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Most future nuclear waste repositories will include engineered
bentonite barriers to minimize the release of uranium (U) and
other radioactive contaminants into the natural environment.
Bentonite predominantly consists of montmorillonite clay, but
also contains fractions of mineral impurities (e.g., plagioclase,
quartz, or calcite). Impacts of decay heat on bentonite have
previously been investigated in the 18-year Full-Scale
Engineered Barrier Experiment (FEBEX). A past study has
focused on the effects of heat on U(VI) sorption to bulk FEBEX
bentonite samples and their clay fractions (Fox et al., Applied
Geochemistry, 2019). However, data regarding heat-induced
changes in U(VI) sorption onto FEBEX impurities have been
missing.

In this study, we characterized U(VI) sorption onto FEBEX
impurities for heated (95 °C) and cold (20 °C) regions, and in
comparison to a control (original FEBEX bentonite). Lab-scale
batch sorption experiments were conducted at room-temperature,
alkaline pH and in the absence and presence of 2 mM CaCl2.
FEBEX bentonite samples went through dry-sieving, wet-sieving
and a series of pyrophosphate extraction steps to separate mineral
impurities from clay. Nonetheless, X-ray diffraction data show
that montmorillonite concentrations remain fairly high, with
47.8-65.9% clay in various FEBEX impurity samples. Results
from SEM analysis suggest that clay is present as part of mineral
aggregates or “trapped” in larger impurity particles, which
possibly hinders a clean separation.

In comparison to FEBEX bulk and clay fractions, U(VI)
sorption onto impurity fractions was characterized by a lower
dependence of U(VI) sorption affinities on solution pH.
Furthermore, bulk FEBEX bentonite and its clay fraction show a
consistent, slight decrease in U(VI) sorption after heat-
treatments, across a pH range from ~6.8 to 7.8 and in the
absence/presence of CaCl2. In contrast, no apparent changes in
U(VI) sorption were observed for impurity fractions in the
absence/presence of CaCl2 in the lower range of pH conditions
tested. However, heat-treatments did cause a significant decrease
in U(VI) sorption in the presence of CaCl2 above pH 7.5. We are
now working on improving our understanding of the underlying
processes driving these trends based on additional sample
characterization.
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