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Abstract

Field emission scanning electron microscopy (FESEM), two-dimensional X-ray diffraction (2D-
XRD), and transmission electron microscopy coupled with selected area electron diffraction (TEM-
SAED) analyses of the reactant/product textural relationship show that the thermal decomposition of 
Iceland spar single crystals according to the reaction CaCO3(s) → CaO(s) + CO2(g) is pseudomorphic 
and topotactic. This reaction begins with the formation of a mesoporous structure made up of up to 
four sets of oriented rod-shaped CaO nanocrystals on each rhombohedral cleavage face of the calcite 
pseudomorph. The four sets formed on (1014)calcite display the following topotactic relationships: (1) 
(1210)calcite//(110)CaO; (2) (1104)calcite┴ (110)CaO; (3) (1018)calcite//(110)CaO; and (4) (0114)calcite┴(110)CaO; with 
[841]calcite//[110]CaO in all four cases. At this stage, the reaction mechanism is independent of PCO2 (i.e., 
air or high vacuum). Strain accumulation leads to the collapse of the mesoporous structure, resulting 
in the oriented aggregation of metastable CaO nanocrystals (~5 nm in thickness) that form crystal 
bundles up to ~1 µm in cross-section. Finally, sintering progresses up to the maximum T reached 
(1150 °C). Oriented aggregation and sintering (plus associated shrinking) reduce surface area and 
porosity (from 79.2 to 0.6 m2/g and from 53 to 47%, respectively) by loss of mesopores and growth 
of micrometer-sized pores. An isoconversional kinetic analysis of non-isothermal thermogravimetric 
data of the decomposition of calcite in air yields an overall effective activation energy Eα = 176 ± 9 kJ/
mol (for α > 0.2), a value which approaches the equilibrium enthalpy for calcite thermal decomposi-
tion (177.8 kJ/mol). The overall good kinetic fit with the F1 model (chemical reaction, first order) is 
in agreement with a homogeneous transformation. These analytical and kinetic results enable us to 
propose a novel model for the thermal decomposition of calcite that explains how decarbonation occurs 
at the atomic scale via a topotactic mechanism, which is independent of the experimental conditions. 
This new mechanistic model may help reinterpret previous results on the calcite/CaO transformation, 
having important geological and technological implications.
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Introduction

The thermal decomposition of calcium carbonate plays a 
role in several geologic processes (Harker and Tuttle 1955; Best 
1982; O’Keefe and Ahrens 1989; Grapes 2006) and has important 
technological implications (Boynton 1980; Rodriguez-Navarro et 
al. 2005). The reaction follows the equation, CaCO3(s) → CaO(s) + 
CO2(g). This reaction occurs on a small scale during pyrometamor-
phism (Grapes 2006), and on a large scale at subduction zones 
and during high-grade metamorphism (Best 1982). It also plays 
a role in other important natural processes. For example, fault-
induced thermal decomposition of calcite resulting in ultralow 
friction in marble appears to play a role in earthquake develop-
ment (Han et al. 2007). Impact decarbonation of calcite may have 
implications in our understanding of meteorite mineral evolution 
and origin (Barber and Scott 2003), as well as the atmospheric 
evolution on Earth and climate change during unusual meteorite 

impact events (e.g., K/T impact event) resulting in massive CO2 
outgassing (O’Keefe and Ahrens 1989). 

The thermal decomposition of calcite, commonly called 
calcining or calcination, has been known to mankind since the 
advent of pyrotechnology (Elert et al. 2002), and has been the 
subject of extensive research over the last 100 years (Boynton 
1980; Dash et al. 2000; Beruto et al. 2004). Lime (CaO), also 
called quicklime, unslaked lime, or calcia, has been used for 
building purposes since prehistory, as exemplified by lime plaster 
floors discovered at Palestina and Turkey, dated ca. 12 000 years 
old (Elert et al. 2002). Today, lime is used in agriculture (soil 
conditioning), food processing, disinfecting and disease control, 
water treatment, flue-gas desulfuration, producing steel, plastic 
and glass, and sugar refining (Boynton 1980).

In all technical applications, accurate control of the thermal 
decomposition of calcium carbonate is necessary to achieve a 
high-quality product meeting certain required properties (Boyn-
ton 1980) such as a high reactivity, which is, in turn, related to 
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