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The thermal behavior and kinetic parameters of the exothermic decomposition reaction of N,N′-bis[N-(2,2,2-tri-
nitroethyl)-N-nitro]ethylenediamine in a temperature-programmed mode have been investigated by means of dif-
ferential scanning calorimetry (DSC). The results show that kinetic model function in differential form, apparent ac-
tivation energy Ea and pre-exponential factor A of this reaction are 3(1 α)2/3,  203.67 kJ•mol 1 and 1020.61 s 1, re-
spectively. The critical temperature of thermal explosion of the compound is 182.2 . The values of ∆S≠, ∆H≠ and 
∆G≠ of this reaction are 143.3 J•mol 1•K 1, 199.5 kJ•mol 1 and 135.5 kJ•mol 1, respectively. 
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Introduction 

N,N'-Bis[N-(2,2,2-trinitroethyl)-N-nitro]ethyenedi- 
amine (BTNEDA) is a typical nitramine compound, 
which is structurally shown in Figure 1. The crystal 
density is 1.87 g•cm 3. The detonation velocity corre-
sponding to ρ 1.842 g•cm 3  is about 8970 m•s 1.1 
Therefore, BTNEDA is used as high explosive. Its 
thermogram has been reported.2 In this paper, its kinetic 
parameters of the exothermic decomposition reaction 
are described. This is quite useful in the evaluation of its 
thermal stability under non-isothermal condition and in 
the study of its thermal changes at high temperature. 

 

Figure 1  General structure of N,N'-bis[N-(2,2,2-trinitro-
ethyl)-N-nitro]ethylenediamine. 

Experimental 

BTNEDA was prepared in Xi'an Modern Chemistry 
Research Institute. The structure of BTNEDA was 
characterized by elemental analyses, molecular weight 
determination, IR spectrometry, mass spectrometry and 
nuclear magnetic resonance spectrometry and its purity 

was more than 99.5%. The sample was kept in a vac-
uum desiccator before use. 

DSC experiments were carried out with a MODEL 
CDR-1 thermal analyzer made in Shanghai Balance In-
strument Factory, using Ni-Cr/Ni-Si thermocouple plate 
and working in static air with heating rates 1 20 • 
min 1. DSC curves were obtained with a sealed cell of 
aluminum (diameter 5 mm 3 mm). The amount of 
sample used was about 0.7 mg. The calorimetric sensi-
tivities were 0.92 and 41.84 mJ•s 1. α-Al2O3 was 
used as reference material. The heating rate was calcu-
lated according to the actual rate of temperature rise 
from 50  to the temperature at the end of the de-
composition. The precision of temperature was 0.25 . 
The temperature and heat were calibrated using indium 
and tin powders. DSC curves obtained under the same 
conditions overlapped with each other, indicating that 
the reproducibility of the tests was satisfactory. 

Results and discussion 

A typical DSC curve for BTNEDA is shown in Fig-
ure 2. DSC curve consists of one endothermic peak and 
one exothermic peak. The endothermic peak at 180  
is the phase change from solid to liquid, while the exo-
thermic peak at 197  is caused by the decomposition 
reaction.  

In order to obtain the kinetic parameters (apparent 
activation energy Ea and pre-exponential factor A) of the  
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Figure 2  DSC curve for BTNEDA at a heating rate of 10 • 

min 1. 

exothermic decomposition reaction for BTNEDA, a 
multiple heating method3 (Kissinger’s method) was em-
ployed. From the original data in Table 1, Ek and A were 
determined to be 199.5 kJ•mol 1 and 1020.45 s 1, respec-
tively. The linear correlation coefficient rk is 0.9976. 
The values of E0 and r0 obtained by Ozawa’s method4 
are 197.0 kJ•mol 1 and 0.9978, respectively. 

Table 1  Maximum peak temperature Tp of the exothermic de-
composition reaction for BTNEDA determined by the DSC 
curves at various heating rates β 

β/( •min 1) 1.053 2.105 5.294 10.56 20.63 

Tp/  177 184 190 197 203 

 
The integral Eq. (1) and differential Eq. (2) are cited 

to obtain the values of Ea, A and the most probable ki-
netic model function f (α) from a single non-isothermal 
DSC curve.5  
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where f(α) and G(α) are the differential and integral 
model functions, respectively, T0 is the initial point at 
which DSC curve deviates from the baseline, R the gas 
constant, α the conversion degree (α Ht/H0), dHt/dt 
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Thirty types of kinetic model functions6 and the data 
in Table 2 are put into Eqs. (1) and (2) for calculation, 
respectively. The values of Ea, A, linear correlation co-
efficient r and standard mean square deviation Q were 
obtained by the linear least-squares and iterative meth-

ods.5 

Table 2  Data of BTNEDA determined by DSCa 

Data point Ti/K αi 
(dHi

 /dt)/ 
(mJ•s 1) 

