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Microscale analysis of U(VI) uptake by argillaceous
rocks using synchrotron radiation X-ray methods
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Argillaceous rock formations, due to their high clay content and low permeability, have significant radionu-
clide retention/retardation capacities, and are therefore in the focus for high level and long lived nuclear waste
(HLW) repositories in several countries. In Hungary two geological sites (Gorica Block and W-Mecsek Anti-
cline Block in the perianticlinal structure of W-Mecsek Mountains) of the Boda Claystone Formation (BCF)
have been selected for the study of potential host rocks for HLW. The aim of the measurements was to obtain
information on the U(VI) uptake mechanism on the micrometer scale, in order to complete molecular scale
sorption results and understand the behaviour of uranium dissolving from HLW and to identify the possible
differences in uptake capacity between the two possible sites.

Synchrotron radiation microscopic X-ray fluorescence (SR p-XRF) has sufficient sensitivity to study the metal
uptake on the microscale [1]. SR p-XRF measurements were performed on thin sections subjected to uptake
experiments involving U(VI) using 5 pm spatial resolution. The thin sections were prepared on high-purity
silicon wafers from geochemically characterized cores of both sites of BCF. Correlation analysis of pu-XRF ele-
mental maps indicated that the U enrichment was not only correlated to the argillaceous matrix, but also the
cavity filling minerals played an important role in the uptake. By using positive matrix factorization as a new
multivariate approach the factors with higher uptake capacity could be identified. The uptake capacity of the
different mineral phases could be quantified with additional mineralogical information [2]. The results were
compared with cluster analysis when the regions dominated by different mineral phases were segmented. The
multivariate approach based on p-XRF to identify the minerals was finally validated using microscopic X-ray
diffraction.

Our results revealed that in the sample, taken from W-Mecsek Anticline Block, where dolomites have ankerite
rims and U-bearing rings, newly formed FeOOH precipitations were observed, which partly replaced the
ankerite at near neutral pH (6.8). In this sample the dissolution of ankerite was followed by FeOOH forma-
tion, which easily can bind U(VI) due to the enhanced specific surface area and high adsorption capacity. The
oxidation of Fe(Il) required to the formation of FeOOH is caused by partial reduction of U(VI) to U(IV). Eighty
percent of uranium was taken up by clay minerals and 20% by FeOOH although the ankerite concentration
is as low as 6% in W-Mecsek Anticline Block of BCF. The study demonstrated that the different mineralogy
of Gorica Block and W-Mecsek Anticline Block significantly influences the U retention capacity of the Boda
Claystone Formation [3].
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