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ABSTRACT

The identification, content evaluation and detection limits of anhydrous carbonate miner-
als are greatly improved by the technique of variable atmosphere DTA. In particular,
determinations under reproducible conditions of flowing CO, produce marked and predict-
able DTA curve modifications. These, due to resultant peak height increase, attenuation,
separation, up and down scale (temperature) movements, have improved greatly their
recognition and detection limits when present singly or in mixtures and have considerable
application to problems of carbonate mineral identification due to peak superposition and
unsatisfactory definition.

INTRODUCTION

The identification and content evaluation of the common anhydrous
carbonate minerals individually, as mixtures together, or as components in
other deposits are constantly under investigation: e.g. the identification of
dolomite (CaMg(CO,),) from ankerite (Ca(Mg, Fe)(CO;),) [1]; the differ-
entiation of mixtures of magnesite (MgCO,) and calcite (CaCO;) from
dolomite (CaMg(CO,),) [2]: and the determination of the carbonate mineral
contents of coal and oil shales [3,4].

This forms an important aspect of the appraisal of mineralogical deposits
and materials, e.g. in relation to their use in the ceramic, refractory, coal
fuel, smelting, glass, cement, plaster, building stone, roadstone, agricultural,
insulation, glaze, polishing powder and chemical industries. The degree and
process of dolomitisation are important in petroleum geology, as are
carbonate compositional variations in relation to ore bodies, environments
of deposition and, for SO,, complexing and recovery from flue gases in
relation to acid-rain mitigation.

* Dedicated to Professor Sylzo Seki in honour of his contribution to Calorimetry and
Thermal Analysis.
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Pertinent aspects of the DTA curves of simple anhydrous carbonates have
been documented in general [2] in relation to: solid hydrocarbon fuels [3,4],
determinations in steam [5,6], in vacuum [7], above ambient gas pressures
[8]; siderite (FeCO,) for a range of gases and thermomagnetometry [9,10];
and dolomite [11]. The dolomite group has been reviewed [12], the rare
member kutnahorite (CaMn(CQO,),) detailed [13], and the curve modifica-
tions with progressive Fe substitution in the dolomite-ferroan dolomite-
ankerite series established [14].

Although the overall applications of thermal analysis to carbonate
mineralogy have just been reviewed by Warne [15], no detailed study has
been made of mixtures of carbonate minerals under the optimum peak
resolution conditions of flowing CO, gas at ambient pressure.

EXPERIMENTAL

The identity and relative purity of the carbonate minerals used has been
confirmed by X-ray diffraction.

Details of the DTA unit used have been published previously [1]. De-
terminations were made with alundum sample holders on samples ground to
—150# (BS sieve) in flowing CO, (2 1 min~!) with a heating rate of 15°C
min !, using Cr/Al thermocouples.

RESULTS AND DISCUSSION
Curve modifications produced in flowing CO,

The decomposition of carbonates is an equilibrium reaction controlled by
the pressure (or partial pressure under atmospheric pressure conditions) at
the reaction interface [16]. Thus, with increasing partial pressure conditions
of flowing CO, (compared to air), the following takes place.

For the single-endothermic-peaked carbonates, such as smithsonite
(ZnCQ,), siderite, magnesite and calcite:

(a) the individual single peaks become narrower and more sharply defined;

(b) peak heights increase considerably;

(c¢) the complete peaks move up scale to occur at higher temperatures.

In addition, for the multi-peaked curves of the dolomite/ankerite series:
(a) the initial, lowest temperature endothermic peak moves down scale to

occur at a lower temperature;

(b) the higher temperature endothermic peak (dolomite) or peaks (ankerite)
move up scale to occur at higher temperatures (the four peaks of Mg
kutnahorite behave similarly [13]);

(¢) these peak movements are markedly spread over a greater temperature
range and result in the complete separation and resolution of all peaks;
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(d) in particular the middle and smallest endothermic peak is completely
separated from the others and can therefore be clearly recognised and
evaluated (important because its size is relatable to the Fe content
substituted for Mg in the dolomite lattice [14]).

