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Abstract

Extensive studies have been done on the behavior of dolomite when subjected to a rising temperature program. In this study
a literature survey was prepared related to the thermal decomposition of dolomite and the probable mechanisms proposed by
various workers for the above reaction. Dolomite undergoes a two-stage decomposition in one atmosphere of carbon dioxide;
while the same decomposition proceeds via a single step at lower partial pressures of carbon dioxide. The intermediate and
final products for the two-stage decomposition of dolomite were isolated and identified using thermogravimetry and X-ray
powder diffraction. On each of the isolated samples scanning electron microscopy was carried out. The intermediate products
were found to be dolomite, calcite and periclase, while the final products were calcium oxide and periclase. Using these results

a mechanism of thermal decomposition for dolomite is proposed. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Dolomite finds wide application both industrially
and pharmaceutically. Dolomite is used as a calcium
and magnesium supplement in the pharmaceutical
industry. The MgCOj; part of the dolomitic structure
functions as a source of Mg to microorganisms and is
therefore used as an additive for fertilizers. For the
same reason it is also used as an additive in fodder and
food. Industrially dolomite is widely used in the
mineral wool, ceramic, insulation, construction, glass,
polishing powder, glaze and chemical industries [1].
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The process and degree of dolomitization are impor-
tant in petroleum geology [1]. Dolomite is also of
mineralogical significance. Thus, dolomite finds wide
application and the thermal decomposition of dolo-
mite has been the subject of study by many authors.

At low partial pressures (below 200 Torr inside and/
or around the sample) [2], dolomite decomposes via a
single step mechanism represented by

CaMg(CO3), — CaO + MgO + 2CO, (1)

At higher partial pressures the decomposition occurs
via a two-stage mechanism, which is depicted as
follows [3]:

CaMg(CO3), — CaCO; + MgO + CO, )
CaCO; — CaO + CO, 3)
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Even though most published literature says that the
first step is not sensitive to carbon dioxide pressure and
the second one is, the work done by Bandi and Krapf
[2] proves that both endotherms are sensitive to carbon
dioxide pressure but in opposite ways. Thus, as the
partial pressure of carbon dioxide is reduced, the two
curves that appear in the decomposition of dolomite
will approach each other and then fuse into one single
step. The effect of partial pressure on the second step
is enormous as compared to the first step. For this
reason it is often quoted in the literature that the first
step in the decomposition of dolomite is not sensitive
to carbon dioxide pressure.

Many researchers have attempted to describe the
mechanism of the above reaction. There is still some
speculation concerning the intermediate products
formed after the first stage decomposition of dolomite.
The following mechanisms have been proposed for the
first stage thermal decomposition:

1. Formation of magnesite—calcite solid solution [4]
which is depicted as

CaMg(CO3), — CaCOs; - (1 — n)MgCO;
+ nMgO + nCO, 4)
where n increases from 0 to 1 with time.

2. According to Dollimore et al. [5] *““‘a more correct
representation of the decomposition” is the
primary dissociation into individual carbonates,
followed by immediate decomposition to magne-
site
CaMg(COs), — CaCOs + MgCO; (5)
MgCO; — MgO + CO, (6)

3. Britton et al. [6] proposed that the initial reaction
was

CaMg(CO3), — CaO + MgO + 2CO, (7

followed by rapid recombination of CaO with
ambient CO, to form CaCOs.

4. Ithas also been suggested that in the initial step both
CaO and MgO are formed. The CaO formed under-
goes an exchange reaction with unreacted dolomite
and thus the reaction can be represented as [7]

CaMg(CO3), — CaO + MgO + 2CO, (8)
CaO + CaMg(CO3), — MgO + 2CO, + 2Ca0O
)

There is a lot of speculation regarding the mechan-
ism of the decomposition of dolomite. Our study was
specially designed to isolate and identify the inter-
mediate and final products of the thermal decomposi-
tion of dolomite. Using these results an attempt was
made to suggest a probable mechanism of the thermal
decomposition of dolomite.

2. Material and methods
2.1. Materials

The material studied was “James White River
Dolomite™ supplied by FMC Corp/PD, Newark, DE
19711. This sample was ground using a ceramic ball
mill equipped with a General Electric AC motor. The
sample was ground for a period of 3 h. US standard
testing sieves were used for size classification. The
following set of US standard sieves was used for size
classification, namely the 20, 40, 60, 80 100, 120, 140,
170, 200, 230, 250, 300 and 325-mesh sieves. A Rotap
Sieve Shaker was used to hasten the size classification
process. The period of operation for this equipment
was one and a half hours. The fraction retained on the
200-mesh sieve was used for further study.

