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The knowledge of the interactions of rare earth elements
(REE) and actinides with both oxalate and citrate at the same
time is important to many fields. In the nuclear waste
management, actinides are co-present with oxalate and citrate in
waste streams in some geological repositories. In the surface
environments of the Earth, both oxalate and citrate are naturally
present along with REE. In the industrial processes, actinides and
REE are usually precipitated as their respective oxalates. Citric
acid, because of its environmentally friendly nature, may be used
for further purification/separation. However, the ternary
interactions among actinides/REE, oxalate, and citrate have not
been investigated before. In this study, we investigate such
ternary interactions via solubility measurements. We use
Pr2(C2O4)3•10H2O and Nd2(C2O4)3•10H2O as the solubility-
controlling phases for the solubility measurements in citric acid
solutions. The solid phases, Pr2(C2O4)3•10H2O and
Nd2(C2O4)3•10H2O, provide the sources for both REE and
oxalate. In addition, we use Pr2(C2O4)3•10H2O and
Nd2(C2O4)3•10H2O as the respective analogs to
Pu2(C2O4)3•10H2O and Am2(C2O4)3•10H2O.

Our experiments indicate that the solubilities of
Pr2(C2O4)3•10H2O and Nd2(C2O4)3•10H2O are much higher than
those predicted with the model including all of the respective
aqueous binary complexes of REE with oxalate and citrate [1-3].
This suggests that the ternary complexes should be required. We
find out the model incorporating the 1:1:1 ternary complexes
(e.g., Pr(C2O4)(C6H5O7)

2–, and Nd(C2O4)(C6H5O7)
2–) excellently

fits our experimental data. These findings have important
applications to many fields.
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