Effects of progressive reduction in carbonate contents—dilution

For single-endothermic-peaked carbonates, earlier work has shown that in
air or N, [3,17], the peak temperature falls on progressive dilution with inert
Al,0O,, while for the multi-peaked carbonates, the peaks progressively
coalesce into a simple endothermic feature whose peak temperatures also fall
with decreasing contents [3].

By contrast, in flowing CO, all peak temperatures are maintained, despite
progressive dilution, right down to the limits of detection [18].

APPLICATIONS

In the present study bi-mineral mixtures of anhydrous carbonate minerals
have been studied by DTA under conditions of flowing CO, to temperatures
of 1000°C. Resultant DTA curves obtained from artificially prepared mix-
tures containing each pair of minerals in the ratios of 5:95, 50:50 and 95: 5
(by weight) are featured in Figs. 1-7 to illustrate peak resolution and
detection limits.

Siderite with dolomite

The DTA curves of mixtures of siderite with dolomite (Fig. 1) show that
in all proportions the characteristic endothermic peaks, one for siderite (S)
and two for dolomite (D), are completely separated, with the curve returning
to the baseline between each. The detection limit indicated is ~ 1%.

Magnesite with dolomite

For mixtures of magnesite with dolomite (Fig. 2) the single peak of
magnesite (M) is not always separated from the lower temperature peak of
the two diagnostic of dolomite (D). This peak superposition, due to the
higher peak temperature characteristic of magnesite compared to siderite,
occurs for mixtures with high magnesite and low dolomite contents (cf.
curves 3 and 2, Fig. 2). However, the presence of dolomite, even with high
amounts of magnesite, is indicated by the presence of the small, but clearly
delineated, higher temperature peak of dolomite (Fig. 2, curve 3). Again
detection limits of ~ 1% are indicated.
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Fig. 1. DTA curves of artificial mixtures of siderite with dolomite, to illustrate the identifica-
tion and detection limits of these two carbonate minerals when present together. Determined
in flowing CO,. Peaks for siderite and dolomite are marked S and D, respectively.
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Fig. 2. DTA curves of artificial mixtures of magnesite with dolomite, to illustrate the
identification and detection limits of these two carbonate minerals when present together.
Determined in flowing CO,. Peaks for magnesite and dolomite are marked M and D,
respectively.
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Fig. 3. DTA curves of artificial mixtures of siderite with ankerite to illustrate the identifica-
tion and detection limits of these two carbonate minerals when present together. Determined
in flowing CO,. Peaks for siderite and ankerite are marked S and A, respectively.

Siderite with ankerite

In all mixtures of siderite with ankerite (Fig. 3) the single peak of siderite
(S) and the three peaks of ankerite (A) are resolved and clearly identifiable.
Even for high siderite-low ankerite mixtures the first or lowest temperature
peak of ankerite is either resolved (Fig. 3, curve 3) or close to the limits of
detection, and shows as an inflection on the otherwise straight return limb of
the siderite peak. Furthermore, the presence of ankerite is confirmed by the
clearly defined presence of its other two higher temperature peaks (Fig. 3,
curve 3).

Magnesite with ankerite

In the case of mixtures of magnesite with ankerite (Fig. 4) it is only for
relatively low contents of magnesite that its single peak (M) is clearly
separated from the three diagnostic peaks of ankerite (A). With contents of
50% or more of magnesite, its single peak and the lowest temperature peak
of ankerite are completely superimposed to form a single composite peak
(Fig. 4, curves 2 and 3). However, the presence of the two perfectly resolved,
higher temperature peaks of ankerite clearly indicates the presence of small
amounts of ankerite with large amounts of magnesite.
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Fig. 4. DTA curves of artificial mixtures of magnesite with ankerite to illustrate the
identification and detection limits of these two carbonate minerals when present together.
Determined in flowing CQO,. Peaks for magnesite and ankerite are marked M and A,
respectively.

Dolomite with ankerite

Figure 5 shows the DTA curves of mixtures of dolomite with ankerite,
and includes also the two- and three-peaked curves obtained from 100%
samples of dolomite (D) and ankerite (A) (cf. curves 1 and 5, Fig. 5). From
these it can be seen that, except for the superposition of the highest
temperature peak of both dolomite and ankerite, all the other three peaks of
these two minerals are clearly resolved and therefore indicate the presence of
these two minerals in all proportions down to the detection limits.

