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Abstract 

In the field of minor actinide transmutation in future Generation IV SFR reactor, CEA investigates in 
priority the recycling of Americium (Am) in the radial blankets located in the outer core area (AmBB: 
Americium Bearing Blankets). 

This paper gives an overview of the recent outcomes of the R&D programme carried out at CEA in 
the different fields of research: from powder elaboration to experimental irradiation. 

Concerning the powder elaboration, several batches have been produced by the oxalic co-conversion 
route as well as by the Calcined Resin Microsphere Pelletisation. Different tests have been then performed 
for the fabrication of pellets according to the current specifications of AmBB. 

For these two processes, different additional developments of innovative technologies have been 
achieved well adapted with the processes constraints and hot cell operating. 

Information on irradiation programmes (MARIOS in HFR and ongoing DIAMINO in Osiris) are 
presented. 

The next steps of the programme will then be tackled. 

Introduction 

In the framework of GEN-IV, the use of U-MA (minor actinides) mixed oxides as fuels for 
transmutation is a promising route to recycle these elements. Two different modes are envisaged, namely 
homogeneous and heterogeneous [1]. For heterogeneous transmutation, dedicated assemblies located at the 
core periphery would be used, including fuels composed of depleted uranium and a larger amount of MA 
(up to 20 at.% of the actinides). The CEA has focused its research efforts on the second transmutation 
mode for americium alone because of its relative abundance and high radiotoxicity and with the objective 
of defining simple and robust processes and technologies to fabricate AmBB1 pins in the prospect of 
transmutation experiments in ASTRID.2 This R&D programme covers numerous fields as for example: 
processes for the conversion of actinide solution as well as pellets fabrication processes including 
comprehensive studies, technological development of innovative technologies for hot cell operating at 
different scales, modelling and simulation of the fuel under irradiation, experimental irradiations and 
associated characterisations in order to validate the fuel design and to gather experimental feedback. Some 
of recent outstanding developments are presented hereafter. 

Conversion and pellets fabrication 

1. AmBB: Americium-Bearing Blanket. 
2. ASTRID: Advanced Sodium Technological Reactor for Industrial Demonstration. 
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Different processes for the fabrication of U1-xAmxO2±δ fuels are studied and still under development in 
order to respect the fuel specifications but also to define simplified routes well adapted for hot cell 
operating and scale-up. Therefore our research effort recently focused on the use of a solid solution of co-
converted mixed oxide powder (from oxalate co-converted powder and spherical co-converted particles on 
ion exchange resins (WAR3)) allowing the reduction of the fabrication steps and a better control of the 
contamination. The different processes under development are presented schematically below in Figure 4. 

Figure 1: Flowchart of the processes for the AmBB fabrication 

 

Conversion 

For the heterogeneous mode and the fabrication of mixed oxides for AmBB, research has focused on 
co-conversion of (U,Am)O2 following the EXAm enhanced separation process [2,3] by two processes: 
oxalate co-precipitation and co-immobilisation on ion exchange resins. 

In 2012, the oxalate co-precipitation process feasibility at laboratory scale was demonstrated thanks to 
the production of two 15 g batches of co-converted (U0.85,Am0.15)O2 and (U0.9,Am0.1)O2 [4].Oxalate co-
precipitation was performed in a vortex reactor by remote operation in shielded cells (Figure 2). 

3. Weak Acid Resin. 
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Figure 2: Schematic representation of a vortex reactor for oxalate co-precipitation and 
view of the reactor in shielded cell 

 

After filtration and drying the precipitate was calcined and the resulting oxide powder analysis 
revealed a fluorite-structured solid solution without any additional phases. SEM analysis have been 
performed and showed a powder composed of porous soft agglomerates of several hundred 
micrometers made of submicronic particles (Figure 3). 

Figure 3: SEM micrograph of (U0.9,Am0.1)O2 powder 

 

In 2013, a significant batch of 6 g has been produced with the WAR conversion process [5,6]. The 
WAR conversion process is based on the fixation of U(VI) and Am(III) cations into beads of carboxylic 
ion exchange resin. The loaded resin microspheres are then heated in air up to 800°C to remove the organic 
materials and supply the metallic oxides in the form of microsphere. An ultimate reduction step is then 
necessary to form the solid-solution and to adjust the oxygen stoichiometry of the uranium-americium 
mixed oxide to a value close to 2. Those different steps are summarised in Figure 4. 

