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Abstract
In the present study, four samples of natural melilites were characterized using electron microprobe analysis, powder X‑ray diffraction, FTIR, and Raman spectroscopy, and their thermodynamic properties were measured with a high-temperature heat-flux Tian-Calvet microcalorimeter.
The enthalpies of formation from the elements were determined to be: –3796.3 ± 4.1 kJ/mol for
2+
Ca1.8Na0.2(Mg0.7Al0.2Fe2+
0.1)Si2O7, –3753.6 ± 5.2 kJ/mol for Ca1.6Na0.4(Mg0.5Al0.4Fe 0.1)Si2O7, –3736.4 ±
3.7 kJ/mol for Ca1.6Na0.4(Mg0.4Al0.4Fe2+
)Si
O
,
and
–3929.2
±
3.8
kJ/mol
for
Ca
(Mg
0.2
2 7
2
0.4Al0.6)[Si1.4Al0.6O7].
Using the obtained formation enthalpies and estimated entropies, the standard Gibbs free energies of
formation of these melilites were calculated. Finally, the enthalpies of the formation of the end-members
of the isomorphic åkermanite-gehlenite and åkermanite-alumoåkermanite series were derived. The
obtained thermodynamic properties of melilites of different compositions can be used for quantitative
modeling of formation conditions of these minerals in related geological and industrial processes.
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Introduction
Melilites are a group of rock-forming sorosilicates, including
solid solutions with several end-members. The general formula
of melilites has the form A2B(T2O7), where A = Ca, Na, Ba; B
= Al, Mg, Fe2+, Zn, Be, B; T = Al, Si, B. There are 11 minerals
in the melilite group: gehlenite, åkermanite, alumoåkermanite,
hardystonite, gugiaite, okayamalite, barylite, andremeyerite,
leucophanite, jeffreyite, and meliphanite (Back 2014). Their
3
structure is tetragonal with the space group P421m (D2d
), Z = 2.
Melilites typically occur in high-calcium ultrabasic alkaline
igneous rocks: in some rocks, they are the main rock-forming
minerals, while in others (contact-metasomatic rocks, calcareous skarns) they are less often found. In addition, melilites are
constituents of some calcium- and aluminum-rich inclusions in
chondritic meteorites.
Gehlenite Ca2Al[SiAlO7] and åkermanite Ca2Mg[Si2O7] are the
most common melilites. Available data on melilites from volcanic
and plutonic rocks show that their chemical compositions reflect
the degrees of evolution of melts from which the formation of
these rocks occurred during crystallization differentiation (Egorov
1969; Wiedenmann et al. 2009). Åkermanite is a typical mineral
of primitive rocks, melilitolites, olivinites, kugdites, and uncompahgrites. Alumoåkermanite CaNaAl[Si2O7] and åkermanite, appreciably enriched in both Na and Al, are characteristic minerals
of nephelinites, turiyaites, and okayites, i.e., feldspathoid rocks,
crystallized from residual melts. Gehlenite is also found in hightemperature calcareous skarns in association with dolomite, calcite,
spinel, vesuvian, phlogopite, grossular, apatite, etc.
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X‑ray diffraction and Raman spectroscopy studies of synthesized melilites (mainly åkermanite and gehlenite) were carried
out previously (Charlu et al. 1981; Sharma et al. 1988; Bouhift
et al. 2002; Najafinezhad et al. 2017); results for natural melilites from different localities are presented in RRUFF Database
(RRUFF project). The natural alumoåkermanite was studied by
Wiedenmann et al. (2009). FTIR absorption spectra of natural
melilite samples are given in Chukanov (2014).
Practical interest in the physicochemical properties of melilites lies in the fact that melilites of the isomorphic åkermanitegehlenite series are typical minerals of blast furnace slags.
The regularities of change in the chemical and mineralogical
composition of slags determine the criteria by which the technological parameters of the melting regime are established. The
presence of these minerals at specific stages of melting provides
an opportunity to monitor and optimize the melting process.
Domain slags are characterized by relatively constant chemical
composition and are environmentally safe. Materials based on
metallurgical melilite containing slags can be used in house
building, as the basis of road surfaces, as a sintering additive and
the main component in the production of heat-resistant ceramic
products (Mal’kova 2006).
The availability of reliable thermodynamic parameters of
these minerals is necessary for thermodynamic modeling of
melilite formation in nature, for determining stability fields
in multicomponent slag-forming mixtures, and for optimizing the synthesis parameters of akermanite bioceramics, e.g.,
used for bone tissues. There are available thermodynamic
data on synthesized end-members of the isomorphic series
åkermanite-gehlenite. Weller and Kelly (1963), Hemingway and
Robie (1984), and Hemingway et al. (1986) measured the low-
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