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ABSTRACT 

The thermal decomposition of dolomite, CaMg(CO,),, has been studied by obtaining 
thermogravimetric and differential thermal analysis curves in various controlled atmospheres 
involving the use of N,-CO, mixtures. The DTG and DTA curves show two peaks: the first 
is associated with the formation of magnesia and calcite, the second with the decomposition 
of this calcite. The temperature of the second peak increases with increasing partial pressure 
of carbon dioxide, but the first peak behaves in an anomalous manner. At first it decreases in 
temperature with increasing partial pressure of carbon dioxide, reaching a minimum value 
between 10% and 20% carbon dioxide. Subsequently it increases, although the temperature at 
1 atm of carbon dioxide is still below that in 1 atm of nitrogen. The addition of either 
ammonium chloride or sodium carbonate reduces the decomposition temperature of the first 
peak, liberating magnesite. It is proposed that the mechanism of the decomposition of 
dolomite is via the formation of the two separate carbonates of magnesium and calcium. 

INTRODUCTION 

Dolomite is the mineral form of the double carbonate of calcium and 
magnesium, CaMg(CO,),. It has a similar crystal structure to that of calcite, 
having a face-centred rhombohedral cell [l]. It has often been assumed that 
on heating, dolomite decomposes in two separate stages 

CaMg(CO,), --, CaCO, + MgO + CO, (Stage 1) 

CaCO, * CaO + CO, (Stage 2) 

Like those of calcite and magnesite, the dolomite decomposition process has 
been studied extensively [2-281. DTA curves for 100 mg samples of dolomite 
show two definite endothermic peaks. The lower temperature peak repre- 
sents the decomposition of the dolomitic structure, releasing carbon dioxide 
from the carbonate ions associated with the magnesium part of the structure, 
accompanied by the formation of calcite and magnesium oxide. The higher 
temperature peak represents the decomposition of calcite with evolution of 
carbon dioxide. 
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A TG curve for dolomite shows a distinct change of slope at about 50% 
mass loss, thus producing two distinct peaks on a DTG curve. Wilsdorf and 
Haul [21] have shown that both calcite and magnesium oxide are present at 
this half-way stage of the decomposition. 

The peak temperature of the first part of the decomposition on a DTA or 
DTG curve is some 100” C higher than that obtained for the equivalent 
quantity of magnesite tested under similar experimental conditions. The 
peak temperature of the second part is similar to that expected for an 
equivalent amount of calcite. 

On close inspection, most of the published DTA and DTG curves for 
dolomite actually show a lowering of the first decomposition peak tempera- 
ture when the experiments are carried out in carbon dioxide atmospheres 
rather than in nitrogen or air. Haul and Heystek [5] and Stone [26] make no 
comment on this phenomenon, whilst Rowland and Lewis [4] and Hurd [9] 
note it without offering any explanation. In a thorough study, Bandi and 
Krapf [25] concluded that the commonly published curve showing two 
endotherms and a step-wise decomposition of dolomite is really a special 
condition of decomposition in which the partial pressure of carbon dioxide 
is greater than 200 Torr inside and/or around the dolomite sample. They 
state: “Even though most published literature says that the first endotherm 
is not sensitive to carbon dioxide pressure and the second endotherm is, the 
present experiments prove that both endotherms are sensitive to carbon 
dioxide pressure but in opposite ways”. 

There is even greater uncertainty about the mechanism of the thermal 
decomposition, especially that of the first stage. In view of these uncertain- 
ties, it seemed timely to analyse in detail the temperature variation shown in 
the thermal analysis curves obtained in controlled atmospheres. The results 
are considered in the light of the various ideas that have been postulated to 
explain the decomposition reactions. 

EXPERIMENTAL 

The thermobalance used for these studies was a Stanton HT-SF type, 
having a full scale deflection of 20 mg with offset facility, and being capable 
of detecting mass changes of 0.1 mg. The furnace atmosphere was controlled 
by introducing the. desired gas into the sample area through the top of the 
furnace tube, which was cooled by a water jacket. Using a flow rate of 200 
ml min- ’ of nitrogen, a sample of powdered graphite heated to 1200°C 
showed no loss in mass due to oxidation. For all studies on the decomposi- 
tion of dolomite a standard flow rate of 300 ml mm-’ was used. Corrections 
for buoyancy effects in gaseous atmospheres were carried out by heating 
inert powdered alumina in the alumina crucible used for the rest of the 
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work. These crucibles were cylindrical with vertical sides and measured 1 cm 
in depth by 1 cm internal diameter. 

