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Abstract 

U1-xAmxO2±δ mixed-oxides are considered promising compounds for americium heterogeneous 
transmutation in fast neutron reactor. At lab-scale, the fabrication of americium bearing blankets (AmBB) 
under the form of ceramic pellets, required for irradiation, follows a powder metallurgy route which 
generates highly contaminant fine particles. Considering scale-up, dustless processes that can avoid particle 
dispersion in the fabrication lines are thus recommended. With this aim, the development of an innovative 
route called calcined resin microsphere pelletisation (CRMP) process has been initiated. The general 
approach consists in synthesising mixed-oxide microsphere precursors from beads of ion exchange resin 
through an adaptation of the weak acid resin process (WAR), and their pelletisation before sintering. This 
study focuses on the microsphere synthesis and particularly on the mechanisms implied during the thermal 
conversion of metal loaded ion exchange resin in porous mixed-oxide microspheres. The results are 
discussed, in a first time, on the basis of the synthesis of oxide microspheres integrating uranium and 
americium surrogates (Ce and Gd respectively) before a transposition to the highly active materials in a 
second time. 

Introduction 

Minor actinides (MA) are generated in UOX (uranium oxide) and MOX (mixed oxide) fuels during 
irradiation in nuclear reactors [1]. In the framework of their future management, their transmutation in fast 
neutron reactors through MABB (Minor Actinide-Bearing Blanket) irradiation represents a major research 
concern. In this context, due to its relatively high radiotoxicity in ultimate waste (if Pu multi-recycling option 
is considered), research is currently focused on americium (Am) transmutation through the fabrication of 
U1-xAmxO2±δ mixed-oxide pellets. Commonly, these fabrications are based on powder metallurgy processes 
with ball-milling steps which generate large amounts of fine radioactive particles. Dustless processes are thus 
mandatory before envisaging an industrial deployment. Answering this need, the development of an 
innovative route using micrometric spherical precursors is studied. Through an adaptation of the weak acid 
resin (WAR) process [2,3], the general approach consists in synthesising micrometric and brittle spherical 
U1-xAmxO2±δ mixed-oxide precursors. More particularly, oxide microsphere synthesis deals with fixing 
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americium and uranium ions into ion exchange resin microspheres and then mineralising as-loaded resin to 
form oxide microspheres. Then, they are shaped and sintered as dense pellets, answering the required AmBB 
specifications. The spherical geometry was thus chosen to facilitate the filling of the compaction chamber and 
subsequent pelletisation, as well as to reduce particle dissemination. 

Surrogate in-situ study: characterisation of the oxide synthesis 

This study part is dedicated to the fabrication of (Ce,Gd)O2 mixed-oxide pellets by the CRMP process. 
Lanthanide surrogates were used for the demonstration of the process feasibility, such as cerium and 
gadolinium, for uranium and americium respectively. Indeed, this allows many experiments to be performed 
at lower cost. As a matter of fact, resin microspheres, loaded with a selected Ce/Gd ratio of 80/20, were 
prepared from aqueous solution of lanthanides nitrates. Then, characterisations by TGA (thermogravimetric 
analysis), HT-XRD (high-temperature X-ray diffraction), HT-Raman spectroscopy and HT-XAS (high 
temperature X-ray absorption spectroscopy) of the metal loaded resin were performed to study the release of 
carbon from the initial polymeric structure and the oxide formation. Key temperatures were then identified, 
corresponding to the important steps of the formation of a (Ce,Gd)O2 solid solution. The organic matter 
departure occurs around 400 K and was evidenced through weight losses of TGA measurements. Then, the 
oxidation on-set was identified by HT-XAS and HT-XRD measurements, as the determination of cerium 
oxidation degree through XANES analysis shows its oxidation from Ce+III to Ce+IV. Thus, it attests the 
formation of an oxide from 500 K, which also corresponds to the temperature where first HT-XRD peaks 
appear, identified as a fluorine-type structure of Ce. Finally, the formation of a solid solution was determined 
by HT-Raman results that show the formation of oxygen vacancies from 600 K to 1 000 K. This result 
corresponds to the progressive substitution of Gd inside the cerium cubic structure. The whole results thus 
enable the progressive comprehension of resin microsphere mineralisation coming from WAR process. 

