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INTRODUCTION

Le Chatelier realized in 1887 (Groves 1958) that by in-
creasing the temperature gypsum dehydrates into two calcium 
sulfate phases: hemihydrate (bassanite or β-CaSO4⋅½H2O) and 
soluble anhydrite (γ-CaSO4 or the so-called AIII-phase) via two 
reactions:

CaSO4⋅2H2O (s) → CaSO4⋅½H2O (s) + 1½ H2O (g)
CaSO4⋅½H2O (s) → CaSO4 (s) + ½ H2O (g) 

Since these Þ rst observations, the thermal behavior of the 
system CaSO4�H2O and, especially, the dehydration of gypsum 
(CaSO4⋅2H2O) have been frequently investigated, and further 
phases have been reported: β-CaSO4 (insoluble anhydrite or 
the so-called AII-phase, stable up to 1200 °C), α-CaSO4 (the 
AI-phase, stable above 1200 °C), α-CaSO4⋅½H2O, and other 
metastable CaSO4⋅nH2O hydrates, mainly with 0 < n < 0.5 and 
0.5 < n < 0.8 (the so-called subhydrate; e.g., Abriel 1983; 
Strydom et al. 1995). Among these calcium sulfate phases, only 
gypsum, anhydrite, and, to a lesser extent, hemihydrate occurs 
in nature, the other phases can be crystallized only under labora-
tory conditions.

A detailed knowledge of the conditions, mechanisms, and 
kinetics of the phase transitions in the system CaSO4�H2O (no-
tably gypsum, hemihydrate, and anhydrite) is of considerable 

importance in several contexts. For instance in sedimentology, 
the phase transitions play a key role in the genesis and evolution 
of evaporites. In engineering geology, the transitions can trig-
ger vast geotechnical problems related to their large changes in 
molar volume. In addition, several important industrial processes 
like the wet limestone-gypsum ß ue-gas desulfurization (FGD) 
and the production of plaster as binder or building material are 
accompanied by crystallization and/or hydration-dehydration 
of calcium sulfate phases. Consequently, much attention has 
been paid to the parameters controlling hydration-dehydration 
processes (such as temperature, pressure, heating rate, crystal 
size and shape, defect density, as well as the presence of sol-
vents and additives) and the changes in reaction mechanisms as 
indicated by the measured activation energies (e.g., Deutsch et 
al. 1994; Chang et al. 1996; Fatu 2001; Freyer and Voigt 2003, 
and references therein).

While many macroscopic aspects of the gypsum dehydration 
processes are reasonably well known (see Freyer and Voigt 2003), 
the molecular mechanisms and kinetics of the various transfor-
mation processes are still largely unknown. Insights into these 
molecular phenomena are crucial to successfully overcome the 
so far rather empirical control of the phase transformations in 
nature and technology. Although some mechanisms have been 
proposed (e.g., Fatu 2001), the only reliable way to elucidate 
the mechanisms of CaSO4�H2O transformations is to observe 
the processes directly.

In this work we, therefore, apply hydrothermal atomic force 
microscopy (HAFM; e.g., Higgins et al. 1998a; Jordan et al. * E-mail: guntram.jordan@lrz.uni-muenchen.de
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ABSTRACT 
Hydrothermal AFM has been used to study the thermal dehydration reaction on gypsum (010) 

surfaces in solutions at different saturation states, and in the absence of a bulk liquid phase. Experi-
ments were carried out at temperatures ranging from 25 to 130 °C. Whereas supersaturated solutions 
(β = 1.8�5) caused gypsum growth in the entire temperature range, solutions close to equilibrium (β 
= 1.02) caused various responses of the gypsum surface. The most prominent was a sharp transition 
from fast growth to very fast dissolution at ∼120 °C suggesting a sudden nucleation of a phase more 
stable than gypsum. No structural relation could be found between the parental gypsum (010) surface 
and the crystallizing phase. 

In the absence of a bulk liquid phase, dehydration takes place via the nucleation and spreading 
of etch-pit like pattern. Laterally, the thermal etch pits spread in an unrestricted way. In the vertical 
direction, pit growth was limited to a few micrometers. Dehydration by monolayer pits and nucle-
ation of the dehydration process at monolayer steps on the (010) surface were never observed. Thus, 
unlike growth or dissolution, surface energy related to kink sites or individual point defects seems to 
be insufÞ cient to trigger dehydration. The temperature-dependent lateral pit growth yields an activa-
tion energy of 119 ± 11 kJ/mol. The product phase disintegrates at the parental surface into nano-size 
particles without any morphologically noticeable transition zone. 
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