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Like calcite the thermal decomposition of dolomite has been studied
extensively by various thermoanalytical methods [1-6]. Whereas the decom-
position of calcite is a one-step reaction giving the solid and gaseous
reaction products CaO and CO,, the reaction is more complex for dolomite,
CaMg(CO,),. Although dolomite is recognized as an independent mineral
species rather than a mixture of CaCO, and MgCO,, the thermal decom-
position curves show two endothermic peaks in the DSC, or two weight
steps in TG. It has been argued that the first peak, which begins at ~
600-650°C, corresponds to a decomposition of dolomite to MgO and
CaCQ,, whereas the second peak, starting at ~ 700 ° C, is due to the decom-
position of CaCO; [7]. This is obviously true when the experiments are
carried out in air, whereby these two peaks (or two steps) show considerable
overlapping and are difficult to resolve. Comparison of these DSC curves
with those of magnesite and calcite proves that the first endothermic peak
for dolomite occurs at a much higher temperature than the magnesite
decomposition.

More systematic studies of the thermal decomposition of dolomite in
different atmospheres definitely proved that the type of solid decomposition
products depends on the partial pressure of CO, in the atmosphere [8]. In
DTG runs carried out at < 50 Torr the reaction is CaMg(CO;), — CaO +
MgO + 2CO,, whereas at CO, pressures greater than 50 Torr, the decom-
position occurs in two steps, with the first step: CaMg(CO,), —» CaCO, +
MgO + CO,. The CaCO, formed in this reaction is then decomposed at
even higher temperatures to CaO. Both the MgO and CaO formed during
these decompositions are poorly crystallized and highly reactive. Therefore,
one may assume that in a CO,-free atmosphere, dolomite decomposes in one
step to the mixture of the oxides.

* Dedicated to Professor W.W. Wendlandt on the occasion of his 60th birthday.
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Whenever CO, is present in small amounts in the atmosphere or gener-
ated as the decomposition of dolomite begins, the highly reactive CaO
becomes recarbonated to CaCO;. All this depends not only on the CO,
partial pressure, but also on the amount and shape of the sample, on the
crucible form and on the heating rate. In our experiments we found that
with a heating rate of 0.5°C min~' and a sample weight of ~ 10 mg, the
recarbonation does not take place when the partial pressure of CO, is less
than 3 Torr [9]. The results of these investigations will be described and
briefly discussed below. These results add to the understanding of the
decomposition behavior of dolomite and clarify some of the questions which
still exist.

EXPERIMENTAL
Instruments

The TG and DTG curves were recorded with Mettler Thermoanalyzer
TA1 in atmospheres with CQO, partial pressures from 10 to 700 Torr and
with the Mettler Thermosystem TA 3000/TG 50 in air and in nitrogen. The
heating rates were 0.5, 6 and 10°C min~', respectively. The starting and
decomposition products were analyzed by X-ray powder techniques (Guinier
de-Wolff camera with Cu K, radiation). The SEM pictures were taken with

a Cambridge electron microscope.
Materials

The minerals used in these experiments were magnesite from Radenthein,
Austria, calcite from Gonzen, Switzerland and coarse crystalline ““sugar-
dolomite” from Binntal, Switzerland. All these materials were ground to fine
powders of <20 pm in a sapphire mortar.

RESULTS AND DISCUSSION

Typical DTG curves of the dolomite decomposition in atmospheres with
different CO, partial pressures are shown in Fig. 1. The DTG single peak
which was recorded for the decomposition of dolomite in high vacuum
(< 107> Torr) at about 450°C is not shown in this figure. However, this
one-step decomposition of dolomite leads directly to the mixture MgO + CaO
and can be seen clearly in a heating X-ray photograph of dolomite (Fig. 2)
which was also taken in high vacuum (< 107° Torr). This photograph
proves the poor crystallinity of MgO and CaO and their subsequent recrys-
tallization with increasing temperatures.
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Fig. 1. DTG curves of the thermal decomposition of dolomite in atmospheres with different
CO, partial pressure.

