V) in the temperature interval of 280–310 ◦C. Curves of the gas
release have a shape typical of saturation conditions (Fig. 1). The
rate constants calculated as a ratio of the initial gas evolution rate
to the final volume of gases are presented in Fig. 2 and Table 1. In
the ln k vs. reciprocal temperature coordinates, the experimental
points fall on a straight line described by the following equation:
k(in s−1) = 7.8 × 1020 exp(−32,680/T). As seen from Fig. 2, the kinetic
parameters obtained (curve 1) prove to be quite close to those
observed in the DSC experiments (curve 5) [10].

The observed activation energy (271.5 kJ mole−1) is very high
and can be explained by the fact that the kinetic parameters of
DAAzF thermal decomposition in the solid phase are distorted by
decomposition reactions in the gas phase, which role increases
with temperature. Along with a condensed residue observed at
the bottom of the vessel after the experiment is finished, a thin
Fig. 2. The rate constants of DAAzF decomposition at different m/V (mg cm−3):
∼10 (1), ∼100 (2), 0.5–5.6 (3) in comparison with the rate constants of the DAAzF
decomposition in the solution (4) and data from Ref. [10] (5).
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phases.
Fig. 3. Curves of the DAAzF gas release from decomposition in the gas phase (at
m/V = 0.5–5.6 mg cm−3) at different temperatures.

are characteristic of the total process and are not fundamental

values.

Taking into account the vapor pressure data obtained, decom-
position of DAAzF has been studied in both the solid and gas
phases. The gas-phase decomposition experiments were carried
out at a loading density of 0.5–5.6 mg cm−3 in the temperature
interval of 270–320 ◦C. In this case, the only condensed residue
after decomposition of DAAzF was a brownish film on the inner
wall of the device. Typical curves of the gas released in decompo-
sition of 1 mole of DAAzF are presented in Fig. 3. Rate constants
are derived from the gas pressure, which can be described by the
equation P = P0(1 − exp−kt) + P∞ exp−kt, where P0 and P∞ are an
initial vapor pressure and final pressure of decomposition prod-
ucts, respectively. The kinetics of the gas-phase decomposition
appeared to correspond to a first reaction order, at least up to 80%
decomposition. In ln k vs. reciprocal temperature coordinates, the
experimental points fall on a straight line described by the fol-
lowing equation: k(in s−1) = 3.3 × 1012 exp(−21,020/T) (Fig. 2, curve
3).

DAAzF thermal decomposition experiments in the solid state
were carried out at the considerably higher loading density,

Table 1
The kinetic parameters of DAAzF thermal decomposition in the solid, liquid and gas phas

Temperature (◦C) k (s−1, at m/V ∼10 mg/cm3) k (s−1, s

200 1.62E−0
235
250 5.93E−0
260
260
270 4.19E−0
280 1.26E−05 1.01E−0
290 3.80E−05 2.25E−0
290
300 1.20E−04
305
310 2.68E−04
320

Equation 1020.89 exp(−32,680/T) 1011.7 ex
Coefficient of determination 0.990 0.989
ica Acta 473 (2008) 25–31 27

100 mg cm−3, and reduced temperatures, 200–290 ◦C, to diminish
the influence of gas-phase decomposition. The portion of the sub-
stance occurring in the gas phase at all temperatures studied was
not more than 5% of total sample. The final gas volume after cool-
ing to room temperature allowed estimation of the degree of DAAzF
decomposition, which was usually less than 10%. There were almost
no condensed decomposition products found upon cooling, and
chromatographic analysis of the gaseous decomposition products
indicated only nitrogen.

The decomposition of DAAzF under these conditions occurs at a
constant rate. The temperature dependence of the rate constant is
described by the following equation: k = 5.0 × 1011 exp(−21,320/T),
s−1 (Fig. 2, curve 2). Values of the activation energy of decomposi-
tion in both phases are close to each other (174.7 and 177.4 kJ mole−1

in the gas and solid phase, respectively), but the rate of decompo-
sition in the solid state is 10 times less (Table 1).