The temperature trace on the balance recorder was calibrated against a 
thermocouple directly beneath the sample and the corrected temperature 
plotted against the observed loss in mass. DTG curves were drawn from 
these TG curves. The temperatures of the DTG peaks are estimated to be 
accurate to + 5 o C. 

The gas-flow system using calibrated flow meters allowed nitrogen and 
carbon dioxide to be mixed in the correct proportions and dried using silica 
gel and magnesium perchlorate contained in two U-tubes. A third U-tube 
containing a molecular sieve was used to remove traces of carbon dioxide 
from the nitrogen. A conical flask containing distilled water and fitted with 
a sintered glass bubbler enabled the gas being used to be saturated with 
water vapour at ambient temperature. Similar systems were used with both 
the thermobalance and the DTA apparatus. 

The quantitative DTA cell designed by Wilbum [29] was considered ideal 
for the studies reported here. The cell was adapted for use in controlled 
atmospheres. The cylindrical high-conductivity nickel block has two cylin- 
drical sample wells, each lined with a silica sheath. Chromel-alumel thermo- 
couples were used for temperature measurement and were located vertically 
in the lower part of the sample wells. Sample holders which were made from 
0.001 in platinum sheet fit snugly into the silica sheaths and rest on the 
exposed beads of the measuring thermocouples. A sample mass of 100 mg 
was used in the DTA experiments. 

The most suitable heating rate available on the Stanton thermobalance for 
TG experiments was 7” C rnin-’ compared to the 10 o C rnin-’ used for 
DTA experiments. It was found that more useful information could often be 
gained using the much slower heating rate of 1°C mm-‘. In addition 
isothermal experiments were carried out at suitable pre-determined tempera- 
tures. 

RESULTS 

Dynamic thermal methods 

Samples of dolomite (200 mg) were heated on the thermobalance at 7 o C 
rnin-’ in various carbon dioxide/nitrogen atmospheres. The results are 
given in Table 1. The temperature of the first DTG decomposition peak for 
a sample run in a 10% CO, partial pressure gas mixture was found to be 
37 O C lower than a similar run in pure nitrogen, although the peak tempera- 
ture of the second decomposition was 12°C higher in the 10% CO,/N, 
mixture as might be expected. Further experiments, using various carbon 
dioxide partial pressures, showed that the first decomposition peak tempera- 
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TABLE 1 

The effect of atmosphere on the DTG peak temperatures of dolomite 

Atmosphere 

N, 
N,-5X0, 
N,-7.5X0, 

N,-10X0, 
N, -20%X0, 
N,-30X0, 
co, (100%) 

First peak ( o C) 

DTG DTG 
(l°C (7OC 
min-‘) min-‘) 

745 807 
- 787 
- 782 

720 770 
695 777 
705 _ 
730 790 

DTA 
(lO°C 
min-‘) 

802 
- 
_ 

780 
768 
772 
773 

Second peak ( o C) 

DTG DTG 
(1°C (7OC 
min-‘) min-‘) 

805 875 
885 

- 895 

830 887 
830 910 
848 _ 
925 955 

DTA 
(lO°C 
min-‘) 

882 
- 
- 

885 
892 
902 
943 

ture was at its minimum value for about 10% CO, partial pressure. The first 
decomposition peak temperatures were lower for all partial pressures of 
carbon dioxide (with Ptotal = 1 atm) than those in nitrogen. The second 
decomposition DTG peak temperatures generally increased with increasing 
carbon dioxide partial pressure, although the peak temperature for the 
second decomposition peak in 10% CO, partial pressure was lower than that 
for 7.5% CO, partial pressure. Apart from this anomaly the second decom- 
position peak temperatures occur at approximately those temperatures ex- 
pected for a similar mass of calcite in these atmospheres. 

