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SORPTION OF U(VI) ON QUARTZ SURFACES

A. Froideval1, R. Barillon1, M. Del Nero1, J. Hommet2,
K. Lützenkirchen and G. Mignot3

1 Institut de Recherches Subatomiques, IN2P3 and Université Louis Pasteur,
67037 Strasbourg, France

2 IPCMS, CNRS and Université Louis Pasteur, GSI, 67037 Strasbourg, France
3 Commissariat à l’Energie Atomique, DAM / RCE,

B.P. 12, 91680 Bruyères-le-Chatel, France

In this work, we performed analyses of U(VI) on quartz surfaces by X-Ray
Photoelectron Spectroscopy, in order to gain knowledge on the sorptive behaviour of
U(VI) in systems favouring the formation of di-/trimeric uranyl aqueous species, and/or
uranyl colloids or UO2(OH)2 precipitates. The aim is to assess if several uranyl surface
species (and/or precipitates) may contribute to U(VI) sorption on quartz and to
investigate the relative contribution of the surface species as a function of pH.

Batch experiments were conducted as a function of pH (3-9), for a high initial U(VI)
concentration ([U]i=50µM) of a 0.1 M NaNO3 electrolyte solution, under a CO2-free
atmosphere. Particular attention was paid to detect the possible formation of U(VI)-
colloids (filtration/ultracentrifugation procedure). Chemical analyses of the final solutions
indicate a pH-dependence of U(VI) sorption and the formation of U(VI)-colloids for
pH>6.

The quartz subsamples, brought in contact with 50 µM uranyl solutions at different
pH values, were analysed by XPS after a procedure of mineral / solution separation and
mineral drying. Metaschoepite, which may form in our experiments, was synthesised
and its XPS spectrum was taken as a reference for interpreting spectra of U(VI) on
quartz. We focused on the deconvolution of the peaks U(4f) (4f5/2 and 4f7/2, peak
intensity ratio:76%). All the spectra were adjusted in energy with respect to the peak 1s
of Si.

For metaschoepite, the environment of U is unique and the peak U(4f) is
deconvoluted with an unique contribution at 382 eV (U4f7/2) and 392.85 eV (U4f5/2). For
U(VI) on quartz, all the spectra were deconvoluted with the same parameters and only
two contributions, whose binding energies differ significantly (1.2 eV):

- metaschoepite whose relative contribution increases with pH,
- a contribution at a lower energy (U4f7/2 : 380.80 eV and U4f5/2 : 391.65 eV),

indicating a uranyl surface species or precipitate at a lower oxidation state than in
metaschoepite.

This work provided valuable information on processes governing U(VI) partitioning
between quartz and a 0.1M NaNO3 solution, at a high U(VI) aqueous concentration. Our
experiments and XPS analyses suggest that U(VI) sorption on quartz is due to the
formation of a metaschoepite-like phase and uranyl surface species -or precipitate- at a
lower oxidation state throughout the pH range of 5 to 9. The U(VI) behaviour in such a
system is also found to be controlled by the formation of U(VI)-colloids.


