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Report: 
 
Monazite ceramics are promising materials as potential nuclear waste forms for the conditioning of Pu 

and minor actinides due to such properties as high loading, high chemical stability and irradiation 

resistance [1]. 

Four L(1-x)PuxPO4 (x = 0.01, 0.05, 0.1, 0.15) solid solutions were synthesized by solid state reaction in 

inert atmosphere and characterized thoroughly by XRD and SEM/EDX to be homogeneous and single 

phase monazite solid solutions. PuIVO2 and PuIIIPO4 from the work [2] were used as reference 

materials. The powders were diluted with boron nitride powder and pressed into pellets and 

encapsulated in a double sealed confinement. The XAS measurements of the Pu LIII edge and La LIII 

edge were collected at RT in fluorescence mode at 18057 eV and 5483 eV, respectively. 

The XANES spectra (Fig. 1, left) of the solid solutions compared to the reference material (PuIVO2 and 

PuIIIPO4) clearly confirm that PuIII is incorporated in the solid solutions as observed by Popa et al. for 

pure PuPO4 [2].   



 

             
 
Figure 1: XAS spectra of La1-xPuxPO4 solid solutions as well as reference spectra. 
 
From a combination of XRD and XAS data it can be concluded that the incorporation of PuIII on the 

defined lattice sites of the monazite structure is adjusted by the local environment of LaPO4, while 

local environment of  Pu remains PuPO4-like for the entire solid solution range. It was demostrated 

that the fabrication of  a monazite-type ceramic containing a 10-15% Pu is feasible by conventional 

solid state synthesis method. 

The results are accepted for publication at J. Nucl. Mater.. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1. EXAFS shell fit results of Pu-doped La-monazites in comparison to PuPO4 and LaPO4 (Pu-

LIII and La-LIII spectra, respectively). 

Sample Path CN R   
[Å] 

2 
[Å2] 

E0 
[eV] 

S0
2 res 

[%] 
PuPO4 Pu-O 9 2.47 0.0103 9.9 0.70 7.4 
(T) Pu-P 3 3.21 0.0117    
 Pu-P 4 3.74 0.0105    
 Pu-Pu 3 4.07 0.0061    
 Pu-Pu 3 4.24 0.0057    
La0.85Pu0.15PO4 Pu-O 9 2.48 0.0094 9.2 0.77 6.3 
(T) Pu-P 3 3.20 0.0122    
 Pu-P 4 3.75 0.0083    
 Pu-Pu 3 4.10 0.0014    
 Pu-La 3 4.33 0.0010    
La0.90Pu0.10PO4 Pu-O 9 2.48 0.0098 8.9 0.79 6.3 
(T) Pu-P 3 3.20 0.0125    
 Pu-P 4 3.74 0.0085    
 Pu-Pu 3 4.05 0.0016    
 Pu-La 3 4.32 0.0010    
La0.95Pu0.05PO4 Pu-O 9 2.48 0.0094 8.8 0.78 6.6 
(T) Pu-P 3 3.20 0.0130    
 Pu-P 4 3.74 0.0082    
 Pu-Pu 3 4.06 0.0014    
 Pu-La 3 4.33 0.0010    
La0.99Pu0.01PO4 Pu-O 9 2.48 0.0100 9.2 0.74 7.6 
(F) Pu-P 3 3.20 0.0112    
 Pu-P 4 3.74 0.0083    
 Pu-Pu 3 4.06 0.0012    
 Pu-La 3 4.33 0.0010    
LaPO4 La-O 9 2.53 0.0106 10.2 0.63 13.8 
(F) La-P 3 3.31 0.0205c    
 La-P 4 3.73 0.0205c    
 La-La 3 4.08 0.0082c    
 La-La 3 4.38 0.0082c    
LaPO4 La-O 9 2.56     
(XRD)[6] La-P 3 3.32     
 La-P 4 3.76     
 La-La 3 4.11     
 La-La 3 4.32     
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