Neptunium(V) sorption onto gibbsite
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Neptunium will become a major contributor to
the radiation inventory in nuclear waste due to
the long half-life of its isotope 237Np (2.14-‘I06
years). It can exist in the oxidation states Ill —
VIlI, but the cation NpOz+ dominates the
aqueous speciation under a wide range of
environmental conditions. Montmorillonite and
other clay minerals like kaolinite contain Al-OH
groups as reactive surface sites. To better
understand the role of these aluminum
hydroxide groups for the sorption of Np(V) onto
clays, we are investigating Np(V) sorption onto
the reference mineral gibbsite (a-Al(OH);). For
montmorillonite  and kaolinite, different
experimental data for the sorption of Np(V) are
available [1-4], but regarding gibbsite there are
only data for the sorption behaviour of uranium
(VD) [5].

The sorption of 7.0 pM Np(V) onto gibbsite
(Merck, 1.22 m?g) was studied in the pH range
6.5-9.5. The batch experiments shown in Fig. 1
were performed in air at two different
background electrolyte concentrations, i.e., 0.01
and 0.1 M NaClQ,. The solid to liquid ratio was
22 g/L to obtain a high Np uptake. In the
presence of air, the sorption of Np(V) was
independent from ionic strength, indicating
inner-sphere sorption. This should be confirmed
by EXAFS measurements.
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Fig. 1: Sorption of 7.0 pM Np(V) in equilibrium with
air as function of pH at two electrolyte
concentrations.

Figure 2 demonstrates the influence of CO, on
the sorption of 7.0 pM Np(V). The gibbsite
concentration here was 4 g/L. In the air-
equilibrated system, the formation of
neptunium-carbonato complexes above pH 8.5
reduces the amount of Np sorbed onto the
mineral surface. In the CO,-free system, the Np
uptake by gibbsite increases continuously from
pH 6.5 to0 9.5.
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Fig. 2: Influence of CO; on the sorption of Np(V) in
0.1 M NaClO.

The sorption of Np(V) in the presence of air at
pH 8.5, 0.1 M NaClO,, and 4 g/L was studied in
the range of 10™-10* M Np(V). According to
the sorption isotherm shown in Fig. 3, the
Freundlich plot of the Np(V) sorgtion onto
gibbsite is nearly linear up to 2.8.10™ M Np. At
this concentration precipitation of Np(V)
carbonates starts. In the linear range of the
sorption isotherm, two zones with slightly
different slopes have been observed, indicating
the existence of weak and strong sorption sites
of gibbsite.
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Fig. 3: Sorption isotherm of Np(V) onto gibbsite.
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