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Sorption behaviour and speciation of neptunium(V)
on Opalinus clay
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The sorption of Np on clay such as Opalinus clay (OPA) is one of many important processes that affect the
migration and retardation of Np in the geosphere. Clay formations are under consideration in several Eu-
ropean countries as a potential host rock for high-level radioactive waste repositories [1]. We studied the
sorption of Np(V) onto OPA (from Mont Terri, Switzerland) both by batch experiments and X-ray Absorption
Spectroscopy (XAS). The aim of this study was to obtain a mechanistic understanding of the interaction of
Np(V) with the OPA surface. The obtained information are necessary for the safety assessment and detailed
planning of nuclear repositories.
The batch experiments were done under aerobic and anaerobic conditions. The sorption of Np(V) on OPA was
studied as a function of many chemical parameters such as pH (6-10), background electrolyte (synth. OPA
pore water, saturated calcite solution, and 0.1 M NaClO4), partial pressure of CO2, and presence/absence of
humic acid (HA). The sorption curves for 8·10-6 mol/L Np(V) in saturated calcite solution obtained under aer-
obic and anaerobic conditions, respectively, show that the adsorption edge occurs between pH 7-8. Maximum
sorption was observed at pH 8.5 with 65% sorption under aerobic conditions and 80% under anaerobic condi-
tions, respectively. Under anaerobic conditions the reduction of Np(V) to Np(IV) by Fe(II) minerals of OPA
causes a stronger sorption. At pH > 9 Np sorption decreased due to the complexation of Np with carbonate
in aqueous solution [2]. Molecular-level information was obtained by X-ray Absorption Fine Structure (EX-
AFS). EXAFS spectra were measured in fluorescence mode at the Rossendorf Beamline ROBL at ESRF. Several
samples at pH 7.6 and 8.5 with a total Np(V) concentration of ~ 8·10-6 mol/L were prepared under aerobic
and anaerobic conditions. The amount of Np sorbed in the EXAFS samples was in the range of 50-121 ppm.
Np L3-edge X-ray Absorption Near-Edge Spectra (XANES) showed that in all aerobic samples the pentavalent
oxidation state of Np was dominated. The Np L3-edge EXAFS spectra of the anaerobic samples prepared in dif-
ferent background electrolytes showed the same EXAFS pattern, indicating that Np(V)-carbonato complexes
are formed at OPA surface. More details as well as additional results will be presented and discussed.
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