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ABSTRACT

This work investigates the thermal decomposition of huntite. CaMg,(CO,),. comparing it
to that of dolomite. A small amount of the sample (5.0 mg) is used under atmospheres of
various CQ, partial pressures.

[n the CO, atmosphere, huntite decomposes in two steps
CaMg,(CO;), — CaCOy- nMgCO, +(3— n)MgO+ (3 - n)CO, (1)

(Mg—calcite)
(n gradually changes with increasing temperature from 0.2 to 0.05).
CaCO,-nMgCO; — nMgO+ CaO+(1+n)CQ, (i)

{n < 0.05)

It has been clarified that both decompositions are straightforward dissociations similar to
those of magnesite and calcite, and that their decomposition temperatures shift towards the
higher temperature side with increasing CO, partial pressure.

Therefore, it may be concluded that the mechanism of the lirst decomposition of huntite 1s
quite different to that of dolomite.

INTRODUCTION

Huntite, CaMg,(CO,),, is a mineral of rare occurrence in nature. [t was
first described by Faust [1]. The crystal structure of huntite was determined
by Graf and Bradley [2]). They indicated that it is an ordered double
carbonate similar to dolomite.

Regarding the thermal properties of huntite, the heat capacity was mea-
sured from 18 to above 306 K by Hemingway and Robie [3]). DTA curves
were obtained by several workers [1,4-7). They recognized that huntite is
characterized by two distinct endothermic peaks at 600-650°C and ~ 900°C,
representing the decomposition of the magnesium carbonate portion and the
calcium carbonate portion, respectively. A detailed study of the thermal
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decomposition of huntite, however, has not yet been carried out. Therefore,
in the present study, as a part of the thermoanalytical investigation of
dolomite and related minerals [8,9], the thermal decomposition of huntite
was studied in detail in comparison with that of dolomite.

MATERIAL

Huntite from Tea Tree Gully, South Australia was used in this study. It is
massive and white with a chalky appearance. Microscopic observation re-
vealed that it consisted of minute grains of <1-2 pum in diameter. X-ray
powder analysis showed no phases other than huntite. Lattice parameters
obtained by X-ray powder diffraction using silicon (NBS standard material
SRM 640) as an internal standard were: a = 9.505 + 0.001 and ¢ =7.815 +
0.002 A, which are in good agreement with those calculated by Graf and
Bradley [2] (JCPDS card No. 14-409). The results of a chemical analysis of
the present sample obtained by EPMA are given in Table 1, together with
those of another three samples from the same locality given in the literature,

EXPERIMENTAL

Huntite was ground in an agate mortar and then sieved to obtain fractions
in the range of 39-43 pm.

TABLE 1
Chemical composition of huntite from Tea Tree Guily, South Austraha

wt% mol%

1 2 3 4 4
MgO 334 344 33.2 ian 76.10(MgCQO,)
CaO 153 16.0 15.6 14.70 23.80(CaCoy)
MnQ - - - 0.03 0.00(MnC0O,)
FeO - - - 0.05 0.01(FeCO;)
CO, 48.5 504 48.9 48.39
Si0, 0.08
H,O(-) 0.16
H,O(+) 1.4
Na,O 0.22
Total 99.06 100.8 97.7 96.88

1 Hemingway and Robie [3].
2.3 Skinner [10].
4  Present study: analyzed by JEOL IXA 733 electron microprobe analyzer. Correction
was made by the method of Bence and Albee.
4" Present study: expressed in cation mole ratio (mol%).
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DTA measurement

Measurements were performed under the following atmospheric condi-
tions, using a Rigaku Thermoflex TG-DTA, on 5.0 mg of sample at the
programmed heating rate of 10°C min~'.

(1) CO, flow of 100 ml min .

(2) Mixed gas flow of CO, and N,, varying their mixing ratios, where the

total flow was maintained at the constant rate of 100 ml min !,

X-ray powder analysis

The phase identification of reaction products was made by X-ray powder
analysis using a Rigaku RAD I under the following conditions: graphite-
monochromized Cu K« radiation; 40 kV-20 mA; time constant, 2 s;
scanning speed, 0.5° min !; divergence slit, 1°; receiving slit, 0.3 mm; and
scattering shit, 1°. Samples heated to specified temperatures were quickly
cooled down to room temperature by removing the furnace for phase
identification.

