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Abstract

The thermal decomposition reactions of calcitic dolomite were investigated. Simultancous
TG/DTG/DTA were applied under non-isothermal conditions. From the recorded curves, the acti-
vation energies, pre-cxponential factors and thermodynamic parameters of activation were caleu-
ated for the two thermal decomposition steps.
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Introduction

The calcination of dolomite is of considerable technological importance. Dolo-
mite occurs widely scattered in nature and is an important material for the metallur-
gical (as a flux), pharmaceutical, paper and fertilizer industries. The calcination re-
action is reversible and occurs at an interface; the rate of CO; release is sensitive o
the prevailing pressure of this product in the vicinity of the reaction interface [1].
Both apparent kinetic parameters and reactivity are influenced by the prevailing CO;
pressurc.

Dolomite is a double carbonate of Ca and Mg. Its theoretical composition is
21.86% MgO, 30.41% CaO and 47.73% CO,. It crystallizes in the rhombehedral
unit cell, in space group R3, with a=6.0 A, B=47.5" and Z=1.

The atomic positions in the dolomite and calcite structures are identical. The M
atoms and COs groups are arranged in layers which run parallel 1o the basal plane of
the hexagonal unit cell. Each metal atom is thereby surrounded by six oxygen atoms
from the adjacent COj layers. The layer-type structure of dolomite is responsible lor
the strong anisotropy of the physical propertics, including the thermal expansion [2].

The thermal dissociation of dolomite al low pressures proceeds in a single stage
between 900 and 950 K, according to the scheme

CaMg(CO3)s < CaO + MgO + 2C0,

When the pressure of CO, is higher than 24 Torr, the reaction at about 960 K is

CaMg(COy)s © CaCO4+MgO+CO,
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As the pressure of COy; is increased to 760 Torr, the reaction temperature rises to
170K (1]

The differential thermal analysis of carbonate minerals has been extensively re-
ported in the literature [1-4]. The activation energies calculated by Britton, Gregg
and Windsor [2] for the thermal decomposition of dolomite in vacuum ranged {rom
206.5 to 232.4 kJ mol™" for different samples, while that calculated by Criado and
Ortega [1] from the TG and CRTA (controlled transformation rate thermal analysis)
diagrams was 146.3 kJ mol™ for first-order kinetics (F1).

The aim of this paper is o study the thermal behaviour of calcitic dolomite in
which the molar ratic MgCQO5:CaCO;5 is about 40:60. in air under non-isothermal
conditions, to calculale the kinetic parameters for the best kinetic models, and to
compare the results with the energy of excitation caleulawed via quantum mechanical
metheds and literature data.

Experimental

The thermal decomposition of the dolomite was studicd under non-isothermal
conditions in air atmosphere. The raw dolomite used in the investigation was from
the Zelatowa mine (Poland), and contained 16.13% Mg(), 33.66% Ca0Q, 2.86% R,0;
and 2.54% mass Si0, with a particle size of £0.25 mm. The dolomite contains cal-
cium carhonate in excess over magnesite. The impurities in the dolomite cause the
colour of the sample and of the residue.

Simultancous recordings of thermogravimetric (TG), derivative thermogravimet-
ric {IDTG) and differential thermoanalytical {DTA) curves were made on a Deriva-
tograph-C (Hungarian Optical Works).

The thermoanalytical diagrams of the dolomite were recorded at a sample mass
of 50 mg in the temperaturc range from 20 1o 1000°C, al a hcating ratc of
5°C min~! in a static air almosphere. Five experiments were carricd out under the
same conditions. The reproducibility was good.

Results and discussion

TG, DTG and DTA curves obtained for the investigated calcitic dolomite arc
shown in Fig. 1. It can be seen that the thermal decomposition of the dolomite under
the applied experimental conditions is complex. It occurred in two overlapping en-
dothermic steps in the temperature range 545-859°C, with distinct maximum rates
at 793 and 828°C. The mass losses in these two steps are associated with the libera-
tion of CO4 from magnesium carbonate (first) and calcium carbonate bonded in the
dolomitic lattice and calcium carbonate of the calcite type (sccond complex endo
peak). Separation of the processes of liberation of CO; from the different forms ol
calcium carbonate was impossible under the given experimental conditions.

The kinetic analysis of the thermal decomposition of dolomite was performed via
the TG and DTG curves,
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Fig. 1 Thermoanalytical curves of thermal decomposition of dolomite

Tt is known (hat the quantitative cvaluation of TG curves i1s difficuit if two or
more transformation processes overlap [6]. The DTG curve affords a possibility to
find the inflection peint in the TG curve, to separate the overlapping mass changes
and to define their probable extent.

From the a(T) dependences, various kinetic equations (or the individual steps of
the thermal decompesition of dolomite were estimated by assuming various reaction
mechanisms [9].

Values of the kinctic parameters were deduced by fitting the conversion degree of
the decomposition lor each step lo the Coats and Redfern equation [10]:

AR 2RT I
- = |- — (l)
In(g(at)) - 2InT In——‘EB [ 5 } RT

where @ is the transformation degree, g(a) is a function depending on the reaction
mechanism, T is the absolute temperature, R is the gas constant, [ is the linear heat-
ing rate, E is the apparent activation encrgy, and A is the pre-exponential factor.

The best models for particular steps were selected in the following way. The al-
gorithm of the theoretical TG curve from the kinetic equations was fed into the com-
puter. From this algorithm, the various function paire and their derived curves corre-
sponding to the TG and DTG curves of the overlapping partial reactions were simu-
lated. The single members of the TG and DTG curve pairs were then shifled in phase
1o overlap. These theoretical curves were compared with the experimental TG and
DTG curves.

Table 1
Stase Ef Al AlT*/ ASH AG*/ ,
lag kJ mol™ min”™! ki mol!  Jmol-t K kJmol-]
D1 el 219 1,52-10% 210 —122 344 0.94410
Fl model 390 3.98-10" 381 39 339 0.9603
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It was found that the first stage of the decomposition was governed by a one-di-
mensional diffusion D1 model:

gloy=o’
and the second step by a random nucleation F1 model:

gloy=-In(l - a)

The values of the Kinctic and thermodynamic parameters for particular stages are
given in Table 1.

The thermodynamic parameters of the activated complexes were calculated from
the Eyring equation [9]. The apparent energy ol activation calculated from the Ar-
rhening cquation for the first stage was E=219 kI mol™', while that for the second
stage was E=390 kJ mol™'. The free encrgy activation was 344 kJ mol™ and
339 kJ mol™*, respectively.
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Fig. 2 Variation of conversion degree with temperature {or different stages of decomposition
of dolamite
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Fig. 3 Variation of reaction rates with temperature for different stages of decomposition of
dolomite
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From the derived kinetic equations, the dependences of the conversion degree
Fig. 2) and the reaction rates on temperature (Fig. 3) were calculated. Our results
are in agrecment with previous findings [17],

The excitation energy calculated from the electron spectrum for crystaltine dolo-
mite by means of the computer program HYPERChem was 224 kJ mol™'. This value
is very close to the activation energy for the first step ol decomposition caleulated
from kinetic analysis of the experimental TG curves of the investigated dolomite.

The excitalion energy for magnesite is 195 kJ mol™' and that for calecite is
389 kJ mol™".
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