To investigate these decompositions further, additional TG curves were 
obtained at the very slow heating rate of 1°C mini; these curves showed 
similar but more marked effects, as shown in Fig. 1 where (Y, the fraction 
reacted, is plotted against temperature. It can be seen that the plateau in 
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Fig. 1. TG curves for dolomite heated at 1 o C min -I in various atmospheres. (Y = fraction 
reacted. 
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Fig. 2. DTA curves for dolomite heated at 10 o C min-’ in various atmospheres. 

these curves during which little loss in mass occurred was most pronounced 
in an atmosphere of 100% CO,. It became only a kink in the curve obtained 
in 100% N, at 1°C mm-‘, but showed a clear inflection at (Y = 0.5 when 
heated at 7O C mm-‘. That part of the TG curve in 100% N, in the range 
0.2 < a < 0.5 is at the highest temperature, whereas that part at (Y > 0.5 is at 
the lowest temperature. 

The DTA curves shown in Fig. 2, obtained at 10 o C mm-‘, and the data 
given in Table 1 based on these DTA curves, together with the DTG curves 
obtained at 1°C mm-‘, provide additional confirmation of the anomaly. 
The peak temperature associated with the first stage of the decomposition 
decreased with increasing partial pressure of carbon dioxide until it reached 
a minimum in atmospheres containing 20% carbon dioxide. As the partial 
pressure of carbon dioxide was increased further the peak temperature 
increased, but peak temperatures for all carbon-dioxide-containing atmo- 
spheres were lower than those for the corresponding runs in nitrogen. 
Strictly it would be more correct to compare onset or extrapolated onset 
temperatures from these DTA curves rather than peak temperatures. The 
latter are, however, easier to determine. Estimates of the extrapolated onset 
temperatures indicate that the anomaly is even greater when these are 
compared than when peak temperatures are compared. The second decom- 
position peak temperature increased with increasing partial pressure of CO, 
from both DTG and DTA. The TG results at l°C min-’ showed an 
apparent arrest in the increase of the second decomposition peak tempera- 
ture, as shown by DTG, in the region of CO, partial pressures which gives 
the lowest first decomposition temperatures. 

The DTA peak temperatures obtained at 10 O C rnin-’ on 100 mg samples 
are similar to the DTG peak temperatures obtained at 7” C mm’ on 300 
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TABLE 2 

Separation of the two peaks as determined by thermal analysis 

Atmosphere DTG DTG 
(lo C min-‘) (7OC rnin-‘) 

(“C) (“C) 

DTA 
(lO°C rnin-‘) 

(“C) 

NZ 60 68 80 
5% co2 - 98 - 
7.5% co2 - 113 - 

10% co2 110 117 105 
20% co, 135 133 124 
30% co2 143 - 130 
100% co* 195 165 170 

mg samples (Table l), but, as expected, are much higher than those at 1°C 
mm-‘. Our TG curve at lo C min-’ in 100% CO,, however, agrees well with 
that published recently by Engler et al. [19] on a 95 mg sample heated at 
3” C mm’ in a carbon dioxide atmosphere. 

As the partial pressure of CO, was increased, the separation of the two 
peaks on the DTG and DTA curves was found to increase (Table 2) and the 
peaks became sharper. The separation is seen to depend upon the partial 
pressure of carbon dioxide, whereas variation in other procedural variables, 
such as heating rate and sample mass, has little effect. The data of Engler et 
al. [19] again confirm this observation; they heated 95 mg samples on a 
thermobalance at 3” C min-’ in CO, and obtained a separation of the two 
peaks of about 200” C. Similarly, Stone [26], using DTA, reported a sep- 
aration of only 65 O C in nitrogen but of 160 O C in COa. 

The DTG curves at 1 O C min- ’ show that, for all except the run in 
nitrogen, the resolution of the two peaks is complete. Closer examination of 
the TG curves at 1°C min-’ (Fig. 1) shows that the curve obtained in a 
nitrogen atmosphere follows a different path from those taken in carbon 
dioxide atmospheres. The initial reaction is as rapid in nitrogen as in the 
lower partial pressures of carbon dioxide, and faster than in the higher 
partial pressures of carbon dioxide. Between 660°C and 700°C however, 
the rate of reaction in carbon dioxide rapidly increases, overtaking the rate 
of decomposition in nitrogen, where the increase in rate is delayed until 
above 700 O C. This suggests that a different kinetic mechanism is operating 
in an atmosphere of nitrogen from that in carbon dioxide. 

