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Report:
The major objectives of this project were to determine the structure of Tc in the
presence of neptunium in acidic media in HNO3/H2SO4 solutions.
The structures of Tc and Np complexes generated during a reaction between Tc
species at +VII or +IV oxidation states and Np3+ or NpO22+ ions were studied by means
of EXAFS at ROBL line. 15 samples containing a mixture of Tc and Np compounds in
the presence or absence of nitric acid were prepared at HZDR in Dresden.
The Tc K-edge EXAFS spectra were recorded for all solutions using a
fluorescence detector. The energy scales for XANES scans for Tc and Np were
calibrated with Mo (Mo K-edge at 20000 eV) and Y (Y K-edge at 17038 eV) metals
foils, respectively. The spectra of Tc compounds in the samples containing initially
Tc(IV) and Tc(III,IV) species with addition of NpO22+ and HNO3 show an inflection

point of pre-edge absorption peak at 21044 eV, a feature characteristic for
pertechnetates. Tc was surrounded by 4 oxygen atoms (N = 3.9) at a distance of 1.74 Å
(σ2= 0.0010 Å2). Obtained results confirmed TcO4- structure as a product of oxidation of
reduced Tc species. In the presence of HNO3 neptunium is transformed to species with
valence states of +4 and +6. An analysis of its oxidation states showed that the
concentration ratio of Np(VI)/Np(IV) species generated during Tc(VII)-Np(III)
interaction in the presence of HNO3 increases from 0.08 for 0.7M HNO3 to 0.18
for 3M HNO3.
Due to the various redox reactions with participation of Tc and Np species the
aqueous solutions contain mixtures of both elements with various valences. The
simulation based on obtained XAS results showed that reduced Tc(IV) forms exist as
polynuclear, -O-Tc-O-Tc-, and mononuclear complexes of Tc. The ratio between both
Tc(IV) structures strongly depends on the ratio of TcO4- to the reducing agent, Np3+.
The obtained results have contributed to development of advanced MonteCarlo
analyses of the XAS signals obtaining for a mixture containing 3 components of the
same element at various oxidation states and structures.

