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Abstract

The dehydration enthalpy AH and the activation energy E, of some Mg-containing
borates, viz. macallisterite (MgO-3B,0,-7.5H,0), inderite (2MgO-3B,0,-15H,0) and
kurnakovite (2MgO-3B,0,-15H,0) under high pressures (1, 2 and 4 MPa) have been
determined by using a DuPont DSC 9900 thermal analyzer. Kinetic parameters for these
reactions are discussed and calculated using the Kissinger and simple Ozawa methods.

INTRODUCTION

The Mg-containing borates (xMgO - yB,0,-zH,0) are important sub-
stances. The thermo-kinetic feature of some Mg-containing borates under
normal pressure were determined in our earlier work. It is necessary to
determine their thermal character under high pressure by the DSC method
in order to predict their stability and transformation.

SAMPLE PREPARATION

Macallisterite, inderite and kurnakovite were synthesized in our labora-
tory.

EXPERIMENTAL

A Du Pont differential scanning calorimeter (DSC V2.2A Du Pont 9900)
was used for the present kinetic study. The temperature and sensitivity were
carefully calibrated under high pressure before the experiments. Heating
rates were 5°, 10°, 15° and 20°C min~". In each run, a sample was placed
in an aluminium pan over which a constant current of pure nitrogen gas (50
ml min~!) was passed to remove gas evolved in the decomposition of the
sample. The instrument’s computer was used on line to collect and store the
experimental data.
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DATA PROCESSING AND RESULTS

First, the heat flow—temperature curves were obtained after baseline
correction (see Figs. 1, 2 and 3).
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Fig. 1. Heat flow—-T curve of macallisterite.
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Fig. 2. Heat flow-T curve of inderite.
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Fig. 3. Heat flow—T curve of kurnakovite.

The dehydration enthalpies, A H, of the samples under high pressure were
estimated (see Table 1).

Then, the heat flow—temperature curves of the samples under different
heating rates (5°,10°, 15° and 20° C min ') were recorded (see Figs. 4 and
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Fig. 4. DSC curves of macallisterite under different heating rates.
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Fig. 5. DSC curves of kurnakovite under different heating rates.
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Fig. 6. AH- P curves.
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TABLE 3
Results for E, of the samples by different methods
Macallisterite
Kissinger method Simple Ozawa method
P (MPa) 1 2 4 1 2 4
E, (kK] mol 1) 202.6 181.84 181.27 199.9 180.2 179.6
r 0.9962 0.9920 0.9970 0.9965 0.9926 0.9972
a —24.37 —21.87 —21.80 —10.99 -9.903 —9.872
b 42.39 37.08 37.00 24.62 22.31 22.25
Inderite
Kissinger method Simple Ozawa method
P (MPa) 1 2 4 1 2 4
E, (k) mol™") 347.2 376.9 302.6 3249 364.6 293.8
r 0.9982 0.9241 0.9954 0.9985 0.9264 0.9956
a 41.76 —45.34 -36.40 17.86 —20.04 —16.15
b -112.5 103.8 82.31 —42.94 51.17 41.81
Kurnakovite
Kissinger method Simple Ozawa method
P (MPa) 1 2 4 1 2 4
E, (kJ mol™1) 285.5 254.0 198.8 277.6 247.5 195.1
r 0.9276 0.9497 0.9710 0.9305 0.9520 0.9727
a —34.34 —30.55 —2391 —15.26 —13.61 -10.72
b 77.93 68.92 52.09 39.90 35.98 28.67

Note: a is the slope, r is the linear correlation coefficient.

5). The activation energies of decomposition of the samples were estimated
by the methods of Kissinger [4] and the simple Ozawa [2,3] methods (Tables
2 and 3).

Formula of Kissinger

in(¢/T2) = n(AR/E,) — E,/R(1/T,)
Simple formula of Ozawa
log ¢ = —0.457E,/(RT,) + C

In the formula, ¢ is the heating rate and T, is the peak temperature.

CONCLUSIONS

1. Our experiments show that the AH values of the three borates de-
crease with increasing pressure (see Fig. 6).

2. The activation energies E, increase to maxima and then decrease again
as the pressure increases (see Fig. 7).
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Fig. 7. E,— P curves.

3. At 1 MPa and 2 MPa pressure: A H(inderite) > A H(kurnakovite) >
A H(macallisterite); at 4 MPa pressure: A H(kurnakovite) > A H(inderite) >
A H(macallisterite).

4. At high pressure (1, 2 and 4 MPa): E, (inderite) > E,(kurnakovite) >
E,(macallisterite).

Note: AH and E, values at normal pressure are results from our previous
work.
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