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Report: 
The use of Minor Actinides bearing MOX as a future nuclear fuel cycle requires a full and accurate 

assessment of their thermal properties. This is indeed mandatory for fuel pin design to meet safety criteria in 

the reactor core. Furthermore, these fundamental data are essential for the prediction of the in-pile fuel 

behaviour with fuel performance codes. The charge distribution of these materials must be then properly 

assessed as it affects the thermal properties and hence the nuclear safety.  

 

XANES measurements have been performed on approximately 1 mg of powdered sample mixed with 20 mg 

of boron nitride (BN). The data have been collected at the Rossendorf beamline (ROBL) of the European 

Synchrotron Radiation Facility (ESRF) situated in Grenoble (France) 1. To determine the oxidation states of 

the cations, XANES spectra at LIII  edge were compared to data collected on reference compounds on the same 

beamline using the same experimental setup. For uranium, the reference compounds were UO2.00 and U4O9−δ. 

Their structures were confirmed using both XRD and neutron diffraction 2. For americium, Am+IVO2 
3 and a 

mixed oxalate U+IV/V
0.85Am+III

0.15O2 
4 were used. For plutonium, the reference materials were Pu+IVO2.00 

5 and 

Pu+III oxalate. Np+IVO2.00 
6 was used as a reference for Np LIII . The molar fractions of the cations were 

assessed using a linear combination of reference compounds from the normalized µ(E) spectra. Experimental 

data were fitted between −20 eV and +30 eV of the white line energy maximum. 

 



XANES spectra have been recorded for U, Pu, Np and Am. From the analysis of XANES spectra collected at 

LIII  edge, one can conclude that U, Np and Pu are strictly tetravalent (the data are not presented) while Am is 

clearly trivalent (cf. Figure 1). Due to the very low Am content in the Np-MOX, the XANES could not been 

collected. For this reason, it was assumed, by analogy with the Am-MOX compound, that Am is also trivalent 

in Np-MOX as the same annealing conditions had been used to remove the influence of damage from the 

stored samples. One can then determine that the global O/M ratios of Np-MOX and Am-MOX are equal to 

1.99 (1) and 1.98 (1), respectively.  

 

The thermal properties of these Np- and Am-MOX solid solution materials were investigated 7. Their linear 

thermal expansion, determined using high temperature X-ray diffraction from room temperature to 1973 K 

showed no significant difference between the Np and the Am doped MOX. The thermal conductivity of the 

Am-MOX is about 10% higher than that of Np-MOX. The melting temperatures of Np-MOX and Am-MOX, 

measured using a laser heating self crucible arrangement were 3020 ± 30 K and 3005 ± 30 K, respectively.  
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Figure 1: LIII XANES spectra of Np- and Am-MOX in comparison with the reference materials. 
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