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Kinetics of gypsum dehydration at reduced pressure: an energy dispersive
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Abstract: Gypsum (CaSO4·2H2O) dehydration kinetics were investigated through energy dispersive X-ray diffraction (EDXD),
under reduced pressure (100 Pa), in the temperature range 313–353 K. The process follows the JMAK (Johnson-Mehl-Avrami
Kinetic) model. The fitting procedure of the Arrhenius expression provides an activation barrier of 18(2) kcal/mol. Under these
experimental conditions, dehydration proceeds via a single-step conversion path gypsum→ γ-anhydrite. Separate experiments of
bassanite (CaSO4·0.5H2O) dehydration, carried out at similar conditions, indicate, as expected, a faster process γ-anhydrite being
the final product. According to the structural relationships between bassanite and γ-anhydrite, dehydration should occur via the
escape of water molecules along the axis of the channel (c axis) following a one-dimensional behaviour. Therefore, no Avrami
model (which implies nucleation and growth of a new phase) can be applied.
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1. Introduction

The technological interest of calcium sulphates is related
to the possibility of undergoing different hydration states,
which inspired several scientific investigations. Within
the CaSO4-H2O system, gypsum (CaSO4·2H2O), bassan-
ite (hemihydrate, CaSO4·0.5H2O, which has also been
reported as CaSO4·0.67H2O) and β-anhydrite (insoluble
anhydrite, β-CaSO4) occur in nature as minerals. Much
attention has been paid to the hydration-dehydration pro-
cesses of calcium sulphates under various conditions, pri-
marily for their application as binder. In fact, manufac-
ture of plasters involves either calcinations or autoclaving
of gypsum to form bassanite (or possibly an anhydrous
form), followed by the addition of water to form a slurry
which produces gypsum plaster on setting. For commer-
cial use, bassanite is generally prepared by dehydration as
it rarely occurs in nature (Yamamoto & Kennedy, 1969).
Bassanite and γ-CaSO4 (soluble anhydrite, γ-anhydrite) are
low-temperature (T < 383 K) dehydration products of
gypsum. γ-CaSO4, a metastable phase which rapidly re-
hydrates under normal atmospheric conditions, converts
to α-CaSO4 at ca. 1500 K via a displacive transforma-
tion (Hanic et al., 1985). Two forms of hemihydrate (α
and β) are believed to exist showing different setting prop-
erties. At the present it is not clear if the two forms
are characterized by different structures or if they dif-
fer only from a morphological and dimensional point of

view. Moreover, various subhydrates with general formula
CaSO4·nH2O (0.5 < n < 0.8) have been reported (Bushuev
& Borisov, 1982; Abriel, 1983; Kuzel & Hauner, 1987;
Bezou et al., 1995) but not adequately described. The
low-temperature dehydration of gypsum has been inves-
tigated for many years. The first analysis of the process
is attributed to Flörke (1952), which indicated a two-step
process CaSO4·2H2O → CaSO4·0.5H2O → γ-CaSO4. An
early study of the kinetics of dehydration of gypsum was
performed, in vacuo, by Molony & Ridge (1968) whose
results, based on X-ray powder diffraction, indicated that
the process was best explained as a single step one, i.e.
CaSO4·2H2O→ γ-CaSO4. Subsequently Ball and cowork-
ers (Ball & Norwood, 1969; Ball & Urie, 1970), using
thermogravimetry, investigated both gypsum and bassan-
ite dehydration processes at different vapour pressures and
temperatures, determining the corresponding empirical ac-
tivation energy Ea. More recently, an investigation car-
ried out by neutron and X-ray powder diffraction (Abriel
et al., 1990) has indicated the occurrence of subhydrates
CaSO4·nH2O (0 < n < 1) during dehydration of gypsum.
An almost simultaneous combined thermogravimetric and
IR spectroscopy in vacuo study (Putnis et al., 1990) indi-
cated an apparently continuous water loss mechanism. Ac-
cording to those authors the reaction proceeds from gyp-
sum to bassanite to γ-CaSO4 without the occurrence of
any further CaSO4·nH2O (0 < n < 0.5 and 0.5 < n <
1) intermediate-water-content form. The same behaviour
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