Comparison of the rate constants for DAAzF decomposition
obtained under isothermal conditions with those obtained in DSC
experiments shows that DSC kinetics data describe the cumula-
tive process of DAAzF decomposition in both gas and solid phases
(Fig. 2).

The full decomposition produces 4 mole of gases per mole of
DAAzF (310 ◦C) at m/V = 0.5–5.6 mg cm−3 (Fig. 3) and 3.2 mole/mole
at m/V = 10 mg cm−3 (Fig. 1). It is most likely that such a difference
in the quantities of gaseous decomposition produces indicates dif-
ferent DAAzF decomposition mechanisms in gas and condensed
Decreasing the temperature at which the experiment is con-
ducted results in a regular decrease in the amount of gases evolved.
This behavior can be explained by the fact that the vapor pressures
of the condensed products formed during decomposition decrease
as the temperature falls. This assumption is supported by the obser-
vation that the fraction of gases that condense upon cooling to room
temperature decreases also with decreasing of experiment tem-
perature, giving close values of 2.10–2.18 mole of noncondensable
gases per mole of DAAzF. Cooling the remaining gases to low tem-
peratures, from 0 to −195 ◦C, resulted in condensation of 45–46%
gases that might be connected with condensation of gaseous CO
(and CO2). Remaining 55–56% of noncondensable gases are most
likely nitrogen. In the case of gas-phase decomposition the content
of nitrogen remains the same, but content of CO and CO2 increases.

A gas chromatographic analysis of the decomposition products
(m/V = 10 mg cm−3, 310 ◦C, full decomposition) also indicated the
main gas products to be CO and nitrogen (together they consti-
tute 96.22% in the ratio of 1:1.26) with a small impurity of CO2
(3.6%) and N2O (0.2%). HCN was practically absent in the compo-
sition of noncondensable gases. The CO/N2 ratio proved to be very

es

olid) k (s−1, liquid) k (s−1, gas)

8
3.62E−06

7 8.70E−06
1.34E−05
1.41E−05

6 5.83E−05
5
5

1.89E−04
3.35E−04
4.33E−04
7.99E−04
1.61E−03

p(−21,320/T) 106.54 exp(−14,070/T) 1012.52 exp(−21,020/T)
0.944 0.980
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close to that observed during fast pyrolysis at 350–400 ◦C in the
T-jump/FTIR spectroscopy experiments (1:1.44) [14], in which very
little NO, NO2, and N2O was practically observed in the decompo-
sition products. However, in contrast to our data, a large amount
of HCN is formed in flash pyrolysis according to Beal [14]. This
discrepancy can be explained by assuming that FTIR spectroscopy
actually showed the presence of CN-group in some CN-containing
product that was different from HCN and was condensed at room
temperature.

Indeed, the condensed residue after DAAzF decomposition
was found by thin layer and liquid chromatography to consist
of two main products, one of them being identified as a dimer
of cyanamide, dicyandiamide. In addition, liquid chromatography
showed traces of a trimer of cyanamide, melamine.

According to our DSC data and the data of Li et al. [10], DAAzF
begins to melt at 326 ◦C. The decomposition of liquid DAAzF cannot
be studied by the manometric technique at temperatures higher
than the melting temperature because of very high rates of decom-
position. Therefore, decomposition of DAAzF in the liquid phase was

studied at lower temperatures by using DAAzF in solution. Stable
nitroaromatic compounds such as dinitrobenzene are usually used
as solvents in such cases. However, in the case of DAAzF this solvent
was inapplicable, since it reacted with DAAzF or with its decom-
position products. Kinetic parameters of DAAzF decomposition in
the liquid phase have been successfully obtained from decompo-
sition of solutions of 1 and 2% DAAzF in hexachlorbenzene (HCB).
In the temperature interval 235–260 ◦C, the temperature depen-
dence of the rate constant is described by the following equation:
k = 3.5 × 106 exp(−14,070/T), s−1 (Fig. 2, curve 4). The rate of decom-
position in the liquid state is very close to that in the gas phase, but
the value of activation energy of decomposition in the liquid state
is significantly less (117.2 kJ mole−1).

