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Abstract

Carboxylic acids have played an important role in the field of separating actinides (An) from
lanthanides (Ln) using liquid-liquid extractions to develop effective and economical means to
reducing the volume, toxicity, and lifetime of irradiated nuclear fuel in the United States.[1, 2]
Studies have now shown that negligent control of the carboxylate concentration in advanced
liquid-liquid reprocessing of high-level waste can jeopardize the solubility of Ln and An.[3]
Recent bench-scale experiments have demonstrated that the more soluble 3-carboxy-3-
hydroxypentanedioic acid (citric acid) is a propitious aqueous complexant that can effectively
aid in the separation of transition metals from f-elements mixtures using a combined solvent
mixture of di(2-ethylhexyl) phosphoric acid (HDEHP) and octyl(phenyl) - N’ N’,-
diisobutylcarbamoylmethyl phosphine oxide (CMPO).[4] The complexation of Ln with anions of
citric acid has been previously studied with conflicting results regarding the coordination of
metal ions between carboxylic groups, the feasibility of protonated metal complexes, and the
formation constants themselves.[5]

Using potentiometric and spectrophotometric measurements as well as specific ion interaction
modeling (SIT) we report protonation equilibria of citric acid and its complexes with Nd(III) and
2AM(III) using least-squares fitting of the experimental data. For trivalent metal (M*)
complexation, the best model included mononuclear and protonated species

M* +iH" + jCit* 0 MHCit]™ )
The calculated formation constants showed enhanced stability relative to other carboxylic
complexes with Ln elements which was attributed to some coordination of the o-hydroxyl group
of citric acid to the metal ion. Protonated metal complexes demonstrated an overall lower
stability than that of the neutral charged MCit’(aq) species. A comparison of the Nd(III) and
Am(III) formation constants with citrate showed very little discrepancy which is consistent given
their similar charge, ionic radii, and affinity for hard oxygen-donor ligands.

References:

[1] Del Cul, G.D., Bond, W.D., Toth, L.M., Davis, G.D., Dai, S., Metcalf, D.H. Citrate based
“Talspeak” Lanthanide-Actinide Separation Process. Separation Science & Technology 1997, 32,
431-446.

79



POSTERS - SESSION VI

[2] Weaver, B., Kappelmann, F.A. Talspeak: A New method of Separating Americium and
Curium from the Lanthanides by Extraction from an Aqueous Solution of an Aminopolyacetic
Acid Complex with a MonoAcidic Organophosphate or Phosphonate. Oak Ridge National
Laboratory, 1964, 3559.

[3] Arai, K, Yamashita, M., Hatta, M., Tomiyasu, H., Ikeda, Y. Modified TRUEX Process for the
Treatment of High-Level Liquid Waste. Journal of Nuclear Science & Technology 1997, 34, 521-
526.

[4] Brown, M.A., Gelis, A.V., Paulenova, A.P., Vandegrift, G.F. Combining TRUEX and
TALSPEAK in One Process. 16th Symposium on Separation Science and Technology for Energy
Applications, Gatlinburg, TN. 2009

[5] Wood, S. The Aqueous Geochemistry of the Rare Earth Elements: Critical Stability
constants for Complexes with Simple Carboxylic Acids at 25C and 1 bar and their Application to
Nuclear Waste Management, Engineering Geology 1993, 34, 229-259.

80



