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Kinetics of the B—4d structural reorganization
in 1,3,5,7-tetranitrooctahydro-1,3,5,7-tetrazocine

V. V. Zakharov* and B. L. Korsunskii

Institute of Problems of Chemical Physics, Russian Academy of Sciences,
1 prosp. Akad. Semenova, 142432 Chernogolovka, Moscow Region, Russian Federation.
Fax: +7(496) 515 3538. E-mail: vzakh@icp.ac.ru

Kinetics of the p—& thermal phase transition in the polycrystalline mono- and polydis-
persed samples of 1,3,5,7-tetranitrooctahydro-1,3,5,7-tetrazocine (octogen, HMX) was stud-
ied by the isothermal calorimetry. Effects of different factors on the transition kinetics were

investigated.
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Studies of the dynamic behavior of energetic materials
is one of the most important fields of chemical physics.
Existence of several structural phases in many crystalline
materials complicate these studies. 1,3,5,7-Tetranitro-
octahydro-1,3,5,7-tetrazocine (octogen, HMX) is one of
such materials. It should be also noted that octogen is one
of the most powerful explosives and in this connection is
of significant interest.

The polymorphic transition in octogen occurs at con-
siderably lower temperatures than its thermal decomposition,
therefore, its thermal stability in many cases is not deter-
mined by the chemical reactivity, but by the disposition to
polymorphic transformation. The B-phase is practically
the most important out of four earlier known phases of
octogen. It is thermodynamically stable under normal con-
ditions and, in addition, has the highest density as com-
pared to the other phases. The —& polymorphic transition
is observed around 160 °C, therefore, the §- rather than
B-phase very often undergoes thermal decomposition.!

From the point of view of practical significance, it
seems important to in details study dynamics of the —6
phase transition in octogen within as wide temperature
range as possible. There are just few publications on this
subject and they are often contradictory. In particular, the
earlier performed works studied polymorphic transforma-
tions in octogen by IR Fourier-spectroscopy and by meth-
ods of nonlinear optics.23 In addition, the p—& phase
transition was studied by DSC, and the values of effective
activation energy and preexponential factor were deter-
mined assuming that this process proceeds as the first or-
der reaction.4 However, our already initial experiments on
the studies of kinetics of the solid phase f—d transition by
isothermal calorimetry showed that the indicated process
is much more complicated.

In this work, we present results of our first studies on
the kinetics of p—& polymorphic transformation (PT) by
isothermal calorimetry. The most important task consist-
ed in determination of kinetic laws of the phase transition
and in the studies how different factors affect the transi-
tion kinetics.

Experimental

Isothermal studies of kinetics of the PT B—6 in HMX were
carried out in the temperature range 159.4—169.0 °C on DAK-
1-1a and DAK-1-1 differential colorimeters constructed in the
IPChPh of RAS and made in the Scientific and Technical As-
sociation "Experimental Factory for Science Instrumenta-
tion". Experiments were carried out with polycrystalline mono-
dispersed (the particle sizes 5 and 20 pm) and polydispersed
(20—3000 um) samples of octogen in the sealed evacuated tubes
(m=1mmol, m/V=10"1gcm3).

Results and Discussion

In the first stage, kinetics of PT f—& was studied in the
monodispersed sample of octogen (the fraction of 20 um)
within the temperature range 159.4—169.0 °C. Figure 1
shows the differential and integral kinetic curves of ther-
mal absorption for the PT p—d& at 159.4 °C, whereas Fig. 2
shows the integral kinetic curves of thermal absorption for
the transition f—d& within the whole temperature range
under study.

The data given clearly indicate that the PT —6 occurs
with a pronounced self-acceleration. The works cited above
suggested the first order kinetics for this process. Howev-
er, most likely, this is due to the fact that most experi-
ments were carried out either under nonisothermic condi-
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Fig. 1. The kinetic curves of thermal absorption during PT B—6
in octogen (20 um) at 159.4 °C.

tions, or at too high temperatures, when a kinetic law of
transition cannot be clearly tracked down.

As it is known, polymorphic transition includes two
macroscopic steps: nucleation and growth of a new phase.
Earlier, taken other explosive, viz., hexanitrohexaaza-
isowurtzitane, as an example, it was shown’ that poly-
morphic transformation of crystals of the same size occurs
very fast, within few minutes. Therefore, the induction
period in the Figures given above corresponds to the
nucleation and can be explained by fact that different crys-
tals due to the different degree of imperfection are charac-
terized by different time of nucleation.

Kinetics of PT is described by the equation for auto-
catalysis, in which the order of the reaction on the cata-
lyst increases from the first to the second with eleva-
tion of temperature. In this case, the maximum rate of
the reaction obeys the Arrhenius equation with the ener-
gy of activation E, equal to 102.9+11.6 kcal mol~!,
that agrees with the value 103.6+3.1 kcal mol~! deter-
mined4 by DSC. This value itself is apparently an effec-
tive one and reflects a combination of processes, in
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Fig. 2. The integral kinetic curve of thermal absorption during
PT B—3& in octogen (20 um) at various temperatures (°C): 169.0 (1),
167.0 (2), 165.4 (3), 164.0 (4), 162.0 (5), 159.4 (6).

particular, a collective character of interactions during
nucleation.