Isothermal experiments 

To test this hypothesis, a series of isothermal mass-loss experiments at 
various temperatures, both in nitrogen and 10% CO,/908 N, mixture were 
carried out, and typical curves are reproduced in Fig. 3. The shapes of the 
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Fig. 3. Isothermal gravimetric curves for the decomposition of dolomite in N, and N,-10% 
CO, atmospheres at 645 and 700 o C. 

curves for the higher temperature set of isothermal experiments (700 o C) are 
different from those at 645” C. In these latter curves the initial rate of 
reaction was much slower in 10% CO, partial pressure, but at about 40% 
reaction, the rate increased to become comparable with that of the experi- 
ment in nitrogen. At 700°C however, the curve obtained in 10% CO, is 
initially almost superimposed on that obtained in nitrogen, but showed a 
more rapid reaction above 30% reaction. Thus a different kinetic mechanism 
must be operating at these higher temperatures. 

A plot [30] of fraction reacted against reduced time, t/t,,,, shows that the 
experiment carried out in nitrogen at 645 o C gives an approximately straight 
line (Fig. 4), indicative of zero-order kinetics. A similar plot of the data 
obtained in 10% CO, at 645 O C, on the other hand, shows definite sigmoidal 
characteristics. Similar sigmoidal curves were also observed at higher tem- 
peratures in both atmospheres, such as that obtained in 10% CO, at 700 O C 
shown in Fig. 4; this characteristic was most pronounced at higher tempera- 
tures in 10% CO,. It seems that the curves obtained from the TG experi- 
ments in 10%20% CO, initially show the characteristics of the low temper- 
ature isothermal curves and subsequently those of the higher temperature 
isothermal curves. These observations confirm the complexity of the kinetic 
mechanisms in the various partial pressures of carbon dioxide. 
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Fig. 4. Reduced time plots of the fraction reacted, a, against t/t,,, for two isothermal 
experiments. 



DISCUSSION 

Relationship to other published work 

Numerous other workers have made similar observations to those re- 
ported here and the results are summarised in Table 3. These workers have, 
however, either disregarded the results or claimed that the first stage of the 
decomposition of dolomite occurs at the same temperature in air (or 
nitrogen) and in carbon dioxide, even when their own published curves show 
a definite reduction in the decomposition peak temperature in CO,. 

Some previous workers have used reduced pressures of carbon dioxide, 
but of those that have worked at 1 atm total pressure, only Bandi and Krapf 
[25] have used atmospheres other than air, nitrogen or 100% carbon dioxide. 
The present study not only confirms their conclusion that the peak tempera- 
ture of the first stage of the decomposition can be reduced in temperature, 
but that it varies in a complex manner dependent on the partial pressure of 
carbon dioxide. The minimum peak temperature also depends on other 
procedural variables, such as the heating rate and sample mass, because 
these in turn influence the actual atmosphere around the decomposing 
sample. 

TABLE 3 

Comparison of results from different literature references 

Reference Gas DTA(“C) 

1st 2nd 

DTG(OC) 

1st 2nd 

4 

23 

5 

26 

9 

This work 

Air 

CO2 

Air 

CO, 

Air 

CO2 

N2 
CO, 

N2 

co2 

N2 

co2 

820 920 
790 940 

805 920 
790 940 

825 945 
810 975 

805 870 
775 935 

802 
773 

790 830 
770 925 

882 807 875 
943 790 955 
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Reaction mechanism 
The first stage of the decomposition can be represented overall by the 

equation 

CaMg(CO,), + CaCO, + MgO + CO, (I) 

but Hashimoto et al. [27] and Otsuka [18] have indicated that this involves 
either (i) primary dissociation into oxides followed by recarbonation or (ii) 
direct formation of calcium carbonate. The first mechanism may involve an 
exchange reaction with unreacted dolomite 

CaMg(CO,), + CaO + MgO + 2C0, (2) 

CaO + CaMg(CO,), + MgO + 2CaC0, (3) 

or recarbonation by reaction with the carbon dioxide in the atmosphere 

CaO + CO, + CaCO, (4) 

