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INTRODUCTION

Compacted bentonite is candidate buffer material in geological disposal of high-level radioactive waste
(HLW). One of the expected functions of the buffer is to retard the migration of radionuclides from waste
form to biosphere. Due to low hydraulic conductivity of the compacted bentonite, diffusion is considered to
be predominant process in radionuclide migrations. Therefore, it is important for safety assessment of the
geological disposal to clarify the diffusion behavior of radionuclides in montmorillonite, which is a major clay
mineral of bentonite. However, detail diffusion mechanism has not been fully understood especially for the
compacted bentonite saturated with groundwater having relatively high salt concentration. In this study,
apparent diffusion coefficient (Da [m2 s-1]) of Cl- ions was determined by one-dimensional, non-steady
diffusion method for Na-montmorillonite saturated with NaCl solutions with different concentrations.
Activation energy for Cl- diffusion (Ea [kJ mol-1]) was also obtained from the temperature dependence of Da
at each NaCl concentration. Based on these experimental results together with the basal spacing of the
montmorillonite determined by XRD measurements, the diffusion mechanism of Cl- ions was discussed.

EXPERIMENTAL

The montmorillonite used in this study was Kunipia-F, a commercial product of Kunimine Industries Co. Ltd.,
Japan. The montmorillonite sample was homoionized into Na-type before use. The Na-montmorillonite was
compacted into an acrylic resin cell (20 mm in diameter, 20 mm in height for diffusion experiment or 10 mm
in height for XRD measurement) and fully saturated with NaCl solutions of concentration from 0 to 0.5 M.
The dry densities of the Na-montmorillonite were 1.0 and 1.3 Mg m-3 for diffusion experiments, and from 0.7
to 1.4 Mg m-3 for the XRD measurements. The apparent diffusion coefficients of 36Cl- ions in the solution-
saturated, compacted montmorillonite samples were determined from concentration profiles of the radiotracer
in the samples obtained in the diffusion experiments by the one-dimensional, non-steady diffusion method (the
so-called back-to-back diffusion method). Diffusion experiments were conducted at constant temperatures
from 288 to 323 K. After a prescribed period of time for the diffusion, the montmorillonite sample was
sectioned into 0.5 mm-thick-slices. The radioactivity of each slice was determined with a liquid scintillation
counter. Basal spacings of solution-saturated, compacted Na-montmorillonite sample were determined from
XRD profiles measured from 3 to 8 degrees of 20 using an X-ray diffraction apparatus. Detail procedures of
homoionization, diffusion experiments, and XRD measurements are described elsewhere [1].

RESULTS AND DISCUSSION

Table 1 lists the basal spacings determined by XRD measurements for Na-montmorillonite saturated with
NaCl of different concentrations at different dry densities. Both basal spacings of 1.88 nm (three-water-
layer hydrate state) and 1.56 nm (two-water-layer hydrate state) were observed even at lower dry densities
when salt concentration was high. This suggests that NaCl solution of high concentration could remove
water molecules from the interlayer spaces of the montmorillonite, resulting in the shrinkages of the basal
spacing. Figure 1 shows salt concentration dependence of Da at the dry density of 1.0 Mg m-3 at the
diffusion temperature of 298 K. It was found that Da slightly increased as the salt concentration increased
from 0 to 0.1 M, while it was almost constant at the higher salt concentration of more than 0.1 M. Same
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salt concentration dependences of Da were observed at the different temperatures. Figure 2 shows salt
concentration dependence of Ea at the dry density of 1.0 Mg m-3. The Ea values for Cl- diffusion obtained
at NaCl concentrations from 0 to 0.5 M were almost constant around 12 kJ mol-1, although there was small
difference of Ea values, i.e. 13.0-14.6 kJ mol-1 at lower salt concentrations from 0 to 0.1 M and 9.8-11.4 kJ
mol-1 at higher salt concentrations from 0.2 to 0.5 M. If the Ea values are constant, Cl- diffusion could be
explained by a single predominant diffusion process such as diffusion in the pore water. However, Ea
values obtained in this study were lower than Ea for Cl- diffusion in free water (i.e. 17.4 kJ mol-1 [2]). This
suggests the presence of other diffusion mechanism than the pore water diffusion. If there were two Ea
values, the change in the predominant diffusion can be expected to occur when NaCl concentration
increases. Considering the shrinkage of the basal spacing at NaCl concentration of more than 0.1 M, the
small change in Ea observed in this study would be attributed to the change in microstructure of the
montmorillonite accompanying with the shrinkage of the basal spacing. A diffusion of Cl- ion in interlayers
is assumed to be a potential process to reduce the Ea values.
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Table 1: Basal spacings of compacted montmorillonite.

dry density
(Mg m-3)

Salinity (M)
0[1] 0.05 0.1 0.3 0.4 0.5

0.7 - 3 3 3 3
0.8 - 3 3 3 3 + 2
0.9 - 3 3 3 3 + 2

1.0[3] 3 3 3 + 2 3 + 2
1.1 3
1.2 3
1.3 3 3 + 2 3 + 2 3 + 2
1.4 3 + 2 3 + 2 3 + 2

-: no peak detected; 3: only three-water-layer hydrate state; 2: only two-water-layerhydrate state;
3 + 2: both two- and three-water-layer hydrate states

Figure 1: Salinity dependence of Da
(ρ = 1.0 Mg m-3, T = 298K).

Figure 2: Salinity dependence of Ea
(ρ = 1.0 Mg m-3).