2.2. Equipment

The SDT 2960, simultanecous TGA-DTA, TA
instrument with Universal Analysis for Windows
95/NT Ver. 2.3 C was used to examine the thermal
decomposition of dolomite. An electronic flow meter
from J&W Scientific, model ADM 1000 was used to
regulate the flow of purge gas through the sample. In
order to decompose and isolate sufficient quantities of
half-burnt and dead burnt dolomite a tube furnace was
used. The temperature control was monitored in this
equipment using a CN 9000A series miniature Auto-
tune temperature controller. A flow rate of 100 ml/min
of the purge gas (CO,) was maintained in all the tube
furnace experiments. Samples were cooled in an atmo-
sphere of nitrogen and sealed in conical stoppered
flasks in an atmosphere of nitrogen.

To identify the components of the original sample,
half-burnt and dead burnt dolomite, X-ray diffraction
(XRD) experiments were performed on a SCINTAG
XDS2000 diffractometer with Cu Ko, 4 = 1.5406 A
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and solid state Ge detector cooled by liquid nitrogen.
The experimental conditions were as follows: 45 kV,
40 mA, divergent beam slits 2 and 4 mm, receiving
slits 1 and 0.2 mm, 20 = 5—70°, continuous scan with
scan rate 2°/min and step size of 0.03° for intensity
integration. The measurements were taken at room
temperature, in air and at the normal pressure. The
data was processed using SCINTAG software
DMS2000, Ver. 3.43 on Microva3100 with Tektronix
4207 for graphical display. The ko, data was stripped
from the raw intensity, background subtracted and
the data smoothed using ‘“‘fast fourier filtering”.
The JCPDS Vol. 47 database loaded within the
computer was used for the identifications of the
components.

Scanning electron micrographs of all the isolated
fractions were obtained. The scanning electron micro-
scope (SEM) studies were performed on the JOEL
JSM-6100 microscope, wherein the surface of the
sample was coated with a thin, electric gold conduc-
tive film, the excitation voltage used was 10 kV and the
magnification used was 500%. Only for the original
dolomite sample the magnification used was 1000x
and the excitation voltage was set at 2 kV (Fig. 3).

2.3. Procedure

The original dolomite sample (from the 200-mesh
sieve) was first examined using thermogravimetry
(TG), XRD and SEM. The following three samples
were isolated using the tube furnace and were identi-
fied using TG, XRD and SEM.

Sample A: the original dolomite sample was heated
in the tube furnace at a temperature of 725°C for 2 h.
Sample B: the original dolomite sample was heated in
the tube furnace at a temperature of 725°C for 5 h.
Sample C: the original dolomite sample was heated in
the tube furnace at a temperature of 920°C for 5 h. The
samples were heated in the tube furnace in an atmo-
sphere of carbon dioxide and were cooled in an atmo-
sphere of nitrogen. The rationale for choosing the
temperatures is discussed in the following section.
For the sake of convenience these samples will be
referred to as sample A, B and C in the above-men-
tioned order.

Thermogravimetric analysis, XRDs and SEMs were
done on the original and isolated samples. In all these
TG experiments the sample was heated at the rate of

10°C/min and the flow rate for the purge gas (CO,)
used was 50 ml/min.

An additional run in nitrogen atmosphere was per-
formed on sample C. Only for this sample run was the
heating chamber purged with nitrogen (200 ml/min)
for 1 h before the run to remove all traces of CO, and
moisture from the heating chamber. To ensure a
complete nitrogen atmosphere the flow during the
experiment was also maintained at the higher value
of 200 ml/min.

3. Results and discussion
3.1. Original dolomite sample

The TG plot (% weight vs. temperature) for the
thermal decomposition of dolomite, in an atmosphere
of carbon dioxide, showed a two-stage process (Fig. 1).
This is in agreement with the literature [2]. The onset
temperature of the first step was found to be 725°C.
Thus, in order to obtain half-burnt dolomite the tem-
perature of the tube furnace was set at 725°C (sample
A and B). Similarly the second step of the decom-
position started at 920°C, so the temperature used for
isolating dead burnt dolomite in the tube furnace was
set at 920°C (sample C).

