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Report:

Several authors have noted a partial reduction of U(VI) (mostly to UO,,)) by pyrite in
lightly acidic (pH 3-6) conditions and at relatively high initial U concentrations (> 10
mol-l'l) (Wersin et al., 1994; Aubriet et al., 2006; Eglizaud et al., 2006; Scott et al.,
2007). In the present study, the uptake of U(VI) by pyrite was investigated under
slightly alkaline conditions (pH 8-9) at variable U concentrations (10'8 - 10" mol-l'l)
and in the presence of 0.014 M NaHCOs;. As an additional parameter, also the presence
of dissolved organic carbon (DOC) was researched. The uranium solid phase speciation
in batch systems with high initial U concentration was analysed using X-ray Absorption
Near-Edge Structure (XANES) and Extended X-ray Absorption Fine Structure
(EXAFES) spectroscopy.

A total of six samples were analysed, which comprised the presence and absence of
DOC, different equilibration times (10 and 120 days), and different FeS, solid-to-liquid
ratio. Uranium was added initially as UO,(NO;),. Table 1 gives an overview of these
samples, together with some experimental details concerning solution analysis after
equilibration. Apart from the six experimental standards, a number of U standards (e.g.,
0.1 mol-1" solutions of UOy(CO;),>, UOyCO5);", UO,NO;), and UO,(OAc), and
UiOs5), UO2@am), UOxs), UY' adsorbed onto FeOOH solid phases in absence and
presence of DOC) were equally analysed.



In the figures presented below, the XANES and k3-weighted EXAFS spectra (top
figures), and their Fourier transform (FT) and the FT's imaginary part (bottom figures)
are shown. XANES spectra were interpreted using Principal Component Analysis and
Linear Combination Fitting. A combination of two standards, UO,s and U(VI)
adsorbed onto FeOOH, was sufficient to adequately reconstruct the spectra of all six
samples. The EXAFS spectra were equally interpreted and fitted using a combination of
the crystal structure of uraninite and uranyl surface complex, similar to the analysis of
U speciation in sediments performed by Kelly et al. (2008). This resulted in good fits
for all samples.

From the results it appears that at alkaline pH, and at the investigated bicarbonate
concentration, U(VI) uptake by FeS, is almost quantitative, and a partial redox
transformation to UO,, occurs. The presence of dissolved organic carbon was the
major factor hindering this reduction. Although the nominal amounts of U(IV)/U(VI)
from analysis of the XANES and EXAFS spectra do not agree completely, the same
trends were clearly demonstrated.

Table 1: Overview experimental samples measured by XAFS

Sample | FeS, U(VD)ini Uifin Usorigfin Equilibration | DOC
M) M) (mol/kg) time
S1 19.2 g/L | 1.5x10™ 2.3x10° 7.9x10° 120 days 0 mg/L
S2 19.3 g/L | 1.5x10™ 1.7x10°° 7.6x107 120 days 58 mg/L
S3 21.0 g/L | 1.7x10™ 3.2x10° 7.8x107 10 days 0 mg/L
S4 21.1 g/L | 1.7x10™ 1.9x10” 7.0x10” 10 days 38 mg/L
S5 4.1¢g/L | 1.7x10* 9.4x107 1.8x10 10 days 0 mg/L
S6 41¢g/L | 1.7x10* 2.6x107 3.4x107 10 days 63 mg/L
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Figure: Normalised XANES (upper left), EXAFS X(k)-k? (upper right), magnitude of the Fourier
Transform (FT) (lower left), and imaginary part of the FT (lower right) of U-FeS, samples SI to S6
(EXAFS spectra of sample S6 not included due to poor data quality). Open symbols represent
experimental data, full lines are best fits.
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