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Abstract- The LEMA (Actinide based materials study laboratory) is mainly involved in minor actinides 
materials development and fabrication, from raw materials choice and synthesis to finished products 
including pin assembly. The aim of the technological analyses is to establish choices of raw materials and 
manufacturing technique. The LEMA is located in the ATALANTE facility in Marcoule. It consists in two 
shielded chains (one specific for neutrons) and three hot laboratories. The laboratory has various 
fabrication equipments in hot cell such as: ball mills, press, dilatometer, TGA, calcination and sintering 
furnaces (2000°C). The laboratory has also characterisation equipments such as XRD and SEM dedicated 
to structural and microstructural studies. Thanks to the diversity of its equipments, the LEMA has well 
established worldwide collaborations and participates in international fuels/target fabrication and 
irradiation experiments. 

 
 

INTRODUCTION 
 
Actinide based materials study laboratory is a 
part of the ATALANTE facility which is located 

in the CEA in Marcoule (figure 1). 
ATALANTE facility consists in 12 shielded cells 
line and 20 laboratories dedicated to nuclear 
research on the back-end of the nuclear fuel 
cycle.  
Unique in Europe, ATALANTE facility 
supports fundamental and applied research 

activities ranging from laboratories studies on 
very small quantities of radioactive materials to 
demonstration scale experiment. 
 
 R&D topics mainly concern: 
 
- Reprocessing of spent nuclear fuel; 
- Partitioning and transmutation of LLRNs; 
- Immobilization of radionuclides; 
- Long-term behaviour of waste packages; 
- Future nuclear fuel cycles. 
 
THE ACTINIDE BASED MATERIALS 
STUDY LABORATORY 
 
The Actinide based materials study laboratory 
(LEMA) in ATALANTE has developed a 
significant know how in the field of minor 
actinides bearing materials. The materials 
investigated are minor actinides bearing MOX, 
targets for transmutation, Inert Matrix Fuels 
(IMF). The laboratory has been involved in 
various irradiation experiments such as ECRIX 
[1], OSMOSE [2], FUTURIX [3-4-5]… but also 
in ceramic materials fabrication for long-term 
disposal of long-lived nuclides [6]. 

Fig. 1: ATALANTE facility in Marcoule 



P6_02 

ATALANTE 2008 Montpellier (France) May 19-22, 2008 2 

The LEMA comprises about 18 members and is 
composed of two shielded cells lines (C9 and 
C10) and three hot laboratories with glove boxes 
as shown in figure 2. 

C9 is dedicated to large amount of americium 
handling while the C10 shielded cell which is 
composed of 6 hot cells  (figure 3) is suitable for 
strong neutron emitter especially curium and 
neutron source. The gamma/neutron protection is 
made of 1m lead glass with three water blades 
and 1m of hard concrete in addition to the 150 
mm high density steel.  

 
EQUIPMENTS FOR FUEL/TARGET 
FABRICATION AND PIN ASSEMBLY 
 

 
Target/ fuel fabrication 
 
Various dedicated equipments and tools have 
been developed and implemented to allow 
material preparation and to comply with 
radiation protection requirements. All the 
equipments necessary for powder metallurgy 
process are available in glove box and hot cells 
including: 

-balances; 

-ball mills; 

-presses using three parts die as shown in figure 
4; 

-laser metrology scanning for pellet control; 

-sintering furnace (2000°C) in L6 hot cell (figure 
5) which allows a routine operating temperature 
of  1750°C (maximum temperature: 2000°C), 
with a loading capacity at least 20 PWR type 
pellets. The furnaces can be operated under any 
type of atmosphere (oxidizing, neutral or 
reducing), 

In addition to the L6 sintering furnace, a new 
furnace will be implemented in C10 shielded cell 
in 2009 enabling high curium content materials 
sintering. 
 
 
 
 
 
 
Pin assembly and welding 

Fig. 2:  LEMA location in ATALANTE 

Fig. 4: view of a C10 hot cell 

Fig. 3: hot cell press 

Fig. 5: operating sintering furnace  
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The LEMA facilities allow the fabrication of fuel 
pins. Both TIG and laser welding are installed 
either in glove boxes and shielded cells.  
 

Quality control 

After welding, samples are submitted to helium 
permeation leak testing by mass spectrometry in 
compliance with AFNOR standard NF-ISO 
9978. The welded parts are also subjected to X-
ray inspection and metallographic examination 
for final approval. 

 
CHARACTERISATION 
 
For characterisation of the fabricated materials, 
numerous equipments have also been adapted to 
high activity requirements. In addition to 
dilatometry, TGA, particle size measurement and  
specific surface area determination…., a 
particular attention was paid to structural and 
microstructural studies in order to work with all 
type of minor actinides.  
 
X-Ray Diffraction analysis 
 

For XRD analysis, a Bruker D8-Advance 
diffractometer with a molybdenum anticathode is 
used (figure 7). The sample is placed under 
Mylar film to prevent material removal and put 
in a leaktight container has been developed 
specifically by the CEA with a beryllium 
window. The X ray spectrum is acquired 
operating in (θ,θ) configuration .  
 

SEM analysis 
 
 
A hot cell JEOL SEM is available in the LEMA 
as shown in figure 8. For this equipment a 
specific in cell sample preparation and 
metallization was developed enabling all type of 
minor actinides compound observation. 
 

CONCLUSION 
 
The LEMA focuses on experimental nuclear 
fuels development. The R&D in the LEMA also 
includes the investigation of specific properties. 
In addition to fabrication capability, the LEMA 

Fig. 6: hot cell laser welding device 

Fig. 7: Nuclearized X ray diffraction unit  

Fig. 8: SEM in hot cell 
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is also specialized in pin fabrication which 
makes it a major contributor for transmutation 
and GEN IV fuel studies.  
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