To confirm the purity of the sample an XRD study
was done on the sample, which indicated that the
sample was indeed pure dolomite (Fig. 2). The first
step in the thermal decomposition shows an initial
slow reaction, which then proceeds at a faster rate at
higher temperatures. The SEMs done on the sample
indicated the reason for this. The magnification used
was 1000x (Fig. 3), which showed that the sample has
fine fluffy dolomite particles sticking to the dolomite
crystals. This fluffy matter decomposes earlier as
compared to the crystals and this causes an initial
slow reaction followed by the increase in the reaction
rate when the crystals begin to decompose.

3.2. Sample A

The TG curve (Fig. 1) shows a two-stage decom-
position in an atmosphere of carbon dioxide and the
two stages occur at the same temperature as observed
in the original sample. This indicates that sample A
still contains traces of the original dolomite sample.
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Fig. 1. TG plot for thermal decomposition of the original dolomite sample, sample A, sample B and sample C at a heating rate of 10°C/min.
The purge gas used in all these runs was carbon dioxide and is indicated in brackets. Flow rate used was 50 ml/min. The plot indicates the
onset temperature of the first and second step in the thermal decomposition of the original dolomite sample. To estimate the percent loss for the
Y-axis 1 cm = 9.905% loss.

CcPS 8.?38 4.?38 2.?76 2.?52 1.?23 1.?41 1.343 ¢
18027.0 100
16224 .3 — 90
14421 .67 r 80
12618. 9+ F7O
10816. 27 - 60
S013.54 ~ 50
7210.87 ~ 40
5408. 14 — 30
3605. 4 - 20
i602.7 NP R R U
. LN NN S NN TR N S SO RN SR SNRN DD AR N S NN AN SN IR NN NN SRS NN MR RS SR S D RS A B 0
10 20 30 40 50 60 70
CALCTUM MAGNESIUM CARBONATE / DOLOMITE
36-0426
1 | L 11

CAMG (CO03)2

Fig. 2. X-ray diffraction pattern for the original dolomite sample. The purity of the original sample was confirmed using the JCPDS (Vol. 43)
database, which indicates presence of single component, i.e. dolomite.
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Fig. 3. SEM of the original sample using a magnification of 1000x and excitation voltage of 2 kV.

The XRD (Fig. 4) pattern is more useful in confirming
the identity of this sample. The database search results
clearly indicate the presence of magnesium oxide,
calcium carbonate and dolomite. This composition
would also explain the TG behavior of the sample.
The initial decomposition stage is due to the Mg(CO);
from the dolomite. Since this sample has been heat-
treated it has partially decomposed to half-burnt dolo-
mite (MgO-CaCO;). The calcium carbonate from
both, the half-burnt dolomite and the unreacted ori-
ginal sample produce the second stage decomposition
on the TG plot.

The SEM (Fig. 5) was done at 500 x magnification.
The important thing noted was that although the
original sample was nearly of uniform particle size,
sample A showed the presence of fines. This is prob-
ably due to the evolution of CO, from the sample,
which causes the intact grains of dolomite to break
apart, thus producing the fine particles.

3.3. Sample B

The TG curve (Fig. 1) in an atmosphere of carbon
dioxide shows a single stage decomposition, indicat-
ing that the sample has been fully converted to half-
burnt dolomite. The single stage decomposition is
that of calcite and this is confirmed by the XRD
(Fig. 6). The other component of half-burnt dolomite

MgO, does not have any effect on the TG curve, but
is detected in the XRD pattern. Again the SEM
(Fig. 7) shows the presence of fines indicating that
the larger particles break down when CO, is evolved.
The results obtained for sample A and sample B give
some idea as to what the mechanism of the
reaction could be for the first stage decomposition
of dolomite. The half-burnt dolomite shows the
presence of calcium only in the form of calcite.
The presence of Ca only as calcite after the first
stage decomposition of dolomite has been observed
by Wilsdorf and Haul [8] and is confirmed in our
present study.

3.4. Sample C

Two thermogravimetric runs were performed on
this sample. The TG run in CO, atmosphere (Fig. 1)
shows a rise in sample weight due to the conversion of
calcium oxide to calcium carbonate. Due to the
apparent weight gain the presence of other compo-
nents in the sample was obscured and therefore the run
in nitrogen was necessitated. Before performing the
run in nitrogen atmosphere the sample was purged in
nitrogen in the heating chamber for 1 h, to remove all
traces of CO, and moisture from the heating chamber.
To maintain a complete nitrogen atmosphere the flow
rate was set at a higher value of 200 ml/min. The TG
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Fig. 4. X-ray diffraction pattern for sample A. The JCPDS database search match result indicates presence of magnesium oxide, calcium
carbonate and dolomite.