A comparison of the rate constants of solid-phase decom-
position of DAAzF with another explosive of low sensitivity,
5-nitro-1,2,4-triazol-3-one (NTO) [15], and with HMX [16],
obtained with the same experimental technique, is presented in
Fig. 4. It is seen from Fig. 4 that DAAzF is considerably more stable
than solid NTO and HMX at temperatures below 220 ◦C.

A preliminary study of DAAzF combustion showed that at low
pressures, the burning rate was governed by the condensed-phase

Fig. 4. Comparison of decomposition rate constants of solid DAAzF (1), NTO (2) and
HMX (3), obtained by the same experimental technique.
Fig. 5. Comparison of burning rates of DAAzF (1), NTO (2), and HMX (3).

chemistry. This may allow determination of DAAzF decomposi-
tion rate constants in the melt under combustion condition, i.e.,
in the high-temperature interval of 600–800 ◦C. For this purpose,
it is necessary to know not only DAAzF burning rates, but surface
temperatures as well.

3.2. Burning behavior and flame structure of DAAzF

DAAzF in the form of samples pressed into acrylic tubes of 7 mm
diameter can sustain stable combustion at pressures above 0.6 MPa.
The burning rate measured at 0.6 MPa (0.15 mm s−1) is not consid-
ered in the discussion below because the burning is unstable. At
1 MPa DAAzF burns stably, and the burning is accompanied by for-
mation of copious yellow smoke and solid residue inside the tubes.
The burning rate at 10 MPa is only 4.7 mm s−1, which is about 4
times slower than the burning rate of HMX and is comparable to
the burning rate of NTO (Fig. 5). The DAAzF burning rate–pressure
dependence is expressed as rb = 0.419p1.046, mm s−1 for the pressure
interval of 1–15 MPa.
Temperature profiles in the DAAzF combustion wave were
obtained at pressures of 1, 2, 4, and 5 MPa (Fig. 6). At all the pres-
sures, temperature profiles demonstrated the presence of a region
between surface and flame with a weak growth of temperature. At
1 MPa, the thermocouple did not show a temperature rise above
the surface at a distance as long as ∼1 mm. The temperature above
the surface before ignition of the gas flame increases from 963
to ∼1100 K (Table 2). As seen from Fig. 6, the appearance of the
gas flame does not exert any effect on the DAAzF burning rate at
pressures up to 5 MPa.

The maximum flame temperature is reached 1400–1450 ◦C at
5 MPa. It is much lower than the calculated adiabatic tempera-
ture (Table 2). It was shown earlier [17] that the incompleteness
of heat release in the combustion of furazans is caused by for-
mation of high-energy products. The furazan ring decomposition
usually results in formation of nitrile and nitriloxide derivatives
[18], isomerisation of the latter to isocyanate being the main heat
release reaction during burning of furazan compounds. The dif-
ference between the maximum measured temperature and the
calculated adiabatic temperatures amounts to ∼835 K, which cor-
responds to 280 kJ mole−1, assuming the average specific heat to
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Fig. 6. Typical temperature profiles for DAAzF recorded at 1, 2, 4, and 5 MPa.

be 1.67 kJ kg−1 K−1. This value is close to the enthalpy of for-
mation of two CN-fragments: �H◦

f (HCN, gas) = 130.54 kJ mole−1

[19], �H◦
f (C2N2, gas) = 308.95 kJ mole−1 [19], or �H◦

f (H2NCN,
gas) = 130 kJ mole−1 (calculated).

The maximum measured temperature above the surface before
the gas flame ignites is ∼1100 K, which corresponds to a heat effect
due to reactions in the melt of 360–376 kJ mole−1, taking the aver-
age specific heat in this temperature interval as 1.67 kJ kg−1 K−1.

