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Abstract

Thermal decomposition of calcite (CaCO;) was investigated by the single-crystal X-ray diffraction technique. The sample
exposed in a hot air stream decomposed at approximately 839 K, whereas the sample sealed in a silica glass capillary in an air
atmosphere decomposed at approximately 1192 K. By replacing the sealed gas with carbon dioxide (CO,), the decomposition
temperature increased to 1275 K, enabling the observation of the reversible [-IV and IV-V phase transitions of calcite at
approximately 985 and 1240 K, respectively (N. Ishizawa, H. Setoguchi & K. Yanagisawa, Sci. Rep. 3, 2832, 2013). The
decomposed solid product apparently maintained its original shape of calcite before decomposition, though numerous micorpores
were found in the scanning electron micrograph. The composition of the decomposed product was identified as calcium oxide
(Ca0). The conventional decomposition mechanism expressed as CaCO; — CaO + CO,, should require reconsideration in the
light of the recent micro-Raman study (L. Bayarjargal, T. G. Shumilova, A. Friedrich & B. Winkler, Eur. J. Mineral. 22, 29,
2010), in which an alternative decomposition mechanism, CaCO; — CaO + C + O,, is proposed on the basis of the experimental
observation of the diamond formation from calcite under high pressure and temperature. Taking an advantage of the latter

reaction which emits no CO,, we shall pursue various possibilities to improve processing of carbonate materials in manufacturing

industries in order to reduce emission of CO, to the Earth's atmosphere.
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Fig. 1. Optical micrographs of three types of samples (leftmost) and X-ray rotation photographs at selected temperatures (Smart Apex

I, Mo Ka) ". The top line shows the sample (hs11) mounted on a capillary with cement, and the X-ray photographs were taken before

and after the data collection at 839 K. The second line shows the sample (hs23) sealed in a silica glass capillary in an air atmosphere,

and the X-ray photographs were taken after the data collection at 995 K, and then before and after the data collection at 1192 K. The

third line shows the sample (hs25) sealed in a silica glass capillary in a CO, atmosphere, and the X-ray photographs were taken after

the data collection at 1203 K, 1234 K and 1275 K. Optical micrographs were taken at room temperature. A schematic powder X-ray

diffraction pattern of CaO is superimposed along the shadow of beam stopper in the rotation photographs, using lines of 111, 002,

022, 113 and 222 with increasing order of the Bragg angle.
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Fig. 2. Typical SEM photographs of crystals before (top) and
after (bottom) the heat treatment in a muffle furnace at 1300 K
for 6 h in an air atmosphere ". The composition of the former is
CaCO;, whereas the latter is CaO. The two crystals in the

insets are not identical.
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Fig. 3. Temperature—pressure diagram of the decomposition of
CaCO; into CaO and CO, after Jacobs et al. s
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Fig. 4. Resonance structure of carbonate ion, CO,”".

Fig. 5. Schematic drawing” of the carbonate group in Phase V
by VESTA”. The undulated circular orbital is represented with

90 oxygen atoms surrounding the carbon atom.
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Fig. 6. Four representative states during the assumed rotation
of the oxygen triangle along the orbital " *; (1) the ground state
(no distortion), (2) the excited state 1 with the umbrella
distortion, (3) the ground state (no distortion) and (4) the exited
state 2 with the inverse umbrella distortion (counterclockwise
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