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ABSTRACT

The impact of surface bound Fe(II) in radionuclide migration as a function of pH (6.1-8.5) was studied in
U(VI)-Fe(II)-montmorillonite system under a CO2-free anoxic (O2 < 1 ppmv) condition using X-ray
spectroscopies. The results show a rapid removal of U(VI) from the aqueous solution occurs within 1 h
under experimental pH ranges, whereas the reduction is not completed after 72 h. X-ray absorption near-
edge structure (XANES) spectra of U LIII-edge show that 96% of the total sorbed U(VI) is reduced at
pH 8.5. The reduction rate significantly decreases with decreasing specifically sorbed concentrations of
Fe(II) on montmorillonite at lower pH values. The reduction kinetics followed-up by X-ray photoelectron
spectroscopy (XPS) during 24 h at pH 7.5 indicates the presence of partially reduced mixed valence U4O9-
like surface species also well explained by relevant pe-pH diagram. The measured redox potentials of
Fe(II)/montmorillonite suspensions are controlled by Fe(II)/HFO(s) at pH 6.1 and Fe(II)/γ-FeOOH(s)
at 7.5. The slow U(VI) reduction mechanism was attributed to differential reactivities of Fe(II) specifically
sorbed on strong and/or weak montmorillonite surface sites.

INTRODUCTION

Montmorillonite is a constituent clay mineral of various soils, sediments in reducing environment and the
major component of bentonite, a strong candidate for the back-fill material for the radioactive waste
repository. Apart from sorption capacity, montmorillonite is also known to catalyze reduction of
Cr(VI) (1), Se(IV) (2), chlorinated ethylenes, nitroaromatic compounds (3) in presence of Fe(II). In the
present contribution we investigated the reactivity of Fe(II) sorbed on montmorillonite towards U(VI) as a
function of solution pH under strictly O2, CO2 free atmosphere to exclude the effect of carbonate on
uranium mobilization. We used higher ionic strength ionic background medium (0.05 M CaCl2) to account
only for the reactivity of specifically sorbed Fe(II) in the reduction reaction.

MATERIALS & METHODS

Fe(II)–U(VI) equilibrium reaction in the presence of 4.5 ± 0.1 gL-1 synthetic montmorillonite (SM,
Na0.30[(Al1.70Mg0.30)Si4O10(OH,F)2],nH2O) was studied in batch method at room temperature with 0.05M
CaCl2 background electrolyte to minimize the Ca(II)-by-Fe(II) exchange. X-ray Absorption Near-Edge
(XANES) and Extended X-ray Absorption Fine-Structure (EXAFS) spectra were collected at the
Ros-sendorf Beamline at the European Synchrotron Radiation Facility (ESRF, Grenoble). Uranium
LIII-edge spectra were collected in fluorescence mode at 15K using a closed cycle He cryostat. All
XPS spectra were collected on a Kratos Axis Ultra (Kratos Analytical, UK) spectrometer with a
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hemispherical energy analyser and using a monochro-
matic AlKα source (1486.6 eV). U4f spectra were fitted
using the Vision software from Kratos (Vision 2.2.0) after
subtraction of the background (Shirley baseline).

RESULTS

The normalized XANES spectra of the samples with U(VI)
and U(IV) references in Figure 1 show that the extent of
uranium reduction from + VI to + IV state increases with
increasing pH.

Further characterization of the uranium redox product by X-
ray photoelectron spectroscopy (XPS) reveals the presence
of mixed valence uranium species, with a higher binding
energy for U(VI) and a lower one for U(IV). The
comparison of binding energies of U4f5/2 component of the
samples with reference mixed valence uranium species
U3O8, β-U3O7, U4O9 indicates that U4O9 like species can be
the most plausible reduction product. These results suggest
two mechanisms of U(VI) reduction: (1) U(VI) reduction by
surface H2 species produced due to pre-oxidation of Fe(II)
specifically sorbed on the oxidized strong sites of
montmorillonite and (2) U(VI) reduction by Fe(II) sorbed on
weak sites of montmorillonite by forming inner-sphere
complexes.

Compare to other abiotic systems like Fe(II) sorbed on
Fe(III)-oxides, the mechanism of U(VI) reduction by Fe(II)
in clay is believed to be more complex and governed by a
number of pH dependent slow processes involving strong
and weak sites of montmorillonite.
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Figure 1: U LIII-edge fitted XANES
spectra of U(VI) sorbed to montmorillonite
in the presence of Fe(II) compared
to the U(VI) and U(IV) references.