Figure 4: Principle of the WAR process 

 

Different characterisations (TIMS, XRD) displayed: a final concentration of Am same as the 
one in solution, a fluorite-structured solid solution. Morphological analysis revealed a good 
sphericity and a medium diameter of 300 µm. A density of 24 ±1% was measured indicating an 
important porosity well adapted for the pressing step (Figure 5). 
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Figure 5: SEM micrograph of (U0.9,Am0.1)O2 microspheres 

 

The first of these processes has the advantages of robustness, reliability, and flexibility, but requires 
further R&D to control the co-precipitated powder morphology to limit dispersion and allow direct press 
compaction. The second is intrinsically capable of producing microspheres (or spherical particles) that are 
directly pelletised with minimal dispersal and excellent flowability, but requires significant R&D to control 
the synthesis conditions. 

Pellets fabrication 

The first process based on reactive sintering, which consists into mixing two (or more) different 
oxides before a thermal treatment, was used to produce the dense samples for MARIOS [7]. But in the case 
of U-Am mixed oxides, such a process only leads to limited densities that barely reach 93%TD (of the 
theoretical density) [8]. This limitation is due to the principle of a reactive sintering, during which the solid 
solution formation and the densification have to occur during a single thermal treatment. A competition 
thus occurs between these two phenomena, which limits the densification: as long as the solid solution is 
not formed, the densification cannot be complete. 

To overcome these limitations, a new process, called UMACS (Uranium-Minor Actinide 
Conventional Sintering) was developed and used for the fabrication of the samples for DIAMINO 
irradiation [9,10]. Firstly, a solid state route is employed to synthesise a solid solution: a homogeneous 
powder is obtained, pelletised and heat treated to favour the formation of the intended U1-xAmxO2±δ oxide 
solid solution. Secondly, a U1-xAmxO2±δ powder is produced from those heat-treated pellets by the use of a 
grinding step. The resulting powder is then again pressed to form pellets, which are sintered during a 
dedicated cycle at high temperature in controlled atmosphere. At this stage, the americium is already 
combined with the uranium in a solid solution, which considerably reduces the risk of sublimation. 

In 2013, first experiments have been performed for the fabrication of pellets, using the batch of 
U0.85Am0.15O2±δ powder synthesised by oxalic co-precipitation, to evaluate the simplified route. The 
characterisation of the precursor was firstly carried out especially by TIMS to verify the americium 
concentration (15.8% ± 0.3%).Then a dilatometric study was performed in order to fix the optimal conditions 
for densification. Two heat treatments were then completed on green pellets pressed at 450 MPa during 
5 hours at 1 873 and 1 923 K under Ar/H2 atmosphere. Obtained densities ranged from 94.7 ± 0.5%TD to 
95.7% ± 0.5%TD. Visual inspection of the pellets shown in Figure 2 did not display any macroscopic defects 
(cracks, shape modification, etc.). The pellet morphology observed by MEB-FEG showed a very dense 
homogeneous microstructure with only a residual submicronic porosity. The final concentration of americium 
measured was 15.6 ± 0.3 % proving the lack of americium sublimation during the heat treatment. 

 166 



 NEA/NSC/R(2015)2 

Figure 6: SEM micrograph of fabricated pellet 

 

More recently pellets fabrication tests have been carried out using U0.9Am0.1O2±δ microspheres 
as precursor produced by the WAR process described above. The same abovementioned method 
was used allowing the fabrication with CRMP4 process [11,12] of homogeneous and dense pellets 
(94.9 ± 0.5 % DT) with no structural defects. Final characterisation indicated no loss of americium. 

Figure 7: SEM micrograph of a microsphere U0.9Am0.1O2±δ and fabricated pellet 

  

Conclusion 

These first very promising tests at laboratory scale for simplified route allowed the fabrication of 
dense pellets with homogeneous microstructure and composition and no defects even with non-optimised 
sintering conditions. Future studies, to further understand the correlation between the solid solution 
formation and final sintering, will be carried out to optimise the different steps of the process. 

Technological developments 

Different developments of innovative technologies are carried out in order to improve the fabrication 
processes performance and also to allow an increase in the production rate. All these developments take of 
course into account from the beginning the specific constraints of hot cell operating. For example, the 
improvement of the filtration step performance of the co-precipated oxalate led us to develop with 
FLOWERSEP a new filtration technology called LAMINARFLOW (Figure 8). The basic principle is a 
centrifugal separation with laminar flux thanks to different parts turning at different speeds. This prototype 
will also provide a continuous draining system of the filtered precipitate. The objective is to have a 
validated prototype for glove box operating at the end of 2017. 