The surface temperature in the pressure interval of 1–5 MPa

ranged from 873 K (600 ◦C) to 1028 K (755 ◦C). The surface temper-
ature in the interval of 1–5 MPa can be described by the following
equation: ln P = −7759/T + 11.62 (P in atm) (Fig. 7). The above depen-
dence yields a DAAzF heat of evaporation of 60.7 kJ mole. The heat
of sublimation of DAAzF derived from the temperature depen-
dence of vapor pressure in the decomposition experiments is higher
(99.6 kJ mole−1), since it includes the heat of melting.

Based on one-dimensional conductive heat transfer analysis,
the thermal diffusivity of molten DAAzF may be evaluated from
the temperature distribution in the condensed phase. A plot of
ln(T − T0)/(Ts − T0) vs. distance yields a straight line with the slope
rb/�. At temperatures below 600 K, the thermal diffusivity of
molten DAAzF is equal to (1.4 ± 0.3) × 10−7 m2 s−1.

Combustion of DAAzF at 1 MPa leads to formation of a con-
densed yellow-brown residue amounting to about 37–42% of the
initial sample weight. It corresponds almost quantitatively to the
amount of cyanamide that might be formed in the decomposi-
tion of DAAzF. According to liquid chromatography analysis, the
residue consists of a cyanamide condensation product, dicyandi-
amide, with an admixture of melamine and an unknown product,
the nature of which is the same as in the decomposition experi-

Table 2
Characteristic temperatures in the combustion wave of DAAzF

Pressure
(MPa)

Surface temperature,
Ts (K)

Maximum temper
above the surface

1 873 ± 11 963 ± 15
2 881 ± 11 1003 ± 15
3 906 ± 11 1100 ± 40
4 982 ± 28 1135 ± 25
5 1028 ± 35 1088 ± 35
Fig. 7. Vapor pressure as a function of reciprocal temperature: DAAzF surface tem-
perature (1) and initial pressures in DAAzF decomposition in glass Bourdon gauges
(2).

ments. IR-spectroscopy data of the residue show wide strong bands
3441, 3333, and 3157 cm−1 (�N–H), band 2168 cm−1 (�C≡N), and
absorbance in the range of 1500–1650 cm−1 (�NH2 and �C N).

The heat flux from the gas to the surface at pressures at least up
to 5 MPa is negligible, which consideration of the condensed-phase
chemistry the determining factor in the combustion of DAAzF. Rate
constants of the leading combustion reaction in the pressure range
of 1–15 MPa can be obtained from the Zeldovich expression [20]

for the mass burning rate (m), based on a dominant role of the
condensed-phase chemistry:

m =
√

2�2�Q

cp(Ts − T0 + Lm/cp)2

(
RT2

s

E

)
A e−E/RTs

where A is preexponential factor, E is activation energy, Ts and
T0 are surface and initial temperature, respectively. The aver-
age specific heat (cp), thermal diffusivity (�), and density of
sample (�) were taken as 1.67 kJ kg−1 K−1, 1.4 × 10−7 m2 s−1, and
1.67 g cm−3, respectively. The heat of reaction in the melt, Q,
was taken as 1841 J g−1 (360 kJ mole−1), and the heat of melting,
Lm (38.9 kJ mole−1 or 196.7 J g−1) was obtained as the difference
between the heat of sublimation, 99.6 kJ mole−1, and the heat of
evaporation, 60.7 kJ mole−1.

As seen in Fig. 8, kinetic parameters of DAAzF decomposition
derived from the combustion model, k = 4.6 × 108 exp(−16,680/T),
s−1 are in a good agreement with the experimental rate con-
stants of DAAzF decomposition in the solution at low temperatures.
Using rate constants of DAAzF decomposition derived from the
combustion model in the temperature interval of 600–800 ◦C

ature
(K)

Maximum flame
temperature, Tf (K)

Adiabatic flame
temperature (K)

– 2550
1655 ± 35 2554
1650 ± 35 2556
1645 ± 35 2558
1675 ± 20 2558
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and data on the DAAzF decomposition in the solution at low
temperatures, one can easily calculate the kinetics of DAAzF
decomposition in the expanded temperature interval (250–800 ◦C):
k = 4.1 × 108 exp(−16,570/T), s−1 (coefficient of determination,
0.999). The activation energy of DAAzF decomposition in the liquid
state in this temperature interval is 137.8 kJ mole−1.