Actinide in-situ study: XAS and XRD measurements 

After this preliminary study, the loading of ion exchange resin with uranium and americium with a 
U/Am ratio of (90/10) was also studied. Oxide microspheres obtained from loaded resin with uranium and 
americium were characterised. Two specific calcinations are required to get the oxide microspheres under 
the solid solution form. More precisely a first thermal treatment under air is necessary for optimal carbon 
departure and a second thermal treatment has to be done under a reducing atmosphere (Ar-H2) to form the 
(U/Am)O2 solid solution required before pelletisation and sintering steps. 

HT-XRD measurements were performed during the reduction part, starting with oxidised 
microspheres collected after air calcination. The acquisition was done until 2 023 K and reveals two 
significant results. Firstly, the diagram collected before reduction at room temperature (RT) shows one 
single monophasic U3O8 phase without any crystallised AmO2 phase. Secondly, during thermal treatment, 
the formation of a solid solution between 523 K and 873 K is assessed with the progressive disappearance 
of the initial U3O8 peaks in a 100 K-range. Formation of the U1-xAmxO2±δ compound is then followed by 
crystallite growth until 2 023 K. 

HT-XAS measurements were collected at ANKA synchrotron using resin microspheres stocked just 
after synthesis. XANES spectra were collected at UL3 and AmL3 edges during the two specific thermal 
treatments previously described. Concerning the evolution of the uranium oxidation degree under oxidative 
thermal treatment, U element is present under the form U+V/+VI in the first part of mineralisation. Then an 
apparent reduction of U with the apparition of U+IV/+V is noticed from 850 K. After oxidation under air, 
spectra are recorded during the gas transition and finally for the temperature increase under reductive 
atmosphere. From the gas change, it can be remembered that spectra show significant shift on lower energies 
and change in curve appearance, meaning the reduction of U with Ar-H2 into U+IV/+V, reinforced by the 
temperature elevation. Concerning Am, spectra reveal, at the beginning of the oxidation, the apparition of a 
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small quantity of Am+IV in a majority of Am+III. From 750 K, the sole presence of Am+III during the whole 
mineralisation can be ascertained by spectrum appearance and WL position. 

Concerning the first part of the mineralisation, under air, the partial reduction of U element into U+IV/V 
could be for now explained by the following hypothesis, linked to XRD results. Indeed it could correspond 
to the formation of nano-domains of (U,Am)O2 inside the structure, involving the participation of Am+III 
and U+IV/V. These new structural arrangements would be both compatible with a monophasic U3O8 
compound from an XRD point of view, and with the presence of U+IV/V added to U+V/+VI, from 850 K under 
air, observed through XAS. 

The results concerning the second part of the mineralisation step, with solid solution formation, are 
concordant with previous XAS studies on uranium-americium mixed oxides prepared by solid state 
reaction, showing a similar cationic charge distribution with the presence of reduced Am+III but partially 
oxidised U+IV/+V [4,5]. The correlation between these results and literature thus confirms the electronic 
charge transfer between U and Am in the compounds and their chemical homogeneity. 

Conclusion 

To conclude, the main goal of this study was to point out and highlight the key-steps of WAR 
spherical precursor mineralisation into oxide through structural in-situ characterisations. The first part of 
this study dedicated to mineralisation of surrogate materials has been recently finalised while the second 
part concerning actinides materials is pursued. The understanding and control of the implied mechanisms 
during mineralisation is a first step towards the synthesis of well-adjusted precursors for pelletisation and 
thus the fabrication of dense pellets dedicated to americium transmutation. 
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