The poorly crystallized CaO, which is formed during thermal decomposi-
tion of dolomite either in high vacuum or in an inert atmosphere (N, ), reacts
immediately with any trace of CO, present in the atmosphere. However, the
small amount of CaCO; which is formed in such a reaction is not observable
in heating X-ray photographs. The quantitative recarbonation of CaO to
CaCO, can be shown by increasing the CO, pressure. This may be seen in
Fig. 3 where dolomite was decomposed first in dynamic, pure N, atmo-
sphere to the mixture MgO,/CaO. At 760° C the nitrogen atmosphere was
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Fig. 2. Heating X-ray photograph of dolomite in high vacuum (1-10~% Torr), heating rate
1° C min~ L. Diffraction lines are indicated by the following symbols: (O) Pt, () MgO and
(x) CaO.
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Fig. 3. TG curve of dolomite heated in dynamic N, atmosphere to 760°C followed by
further heating in dynamic CO, atmosphere to 960 ° C. Heating rate, 6°C min~!; flow rate
of N, and CO,, 50 cm® min~!, sample weight, 10 mg. The X-ray patterns correspond to the
reaction products formed at the various weight steps a, b, ¢ and d, respectively.

switched to pure CO,, which led to carbonation of the CaO to CaCO, in the
region of ~ 780-800°C. The weight steps and the corresponding phases
were 1dentified by X-ray diffraction and confirmed the postulated reaction
mechanism:

CaMg(CO,),~"°S,Ca0 + MgO + 2CO
372 N, 2
Ca0 + Mg0 2 %" C)CaCO3 +MgO
CaCo, + Mgo%mao + MgO + CO,
2

The DTG curves in Fig. 1 show the strong effect of the CO, partial
pressure on the position of the CaCO, decomposition peaks. These DTG
peaks decrease in magnitude and are shifted to lower temperatures with
decreasing pco,. The first DTG peak is less affected in terms of temperature,
but more so in terms of its shape and magnitude. The assymetrical, distorted
shape of these DTG peaks, especially at pco, > 100 Torr, is caused by the
simultaneous recarbonation of CaO. This CaO is initially formed due to the
complete breakdown of the dolomite structure but reacts immediately with
the CO, to form CaCQO,. The dotted line indicates the peak shape without
this recombination reaction. With decreasing CO, partial pressure the two
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Fig. 4. TG curves of stoichiometric mixtures 1 CaCO,; /1 MgCO; heated in dynamic air and
in CO,.

DTG decomposition peaks approach each other more and more and merge
to one peak at pco, < 3 Torr.

For comparison and to prove that dolomite shows a characteristic,
individual decomposition behavior, TG/DTG runs were carried out with
stoichiometric mixtures of CaCO,; and MgCO; in different atmospheres.
Figure 4 shows TG curves of CaCO,/MgCO, samples heated in dynamic air
and in CO,. As expected, two decomposition steps were found at the same
temperatures as for the individual carbonates (which were shifted to higher
temperatures in pure CO,). A sample of dolomite which was run under
identical conditions shows a distinctly different decomposition behavior
(Fig. 5). The TG curves show a one-step reaction in air, whereas two
decomposition steps are found with a CO, atmosphere. The first decomposi-
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Fig. 5. TG curves of dolomite heated in dynamic air and in CO,.
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Fig. 6. DTG curves of dolomite and of 1 CaCO; /1 MgCO, heated in dynamic CO,.

tion step with a CO, atmosphere is a result of the decomposition of
dolomite. The second step, at a higher temperature, is the decomposition of
the CaCO, formed by the immediate recarbonation of the initially formed
Ca0. The different decomposition behavior of dolomite as compared to a
mixture 1 CaCO,/1 MgCQO, is also clearly demonstrated by the DTG curves
of such samples when heated in CO, (Fig. 6). Magnesite decomposes at a
much lower temperature than dolomite.

Figure 7 shows SEM photographs of (a) undecomposed dolomite; (b)
dolomite which is 0.5% decomposed; and (c) dolomite which is 1% thermally
decomposed. The surface becomes corrugated and bloated due to the
evolution of CO,. After cooling to room temperature the CO, in the

Fig. 7. SEM photographs of (a) a dolomite surface, (b) after heating with initial decomposi-
tion and (c) after cooling to room temperature with recarbonation of CaO to CaCO,
(1500 X).
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atmosphere causes a recarbonation of the initially formed CaO to CaCO, as
shown in Fig. 7c.

In conclusion, these thermoanalytical investigations proved that dolomite
shows complete decomposition to the oxide mixture MgO and CaO in one
step when the partial pressure of CO, is less than 3 Torr. This temperature is
definitely much higher than the decomposition temperature of magnesite. At
higher CO, pressures, CaCO; is formed as an intermediate reaction product
due to recarbonation of the CaO which i1s generated during breakdown of
the dolomite structure.
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