The second mechanism may proceed via the formation of a magnesite-calcite 
solid solution 

CaMg(CO,), + CaCO, . (1 - n)MgCO, + nMg0 + nC0, (5) 

where n increases from 0 to 1 with increasing time, or via primary dissocia- 
tion into the two carbonates followed immediately by the decomposition of 
the magnesite so formed 

CaMg(CO,), + CaCO, + MgCO, (6) 

MgCO, + MgO + CO, (7) 

It has been shown by other workers, e.g. Wilsdorf and Haul [21], that 
after the first stage of the dolomite decomposition the calcium is entirely 
present as calcite, and moreover that the reaction is topotactic, i.e. the 
calcite is formed with definite orientation relations to that of the original 
dolomite. If the dolomite decomposed into its constituent oxides (mecha- 
nism (i)), it would lose 47.73% of its original mass and the large molecule 
(CO,) being evolved would be expected to disrupt the crystal leading to a 
reaction product with random orientation. The observed topotaxy is evi- 
dence in favour of the second mechanism which allows the carbonate 
framework to remain intact whilst the calcite is formed from the dolomite by 
counter-migration of Ca*+ and Mg*+ ions. 

Hashimoto et al. [27] concluded that the mechanism of the reaction 
involved the direct formation of calcium carbonate via magnesian calcite 
with a gradual release of Mg*+ ions to form calcite. They suggested that the 
evolution of carbon dioxide from surface defects initiates decomposition, 
rather than dissociation into the two carbonates as in eqn. (6). Although this 
theory is very attractive and explains many features of the decomposition, it 
is not clear why the decomposition temperature should increase with de- 
creasing partial pressure of carbon dioxide. 
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The evidence sometimes cited for the alternative mechanism, based on the 
primary dissociation into oxides as in reaction (2), is that very small samples 
of dolomite only give a single DTA or DTG peak, as also do samples heated 
in vacua [25]. We believe that this can be attributed to the expected 
variation in decomposition temperature of calcite with sample size, and is 
not contrary to the second mechanism. For example, the DTA peak temper- 
ature for a 1 g sample of calcite is about 900 o C (as obtained on early DTA 
equipment), some 300 o C higher than that expected from a 2 mg sample (as 
used in some modern DTA equipment). The large sample generates its own 
atmosphere of carbon dioxide, as discussed by Bandi and Krapf [25], and 
the decomposition of calcite obeys the laws of thermodynamics, according to 
the temperature and partial pressure of carbon dioxide. A small sample, 
without this back pressure of carbon dioxide, gives rise to a single DTA 
peak involving the decomposition of both carbonates in the same tempera- 
ture range. 

Berg [31] has shown that under very high carbon dioxide pressures 
(90-100 atm) the DTA curve for dolomite shows a small endotherm at 
750°C which he ascribes to the dissociation of dolomite into the separate 
carbonates, reaction (6), which would require only a small heat of reaction 
( - 6.5 kJ mol-‘). This is followed by a large endothermic peak at 850” C 
which Berg attributes to the decomposition of the magnesium carbonate. 
This temperature corresponds with that expected for the dissociation of 
magnesium carbonate calculated from thermodynamic considerations at 
these pressures. Berg concluded that under normal atmospheric pressure the 
dissociation pressure of magnesium carbonate exceeds 1000 Torr at the 
dolomite decomposition temperature. Therefore, when the magnesium 
carbonate is released it is thermodynamically unstable and thus decomposes 
instantaneously and is not affected by the external carbon dioxide pressure. 

Haul and Heystek [5] had previously suggested that over the temperature 
range of the first stage of the dolomite decomposition, the theoretical 
dissociation pressure far exceeds the carbon dioxide pressure around the 
sample. Hence the temperature at which the decomposition occurs exceeds 
the thermodynamic decomposition temperature. The dissociation is, there- 
fore, expected to take place over a narrow temperature range. This theory in 
effect supports the second mechanism, including eqn. (6). 

