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Abstract – The EUROTRANS project investigates the transmutation of transuranium elements in dedicated 
reactors (ADS, FR). The study includes various subject areas: neutronics, physical properties, coolant type 
(sodium, lead, bismuth, helium), etc…, and experimental work concerning the fabrication of minor actinide 
compounds for thermo-physical properties determination. For this program, the CEA was responsible for 
synthesizing three Pu1-xAmxO2 compounds with various Am and Pu content (ie: x = 0.2, 0.5, 0.8). The 
selected synthesis route for the mixed Am and Pu oxide powder consists in actinides oxalates co-
conversion. The purpose of the study was to determine by XRD the crystal structure and the lattice 
parameters change as a function of the time for each co-converted mixed oxides. After one year of 
experiment, although the lattice parameters significantly expanded, the compounds remained monophasic. 
The observations showed that the initial expansion rate and the amax stage value vary according to the Pu 
and Am content.  

 
 

INTRODUCTION 
 
In the framework of the actinides based material 
using a wet route synthesis, three compounds 
containing Pu and Am were prepared. These 
oxides were synthesized for the FUTURE and 
FUTURIX programs by oxalate co-conversion. 
The crystal structure of the PuxAm1-xO2 (x= 0.2/ 
0.5 / 0.8) compounds is similar to AmO2 and 
PuO2 (ie: fcc). However, no data concerning the 
self-irradiation effect is reported in the literature. 
Although these compounds have probably a self-
irradiation behaviour similar to PuO2 and AmO2, 
it was considered as interesting to study this 
effect in the mixed oxides [1]. The initial lattice 
parameters ao and the equations which describe 
the lattice parameter change as a function of the 
time were determined for each compound. 

 Pu1-xAmxO2 SYNTHESIS 
 

Pu1-xAmxO2 powders were obtained by 
oxalate co-conversion technique. It was used as 
an alternative to solid state reaction in order to 

reduce the chemical pollution and to limit the 
risk of contamination by solid matter dispersion. 
This technique includes two steps:  
 

- Formation of a precipitate in nitric acid  
medium with an excess of oxalate   
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- Calcination in air to obtain the mixed 

oxide     
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The key parameters ([HNO3], [H2C2O4]excess) 
were carefully selected on the basis of the Am 
and Pu oxalate solubility curves versus [HNO3] 
and [H2C2O4]. Synthesizing mixed (Pu1-xAmx)O2  
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compounds by oxalate co-conversion yields to 
pure single-phase precursors. Chemical analyses 
were performed on the starting solutions 
showing that the elemental compositions of the 
compounds were in good agreement with the 
aimed compositions.  
 

STRUCTURAL ANALYSIS 

 
XRD study 
 
The lattice parameter determination strongly 
depends on the preparation and storage 
conditions of the sample. In order to minimize 
the self-irradiation effects on the initial lattice 
parameter determinations, the XRD experiments 
were performed immediately after the oxides 
synthesis. XRD patterns were obtained with a 
Bruker D8 Advance analyzer modified for 
radioactive samples use. Diffraction data were 
recorded for 2θ in the range 8 to 55° at 1.6°/h 
using a molybdenum anticathode. The 
computation programs for lattice parameter 
refinement and peak intensity/position were 
EVA and TOPAS. For each measurement, gold 
powder was mixed with Pu1-xAmxO2 powder as 
an internal standard for peak position and 
intensity corrections. An example of XRD 
pattern is given in figure 1.  

 

.It can be seen that: 

- a single narrow peak was observed in each 
case. Two peaks overlapping would have lead to 
a broad or doubled peak indicating a polyphasic 
system. 

- each peak was found between the PuO2 and 
AmO2 peaks, with the its position depending on 
the oxide composition.  

