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Scientific Background and Aims of the experiment

Operation of pressurized-water nuclear reactorsl disposal of spent fuel in nuclear waste
repositories can result in contact between watdrld@, fuel. Uranium dissolved can then escape confining
barriers and migrate in the environment, contarimgaaquifers and streams [1]. Thi$" mobility may be
significantly enhanced by complexation with inorigaligands such as silicate, which is ubiquitoughe
environment. This complexation can further nucledadble colloids which may further enhance thelsibty
and mobility of radionuclides, even under reduciognditions [2]. Eventually, this uranium-silicate
interaction can lead to precipitation of reduceanium phases such as coffinite (Ugith,0, 0s n<4), a
mineral associated to Yan large uranium deposits [3]. It is thereforeezgml toidentify and characterize
the dissolved species and colloids formed upon interaction of ' with silicate to predict the long-term fate
of this actinide in natural systems.

Contacting U in solution with silicate prevented the precipgatof U (or Pu) hydroxides over
short periods, suggesting that silicate ligands @redactinides formed (meta)stable complexes [4fa)X
Absorption Fine Structure (XAFS) spectroscopy caovige this valuable structural information on such
complexes stoichiometry and structure in solutidowever, a very low potential is needed to redung a
stabilize UV in solution, meaning that samples prepared irbarktory and brought to the beamline can be
easily oxidized during transport. To overcome thiesaeswe developed an electrochemical cell to reduce
in situ UYY to U"Y) and determine the structure of U'V)-silicate complexes and colloids, and their
possible evolution over a short timescale by XAFS spectroscopy. The cell was tested in our laboratory
using the conventional hexacyanoferrate systemwasdsuccessfully used to reduce 2XM (CN)sFe(ll)*
to (CN)Fe(lI* with an electron yield better than 90%.

During the scheduled beamtime, several goals wdre tmet.
(1) The cell had to be installed on the ROBL beamlirdaut
any geometrical hindrance.
(2) The cell had to be smoothly operated for electnogbiey
with two tight envelopes.
(3) An U(VI) solution in presence of the silicate haal lie
reduced in a convenient time span.
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Goals (1) and (2) were met without any flaw, aitgsto the flexible

: Fig. 1. In situ real-time U J-edge XANES
nature of the cell. For goal (3) the cell was @li\ith 1 mL of 10° spectra of the U in the electrochemical cell.




M.L™ U™ in presence of silicate (0.001 M) and carbona@5(®1) at pH 7 or 8. Reduction was performed in
usually less than 8 h, and could be monitored &i-trme by X-ray Absorption Near-Edge (XANES)
spectroscopy at the U L3-edge (Figure 1). This toong showed changes in position of the shouldarn
17 180 eV and the band near 17 215 eV, revealiagggs in uranium environment.

The nature of the U compound at the end of thetimmatime was investigated by Extended X-ray Absorp
Fine Structure (EXAFS) spectroscopy. Evolution loé EXAFS spectra confirmed the modification of U
chemical environment (Figure 2a), which was alsibleé on the Fourier transforms (FT) of these detaa
changes in the number and position of backscagteeaks (Figure 2b).
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Figure 2. (a) EXAFS spectra and (b) Fourier Tramsfofor the electrochemical cell at the beginning
(tint) and at the ends{) of the reduction period.

The spectra for the initial and final U speciessotution were fitted using theoretical phase anglande
functions generated by FEFF8 [5]. Best-fit restdtshe initial spectrum revealed the presencefottashell of
~2 O atoms at 1.82 A, corresponding to the axigiger of the uranyl moiety. The distances and nurober
atoms for the more distant shells are in agreemaht the formation of an hydrated, carbonate-comgde
U(VI) species, as expected in 0.05 M carbonatetisoluAt the end of the reaction time, the firseksthas
shifter to larger value (1.86 A), but it still pezg, and two O shells of ~2.4 and ~1.7 atoms & &l 2.47 A,
respectively, could be successfully fitted. Theratomic distance and number of atoms in thedés sleenpare
with the values published for U(VI) present as miéates in basic solutions [6].

Table 1. Best fit-results for the spectra recordédtie electrochemical cell.

spectrum Oax 01 02/C AE Rf
RA N oA RA N oA RA N oA (eV)

tinit 182 23 0.068 245 43 0.084 284 15 008449 4x10°

tin, 1.86 2.3 0.076 228 2.4 0.077 247 1.7 007778 4x10°

The results of the EXAFS quantitative analysis aée@ that despite a high overpotential used toaedi(VI)

to U(IV), the oxidation degree of U was little affed. In contrast, the pH of the solution increasgdificantly
to values needed for precipitation of U (hydr)oxaiases. This pH increase can be understood sfroptythe
reaction of water reduction:2B + € > % H, + OH . This reaction outcompeted U reduction and trepgé’

in a solid phase, making it much harder to redBagure improvements such as optimisation of thareaind
geometry of the working electrode will aim at ov@reng these limitations.
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