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Bentonite-hyperalkaline fluid interaction has been a key research issue in the performance assessment of
radioactive waste disposal. It has therefore been investigated based on the dissolution rate of smectite (main
constituent mineral of bentonite) under such hyperalkine condition (e.g., Bauer and Berger, 1988; Sato et
al., 2004; Bauer et al., 2006; Rozalen et al., 2009). Generally, the dissolution rate has been obtained from
batch and flow-through experiments under the conditions with high fluid/solid weight rations. These
previous studies have provided a contribution to kinetical model of smectite dissolution. Some of them in
particularly showed some equations explaining the effect of different factors such as pH of reactive fluid,
temperature and deviation from equilibrium on smectite dissolution rate (Sato et al., 2004; Sato et al.,
2007; Rozalen et al., 2009). However, the experimental conditions in such studies were completely
different from the conditions in actual radioactive waste disposal system. For quantitative understanding,
dissolution experiments for the compacted bentonite have also been conducted. These studies showed that
the dissolution rate of compacted bentonite was different from that of batch and flow-through experiments.
However, the difference has not been understood in details.
On the other hand, the interface between bentonite and cement has also been investigated by experiments
in laboratories and field sites, via reaction transport modelling. Despite the very few in numbers of
experimental results as function of time, there are many long-term modelling works intended for bentonitecement interaction. The models developed by many authors should be verified by comparing results of the
model calculations with experimental observations. The experimental results with different conditions are
therefore necessary for verifications and comparisons. Even in the experimental works done previously, the
alteration process at the interface has mainly been observed by EPMA. EPMA is a destructive analysis with
lower time resolution for 2D images even though it is a powerful tool to obtain information on chemical
distribution with high special resolution. X-ray CT, on the contrary, is a powerful and non-destructive
analytical tool to study the micro- and inner-structure of materials and can provide an opportunity to
conduct measurement on the same sample at different position and time. Therefore, X-ray CT has a high
potential to obtain many images with digital data to trace the alteration process in bentonite-hyperalkaline
fluid and bentonite-cement interactions as a function of time.
In this context, the advective alteration experiments for the bentonite column with lower density and
diffusive alteration experiments for the compacted bentonite sandwiched by cement pellets were conducted
to observe the micro-structural changes in the sampled by X-ray CT. For the advective alteration
experiments, Na-bentonite specimens (Kunigel V1) with densities of 0.3 Mg/m3 and 0.4 Mg/m3 were used.
NaOH solution (pH 13.5) with 0.3M passed through the bentonite specimens with flow pressure of 0.03
and 0.04 MPa, respectively. The specimens were kept inside the oven at 80ºC. The flow-through periods
of NaOH solution for bentonite specimens were conducted for 200days. On the other hand, for diffusive
alteration experiments, the compacted Na-type bentonite (Kunigel V1) sandwiched by ordinaly portland
cement (W/C = 0.6) initially immersed in ion-exchange water for 100 days at 50ºC. Both of the specimens
were observed by X-ray CT every 10 days. For advective alteration experiments, the effluent was
periodically collected, and the coefficient of permeability and solution pH were measured. The reacted
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Figure 1: CT images of the bentonite (0.3Mg/m3 of the dry density) with different time (left: after 10days,
center: after 30 days, and right: after 60days).

Figure 2: CT images of bentonites with different densities.
solid was analyzed by X-ray powder diffraction (XRD) after the experiments were terminated. The
concentration of Al in the effluent was determined by using inductively coupled plasma-atomic emission
spectroscopy (ICP-AES), while Si concentration was determined as SiO2 through molybdenum-blue
spectrometry. In the case of diffusive alteration experiments, EPMA analysis was conducted to obtain some
chemical distribution mappings after the experiments were finished.
In the CT images (Figure 1) of the inner structure of bentonite (0.3Mg/m3 of the dry density) measured at
different time, intervals the remarkable changes cannot be observed. This result indicates that there is no
change in the structure and density of the samples. If the density were apparently changed due to bentonite
dissolution caused by the NaOH solution, the change in density can be definitely detected based on the
brightness of the image with respect to density as shown in Figure 2. If the density after the experiment is
calculated from the smectite dissolution rate obtained by flow-through experiments under the conditions
with high fluid/solid weight ratios, the calculated density change, from 0.3 to 0.23 Mg/m3, can be easily
detected by decreasing brightness of the image. The absence of observed changes during the experiments
implies that the dissolution rate of smectite in compacted bentonite is slower compacted to powdered
bentonite. The limited dissolved silica concentration may also support this finding. In the CT images from
bentonite-cement samples, secondary mineral formation was observed at the interfaces. However, the
formation was observed only at the interface, but not in the inner part of bentonite and cement. Thus, the
process of secondary mineral formation and the density change during alteration could be monitored by
X-ray CT observations. By combining the information from CT images obtained during experiments with
that from EPMA analysis after experiments, the information from CT images obtained during experiments
with that from EPMA analysis after experiments, the necessary information needed for modelling work on
dissolution and precipitation in the compacted bentonite and at the interface between bentonite and cement,
respectively can be obtained.
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