Infrared absorption analysis

Each 1.5-mg sample of the reaction product and 200 mg of KBr were
pressed into 13 mm diameter disks, and absorption spectra were recorded
using a Hitachi 260-50 infrared spectrophotometer.

TEM observation

The above reaction products were also subjected to TEM observation
using a Hitachi transmisston electron microscope H-500H at the accelerated
voltage of 100 kV.

RESULTS
DTA curves

Figure 1 shows the DTA curves of huntite and related carbonates re-
corded under a CO, gas flow of 100 ml min~'. Huntite showed two
endotherms in a similar manner to dolomite, however, their temperature
ranges, peak profiles and peak areas were completely different. The first
endotherm (abbreviated to 1st En in this text) of dolomite appeared at a
higher temperature (7, = 714°C) than the decomposition temperature of
magnesite (T, = 617°C), whereas that of huntite was recognized at a lower
temperature (7. = 594°C). In addition, huntite yielded a magnesite-like,
sharp and symmetric peak differing from that of dolomite.
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Fig. 1. DTA curves of huntite and related carbonates.



49

A similar tendency was observed on the second endotherm (2nd En); its
temperature range decreased in the order: calcite (7, = 924°C) > dolomite
(911°C) > huntite (898°C).

The baseline of huntite suddenly shifted to the exothermic side in the
range 750-800°C after the 1st En terminated, whereas those of calcite and
dolomite gradually shifted to the exothermic side with heating.

Figure 2 compares the DTA curve of (a) 3:1 (mole ratio) mechanical
mixture of magnesite and calcite, with that of (b) huntite. Peak temperatures
and peak profiles of curve (a) were characteristic to the component minerals
{magnesite and calcite), and clearly differed from those of curve (b).

Figure 3 shows DTA curves obtained in the mixed gas flow under various
mixing ratios of CO, and N,. Both the Ist and 2nd Ens broadened and
shifted to the lower temperature side with decrease in CO, partial pressure,
however, the shift of the 1st En was not as sensitive as the 2nd En. The shift
in the range of CO, from 100 to 0% was equal to about 70° for the 1st En,
whereas that for the 2nd En was as large as 250°.

B/ °C
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Atmosphere: CO; 100 ml/min
flow
Reference: a-Al;0;
10 uv Heating rate: 10 °C/min u

909

612y,

L ] i |
600 700 800 900

Fig. 2. DTA curves of: (2) mechanical mixture of magnesite and calcite (MgCO, :CaCO, =
3:1) and (b) huntite (particle size —325/400 mesh).
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Identification of products

X-ray diffraction patterns and IR absorption spectra of the products
obtained at each specified temperature are given in Fig. 4.

At 573°C

All other X-ray peaks, except a broad peak attributed to periclase {marked
with p in the figure), are identified as huntite. Similarly, an IR spectrum
characteristic to huntite was obtained. Two split absorption bands at 1530
and 1440 cm~!, and 858 and 880 cm™! are due to the », and », vibrations,
respectively, of crystallographically different CO, groups, which are char-
acteristic to huntite, The 1110 and 742 cm ™! bands are assigned to the »,
and », vibrations, respectively (Scheetz and White [11]).

At 619°C ,

The reaction products obtained immediately after the 1st En were poorly
crystallized MgO and a calcite-like phase. The reflections of the latter shifted
to the higher-angle side. The calculated lattice constants from these reflec-

| v B | p} 000 1503 100 304
3 I |
"-\‘ B o
Jl X o 023 oo Itv:lrTiv)
e —
b e ! ur
14
<
—“-\v ‘i | 905 =C
i L.Aq“‘ ’E L ‘.I §
j ce i [ 12,66
J C 4
] P C
f '
¢ I cc I« K 98 @
L.—N A ,\i ! ] i ¢
¢ calcitq.l lime 1216
i P P
13
¢ tp ¢ ce A '
_-“J . ’L_tl ¢ ¢ g1 te p TBE *C 3
- 8.71
- ‘ t P o+ calcite-like
o L S f\ 'n— g Phase
A 619% °C
(J‘ o |
\‘,_-‘ k i ’ " B
573 °¢ ' 3
e Ay
Cu ma 28
o 0 40 50 60 o
L ll 1 T 1 e
I 3% 2 15

Fig. 4. Identification of products at varicus temperatures by X-ray and IR analyses.
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tions were: a = 4.91 and ¢ = 16.99 A, which were rather small, compared to
those of normal calcite (a = 4.99, ¢ = 17.05 A).