The major difficulty with this mechanism is that Engler et al. [19] did not 
observe the intermediate formation of magnesium carbonate in their recent 
X-ray diffraction study. If, however, magnesium carbonate is formed above 
650 O C, its presence would be very transient because of its rapid dissociation 
into magnesia. Furthermore, it would probably be poorly crystalline and 
might not be readily detected by X-ray diffraction. Nor did Engler et al. [19] 
detect the intermediate formation of calcium oxide, although one or other 
intermediate phase seems to be necessary on mechanistic grounds. 

A possible explanation of the observed anomaly is that a secondary 



291 

kinetic effect is superimposed on the expected thermodynamic control of the 
reaction through the second mechanism. Thermodynamic considerations 
determine the temperature at which magnesite and calcite are formed in 
reaction (6). The calcite can be formed with good orientation relations to the 
original dolomite and is below its decomposition temperature in carbon- 
dioxide-containing atmospheres. The magnesite, on the other hand, is well 
above its thermodynamic decomposition temperature at the carbon dioxide 
pressures investigated, and hence starts to decompose immediately it is 
liberated. The rate of this decomposition is dependent on kinetic factors 
influencing the nucleation and growth of magnesia crystallites. Such factors 
include the exchange of carbon dioxide [24,25,32] and the presence of 
dislocations [33]. 

To investigate this hypothesis further, two more sets of experiments were 
carried out. First, we examined the influence of incorporating water vapour 
in the ambient atmosphere on the decomposition of dolomite. Second, to 
extend the studies of Webb and Kruger [34] and Bandi and Krapf [25] who 
added sodium chloride to dolomite, we have investigated additions of 
ammonium chloride and sodium carbonate. 

EFFECT OF WATER VAPOUR 

TG and DTA curves were obtained on calcite and magnesite samples 
heated in dry atmospheres (N2 and CO,) and in the same atmospheres 
saturated with water vapour. The decomposition peaks of calcite and mag- 
nesite occurred at lower temperatures in the wet nitrogen atmospheres, while 
in wet carbon dioxide the decomposition peak of calcite was unchanged but 
that of magnesite was reduced in temperature (Table 4). 

In contrast, DTA curves of dolomite in wet carbon dioxide atmospheres 
showed an increase in peak temperature compared with the corresponding 
dry atmospheres for both stages of the decomposition: the first peak by 
15-20°C the second by 2-8” C (Table 5). Samples heated in wet carbon 

TABLE 4 

Effect of water vapour on magnesite and calcite decomposition in nitrogen and carbon 
dioxide atmospheres 

Atmosphere Magnesite Calcite 

DTG DTA DTG DTA 

(“C) (“(2 
Dry NT 645 642 910 895 
N,-satrwith H,O 625 632 895 885 
Dry CO2 660 957 
CO2 sat. with H,O 653 955 
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TABLE 5 

Effect of water vapour on dolomite decomposition in nitrogen and carbon dioxide atmo- 

spheres 

Atmosphere DTA (dry) DTA (sat. water vap.) 

1st 2nd 1st 2nd 

(“C) (“C) 

N2 802 882 813 875 
N,-10% CO, 780 885 795 892 
N, -20% CO2 768 892 788 900 
N,-30% CO2 772 902 790 907 
100% co, 773 943 795 945 

dioxide showed surface sintering which must affect the kinetics of the 
reaction. The minimum peak temperature for the first stage was observed in 
a wet atmosphere containing about 20% CO,, whereas the second stage 
showed an increasing peak temperature with increasing partial pressure of 
carbon dioxide. 

DTA curves for dolomite heated in a wet atmosphere of nitrogen showed 
that the peak temperature of the first stage increased slightly whereas that of 
the second stage decreased, compared with the run in dry nitrogen (Table 5). 

Various authors have discussed the phenomenon of carbon dioxide ex- 
change and its possible influence on the reaction mechanism [25]. Water 
vapour, when present, competes with the carbon dioxide for exchange sites 
and hence affects the reaction rate in the early stages. The crystallite sizes of 
samples taken from experiments arrested after the first decomposition peak 
were larger than similar samples taken from dry runs. The effect of water 
vapour on the crystallite growth of magnesium oxide together with the 
surface sintering observed on complete decomposition may account for the 
higher second decomposition peak temperatures recorded. 

