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INTRODUCTION

Smectite is important in controlling soil properties because 
of its high sorption, variable hydration states, and expansion be-
havior that can effectively re-seal cracks in the bulk material. For 
the same reasons, this mineral is a particularly useful component 
in the construction of waste barriers. Because smectite responds 
quickly to surrounding ß uid conditions, the understanding of 
smectite hydration/dehydration is important in assessing the 
short- and long-term behavior of soils or engineered barriers 
where this mineral is present. Such understanding requires an 
accurate knowledge of all the dehydration processes occurring at 
the different scales (molecular, crystal, and centimeter-to-meter 
scale) and for the several ways in which water is linked to this 
mineral (water in the interlayer, on the external surface, in the 
micro- and macro-pores). Most of the studies dealing with the 
mechanism and kinetics of smectite dehydration were performed 
using thermal analysis, both isothermal (Guindy et al. 1985; Bray 
and Redfern 1999) and non-isothermal experiments (Poinsignon 
et al. 1982; Girgis et al. 1987; Laureiro et al. 1996; Zabat and 
Van Damme 2000). In these works the dehydration process was 

considered as occurring in a single event (Guindy et al. 1985; 
Girgis et al. 1987; Laureiro et al. 1996) or a two-step dehydration 
process (Poinsignon et al. 1982; Bray and Redfern 1999; Zabat 
and Van Damme 2000). Thermal analysis experiments cannot 
differentiate the water bound in different ways to smectite (i.e., 
water in the interlayer, on the external surface, and in micro- and 
macro-pores), as the information it provides about the activation 
energy represents an average of the removal processes of all the 
differently bonded water occurring in the sample. In contrast, the 
present study focuses on the dehydration process occurring at the 
crystal scale for water located exclusively in the interlayer of a 
Ca-saturated montmorillonite. At this scale of observation the 
smectite structure exhibits different hydration states, dehydrated 
= 0W, mono-hydrated = 1W, or bihydrated = 2W, corresponding 
to the intercalation of 0, 1, or 2 planes of water molecules in the 
interlayer. However, most often layers with different hydration 
states coexist within the same crystals. Therefore, the use of 
X-ray diffraction (XRD) proÞ le modeling demonstrated in the 
companion paper (Ferrage et al. 2007) is necessary to assess and 
quantify the amount of water adsorbed in the smectite interlayer 
at any stage of the dehydration process. XRD patterns were thus 
recorded in the 30�170 °C temperature range in isothermal ex-
periments and simulated using the algorithms developed initially * E-mail: e.ferrage@nhm.ac.uk

Dehydration of Ca-montmorillonite at the crystal scale. Part 2. Mechanisms and kinetics 

ERIC FERRAGE,* CAROLINE A. KIRK, GORDON CRESSEY, AND JAVIER CUADROS

The Natural History Museum, Department of Mineralogy, Cromwell Road, London SW7 5BD, U.K.

ABSTRACT

A kinetic study of Ca-montmorillonite dehydration was performed based on information derived 
from X-ray diffraction (Ferrage et al. 2007, this issue) and, thus, focusing on interlayer water only. 
The dehydration was quantiÞ ed following the two processes that were observed in the X-ray pattern 
modeling: the transitions between the different hydration states and small thickness decrease observed 
in the bi- and mono-hydrated layers. The thickness decrease of bihydrated layers with dehydration 
(activation energy Ea = 16 kJ/mol) was found to be controlled by a mechanism of two-dimensional 
diffusion of water molecules through the interlayer space, whereas for mono-hydrated layers the varia-
tion of thickness (Ea = 18 kJ/mol) occurred as a mechanism of slight local layer collapse and collapse 
propagation, attributed to a rearrangement of the conÞ guration of the interlayer cation hydration shell. 
For the transition between the bi- and mono-hydrated state (Ea = 84 kJ/mol), the mechanism of reac-
tion was found to evolve gradually with increasing temperature from local layer collapse and collapse 
propagation to a two-dimensional diffusion mechanism, as the forced diffusion of water molecules 
produced by the layer collapse transfers the control of the process to diffusion mechanism. This phe-
nomenon causes the coexistence of two hydration states in a given interlayer. Finally, the transition 
between mono-hydrated and dehydrated layers (Ea = 132 kJ/mol) indicated the concomitance of water 
diffusion and local layer collapse and propagation mechanisms, although the structures were found to 
be homogeneous during this transition. 

The determination of both mechanisms and the activation energy for these processes were used 
to establish a model of smectite dehydration at the crystal scale. This model can be used to calculate 
crystal shrinkage and interlayer water content upon dehydration, and to predict the evolution of the 
system.
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