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Compacted bentonite clay is currently attracting attention as a promising “self-sealing” buffer material to
build in-ground barriers for the encapsulation of radioactive waste. It is expected to fill up the space
between waste canister and surrounding ground by swelling and thus delay flow and migration from the
host rock to the canister. Evaluation and understanding of the swelling properties of pre-compacted
bentonite are of uttermost importance for designing such buffers.

The major goal of our studies was to provide, in a non-invasive manner, a quantitative measure of bentonite
distribution in extended samples during different physical processes in an aqueous environment such as
swelling, dissolution, and sedimentation on the time scale from minutes to years. The propagation of the
swelling front during clay expansion depending on the geometry of the confining space was also studied.
To characterize the state of colloids that form after/during clay swelling the water self-diffusion coefficient
was measured on a spatially resolved manner. The distribution and displacement within the bentonite
systems of foreign particles, either natural ones (sand or quartz) or artificially admixed model particles of
controlled size were also monitored.

Both natural montmorillonites and purified and ion-exchanged montmorillonite clays were investigated.
The primary variables were clay composition and water ionic strength.

Magnetic resonance imaging and nuclear magnetic resonance spectroscopy were adapted and used as main
experimental techniques. With this approach, spatially resolved movement of the clay/water interface as
well as clay particle distributions in gel phase can be monitored (Dvinskikh 2009). Bulk samples with
swelling in a vertical tube and in a horizontal channel were investigated and clay content distribution
profiles in the concentration range over five orders of magnitude and with sub-millimetre spatial resolution
were obtained (Figure 1).

Figure 1: Clay distribution during upward swelling in a vertical tube of pre-compacted Na-exchanged
MX80. The swelling is induced by de-ionised water added to a 3 mm high tablet made of bentonite
equilibrated at 94% relative humidity.
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Expansion rates for bulk swelling and swelling in narrow slits
were compared. The NMR image of the horizontal cross
section of the measurement cell, taken above the swollen gel
phase, displays the bulk (middle) and the semicircular slits of
variable aperture (Figure 2) onto which bentonite suspension
swelled. Our current arrangement provides a slit with
aperture varying over the range 10 to 160 µm. For sodium-
exchanged montmorillonite in contact with de-ionised water,
we observed a remarkable acceleration (by a factor of 3 to
10) of expansion as compared to that obtained in the bulk.

Our results have important implications to waste repository
designs and for the assessment of its long-term performance.
Further research exploring clay–water interaction over a wide
variety of clay composition and water ionic strength as well
as investigating the effect of the confining geometry and
material surface properties seem to be worth to pursue.
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Figure 2: 2D NMR image of the
horizontal cross-section through the
measurement cell constructed from
acentrically placed glass tubes. Image
here is contributed by pure water filling
the bulk (middle part) and circular slit.