Fig. 5. SEM of sample A using a magnification of 500 and excitation voltage of 10 kV.
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Fig. 6. X-ray diffraction pattern for sample B. The JCPDS database search match result indicates the presence of both calcium carbonate and
magnesium oxide.

curve for this sample shows two stages of weight loss

(Fig. 8).

The XRD pattern (Fig. 9) clearly indicates that this
sample contains both calcium oxide and magnesium

8601

- - RS

18KV

oxide. The whole sample turns moist, even though it
was stored in a nitrogen atmosphere. Calcium oxide is
very sensitive to moisture and is a very reactive species.
It probably undergoes carbonation and hydroxylation

Fig. 7. SEM of sample B using a magnification of 500x and excitation voltage of 10 kV.
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Fig. 8. TG plot for sample C in an atmosphere of nitrogen (flow rate 200 ml/min) at a heating rate of 10°C/min. The region enclosed in the
dotted box has been magnified to indicate presence of two impurities formed in the sample during storage.

upon combining with carbon dioxide and moisture
respectively from air. These reactions produce calcium
hydroxide and calcium carbonate and this is the reason
that the sample shows two minor weight loss processes
when heated in an atmosphere of nitrogen. The first
weight loss occurs at 355°C, which is in the right region
for the decomposition of calcium hydroxide [9]. The
second weight loss occurs at 522°C and is supposedly
due to calcium carbonate. The temperature at which this
decomposition is observed seems to be low for calcium
carbonate. The reasons for this can be attributed to
either of the following:

1. The decomposition of calcium carbonate in an
atmosphere of nitrogen depends on sample size
[10]. The smaller the sample size the lower the
temperature of decomposition. This sample has
only traces of calcium carbonate and this could be
one of the reasons for the lowering of the
decomposition temperature.

2. The other reason could be that calcium carbonate
is formed from the calcium oxide portion of the
dead burnt dolomite. The temperature of decom-
position could be lowered because of the way in
which the calcium carbonate is formed. The study
done by the above workers [10] was done on AR
calcium carbonate, which has pure calcium
carbonate and hence can have a different decom-
position temperature as compared to the calcium
carbonate formed from the calcium oxide portion
of dead burnt dolomite.

It is not to be expected that the peaks are due to
magnesium hydroxide or magnesium carbonate
because magnesium oxide is not as reactive as calcium
oxide. Hence, it would not readily combine with
atmospheric moisture or CO, to form magnesium
hydroxide or magnesium carbonate.

The XRD pattern clearly indicates the presence of
both calcium oxide and magnesium oxide confirming
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Fig. 9. X-ray diffraction pattern for sample C. The JCPDS database search match result indicates presence of both calcium oxide and

magnesium oxide.

that the complete decomposition of dolomite to dead
burnt dolomite did take place, but it does not indicate
the presence of either calcium carbonate or calcium
hydroxide. Compared to XRD, TG is a more sensitive
technique and is able to detect these minor impurities.

The SEM (Fig. 10) shows a maximum amount of
fines compared to all the other samples. This is
expected because this sample has undergone complete
decomposition resulting in the break down of larger
grains to small fines.

Fig. 10. SEM of the sample C using a magnification of 500x and excitation voltage of 10 kV.
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3.5. Mechanism for the first stage decomposition

Hashimoto et al. [11] in their work concluded that
Mechanism 1, as previously described in this research,
which involves the formation of the magnesite—calcite
solid solution, was the actual mechanism of thermal
decomposition of dolomite. In this study we have not
found anything that can support or reject this mechan-
ism. However, Mc Intosh et al. [3] in their work wrote
that although this mechanism seems very ““attractive”
and can possibly explain nearly all features of the
thermal decomposition of dolomite, it falls short in
one respect. According to them this mechanism cannot
explain the dependence of the thermal decomposition
of dolomite on the partial pressure of CO,, which is so
characteristic of dolomite.