The endothermic effect for the f—3 transition of the
samples under study is 2.1+0.2 kcal mol~! and is charac-
teristic of the thermal effects of PT in molecular crystals
(the DSC method gave® the value 2.3+0.2 kcal mol~!).

Due to the possibility of the reverse transition 8—p at
lower temperatures? (~120 °C), we studied kinetics of
several cycles of PT B—3d for the same sample of octogen.
The differential kinetic curves of thermal absorption for
PT B—d at 161 °C are given in Fig. 3.

For repeated recurrence ("cycling") of PT, a consider-
able shortening of the induction period and increase in the
rate of PT B—3& with the increase in the number of the PT
cycles are observed, that is possibly due to the physical
processes related to the decomposition of crystals result-
ing from the mechanical stresses during the solid phase
PT. Apparently, such a decomposition causes an increase
in imperfections of the crystal and the corresponding in-
crease in the reactivity, that results in the reduction of the
induction period.

Comparative studies of kinetics of PT p—3 in two mo-
nodispersed samples (5 and 20 um) (Fig. 4) demonstrated
more rapid proceeding PT f—6 in the sample with smaller
particle sizes, that is apparently due to the higher specific
surface of the fine-dispersed sample, since imperfections,
which initiate nucleation, can be concentrated on the par-
ticle surface. It cannot be excluded either that the lower
diffusion hindrance play a defining role in the fine-dis-
persed sample as compared to the coarse-dispersed one.

Kinetics of PT B—3 in the polydispersed sample of
octogen (20—3000 um) was studied in the temperature
range 161.0—169.0 °C. The differential and integral ki-
netic curves of the thermal absorption during PT p—3 in
this sample are given in Fig. 5.

As it is seen from Fig. 5, the process of PT p—3 in the
polydispersed sample is more complicated, namely, at
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Fig. 3. The integral kinetic curve of thermal absorption during
several cycles of PT p—38 in octogen (20 um) at 161.0 °C; the
numbers at the curves correspond to the number of the PT cycle.
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Fig. 4. The differential kinetic curve of thermal absorption during
PT B—3& in octogen at 161.0 °C: 5 (1) and 20 um (2).

higher temperature the calorimetric curve acquires a "fine
structure” (it can be seen more illustrative in Fig. 6, where
it is compared with the monodispersed sample), whereas
at lower temperature (lower 164 °C), the differential curve
already has several maxima.

Similar structure has been observed earlier for the al-
ready mentioned hexanitrohexaazaisowurtzitane’ and it is
apparently due to the different reactivity of crystals having
different sizes.

In addition, comparison of the kinetic curves of ther-
mal absorption during PT —3 in this polydispersed sam-
ple and the monodispersed (5 and 20 um) samples studied
by us earlier indicates that the process proceeds much
slower in the polydispersed sample with larger sizes of
octogen particles (Fig. 7). This is also in good agreement
with the results given above for the monodispersed octo-
gen: the smaller the crystal size, the faster is PT. When
kinetics of thermal decomposition of octogen was stud-
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Fig. 5. The differential kinetic curve of thermal absorption during
PT B—3d in the polydispersed samples of octogen (HMX.cpnpn)
at various temperatures (°C): 169.0 (1), 167.0 (2), 165.4 (3),
164.0 (4), 161.0 ().
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Fig. 6. The differential kinetic curve of thermal absorption during
PT B—3d in the monodispersed (20 um) (/, 0.05(dQ/d?)) and
polydispersed (2, dQ/dr) samples of octogen at 169.0 °C.
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Fig. 7. The integral kinetic curve of thermal absorption during
PT B—8 at 161.0 °C in different samples of octogen: mono-
dispersed (5 (/) and 20 um (2)) and polydispersed (3) samples.
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ied,” the similar effect of the crystal sizes on the rate of the
process was observed.

At the present time, we develop a polychronic kinetic
model of polymorphic transitions for molecular crystals,
which is based on the hypothesis of independent proceed-
ing PT in the ensemble of isolated crystals-microreactors
by the mechanism of the first order autocatalysis. In our
opinion, this model will allow us to explain, in particular,
a very complicated structure of kinetics of PT p—3 in the
polydispersed samples of octogen, which varies depending
on the crystal dispersities and includes numerous peaks for
the rate of the process.

In conclusion, the isothermal calorimetry method es-
tablished that kinetics of the thermal PT B—3& in the mo-
nodispersed samples of octogen is described by the auto-
catalysis equation. The activation energy of the process is
equal to 102.9+11.6 kcal mol~!. The endothermic effect is
2.1+0.2 kcal mol~!. When the particle sizes of the mono-
dispersed octogen decrease, PT p—& occurs faster. At "cy-
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cling" of the PT B—3, the induction period becomes sig-
nificantly shorter, whereas the rate of the process increas-
es. In the polydispersed octogen, the PT is very compli-
cated: at low temperatures, the differential kinetic curve
has several maxima, whereas a "fine structure" is observed
for it at high temperatures.
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