Similarly, the v, and », split bands characteristic to huntite completely
disappeared. The », and », bands characteristic to a calcite structure should
appear at 880 and 712 ¢m '. However, the r, absorption band was not
clearly separated, suggesting that the product is not normal calcite but a
calcite-like phase.

At 786°C .

The X-ray patterns showed the existence of calcite (a = 4.98, ¢ = 17.13 A),
well-crystallized MgQO, and a small amount of CaQ. The », and », bands of
of calcite were clearly recognized. The integrated intensity ratio of », to v,
I(v,)/1(v,), was B.71. This ratio represents the degree of order in the
structure, and it is higher for well-crystallized than for disordered calcite
(12].

At 898°C

Calcite (a =497, ¢=17.11 A), MgO and CaO were recognized. The
amount of CaO clearly increased. The abrupt increase in the I(»,)/I(v,)
value to 12,16 indicates the rapid increase in crystallinity of calcite,

At 909°C

Calcite (a =498, c=17.11 f\) reflections were rather attenuated in con-
trast to the increase in intensities of CaO reflections, suggesting the decom-
position of calcite. Intensities of MgO reflections also increased.

Ar 923°C

Calcite was almost completely decomposed. Very sharp reflections of CaO
and MgO were recognized. :

Figure 5 compares the detailed X-ray profiles of huntite and dolomite.
The 104 and 202 reflections (marked with c¢104 and ¢202 in the figure) of
calcite, and the 200 reflection (p200) of MgO were recorded immediately
after the Ist En (marked with Ist in the figure) and just before the 2nd En
(2nd).

Dolomite yielded sharp calcite reflections of ¢104 and ¢202, and a broad
MgO reflection of p200 immediately after the 1st En, whereas huntite
produced broad and weak reflections (c104 and ¢202) of calcite, respectively.
Moreover, in the case of dolomite, c104 and ¢202 reflections reduced their
intensities just before the 2nd En, in contrast to the increase in intensity of
the p200 reflection. In the case of huntite, however, both the calcite and
MgO reflections became sharper just before the 2nd En. In addition, in the
lormer case (dolomite), the cl04 reflection slightly shifted from 28(Cu
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Ka)=29.50° to 29.42°, whereas in the latter case (huntite) the reflection
moved considerably from 29.80° to 29.50°.

Hashimoto et al. [13] decomposed dolomite isothermally and observed
relatively large calcite crystallites (700-800 A in diameter) and fine MgO
particltes (~ 300 A). They also reported that MgQ crystallites noticeably
grew with time up to 700-900 A, but that calcite crystallites remained at
their initial sizes. The present data shown in Fig. 5 strongly support these
results.

In the case of huatite, it was suggested that fine crystallites of both calcite
and MgO obtained after the 1st En grew with time.

In order to confirm this suggestion, bright-field TEM observations were
applied to the reaction products. Figure 6 shows the micrograph of the
product obtained just before the 2nd En of huntite. A round, well-developed
MgO single crystal of 500-600 A in diameter with fringes of equal thickness
is marked (A) on the photograph. The diffraction image of this single crystal
exhibited distinct Kikuchi patterns, which was indicative of a thick, well-de-
veloped crystal. (B) is a well-developed crystal of calcite, showing distinct
rhombohedral morphology.

1 st 2 nd
1 st 2nd
dolemite 714 |7s 911
huntite
594
909
C
104
u 200
\'h dol
}L hun
AE—LJA ZB—LBLI A¢—£{4
Cu Ka 20 Cuka 20

Fig. 5. Comparison of X-ray patterns of dolomite and huntite. Intensity changes of ¢(104},
p{200), ¢(202) are shown. c, calcile; p, periclase.
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Fig. 6. Electron micrograph of the products obtained just before the 2nd endotherm of
huntite.

DISCUSSION
Decomposition of huntite in CO,

Figure 7 summarizes the results obtained from the products in Fig, 4.