Mechanisms 3 and 4, as previously described in this
paper, suggest the decomposition of dolomite to cal-
cium oxide in the first step itself. This does not seem to
be the case, because in neither sample A nor B was
calcium oxide detected. If dolomite were to decom-
pose to individual oxides the weight loss associated
with this mechanism would mathematically be 48%
[3]. It is evident from Fig. 1 that after the first stage
decomposition the weight loss is only around 25%. It
was also noted in the next sample that if the sample
contains calcium oxide and if a TG experiment is
performed on such a sample in an atmosphere of
carbon dioxide, it should show a gain in weight
because of the conversation of the calcium oxide to
calcium carbonate. After the first stage decomposi-
tion, the original dolomite sample shows no weight
gain. This indicates that after the first stage of thermal
decomposition the calcium exists completely as cal-
cium carbonate and the magnesium exists completely
as magnesium oxide. The presence of calcium oxide at
this stage seems unlikely.

After considering all the above possibilities,
Mechanism 4 seems to be the mechanism that could
be responsible for the typical thermal behavior of
dolomite. Mc Intosh et al. [3] also concluded that
this is the possible mechanism for the thermal
decomposition of dolomite. The only probable rea-
son why magnesium carbonate was not detected in
both sample B and C is that when dolomite breaks
down into individual carbonates the magnesium
carbonate is in a highly unstable state. It decom-
poses immediately and this is what makes isolation

of magnesium carbonate in half-burnt dolomite so
difficult.

3.6. Mechanism for the second stage decomposition

The run for dead burnt dolomite in CO, shows that
the calcium oxide can be re-carbonated to form cal-
cium carbonate. Thus, the second stage decomposition
of the reaction is a reversible process and can be
depicted as follows:

CaCO;2Ca0 + CO, (10)

The extent of this reversibility depends on the tem-
perature.

4. Conclusion

1. The first stage decomposition occurs by a forma-
tion of individual carbonates, with the magnesium
carbonate being in an unstable state which
decomposes immediately. This is the reason it
was not detected in half-burnt dolomite (sample
B). The reaction mechanism can then be depicted
as follows:

CaMg(CO3), — CaCO; + MgCO; (11)
MgCO; — MgO + CO, (12)

Since magnesium carbonate is difficult to isolate
the net reaction can be written as

nCaMg(CO3), — (1 — n)CaCOs + (1 — n)MgO
+ (1 — n)CO, (13)

where n goes from 1 to 0 with time. This has been
depicted in the above manner because sample A
showed the presence of both dolomite and half-
burnt dolomite.

2. The second stage decomposition of dolomite
involves the dissociation of calcite and this is a
reversible process which can be depicted as

CaCO3;2Ca0 + CO, (14)

3. The calcium oxide portion of the dead burnt
dolomite is a highly reactive species. It forms
calcium hydroxide, which shows a 1% weight loss
on the TG curve in an atmosphere of nitrogen.
This experiment also indicated the presence of
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another impurity, which produced a second weight
loss. The exact identity of this impurity could not
be determined with certainty and it was speculated
that it was calcium carbonate. Both these
impurities did not appear on the XRD pattern
because they are present in very small quantities.
The TG being a more sensitive equipment could
detect these impurities.

References

[1] K.V. Nair, Masters Thesis, University of Toledo, OH, August
1994, p.1.

[2] W.R. Bandi, G. Krapf, Thermochim. Acta 14 (1976) 221.
[3] RM. Mc Intosh, J.H. Sharp, EW. Wilburn, Thermochim.
Acta 165 (1990) 281.
[4] D. Beruto, A.W. Searcy, J. Chem. Soc., Faraday Trans. I 70
(1974) 2145.
[5] D. Dollimore, J.G. Dunn, Y.F. Lee, B.M. Penrod, Thermo-
chim. Acta 237 (1994) 125.
[6] H.T.S. Britton, S.J. Gregg, G.W. Winsor, Trans. Faraday Soc.
48 (1952) 63.
[7] J.A. Hedvall, Geol. Foeren. Toerh. Stockholm 47 (1925) 73.
[8] H.G.E. Wilsdorf, R.A.W. Haul, Nature 167 (1951) 945.
[9] D. Chen, Ph.D. Thesis, University of Toledo, OH, 1994,
p. 196.
[10] R.M. Mc Intosh, J.H. Sharp, EW. Wilburn, D.M. Tinsley,
Therm. Anal. 37 (1991) 2003.
[11] H. Hashimoto, E. Komaki, F. Hayashi, U. Ueatsu, Solid State
Chem. 33 (1980) 181.



