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CONTEXT 1/3 - THERMAL GRADIENT 

U1-yPuyO2-x 

MOX 

Metallography  [1] 

Pu content : 20 mol.% 

Irradiated: 13 % at. 

Central hole 

Columnar grain limit  

Border 

.  

1950°C 

1750°C 

700°C 

 Currently studied as part of the fast 

reactors development. 

The maximum temperature reached along the fuel pellet radius remains below the 

melting temperature.  
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CONTEXT 2/3 – REDISTRIBUTION OF PU AND O ATOMS 
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Metallography   

Pu content 20 mol. % 

Irradiated:13 % at. [1].  

Central hole 

Columnar grain limit  

Border 
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Central hole: enriched in Pu 30 – 

70 mol. % range and O/M <~ 1.945 

Border: depleted in Pu 20 mol. % 

and O/M ~ 2.00 

Depending on the pellet position 

inside the reactor core, the O/M 

ratio and Pu content initials 

2.00 

 

1.99 

 

1.98 

 

1.97 

 

1.96 

 

1.95 

 

1.94 

 

1.93 

 

1.92 

 

1.91 

 

1.90 
3                     2.5                    2                    1.5                     1                    0.5 

Pellet radius (mm) 

1.945 

1.928 

1.982 

O/M = f(R) [1]. 
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The local melting point depends upon both 

the O/M ratio and the Pu content.  

 

 

 

The melting temperature decrease as Pu 

content increase = a diminution of the 

security margin of the reactor. 

CONTEXT 3/3 - HETEROGENEITIES IN THE MOX PROPERTIES 

4 

Section of the semi-binary 

diagram [2]. 

Significant heterogeneities in the MOX properties along the pellet radius  

Goals 

Fill the lack of data (structural, microstructural, thermal and thermodynamic) for MOX 

with Pu content greater than 45 mol. % and more specifically for Pu > 60 mol. %. 

 

Feed the database for the GERMINAL performance calculation code and enhance the 

modelling of the U-Pu-O phase diagram by the CALPHAD method. 
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ELABORATION 1/2 
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Ternanary phase diagram U-Pu-O at room temperature for an O/M ratio between 1.5 and 2.7 [3] 

O/M=2.00 

 O/M<2.00 

0.6 0.7 

0.65 

60, 65, 70 mol. % 

Needed properties  

• Density after sintering > 94% of dtheo 

• Microstructure without crack and macroporosity  

• Homogeneous chemical distribution of cations and oxygen (O/M ratio) 

• Monophasic (solid solution) and stoichiometric (O/M = 2.00) material 
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ELABORATION 2/2 - CO-MILLING PROCESS (ATALANTE) 
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U0.4Pu0.6O2    

Dense pellet  

UO2     PuO2    

Dosage  

20 pellets -> 31g 

Milling  

4h, U-Ti , U=1 

Granulation  

200 µm  

Pelletizing  

450 MPa, 6 mm  

Blending  

30min 
1700°C - 24h  

900°C - 3h  

Best compromise for needed samples for 

the thermodynamic characterizations 

Température  

(°C)  

Humidity  

(ppm) 

Time (h)  

After sintering: height of 5 mm, diameter of 

5 mm and weight of 1 g 
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CHARACTERIZATION - MICROSTRUCTURE AND DENSITY  
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Dense pellet without crack and macropore 

* Hydrostatic density by immersion in bromobenzene solution   
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CHARACTERIZATION – X-RAY DIFFRACTION 
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Setting: angle step 0.1 ° each 5s – acquisition between 20 and 140° 

Monophasic material U0.4Pu0.6O2    

D8 Brucker 

*

  
*

  

*

  

*

  
*

  
*

  

*

  

* : Au reference 
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CHARACTERIZATION - ELECTRON PROBE MICRO-ANALYSIS  
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Electron Probe Micro-Analysis  

CAMECA SX100  

Homogeneous distribution of cations with 

acceptable uranium agglomerate.  Uranium 

Plutonium 

Wt. % 

Length (µm) 
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CHARACTERIZATION - RAMAN MICRO-SPECTROSCOPY 
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Setting: Green laser (10%)  11mW - Magnification x100 

Monophasic solid solution and homogeneous 

repartition 

68.3 

64.8 

61.4 

58.1 

54.8 

51.7 

48.6 

Line (3000 µm): 30 s/point each 1.5 µm  

Map (120x70 µm): 30 s/point each 1.5 µm 

Raman Micro-Spectroscopy 
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CONCLUSIONS AND PERSPECTIVES  

11 
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