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Direct formation of the γ-CaSO4 phase in dehydration process of gypsum: In situ FTIR study
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ABSTRACT
The dehydration mechanism of natural single crystals of gypsum was investigated in the temperature
range 300–430 K by in situ infrared (FTIR) spectroscopy. The thermal evolution of the second-order
modes of H2O and SO4 groups in gypsum, in the wavenumber range 4850–5450 cm–1 and 2050–2300 cm–1
respectively, were used to probe the dehydration and rehydration sequence. A total disappearance of the
combination modes of H2O and the replacement of four SO–24 bands (2245, 2200, 2133, and 2117 cm–1)
observed at room temperature by three bands (2236, 2163, and 2131 cm–1) observed at 390 K indicates
the direct formation of γ-CaSO4 upon heating. Upon cooling water re-enters into the γ-CaSO4 structure at
around 363 K to form bassanite. This observation, that the dehydration of gypsum directly yields γ-CaSO4
(anhydrite) without the intermediate formation of hemi-hydrate (bassanite), is further corroborated by
the dehydration behavior of bassanite. The second-order SO4 modes of bassanite observed around 2218,
2136, and 2096 cm–1 were replaced with the bands of γ-CaSO4 at about 378 K upon heating.

INTRODUCTION
Gypsum (CaSO4⋅2H2O) is a hydrous mineral that often
occurs in extensive masses of great thickness, in association
with limestone, shales, and in evaporite deposits (Chang et al.
1996). Despite several studies on this mineral, considerable debate persists on many points, such as the stability and existence
of sub-hydrate phases (Follner et al. 2002b), the mechanism of
the dehydration and rehydration processes (Chio et al. 2004;
Prasad et al. 2001; Chang et al. 1999), and the speciÞc structural
and spectral signatures for α- and β-hemihydrate and α- and
γ-anhydrite (Follner et al. 2002a; Bartram 1969; Morris 1963).
For instance, Strydom and Potgieter (1999) reported signiÞcant
differences in the amounts of moisture loss as well as their respective surface areas after dehydration for natural and synthetic
gypsum, respectively, indicating the need to better understand the
mechanism of the dehydration behavior of gypsum. Bassanite
(CaSO4 ⋅0.5H2O) and soluble anhydrite (γ-CaSO4) are the established low-temperature (below 383 K) dehydration products of
gypsum. On the other hand the insoluble anhydrite (α-CaSO4)
occurs on heating gypsum above 633 K (Chang et al. 1996),
which is an irreversible process. Different phases of calcium
sulfate, namely gypsum, bassanite, and anhydrite have been
characterized by X-ray diffraction (Lager et al. 1984), inelastic
neutron scattering (Pedersen and Semmingsen 1982), infrared
(Seidl et al. 1969), and Raman (Krishnamurthy and Soots 1971)
spectroscopic methods. In situ IR studies of the phase transition
of gypsum by Putnis et al. (1990) showed the existence of the
three phases CaSO4⋅2H2O, CaSO4⋅0.5H2O, and γ-CaSO4, and also
showed that the dehydration process had the following steps:
CaSO4⋅2H2O → CaSO4⋅0.5H2O + 1.5 H2O
CaSO4⋅0.5H2O → CaSO4 + 0.5 H2O
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A similar mechanism was reported by Chang et al. (1999)
from their thermo-Raman spectroscopy studies of synthetic
samples. Powdered samples were used in all the previous
studies. The critical temperature and pressure above which
hemihydrate (bassanite) is stable was estimated as 358 K and 2
kbars (Yamamoto and Kennedy 1969). Thus formation of hemihydrate is thermodynamically unstable. According to Zen (1965)
“it appears that bassanite might be stable under high pressures in
abnormally cold spots in the crust though the requisite pressure
hardly explains the petrographical observations. On the other
hand the occurrence of bassanite in industrial and experimental
work clearly shows the possibility of its metastable formation
under wide ranges of conditions.”
While the occurrence of gypsum and anhydrite is common in
natural environments, the occurrence of bassanite in nature is very
rare (Yamamoto and Kennedy 1969). Tiemann et al. (2002) reports
that well-formed hemihydrate single crystals exist in deep-sea
statoliths of the coromate medusa “Periphylla periphylla.” The
environmental conditions for this deep-sea medusa (water at about
6 °C, salt concentration about 35 gl–1) does not favor the formation
of hemihydrate and should readily take up water to form gypsum.
The formation of hemihydrate was attributed to the nucleating
inßuence of specialized bio-molecules and the isolation of the
hemihydrate crystals from water by a thin organic layer preventing
the formation of gypsum (Tiemann et al. 2002).
Bassanite has been found in very few places in dry regions,
such as arid zone soils in Australia (Akpokodje 1984/85). It has
also been found in cavities in leucite, tephrite blocks ejected
from Vesuvius, and with gibbsite in fumaroles of this volcano
(Chang et al. 1996). If the phase transition sequence of gypsum
is a two-step process as shown above, then bassanite should be
present as a mineral in gypsum beds which grade into anhydrite
at depth. However, the rare occurrence of bassanite in such cases
is puzzling (Chang et al. 1996). We have been investigating the
dehydration mechanism of natural gypsum using vibrational