4. Calcined Resin Microspheres Pelletisation 
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Figure 8: Schematic view of LAMINAR FLOW and prototype view 

  

For pellet fabrication currently manually shaped, collaboration has been set up between the CEA and 
CHAMPALLEALCEN for the definition of an innovative automatic press completely nuclearised [13]. The 
design has been first controlled thanks to a 3D simulation in order to validate the press assembly, 
operating, maintenance and dismantling with slave manipulators (Figure 9) before manufacturing. 

Figure 9: Simulation of the press assembly operations 

  

Main characteristics are: compactness with a maximum height of 1 200 mm, 10 tons capacity, 
electromechanical that is to say oil free and a production rate of 1 to 5 pellets per minute (Figure 10). The 
first tests in a hot cell mockup will be carried out before the end of 2014 and firstly on surrogates. 

Figure 10: 3D view and picture of the press 

  

Experimental irradiations 

The heterogeneous fuel qualification procedure includes four phases as illustrated in Figure 11. The 
selection phase determines the fuel specification requirements. The concept validation phase involves 
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analytic or semi-integral irradiation experiments on an individual pellet or cladding segment. Integral 
experiments on full-scale pins or capsules are performed during the prototype validation phase. The final 
industrial qualification phase is carried out on a complete assembly. 

Figure 11: qualification phases for heterogeneous fuel concept 

 

The concept validation phase is currently underway through the MARIOS5 [14,15], under Post 
Irradiation Examinations, and ongoing DIAMINO [16] irradiation. The main goal of these experiments is 
to investigate gaseous release and swelling of Am-bearing UO2-x fuels as a function of temperature, fuel 
microstructure and gas production rate. A small pin has been fabricated for each experimental 
configuration (corresponding to 1 temperature × 1 microstructure × 1 helium production rate). Finally, four 
and six small pins were irradiated or are under irradiation as part of the MARIOS and DIAMINO 
experiments, respectively (Table 1). Samples with 15% of 241Am were or are irradiated for about one year 
in the HFR and the OSIRIS reactor, corresponding to about 300 and 200 EFPD respectively. Samples with 
7.5% of 241Am will be irradiated for about twice this duration, i.e. about two years. 

Table 1: MARIOS and DIAMINO irradiation characteristics 

  

The next step will tackle semi-integral irradiation first with MARINE6 (under preparation) [15,17] 
expected to start in 2015 in HFR. MARINE (stands for “MA heterogeneous Recycle semi-Integral 
Experiment”) will provide a comparison between sphere-packed and pelletised (U0.85,Am0.15)O2 fuel 
performances at 1 000°C during around 350 EFPD, in two instrumented (on-line pressure measurement) 
small pins. In the scope of the bilateral collaboration between DOE and CEA, a second irradiation is under 
discussion and definition to be performed in ATR. This irradiation will provide information on the 
behaviour of oxide and metal fuels. Around 6 mini-pins could be irradiated at 800°C and 1 000°C during 
700 EFPD. Especially two mini-roadlets could be made of (U0.85,Am0.15)O2 pellets from oxalic 
co-converted powder, one with 243Am and 241Am coming from reprocessing of spent fuel via ExAm and 
one with 241Am. Two others could be made of (U0.85,Am0.15)O2 pellets synthetised with the CRMP process 
described above. 

PIE results for MARIOS, DIAMINO and MARINE are expected around 2018. 

5. In the framework of the European program FAIRFUELS AND PELGRIMM projects. 
6. In the framework of the European program: PELGRIMM project. 
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Beside AmBB experimental irradiations, several irradiations completed on IMF (Inert Matrix Fuel), 
described in Table 2, from PHENIX reactor are available for PIE and proposed for international 
collaboration (pins are provided by CEA for PI examinations and the results will be shared). 

Table 2: Irradiations characteristics proposed for international collaboration 

 

Conclusion 

In the framework of actinides transmutation at CEA, significant results have been achieved for 
conversion and fabrication at laboratory scale, a comprehensive database for MABB will be available in 
2020, thanks to ongoing analytical and future semi-integral irradiations. The decision to go further in the 
demonstration of AmBB transmutation could be taken at this date: i.e. prototypic experiments in ASTRID 
sodium fast reactor in 2025. 
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