(dα/dT)i/ 
(102 K 1) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

439.05 
440.75 
442.55 
444.25 
445.95 
447.25 
448.55 
449.65 
450.55 
452.95 

0.0674 
0.1032 
0.1494 
0.2078 
0.2818 
0.3478 
0.4228 
0.4922 
0.5517 
0.7282 

0.4519 
0.6192 
0.7448 
0.9372 
1.1184 
1.3472 
1.5272 
1.6652 
1.7531 
1.9121 

1.8161 
2.4888 
2.9933 
3.7668 
4.7590 
5.4148 
6.1379 
6.6928 
7.0460 
7.6850 

aT0 430.35 K; H0 298.57 mJ; β 0.08333 •s 1. 

The probable kinetic model functions of the integral 
and differential methods selected by the logical choice 
method5 and satisfying ordinary range of the thermal 
decomposition kinetic parameters for energetic materi-
als (E 80 250 kJ�mol 1, log A 7 30 s 1) are 
f(α) 3(1 α)2/3 and G(α) 1 (1 α)1/3, indicating 
that the reaction mechanism of the exothermic decom-
position process of BTNEDA is classified as phase 
boundary reaction, R3 with spherical symmetry. The 
corresponding kinetic parameters are summarized in 
Table 3. The kinetic equation of the exothermic decom-
position process of BTNEDA may be described as 

422.17 2/3 2.450 10 /d / d 10 (1 ) e TTα α × . The values of Ea and 
A obtained by Eqs. (1) and (2) are in good agreement 
with the calculated values by Kissinger’s method and 
Ozawa’s method. The value of Ea approaches the disso-
ciation energy of the C NO2 bond (188.3 kJ�mol 1),7 
and the rapture of the C NO2 bond within the trinitro-
methyl group is easier than that of the N NO2 bond in 
the molecule of the title compound,8 indicating that the 
activated complex a as shown in Scheme 1 could be 
formed during the decomposition. In the activated com-
plex a, a C NO2 bond is lengthened to a certain extent 
so that rupture of this bond is possible. 

Table 3  Kinetic parameters obtained by the data in Table 2a 

No. Eq. f(α) E/(kJ•mol 1) log A r Q 

1 1 3(1 α)2/3 209.11 21.23 0.9997 0.0017 

2 2 3(1 α)2/3 198.23 19.98 0.9981 0.0099 
a E 203.67 kJ•mol 1, log A 20.61. 

Scheme 1 

 

The value Tpo of the peak temperature Tp corre-
sponding to β 0 obtained by Eq. (3) taken from Ref. 9 
is 173.4 . 



660  Chin. J. Chem., 2004, Vol. 22, No. 7  CHEN et al. 

Tpi Tpo ��i ��i
2

��i
3    (i 1 5) (3) 

where b, c and d are coefficients. 
The critical temperature Tb of thermal explosion ob-

tained from Eq. (4) taken from Ref. 9 is 182.2 . 
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where R is the gas constant (8.314 J•mol 1•K 1), and E0 
is the value of E obtained by Ozawa’s method. 

The entropy of activation ∆S≠, enthalpy of activation 
∆H≠ and free energy of activation ∆G≠ corresponding to 
T Tpo, E Ek and A Ak obtained by Eqs. (5), (6) and 
(7) are 143.3 J•mol 1•K 1, 199.5 kJ•mol 1 and 135.5 
kJ•mol 1, respectively. 
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G H T S≠ ≠ ≠∆ ∆ ∆   (7) 

where, kB is the Boltzmann constant (1.3807 10 23 J• 
K 1) and h the Planck constant (6.626 10 34 J•s). 

Conclusion 

The kinetic model function in differential form, 
apparent activation energy and pre-exponential constant 
of the exothermic decomposition reaction for BTNEDA 
are 3(1 α)2/3, 203.67 kJ•mol 1 and 1020.61 s 1, respec-
tively. The critical temperature of thermal explosion of 
the compound is 182.2 . The values of ∆S≠, ∆H≠ and 
∆G≠ of the reaction at Tpo are 143.3 J•mol 1•K 1, 199.5 
kJ•mol 1 and 135.5 kJ•mol 1, respectively. 
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