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In-situ AFM study of smectite dissolution under alkaline conditions at room temperature
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ABSTRACT
An experimental study on smectite dissolution was carried out using in-situ TMAFM and CMAFM
(tapping mode and contact mode atomic force microscopy, respectively) analyses at 25 °C under alkaline
conditions. Smectite particles dissolved via the retreat of the edge surfaces without scratching by the
AFM tip, except in a series of the dissolution experiment in CMAFM. The retreat of each straightened
edge surface appeared to occur with a constant rate. In contrast, the basal surface was unreactive within
the experimental duration. The dissolution rates normalized to the edge surface area (ESA) of smectite
at a certain pH and temperature condition, therefore, had a constant value independent of the particle
size, whereas the dissolution rates normalized to the total surface area (TSA) varied with the particle
size. These dissolution rates were consistent with those derived from wet-chemical data in previous
studies. The anisotropic dissolution behavior was also observed along the ESA, that is, the retreat of
dissolution fronts along the {110} faces was much faster than that along {010} faces. This difference
can be explained by smectite dissolution under alkaline conditions being controlled by OH– attack,
which is catalyzed by protonated Al-OH groups, on the bridging O atoms of both Al-O-Si sites, which
locate only on the {110} surfaces, and Al2-O-Si sites on the {010} and {110} surfaces. The bridging
O atoms of Al2-O-Si sites on the {010} surfaces are buried more deeply in the structure than those of
Al-O-Si sites on the {110} surfaces, which would be more difÞcult to attack on the {010} surfaces.
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INTRODUCTION
The study on the dissolution reaction of clay minerals provides insight into an understanding of not only natural weathering
and geochemical evolution of the Earth’s surface but also environmental variations by human activity in various engineering
projects. Bentonite has been recognized as a suitable material for
the engineering barrier designed for storage of high-level nuclear
wastes in underground repositories (Brookins 1984; Miller et
al. 1994). Smectite, which is the main component of bentonite,
prevents groundwater interaction with the metal canisters, immobilizes undesirable cations from the radioactive waste, and
protects the environment from any possible leakage, due to its
swelling and cation exchange capacity (Cama et al. 2000; Nuclear
Safety Research Association 2004, 2005). The waste canister
wrapped by the clay and overpack barrier are Þnally sealed with
a concrete plug. The pore water–concrete reactions may give rise
to high pH conditions (~13) (Bauer and Berger 1998; Ramírez
et al. 2002). Therefore, the dissolution behavior and kinetics of
smectite under alkaline conditions are key subjects that must be
elucidated. Data on the dissolution reaction of smectite under
alkaline conditions, however, are few, whereas the dissolution
of smectite under acid conditions has been studied extensively.
In addition, the dissolution rates usually have been derived from
macroscopic wet chemical data from laboratory experiments
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(e.g., Bauer and Berger 1998; Huertas et al. 2001; Claret et al.
2002). Unfortunately, these data do not directly provide smectite
dissolution mechanisms (Bosbach et al. 2000).
The dissolution rate of a mineral is generally normalized to
the speciÞc surface area (SSA), mostly using N2 Brunauer-Emmett-Teller (BET) surface area. However, the reactive surface
sites of phyllosilicates, like smectite, are distributed unevenly
between the basal and edge surfaces and strongly anisotropic in
their response to dissolution reactions (Nagy 1995; Bosbach et
al. 2000). In addition, N2 BET surface area relates to the clay
quasi-crystal external surface and can vary signiÞcantly even for
the same samples due to a different number of platelets stacked
per quasi-crystal (Sposito 1984; Bosbach et al. 2000; Sato 2004;
Metz et al. 2005). Such dissolution rates have little relevance to
phyllosilicates and may puzzle us.
Bosbach et al. (2000) showed from an in-situ AFM study
of hectorite that the dissolution under acid conditions at room
temperature takes place exclusively at the edge surfaces whereas
the basal surface is completely unreactive. They suggested that
the dissolution rates normalized to the ESA should be directly
comparable from clay mineral to clay mineral because they depend only on the chemistry and structure of the reactive surface
of the mineral. Similar results have been reported by in-situ AFM
studies of nontronite dissolution under acid conditions (Bickmore
et al. 2001) and montmorillonite dissolution under alkaline conditions (Yokoyama et al. 2005). However, Bickmore et al. (2001)
found that contact-mode AFM (CMAFM) imaging enhanced the
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