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U(IV)-mineral complexation may
explain U speciation in reduced
sediments
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Uranium (U) poses a significant contamination hazard to
soils, sediments, and groundwater due to its extensive use in
energy production. Development of improved reactive
transport modeling codes is paramount to understanding the
risks associated with potential U dispersal. Current models
assume the reduction of U(VI) to UIV) results in the
precipitation of the insoluble uraninite mineral. However, we
have demonstrated previously the formation of both
nanocrystalline uraninite and monomeric U(IV) as a result of
biotic or abiotic electron transfer to U(VI). To further
investigate the controls on the mineralization products
resulting from reduction of U(VI), we studied the role of
mineral surface area:U ratios and mineral chemistry on the
formation of nanocrystalline uraninite versus monomeric
U(IV). We exposed U(VI) solutions to model minerals
(rutile, magnetite, titanomagnetite, clays) under reducing
conditions with different U:mineral surface area ratios and
different concentrations of Ti within titanomagnetite. Results
from U L;;-edge XANES and EXAFS and electron imaging
analysis indicate that at low surface loading, U(IV) forms
monomeric inner-spere complexes with rutile and magnetite
(at <1.3 U nm? and 0.037 U nm?, respectively). Similarly,
monomeric U(IV) species were identified upon reduction of
U(V]) in the presence of titanomagentite. XAFS results also
indicate the formation of nanocrystalline uraninite for high
surface loadings in the rutile and magnetite systems. These
results and their relevance to understanding both near- and
far-field contaminant fate and transport will be presented.