Furthermore, AmO2 and PuO2 have the same 
crystal structure, if the mixed compounds 
obtained are single-phase Vegard’s law can be 
applied as for U-Pu or U-Ce compounds. The 
theoretical lattice parameter for the single-phase 
oxide would thus be (3): 

ath = (1−x) aPuO2 + x aAmO2                         (3) 
 

 
According to figure 3, experimental data 
demonstrate a good agreement with the Vegard’s 
law.  

  
Lattice parameter expansion for PuxAm1-xO2 
(x =0.2; 0.5; 0.8) 

 
Self-irradiation results in significant changes in 
the materials properties (swelling, thermal 
conductivity decrease, etc…) and in particular 
lattice expansion with time [2]. The curves 
representing this variation generally 
demonstrate: 
  
- a fast expansion rate of a at the beginning; 
- a decrease in the expansion rate ; 
- a stabilization at a maximum value. 
 
Many articles concern these phenomena and 
explain the curve shape [3-4]. It should be 
mentioned that studies of R. B. Roof [5] on 
238(80%)PuO2 sample showed a curve passing by a 
maximum after 65 weeks (0,38%)  and by a 
minimum after 200 weeks. It is the only example 
of this type of curve available in the literature. 
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Fig. 1: XRD pattern of Pu0,2Am0,8O2 
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Fig. 3: Vegard’s law applied to Pu-Am-O 
system (■ experimental data) 
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Figure 4 represents the experimental variation in 
lattice parameter for each composition.  
 

It can be seen that:  
 
• the lattice parameter expansion rate depends 
on the Pu and Am content. The stabilisation time 
increases with Pu content (ie: Pu0,80Am0,20O2 : t > 
200 j // Pu0,20Am0,80O2 : t~100j); 
 
• the lattice parameter maximum value increases 
with Pu content (ie:Pu0,8Am0,2O2 : amax = 5.407 
+/- 0.001 Ǻ// Pu0,20Am0,80O2 : aamx = 5.397 +/- 
0.001 Å). 
 
From the experimental data, the curves were 
expressed in the form of the equation (4): 
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where: 
 
a is the lattice parameter  and a0 the initial value 
of the lattice parameter, C is a constant, t is the 
time in days.  ∆a/a0 = f(t) expressions of each 
experimental curve  are given in table I.  
 

 
CONCLUSION 
 
The objective of this study was to determine by 
X ray diffraction the crystal structure and the 
lattice parameters change as a function of the 
time for various high purity oxalate co-converted 
mixed oxides Pu1-xAmxO2 (x = 0.2 / 0.5 / 0.8). It 
was observed a fast lattice parameter expansion 
rate, followed by an expansion decrease leading 
to a stage value. The observations showed that 
the initial expansion rate and the stage value amax 
vary according to the Pu and Am content in the 
compounds. After one year of experiment, 
although the lattice parameters drastically 
changed, the compounds remain monophasic.  
 

Acknowledgment 

 
The authors express their gratitude to all the 
scientists and Institutes involved in 
EUROTRANS project and to the European 
Commission for the financial support under the 
FI6W-CT-2004 contract.  
 
 
REFERENCES 
 
                                                           
1. C. HURTGEN & al, Self-irradiation effects in 
americium oxides, Inorg. Nucl. Chem. Letters, 
Vol. 13, pp. 179-188, (1977) 
2. F. W. CLINARD & al, Alpha decay self-
irradiation damage in 238 Pu-substituted 
zirconolite, Journal of Nuclear Materials, Vol. 
105, pp. 248-256, (1982) 

3. R.P. TURCOTTE & al, Annealing of self-
radiation damage in 238PuO2, Radiation Effects, 
Vol 19, pp. 99-108, (1973) 

TABLE  I ∆a/a0 = f(t) expressions calculated 
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Composition 
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t in days 

Pu0,80Am0,20O2 3,15.10-3 (1 -e-0,015 t) 

Pu0,50Am0,50O2 2,93.10-3 (1-e-0,033.t) 

Pu0,20Am0,80O2 3,20.10-3 (1-e-0,03.t) 
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