It is clear that the addition of water vapour to the system modifies the 
rates of reaction in various atmospheres, by bringing about different crystal 
growth and sintering behaviour. It is also reasonable to suggest that the use 
of partial atmospheres of carbon dioxide affects the kinetics of the reaction 
in a complex manner. 

EFFECT OF ADDITIONS OF INORGANIC SALTS 

Bandi and Krapf [25] and Webb and Kruger [34] discuss the effect of 
minor additions of sodium chloride to dolomite, which also brings about a 
dramatic reduction in the peak temperature of the first stage of the decom- 
position. In the present studies additions of larger amounts of ammonium 
chloride and sodium carbonate to dolomite were investigated as part of a 
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Fig. 5. (a) DTA and (b) DTG curves for a 0.67 : 1.00 mixture of ammonium chloride and 
dolomite. 

study of glass-forming reactions [29] using a Roberts-type DTA cell [35] and 
a heating rate of 10 o C mm-‘. 

The DTA and DTG curves for a mixture of ammonium chloride and 
dolomite in a molar ratio of 0.67 to 1 are shown in Fig. 5. The peaks 
observed below 500°C are all attributable to ammonium chloride, whilst 
those at 610 o C and 820” C are due to the carbonate decompositions. The 
peak at 610 O C is much lower than any of those reported in Tables 1 and 3, 
and must be attributed to the intermediate formation and subsequent 
decomposition of magnesite, which is confirmed by the magnitude of the 
loss in mass. 
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Fig. 6. (a) DTA and (b) DTG curves for a 0.64 : 1.00 mixture of sodium carbonate and 
dolomite. 
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The DTA and DTG curves for a mixture of sodium carbonate and 
dolomite in a molar ratio of 0.64 to 1 are shown in Fig. 6. The decomposi- 
tion of magnesite can be clearly seen at 617°C in both curves. The loss in 
mass associated with this peak is that expected from magnesite, but its 
temperature is much lower than that obtained from dolomite heated alone, 
even at a relatively fast heating rate on a massive sample of about 1 g. The 
peaks above 700 o C in Fig. 6 are all associated with melting and decomposi- 
tion of the sodium calcium double carbonate formed in the reaction, or the 
calcite. The equations for these reactions are 

CaMg(CO,), + Na,CO, + Na,Ca(CO,), + MgCO, (8) 

and 

MgCO, -+ MgO + CO, (9) 

These experiments not only confirm the action of inorganic salts on 
lowering the decomposition temperature of the first stage of dolomite 
decomposition, but also establish that magnesite is found as a reaction 
intermediate prior to the formation of magnesium oxide. There is a close 
analogy between this mechanism and that described above in terms of eqn. 

(6). 

CONCLUSIONS 

(1) DTA and DTG curves of dolomite obtained in a range of atmo- 
spheres, but always at 1 atm total pressure, show two peaks. The first is 
associated with the formation of magnesia and calcite, whilst the second is 
associated with the decomposition of the calcite so formed. 

(2) The temperature of the second peak increases with increasing partial 
pressure of carbon dioxide in an analogous way to that of calcite. 

(3) The temperature of the first peak, on the other hand, behaves in an 
anomalous manner. At first its peak temperature decreases with increasing 
partial pressure of carbon dioxide, but it reaches a minimum value between 
10% and 20% carbon dioxide partial pressure and subsequently increases, 
although the temperature in 1 atm of carbon dioxide is still lower than that 
in 1 atm of nitrogen. 

The partial pressure of carbon dioxide at which the minimum is observed 
depends on other procedural variables, such as the heating rate and the 
sample mass. 

(4) The presence of inorganic salt additions clearly reduces the decom- 
position temperature of the first stage. Magnesite is formed as an inter- 
mediate prior to the formation of magnesium oxide. 

(5) All the experimental observations made during this study are explica- 
ble in terms of the dissociation of dolomite into the two separate carbonates 
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according to the equation 

CaMg(CO,), + MgCO, + CaCO, 

The magnesite is usually formed in a metastable state and immediately 
decomposes into magnesia. The rate of decomposition depends on kinetic 
factors influenced by the presence of carbon dioxide and/or water vapour in 
the ambient atmosphere. 

(6) Although there are advantages in carrying out the thermal analysis of 
small samples, the above conclusions could only have been reached by the 
investigation of relatively large samples. 
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