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Abstract 

Minor actinide (MA)-bearing MOX fuels have been developed as candidate fuels which are used in 
fast neutron spectrum cores such as sodium-cooled fast reactor (SFR) cores and experimental accelerator 
driven system (ADS) cores. Americium (Am) which is one of the MA elements significantly affects basic 
properties. It is known that Am content causes oxygen potential to increase and that influences irradiation 
behaviour such as fuel-cladding chemical interaction (FCCI) and chemical state of fission products. 
However, the effects of Am content on changes of basic properties are not clear. In this work, the oxygen 
chemical diffusion coefficients were calculated from measured data and the relationship between oxygen 
diffusion and oxygen potential of (Pu,Am)O2-x was discussed. 

Introduction 

Minor actinide (MA)–bearing oxide fuels have been developed for fast reactors and accelerator-driven 
systems (ADS) with the aim of reducing the amounts of radioactive wastes. In the development of MA–
bearing fuels, the physical properties must be known to carry out irradiation behaviour analyses and fuel 
design. Various physical property measurements and irradiation tests of MA-bearing uranium and 
plutonium mixed oxide (MOX) fuels have been carried out for fast reactor fuel developments [1]. 
Additionally, some (Pu,Am)O2-MgO inert matrix fuels have been developed for ADS fuel developments 
[2]. These studies showed that Am content significantly affected fuel properties. 

Matsumoto et al. [3] and Nakamichi et al. [4] have reported the effects of Am content on oxygen 
potentials. The content of Am caused oxygen potential to increase and oxygen-to-metal (O/M) ratio to 
decrease in sintering process. Hence, it is important to investigate behaviour of oxygen in Am-bearing oxide 
fuels. In this work, oxygen chemical diffusion in (Pu,Am)O2-x was investigated and compared with that of 
PuO2-x. 

Experimental 

(Pu0.928Am0.072)O2 powder was used in this research. The Am in this powder was formed by beta 
decay of 241Pu during storage of about 30 years. The powder was pressed into a pellet and sintered at 1 873 
K in 5% H2/Ar gas mixture with added moisture. The pellet was annealed at 1123 K for 4 h in air to adjust 
to the stoichiometric composition and then the pellet was sliced into a thin disc of 1.7 mm thickness. 

Measurements of the O/M ratio change rate were carried out by the thermo-gravimetric technique at 
temperatures of 1873, 1773, 1673 and 1473 K. The oxygen partial pressure in the atmosphere was changed 
rapidly by changing the ratio of hydrogen partial pressure to moisture partial pressure and the changes of the 
disc specimen weight were measured as function of time. Table 1 shows the experimental conditions, which 
were the temperature, oxygen partial pressure and O/M ratio. 
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Results and discussion 

Oxygen chemical diffusion coefficients were estimated from thermo-gravimetric data measured from 
the reduction process that occurred in the hypo-stoichiometric composition range. For diffusion from and 
into the plate, the following equation is given [5]. 
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Here, F is the change fraction of the O/M ratio, C is the average O/M ratio in the specimen, Ci is the 
initial O/M ratio, Cf is the final O/M ratio, h is the diffusion distance, D

~
 is the oxygen chemical diffusion 

coefficient, and t is the reaction time. The measured data were fitted by Equation (1) as a parameter of D
~

. 
Figure 1 shows an example of fitting results, and the measured data could be fitted well by the plate diffusion 
model. Oxygen chemical diffusion coefficients obtained by this method are summarised in Table 1. 

D
~

 of (Pu0.928Am0.072)O2-x and PuO2-x are plotted in Figure 2 as a function of 1/T. D
~

 values of 
(Pu0.928Am0.072)O2-x were greater than those of PuO2-x at all temperatures. However temperature dependence 
of D

~
 was not clearly observed in this figure. 

Figure 1: Change fraction of O/M ratio 
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Table 1 Experimental conditions and oxygen chemical diffusion coefficient D
~

 values 

No. Temperature 
(K) 

O/M PO2 
(atm) 

D
~

 
(cm2/s) Initial Final 

1 1473 1.957 1.950 6.85×10-15 3.4×10-6 
2 1673 1.965 1.948 4.43×10-11 5.0×10-6 
3 1673 1.948 1.943 1.21×10-11 4.4×10-6 
4 1673 1.951 1.932 8.15×10-13 2.7×10-6 
5 1673 1.932 1.925 2.27×10-13 2.5×10-6 
6 1673 1.931 1.913 8.18×10-14 1.9×10-6 
7 1673 1.913 1.903 2.42×10-14 1.9×10-6 
8 1773 1.966 1.950 7.67×10-10 5.1×10-6 
9 1773 1.950 1.942 2.06×10-10 3.1×10-6 

10 1773 1.958 1.926 1.60×10-11 2.6×10-6 
11 1773 1.936 1.907 4.53×10-12 2.6×10-6 
12 1773 1.907 1.891 1.34×10-12 2.9×10-6 
13 1773 1.932 1.873 6.10×10-13 1.4×10-6 
14 1873 1.955 1.912 1.61×10-10 3.0×10-6 
15 1873 1.912 1.889 3.63×10-11 2.9×10-6 
16 1873 1.904 1.881 2.46×10-11 2.7×10-6 
17 1873 1.881 1.871 1.49×10-11 2.7×10-6 
18 1873 1.898 1.856 5.25×10-12 1.6× 10-6 
19 1873 1.885 1.844 2.58×10-12 1.7×10-6 
20 1873 1.942 1.909 9.23×10-11 2.8×10-6 

Figure 3 shows the O/M ratio dependence of D
~

. D
~

 of PuO2-x had O/M ratio dependency, and its values 
became a minimum in the vicinity of O/M = 1.98. D

~
 of (Pu0.928Am0.072)O2-x slightly decreased with 

decreasing O/M ratio; however, its values did not have the same trend as PuO2-x. 

Figure 2: Oxygen chemical diffusion coefficients 
versus 1/T 

Figure: 3 Oxygen chemical diffusion coefficients 
versus O/M ratio 
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Matsumoto et al. [3] reported that Am4+ in (Pu0.928Am0.072)O2-x was reduced earlier than Pu4+ in the 
reduction process. It is possible to determine the reduction zone of Am4+ and Pu4+ by the following 
equation. 
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Here, x is the deviation from stoichiometry, R is the gas constant, T is temperature, and PO2 is oxygen 
partial pressure. Figure 4 shows the relationship between oxygen potential and O/M ratio of 
(Pu0.928Am0.072)O2-x calculated from equation (2). Oxygen potential changed in two stages with the 
transition point at O/M = 1.964. The region from O/M =2.00 to 1.964 represented the Am4+ reduction. The 
region less than O/M = 1.964 represented Pu4+ reduction. 

From the results of Figure 4, it was found that D
~

 values of (Pu0.928Am0.072)O2-x were plotted in the 
region where Am4+ was completely reduced. Thus, it was possible that D

~
 values of (Pu0.928Am0.072)O2-x 

increased due to presence of Am3+. 

Figure 4: Calculation results of oxygen potential of (Pu0.928Am0.072)O2-x 

 

Conclusions 

The oxygen chemical diffusion of (Pu0.928Am0.072)O2-x was studied at high temperatures under a 
controlled oxygen partial pressure. The oxygen chemical diffusion coefficients of (Pu0.928Am0.072)O2-x were 
greater than those of PuO2-x. Moreover, the former slightly decreased with decreasing O/M ratio. It seems 
that the increase of the oxygen chemical diffusion coefficient was caused by presence of Am3+. 
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