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In the framework of nuclear waste handling, radionuclide’s diffusion ability in soil has to be studied in
order to better evaluate the risks of infiltration of radioactive elements in our environment. Indeed,
radionuclide’s behaviour is deeply dependent of the soil characteristics, like its composition, pH, potentials,
or the water composition. In the case of a deep geological depository, the high-level radioactive waste will
be put in a glass matrix, confined in a steel container. Those containers are exposed to corrosion
phenomena, forming ferrous minerals, hydrogen gas, and potentially leading to radionuclide leaks. In this
case, radionuclides could be in the presence of minerals and hydrogen in a reducing environment. 79

Selenium is expected to be present as a fission product of 235 U. It is present at the oxidation state (+IV)
in the glass matrix, but under reductive conditions ([-400;-300] mV (E.N.H.)) can be under the form of
selenide (Se(-II)). Those reductive condition could exist in Callovo-Oxfordian’s soil (COX) in the presence
of H2 gas and Fe(II) coming from the containers corrosion. Thus, our study focuses on Se(IV) and Se(-II)
behaviour in the presence of minerals (magnetite, and COX argillite), under hydrogen atmosphere.

According to Martinez et al., selenium is sorbed on magnetite surface. When pH increases, selenium is less
adsorbed on magnetite. Se(IV) sorption mechanism has been proposed by Mayant et al.: it implie the
formation of two types of complexes in the inner sphere of magnetite surface. Moreover, Sheinost et al.
show that synthetic nanoparticles of magnetite quantitatively reduce Se(IV) to Se(-II) in a few hours,
leading to the formation of an iron selenide cluster close to FeII

5FeIII
2Se8. While Se(IV) sorption on minerals

has been broadly studied, very few data is found about Se(-II), due to its very high sensibility to oxidation
causing its handling to be difficult.

Suspensions of minerals are prepared in synthetic water, mimicking water found in Callovo-Oxfordian’s
ground. Hydrogen is brought by a permanent bubbling, while pH is maintained around 7.1 with a CO2
bubbling. A preliminary ICPS-MS study shows that without any minerals in the media, hydrogen alone can
not reduce Se(IV) in COX water at pH = 7.1 within 10 days. After 10 days, ICP-MS measurements show
that 24 ± 4% of Se(IV) ([Se]initial = 10-4 M) in a suspension of magnetite (40 g/L) stays under the form of
soluble selenium. An EXAFS study of the solid phase has been undertaken. Qualitative analysis of the
XANES spectrum shows that selenium on magnetite is under the form of selenium at the oxidation state
+IV. The EXAFS spectrum has been fitted, and shows a contribution of 2 to 3 oxygen atoms at a distance
of 1.71 Å. Those parameters are coherent with Sheinost et al. data on selenium(IV) sorbed on
montmorillonite.

Selenide synthesis has been developed in the laboratory, based on Kireeva et al.’s method. A suspension
of elemental selenium in NaOH (4M) was reduced at a mercury cathode. A white precipitate appeared
which was identified with XRD to be Na2Se.5H2O (see Figure 2). This powder, stable within at least a
month, was used as a source of Se(-II).

As the selenide / COX argillite system has never been explored for now, the first step of our study was to
determine the best experimental condition in order to investigate selenide behaviour in the presence of
COX argillite and hydrogen. Thus, experiments have been undertaken with various selenium
concentrations (10-4 M, 10-5 M and 10-6 M) and m/V ratios (0.1 g/L, 1 g/L, and 10 g/L).

Analysis of the liquid phase is undertaken by ICP-MS spectrometry, in order to determine the sorption
constant of Se(-II) on argillite. The measurements are currently being interpreted.
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For the analysis of the solid phase, XPS measurements are scheduled. For these experiments, an inert
transporter has been designed in order to transport the samples from our laboratory to the IMN (Institut
des Matériaux de Nantes) facility where is the XPS machine. The inert transporter is currently being tested
regarding its air tightness, before performing the samples measurements.
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Figure 1: Normalised absorption spectrum of Se/magnetite sample, compared with Se references (left);
and fitted EXAFS spectrum of Se(IV) / magnetite sample.

Figure 2: XRD spectra of Na2Se.5H2O.


