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Because of their specific neutronic spectrum, SFRs will also be able to burn long-lived minor actinides (MAs) such as Am and Np. One of the considered options is to add them homogeneously to the fuel in significant amounts (2-6%). In such complex mixed oxide systems, both the homogeneity of the cation distribution into the fluorite UO 2 structure and the oxygen stoichiometry significantly affects most of the fuel properties (thermal conductivity, melting temperature, diffusion phenomena, etc.). These properties depend mainly on the complexity of actinide electronic structures, in particular the unfilled actinide 5f valence shells. The latter can be directly probe with High Resolution X-ray spectroscopy performed at the M 4,5 (3d→5f transition) edges of actinides. Here, we show results obtained on binary oxides (UO 2 , NpO 2 , PuO 2 and AmO 2 ) and U 1-y Pu y O 2 (y=0.24, 0.44 and 0.62) samples combined with theoretical calculations with FDMNES [1] code.

[ 

Conclusions

The gain in selectivity and resolution provided by HERFD at M 4,5 (3d →5f) edges of actinides (U-Am) allow to precisely probe the 5f (and 6d) occupancy experimentally. Charge transfer between An valence shells (5f -6d) and O 2p must be considered in FDMNES calculations to reproduce experiment. PuO 2 and AmO 2 (with 6d 0 in the ground state) experimental spectra are well reproduced with the following 5f configurations: Pu = 5f 4.4 and Am = 5f 5.6 . For UO2 and NpO2 (with 6d1 in the ground state), 6d and 5f have to be taken into account in the charge transfer with O 2p but results obtained with 6d 0 and 6d 1 with different 5f occupancies are not satisfactory. Calculations with an intermediate 6d occupancy are in progress. Contrary to the XANES measurements, the substitution of U by Pu atoms is observed at both U and Pu edges in HERFD-XANES spectra collected on (U,Pu)O 2.00 samples [6]. First calculations show that charge transfer has to be introduced in both U (5f-6d) and Pu (5f ).

Results on binary systems
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Results on

  , DEN/DTEC/SECA/LCC, Bagnol sur Cèze, France; 2-European Commission, JRC-Karlsruhe, Germany; 3-Antimatter and Nuclear engineering, Department of applied Physics, Aalto University, Finland; 4-CEA, DEN/DEC/SESC/LLCC, Cadarache, France; 5-Karlsruhe Institute of Technology, Institute for Nuclear Waste Disposal, Germany Uranium-plutonium mixed oxide fuels U 1-y Pu y O 2-x are currently studied within the frame of the fourth generation (GEN-IV) of nuclear reactors and more specifically for sodium-cooled fast neutron reactors (SFRs).

Pu: [Rn] 5f 6 6d 0 s 2 | Am: [Rn] 5f 7 6d 0 s 2 PuO 2 & AmO 2  M 5 N 7 line (M α or 3d 5/2 -4f 7/2 ) ΔE = 1.2 eV / 1.3 eV PuO 2  Pu +4 / 5f 4 6d 0 Electronic configurations considered : 5f 6.0  5f 4.0 / O 2p 4.0 2p 6.0 Energy -E 0 (eV) 5f 4.5 6d0 7 s 2 5f 4.4 6d0 7 s 2 5f 4.3 6d0 7 s 2 5f 4.2 6d0 7 s 2 5f 4.1 6d0 7 s 2 5f 4.0 6d0 7 s 2 PuO 2  5f 4.0  5f 4.5 Energy -E 0 (eV) 5f 5.6 6d 0 7s 2 5f 5.5 6d 0 7s 2 5f 5.4 6d 0 7s 2 5f 5.3 6d 0 7s 2 5f 5.2 6d 0 7s 2 AmO 2 Am M 5 E 0 = 3890.5 eV  5f 5.2  5f 5.6 Electronic configurations : 5f 7.0  5f 5.0 / O 2p 4.0 2p 6.0 Best results obtained for Am 5f Energy-E 0 (eV)

If charge transfer is only considered Np 5f -O 2p :

Calculations with 6d 0 (5f 3.0 -5f 4.0 )  no improvement The substitution of U by Pu atoms is observed in both U and Pu experimental spectra