Calcite with dolomite or ankerite

The behaviour of mixtures of calcite with dolomite or ankerite is some-
what different. The single peak of calcite (C) which occurs at ~ 1000°C for
all contents, appears completely superimposed on the highest temperature
peaks of both dolomite (D) and ankerite (A) (Figs. 6 and 7).

The presence of calcite in high contents with low amounts of dolomite
(Fig. 6) can be seen by comparing the fully recorded double-peaked portion
of the curve containing 5% dolomite (Fig. 1, curve 3) with the curve of the
same amount of dolomite with calcite (Fig. 6, curve 1). For the latter, the
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Fig. 5. DTA curves of artificial mixtures of dolomite with ankerite to illustrate the identifica-
tion and detection limits of these two carbonate minerals when present together. Determined
in flowing CO,. Peaks for dolomite and ankerite are marked D and A, respectively.

first (low temperature) peak of dolomite (D) may be clearly seen, whilst the
second (higher temperature peak) of dolomite shows as a slight inflection on
the low-temperature limb of the large, superimposed single peak of calcite.
Further confirmation of this modest inflection feature may be obtained by
differential thermogravimetry (DTG) runs of duplicate samples.

Except for mixtures of high dolomite and low calcite contents (Fig. 6,
curve 3) the presence of calcite is indicated by the unexpectedly large
~1000°C peak of dolomite due to the additional superposition of the
calcite peak (cf. Fig. 1, curve 2 for the two dolomite peaks with Fig. 6, curve
2 for dolomite plus calcite).

The same applies to mixtures of calcite with ankerite. Here the highest
temperature peak of ankerite (see Fig. 4, curve 3), shows again only as an
inflection on the low-temperature limb of calcite (for high calcite contents,
e.g. Fig. 7, curve 1). Also, the large, highest temperature peak of ankerite is
disproportionately enlarged due to its superposition by the peak of calcite,
thus indicating the presence of calcite (see Fig. 7, curves 1 and 2). However,
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Fig. 6. DTA curves of artificial mixtures of dolomite with calcite to illustrate the identifica-
tion and detection limits of these two carbonate minerals when present together. Determined
in flowing CO,. Peaks for dolomite and calcite are marked D and C, respectively.
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Fig. 7. DTA curves of artificial mixtures of ankerite with calcite to illustrate the identification
and detection limits of these two carbonate minerals when present together. Determined in
flowing CO,. Peaks for ankerite and calcite are marked A and C, respectively.
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small amounts of calcite, when present with large contents of ankerite, are
not detectable (Fig. 7, curve 3), see Fig. 5, curve 5 for comparison.

Furthermore, dolomite (CaMg(CO,),) may be distinguished from a 50 : 50
mixture of calcite (CaCO,) and magnesite (MgCO,) of the same chemical
composition [2]. This can be seen by comparison of Fig. 1, curve 1 which
shows a 95% curve of dolomite with peak temperatures at ~ 800 and
1000°C, and Fig. 2, curve 3 together with Fig. 7, curve 1 which show curves
from 95% magnesite and calcite which, respectively, occur with peak temper-
atures of ~ 725 and 1025°C. Thus the much closer position of the two
peaks of dolomite distinguishes this mineral from a mixture of magnesite
and dolomite.

Associated detailed research, in flowing CO,, on the dolomite-ferroan
dolomite-ankerite series has already been published [14]. This established
that three endothermic peaks were present for all members containing Fe,
that with increasing Fe content the second peak size progressively increased
and the first peak temperature decreased. The limit of detection of Fe
(expressed as FeCO,) appears to be ~ 1% by weight.

CONCLUSIONS

Differential thermal analysis determinations of anhydrous carbonate
minerals under furnace atmosphere conditions of flowing CO, greatly
improve peak height, attenuation and separation. As a result, the identifica-
tion, content evaluation and detection limits are much improved when
present singly or in mixtures, and the application of DTA to elucidate
carbonate-bearing materials is enhanced.
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