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Thermochemistry of double carbonates in the K2CO3-CaCO3 system
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ABSTRACT
Enthalpies of formation, DHf, of the double carbonates K2Ca(CO3)2 (with two polymorphs, bütschliite and fairchildite) and K2Ca2 (CO3)3 from the components K2CO3 and
CaCO3 were determined at 298 K by drop solution calorimetry in molten 2PbO·B2O3 at
974 K. The enthalpies of formation were 238.7 6 3.2 kJ/mol for bütschliite, 25.1 6 3.3
kJ/mol for fairchildite and 27.2 6 5.8 kJ/mol for K2Ca2 (CO3)3. The entropy changes for
the formation, DSf , were also evaluated for the double carbonates. Assuming
DSf (bütschliite) 5 0, because of its ordered structure, the entropy of formation of fairchildite is 40.9 6 5.1 J/mol·K and of K2Ca2 (CO3)3 is 39.4 6 7.3 J/mol·K.

INTRODUCTION
In the binary system K2CO3-CaCO3, three intermediate
phases exist (Cooper et al. 1975). Two of these double
carbonates have the composition K2Ca(CO3)2, named
bütschliite and fairchildite, with bütschliite as the lowtemperature polymorph and the transition occurring at
820 K. The third double carbonate, with the composition
K2Ca2 (CO3)3, is an incongruently melting phase (1083 K),
which below 800 K decomposes to bütschliite and
CaCO3. The phases bütschliite and fairchildite have been
found in wood ash in partly burned fir, hemlock, and other trees in the western United States (Milton and Axelrod
1947). Fairchildite has also been identified in ash from
the combustion of biomass fuels (Olanders and Steenari
1995). It is plausible that K2Ca2 (CO3)3 also occurs in
combustion products.
The three double carbonates have different structures.
In bütschliite all atoms are centered on mirror planes and
the CO3 groups are situated on threefold axes, oriented
normal to the c axis (Pabst 1974). In fairchildite and
K2Ca2 (CO3)3, ¼ of the cations are situated on the threefold
axes and surrounded by CO3 groups, which in fairchildite
form a layered structure, where half of the CO3 groups
are disordered (Pertlik 1981). In K2Ca2 (CO3)3, the CO3
groups are ordered but inclined relative to the (001) plane
(Winbo et al., unpublished data).
The determination of the enthalpy change of a chemical reaction can be used to relate the thermodynamic
properties of a given substance to those of other substances, and thus to obtain heats of formation, of mixing,
and of solid state reactions. Thermodynamic data for carbonates can be obtained by several methods: analysis of
phase relations, measurements of heterogeneous equilibria using gas mixtures, or calorimetry. The calorimetric
methods can be classified as direct, in which the reaction
studied is the one of interest, or indirect, in which a thermochemical cycle is used to obtain the enthalpy of inter0003–004X/97/0506–0546$05.00

est (Navrotsky 1994). High-temperature drop-solution
calorimetry is an indirect method, where the sample is
dropped into a molten solvent where it dissolves (Navrotsky 1977; Navrotsky et al. 1994). This technique is
used for substances that would decompose to an ill-defined state using ordinary calorimetric methods. Volatile
components from the dissolution of the sample must be
both reproducible in quantity and well characterized in
terms of final state. By using high-temperature drop-solution calorimetry under a flowing gas atmosphere, reproducible final states can be obtained and well-defined
thermodynamic cycles written (Navrotsky et al. 1994).
The aim of the present work is to determine the heat
of formation, from the components K2CO3 and CaCO3, of
the three double carbonates, using high-temperature dropsolution calorimetry in molten 2PbO·B2O3. Entropy values for the double carbonates are calculated on the basis
of these thermochemical data and observed phase transitions and then related to their different structures.

EXPERIMENTAL

METHODS

Preparation of the solids
The double carbonates were synthesized by grinding
appropriate amounts of dried K2CO3 (Baker) and CaCO3
(Riedel-deHaën) and heating the mixtures in a CO2-atmosphere. The mixtures for bütschliite, fairchildite, and
K2Ca2 (CO3)3 were heated at 750 K, 920 K, and 1020 K,
respectively. The high-temperature phases fairchildite and
K2Ca2 (CO3)3 could easily be quenched to room temperature. The phases were verified with X-ray powder diffraction by comparison with existing literature data (Pabst
1974; Balascio and White 1972; Swanson et al. 1970).
All materials were single phase.
Solution Calorimetry
The enthalpies of drop solution for the three double
carbonates were determined by high-temperature oxide
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