3.3. A mechanism of DAAzF thermal decomposition and
combustion

Since the only gaseous product formed early in the decompo-
sition of DAAzF proved to be nitrogen, it can be suggested that
homolysis of the C–N bond between the furazan ring and the
azo-group is the most probable initial step of unimolecular decom-
position. As a result, a molecule of bis(diaminofurazanyl) can be
formed. A similar transformation of azobenzenes is well known
[21], but it was not observed previously in the chemistry of azo-
furazans. The heat effect of this reaction may be estimated as
∼209 kJ mole−1. However, as was already mentioned, the ther-
mal effect of reaction in the melt amounts to 360–376 kJ mole−1

according to the thermocouple measurements. Hence, it is pos-
sible to assume that some further destruction of the furazan
ring takes place, along with formation of bis(diaminofurazanyl)
in the melt after loss of nitrogen. According to Teles and Maier
[22], in pyrolysis at 500 ◦C through a quartz tube packed with
quartz wool, 3,4-diaminofurazan produces a mixture of aminoiso-
cyanate, cyanamide, isocyanic acid, and hydrogen cyanide with
small amounts of carbon monooxide, carbodiimide and ammonia.
A probable intermediate in this reaction is nitrile oxide. Therefore, it
is possible to propose that DAAzF (and bis(diaminofurazanyl) also)
can decompose to give cyanamide, aminonitrile oxide (presumably
in approximately equal amounts), and cyanonitrile oxide. In order
for the heat effect of the reaction to correspond to the measured
heat release in the melt, it is necessary to suppose that one of the
nitrile oxides turns into isocyanate:
The further decomposition of cyanonitrile oxide to NCN
radical and CO, and subsequent transformation of NCN and
aminoisocyanate to 5-amino-1,2,4-triazol-3-one results in the final
decomposition products:

The heat effect of DAAzF decomposition reaction to CO,
N2, cyanamide, and aminotriazolone may be estimated as
∼500–545 kJ mole−1, which is in a good agreement with the max-
imum heat released in combustion (calculated from maximum
measured flame temperatures). Condensation of cyanamide to
Fig. 8. Comparison of rate constants in a wide temperature interval: rate constants
of the leading reaction in DAAzF combustion (1, points and line) and rate constants
of the DAAzF decomposition in the solution (2, points).

solid dicyandiamide and melamine most likely occurs far from the
gas reaction zone; otherwise, DAAzF flame temperatures would
be significantly higher. It is necessary to note that no direct
evidence for formation of aminotriazolone could be found. The
proposed scheme allows us to explain the formation of about
2 mole of gases (CO/N2) from decomposition of one mole of
DAAzF.
4. Conclusions

The kinetic data obtained in DAAzF decomposition and the
DAAzF combustion study were indicative of very similar activa-
tion energies of 174–176 kJ mole−1 in the gas and solid phases
of the material and a significantly lower activation energy of
138 kJ mole−1 in the liquid phase. A comparison of the rate con-
stants of solid-phase decomposition of DAAzF, another explosive
of low sensitivity, 5-nitro-1,2,4-triazol-3-one (NTO), and HMX,
obtained by using the same experimental technique, shows that
DAAzF is considerably more stable in the solid state than NTO and
HMX.

A mechanism of DAAzF thermolysis and combustion includes
initial rupture of C–N bond between azo-group and furazan cycle
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with subsequent nitrogen loss and decomposition of the hetero-
cyclic ring. In the combustion wave, heat release from azo-group
decomposition is followed by the heat release from decomposi-
tion of a stable furazan ring, resulting in a distinct two-stage flame
structure in burning.
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