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ABSTRACT

The kinetics of formation of crystal boron was stu-
died by X-ray structure and differential-thermal ana-
lyses. The enthalpy of transition of amorphous boron
to crystal boron with formation of an intermediate
non-equilibrium phase was determined by the calo-
rimetric method. Studies were carried out by using
the differential scanning calorimeter SETARAM.
Amorphous boron received by diboron cracking was
used as the starting material. The test sample is cha-
racterized by stability even at a high temperature.
When heated, amorphous boron first transforms to
crystal boron of a-modification, and during a further
heating, there occur several phase transitions, which
means the transition of a-rhombohedric crystal boron
to the g’ and B” metastable states. Studies of various
modifications were carried out by radiographic and
electro-optic methods. The high sensitiveness of the
calorimeter made it possible to control temperature in
the oven, make records and detect even the smallest
thermal effects.
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1. INTRODUCTION

Elementary boron exists in the form of various crystal-
line a,f-rhombohedric and tetragonal modifications as
well as in amorphous state. The heating of boron in va-
cuum or in an inert gas medium brings about its crystal-
lization. Boron undergoes some transformations until
the stable crystalline g-rhombohedric phase is formed.
The transformation process depends on various factors:
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sample heating conditions, content of impurities and the
presence of defects in the structure of the initial amor-
phous boron [1].

The Kinetics of crystalline boron formation was stu-
died by X-ray diffraction and differential-thermal ana-
lyses in [2-4], but thermal effect values were not deter-
mined. The D, - D, transformation was studied by
the electro-optical method in [5].

2. EXPERIMENTAL

The enthalpy of transformation of amorphous boron to
the crystalline state with formation of an intermediate
non-equilibrium state was measured by the calorimetric
method. Experimental studies were carried out using the
differential electronic scanning microcalorimeter HT-
1500. This high-quality calorimetric apparatus made by
SETARAM company is able to control the conditions in
the kiln, to record signals automatically and to measure
even the minutest thermal effects about 20 micro J
(0.0005 cal).

The calorimeter was calibrated against the known met-
al melting heat values. Calorimetric and thermal signals
were processed through the amplifier which delivered
signals simultaneously to the recorder and to the numer-
ical printing integrator which, upon the completion of
transformation, gave out the corresponding numerical
values. The integrator provides the high accuracy of in-
tegration since it directly processes the signal and not the
signal copy, registered at another device.

The standard compounds were weighed to an accuracy
of 0.0005 g. After putting the melting pot with tested
samples into the calorimeter, they were subjected to de-
gassing. Experiments were run in the argon steam me-
dium at the pressure P = 1.0 x 10~ Pa.

The calorimeter constant K for the melting point of the
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standard compound was determined by the formula:

where AH is the melting heat of the standard com-
pound, cal/mole; A is the number of pulses produced by
the generator of the amplifier for the electromotive force
of the differential thermal battery which corresponds to
the transformation area, in mV; G is the weight of the
standard compound; M is the molecular mass of the
standard compound.

The standard compounds used for the calorimeter ca-
libration were tin, lead, zinc, aluminum, potassium chlo-
ride, silver, gadolinium, silicon and iron of “c-p” quali-
fication.

The calorimeter constant K was calculated for each
standard compound by averaging the values of 8 - 10
measurements. The standard error was determined by the
formula:

a5 =1 |2

n(n-1)

where n is the number of experiments; Ai is a deviation
from the average value.

3. RESULT AND DISCUSSIONS

The dependence of the calorimeter constant on temper-
ature is shown in Figure 1.

Experiments with the investigated compounds were
run similarly to experiments with the standard compounds.
The phase transition heat was calculated by the formula

AH:KXAM,
G

where K is the calorimeter constant shown by the cali-
bration curve, A is the number of pulses produced by the
generator of the amplifier for the electromotive force of
the differential thermal battery, corresponds to the trans-
formation area, in mV; M is the molecular mass of the
investigated compound, G is the investigated compound
weight.

To determine the experiment accuracy, we studied the
transformation F,>F . The difference between our
measurements and those given in [6] is approximately
1%. Amorphous boron received by diboron cracking was
used as the starting material. The test sample is characte-
rized by stability even at a high temperature. When
heated, amorphous boron first transforms to crystal bo-
ron of a-modification, and during a further heating there
occur several phase transitions, which means the transi-
tion of a-rhombohedric crystal boron to the g’ and S”
metastable states.

Studies of various modifications were carried out by
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radiographic and electro-optic methods. The high sensi-
tiveness of the calorimeter made it possible to control
temperature in the oven, make records and detect even
the smallest thermal effects.

Amorphous boron selected as the initial material was
prepared by cracking diboron. Its purity was 99.5%.

No thermal effect was observed when heating the
boron sample up to 1300°C at the rate of 200, 400,
600°C per hour. However, with a further increase of the
heating temperature by 200° per hour there occur two
different exothermal peaks: the first peak is observed in
the range 1360-1400°C (Figure 2) and the second oc-
curs immediately upon the completion of the first peak
and attains its maximum at 1450°C.

The X-ray and electro-optical analysis confirmed the
transformation of amorphous boron to crystalline boron
of a-modification. The enthalpy change during the trans-
formation process was AH =-4.45 kcal/mole. The stan-
dard error was equal to AS =+1.5% . A further heating
of the sample revealed several phases of transformations
with a maximum 1550°C, 1662°C and 1712°C (Figure 3).
The X-ray study showed that as a result of these trans-
formations a-rhombohedral crystalline boron transforms
to the metastable phase f' and p". Transformation at
1712°C is associated with the final formation of the
S-rombohedric phase. The thermal effect, correspond-
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Figure 1. Calibration curve for calorimeter HT-1500.
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Figure 2. Thermogram of phase transformation
of amorphous boron to a-boron.
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Figure 3. Thermogram of phase transformation
of a-boron to S-boron.
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ing to the variation of system enthalpy, comprises
AH =-1.05 kcal/mole.

4. CONCLUSIONS

Amorphous boron received by diboron cracking was
used as the starting material. The test sample is characte-
rized by stability even at a high temperature. When
heated, amorphous boron first transforms to crystal bo-
ron of a-modification, and during a further heating, there
occur several phase transitions, which means the transi-
tion of a-rhombohedric crystal boron to the 4 and p”
metastable states.

Studies of various modifications were carried out by
radiographic and electro-optic methods. The high sensi-
tiveness of the calorimeter made it possible to control
temperature in the oven, make records and detect even
the smallest thermal effects.
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