(1) At 619°C, immediately after the 1st En, the decomposition products
were MgO and magnesian calcite (denoted by Mg—calcite hereafter) contain-
ing approx. 20 mol% MgCO,. The MgCO, content was determined from the
lattice constant a using the diagram given by Goldsmith et al. [14].

(2) The above Mg-calcite gradually released Mg up to 5 mol% MgCO, at
about 790°C.
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Fig. 7. Decomposition process of huntite under CO, flow of 100 ml min~".

(3) The MgCO, content in Mg-calcite was kept constant until 898°C, just
before the 2nd En.
(4) The 2nd En was caused by the decomposition of Mg—calcite.
Therefore, it is considered that huntite decomposes in the CQO, atmo-
sphere in the following two steps
CaMg,(CO,), — CaCO, - ntMgCO; + (3 — n)MgO + (3 — n)CO, (1)
(Mg—calcite)
(n gradually changes with increasing temperature from 0.2 to 0.05)
CaCO, - nMgCO,; —» nMgO + CaO + (1 + n)CO, (ii)
(n <£0.05)

CO, pressure dependence of decomposition

In Fig. 8 are plotted T, values of the 1st and 2 d Ens of huntite given in
Fig. 3 (marked with (h,} and (h,)) against temperature, together with those
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of magnesite (m) reported by Iwafuchi [15].
The equilibrium CO, partial pressure vs. temperature curves for the
following reactions are also given in this figure

CaMg,(CO,), & CaCO, + 3MgO + 3CO, (i)
CaCO, 2 CaO + CO, (it)
MgCO, 2 MgO + CO, (iii)

The thermodynamic properties of huntite at 298.15 K are given in
Geological Survey Bulletin 1452 (1979) by Robie et al. {16]. In addition,
according to Hemingway and Robie [3], above 105 K the heat capacity of
huntite is equal to the sum C;(calcite) + 3C?(magnesite), within 2%. In the
absence of heat capacity measurements above 305 K, the additive approxi-
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Fig. 8. Plots of T, obtained in mixing gas flow of CO, and N,. (h;) and (h;), 1st and 2nd
endotherms of huntite; (m), magnesite (data taken from Iwafuchi [15]). Equilibrium CO,
partial pressure vs. temperature curves are also shown.

2
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mation should be accurate to better than 5%. Thus, the heat capacity of
huntite at temperatures higher than 305 K could be expressed as:

C? (huntite) = C?(calcite) + 3 X C(magnesite)
= 343.072 + 18.368 x 107 2T — 7.654 X 10°7T ¥(J mol 'K 1)

Thermodynamic properties of other materials were all obtained from the
above Geological Survey Bulletin 1452 (1979).

It 1s clearly shown in Fig. § that the plots of T, of the 2nd En of huntite
agree well with the equilibrium CO, partial pressure vs. temperature curve of
calcite. This indicates that the decomposition temperature of the calcite
phase formed from the partial decomposition of huntite is very sensitive to
CO, and it dissociates in a straightforward manner. It is well accepted that
the decomposition of dolomite takes place:

(i) at high CO, partial pressure, in two steps

CaMg(CO,), = MgO0 + CaCO, + CO, = MgO + CaO + 2CO,
(i1) at low CO, partial pressure, in on¢ step
CaMg(CO, ), - MgO + CaO + 2CO,

The plots of T, of the 1st En of huntite agree quite well with those of the
endotherm of magnesite. The decomposition temperatures of both huntite
and magnesite decrease clearly with decreasing CO, partial pressure. The
plots of T, of both materials, however, deviate considerably from their
equilibrium CQO, partial pressure vs. temperature curves, indicating that the
decomposition of both materials proceeds in a region where they are
thermodynamically unstable. This is because the decomposition rate of
magnesite is extremely slow, so that the pressure of evolved CO, makes it
difficult to attain the equilibrium state in such a dynamic condition of
heating as DTA.

It is widely recognized that the 1st endotherm of dolomite is relatively
invariable with the CO, partial pressure of the atmosphere. Recent detailed
studies [8,17,18], however, confirmed that this endotherm shifts distinctly
towards the lower-temperature side with increasing CO, partial pressure.
Therefore, CO, pressure affects the first decomposition temperatures of
dolomite and huntite, but in opposite directions. Thus, it is clearly under-
stood that the mechanism of the first decomposition of huntite is quite
different from that of dolomite, and that it is very similar to that of
magnesite.
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