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Particle morphology of energetic materials to a great extent defines
their sensitivity and reactivity properties. The morphology in its turn
strongly depends on the crystallization process. In the present research
the thermal crystallization of pentaerythrol tetranitrate (PETN)
explosive and ammonium perchlorate (AP) was studied by differential
scanning calorimetry (DSC) and FT-IR spectroscopy. DSC test usually
included the heating of the sample with the constant rate of 5°C/min
to the temperature which was several degrees higher than the melting
temperature and then the cooling of the sample with the different
cooling rates. The cooling led to the crystallization. The crystallization
temperature, heat and rate were measured. The newly crystallized
samples were then subjected to microscopic inspection and FT-IR
spectroscopy.

It was found that the crystallization of AP takes place in two stages.
The first high temperature stage proceeds at temperatures higher than
the melting temperature and starts just after beginning of cooling. The
second low temperature stage occurs at temperature significantly less
than the melting temperature, e.g. the crystallization is realized from
the overcooled liquid. The relative contributions of these types of
crystallization strongly depend on the cooling rate. At low cooling rate
(0.2°C/min) the crystallization takes place through the high temperature
mechanism solely whereas at high cooling rate (15°C/min) only low
temperature process is realized. At intermediate cooling rates both
types of crystallization exist. The ratio of the heat of low temperature
crystallization to the high temperature one (H,,,emp/Hpighiemp) 1NCTEaSES
exponentially with the cooling rate. FT-IR spectroscopy showed that
the AP sample crystallized through the high temperature mechanism
has strictly the same spectrum as the initial material. The spectrum
of AP crystallized from the overcooled melt demonstrates certain
differences (line shapes and frequencies) in the range of NH," stretching
(=3200 cm™) and bending (=1400 cm™) vibrations and ClO, stretching
(=1100 cm™) vibrations. These facts testify perhaps that the different
mechanisms of crystallization result in formation of different crystal
structures.

Crystallization of PETN in all experiments takes place from the
overcooled melt and proceeds in one stage. The value of the overcooling
depends on the cooling rate. At low cooling rates (up to 4°C/min) the
crystallization temperature is approximately constant and concentrates
near 120 °C (T,,=141 °C). The further rise of the cooling rate (from
5°C/min and up to 15°C/min) results in the sharp increase of the
overcooling (T,,,=100 °C). It was found that the rate of crystallization
has the same step like dependence upon the cooling rate. The high
overcooling leads to the significant increase of the crystallization rate.
FT-IR spectra do not show any differences between initial and newly
crystallized samples. However visual and microscopic inspection show
that in the case of low rate crystallization (low overcooling) the newly
formed crystals have a regular needle like shape, while the high rate
crystallization (high overcooling) results in formation of irregular
mainly small-sized particles.
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The contribution reports on investigations of facet decorations
formed during crystallization of polygonal single quasicrystalline
v phase occurring in Al-Cu-Fe alloy. The perfectly stable icosahedral
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single quasicrystals of y phase are formed in the range of compositional
triangle Alg,, Cu,,, Fe,5,, Al Cu,, Fe,and Al Cu,g, Fe,4[1-4].

Polyhedral equilibrium single grains of the y phase were obtained
inside of ingots of an Al-Cu-Fe alloy, for which the nominal composition
was 65 at. % Al, 20 at.% Cu and 15 at.% Fe. The specimens were
synthesized in a helium atmosphere using the Bridgman-Czochralski-
Growth (BCG) apparatus equipped with an induction furnace. The
growth morphology was investigated by the scanning electron
microscopy (SEM) using primary and secondary electrons. The
selected area diffraction (SAD) as well as X-ray powder diffraction
were applied [5].

Single quasicrystals of y phase Al.Cu,Fe exhibit icosahedral
symmetry with pentagonal dodecahedral growth forms - 12 faces
perpendicular to the 5-fold axes (Fig. 1 (a)). The dodecahedra have
irregularities and different dimensions of edges extending up to 160
um. The faces of dodecahedra are not perfectly smooth and show
residual flux. Some of the dodecahedra are uniformly covered by
primary cellular decorations gradually covering almost all facets.
During the next stage of crystallization, the secondary fractal like
decorations appeared on the quasicrystals surfaces (Fig. 1(b)). There
was no evident difference in chemical composition between the inner
dodecahedra, primary cellular decorations as well as the secondary
fractal like decorations.

The facets of dodecahedra are decorated in similar way as fivefold
facets of quasicrystals units of Al-Pd-Mn found by Beeli and Nissen
[6]. Contrary to their conclusion we don’t found a relationship between
facet symmetry and the symmetry of dendrites. The decorations can
be formed during the last stage of crystallization, when residual flux
crystallizes on the quasicrystal facet in a form of solid dendrites.

Fig. 1. Decorations on pentagonal faces of the y phase. Primary cellular
decoration (a) and secondary fractal like decoration (b).
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