
378 Journal of Alloys and Compounds, 213/214 (1994) 378-380 
JALCOM 4086 

Electrical conductivity and defect structure of lanthanum-doped 
( U , P u ) O 2  +x  

T o s h i h i d e  Tsu j i  a n d  Kei j i  N a i t o *  
Department of Nuclear Engineering, Faculty of Engineering, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-01 (Japan) 

T o s h i y u k i  Y a m a s h i t a  a n d  T a k e o  Fu j ino**  
Department of Chemistry and Fuel Research, Japan Atomic Energy Research Institute, Tokai-mura, 1baraki 319-11 (Japan) 

Abstract 

The electrical conductivities o, of Laz(U0.aPuo.2)l_zO2+ x (z=0.01 and 0.1) were measured in the range 10 -15 
P a < P 0 2 < 1 0  -x'5 Pa at 1273 K. Three different dependences of tr on P02 for La,(Uo.sPuo.2)l-zO2±x (z=0.01 and 
0.1) were observed, similar to the results for the sample not containing lanthanum (z = 0). An additional dependence 
of ~r on P02 was observed for the sample with z--0.1,  similar to that of the hypostoichiometric Lao.lUo.902-x 
phase, suggesting the existence of the hypostoichiometric Lao.l(Uo.aPuo.2)o.902_ x phase. The effect of doping on 
the defect structure and the electrical conduction mechanism of Laz(Uo.sPuo.2)l_zO2±x (z--0.01 and 0.1) is discussed. 

1. Introduction 

Mixed oxide fuel (U ,Pu)O2± x is of interest in reactor 
engineering for use as fuel for fast breeder reactors 
and plutonium enriched thermal reactors. In preceding 
papers [1-3], we reported the electrical conductivities 
tr of  Ul_yPUyO2+ x ( y = 0 . 0 5 ,  0.10, 0.20, 0.30, 0.50 and  
0.90) under an oxygen partial pressure Po2 ranging 
from 10 -aS to 10 -1"5 Pa at 1273 K. Three different 
dependences of tr on Po2 were observed irrespective 
ofy. The defect structure and the electrical conduction 
mechanism in these three regions were discussed. 

In this study, the effect of doping on the electrical 
conductivities of taz(Uo.sPu0.2) 1 _zO2 +x (z = 0.01 and 0.1) 
was investigated in the oxygen partial pressure range 
from 10 -15 to 10 -1"5 Pa at 1273 K. 

2. Experimental details 

Purified uranium, plutonium and lanthanum nitrate 
solution were mixed in appropriate concentrations, and 
the mixed solution was gently evaporated and dried in 
a mantle heater. Powder of the mixed oxide was obtained 
by calcining the solid nitrate at 1073 K in air. After 
pressing the powder at about 20 kg mm -2, the pellet 
was sintered in vacuum at 1673 K for 3-4 h. The 
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electric conductivity was measured and the oxygen 
partial pressure was controlled in the range 10-15-10-1.5 
Pa as described in our previous papers [1-3]. 

3. Results and discussion 

The dependences on oxygen partial pressure of the 
electrical conductivity for Laz(U0.sPu0.2)l-zO2±x (z = 0.01 
and 0.1) samples obtained at 1273 K are shown in Fig. 
1, where the result of log tr v s .  log Po2 for undoped 
U0.sPu0.2Oz±x obtained by the present authors [2] is 
shown for comparison. In Fig. 1, three different de- 
pendences of tr on Po2 for lanthanum-doped samples 
(z=0.01 and 0.10) are seen, similar to that for the 
undoped sample (z = 0). (1)AbovePo2 = 10 -2 Pa (region 
I), the slope of the log tr v s .  log Po2 curve decreases 
with increasing oxygen partial pressure, presumably 
owing to the onset of the phase transition from a single- 
phase  MO2+x to a two-phase M O 2 + T M 4 0 9 - x  region. 
(2) Between Po2 = 10 -4"s and 10 -2 Pa (region II), log 
tr increases linearly with increasing log Po2, and the 
slope is smaller for the specimens with larger z values. 
(3) Between P o z  = 10 -5 and 10 -11 Pa (region III), the 
electrical conductivity is independent of Po2. An ad- 
ditional dependence of tr on Po2 is observed for the 
sample with z=0.1 below 10 -115 Pa (region IV) as 
seen in Fig. 1, where the electrical conductivity increases 
with increasing oxygen partial pressure. This behavior 
is similar to that of the hypostoichiometric t a o . l W 0 . 9 0 2 _  x 
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Fig. 1. Dependence on oxygen partial pressure of the electrical 
conductivity of La~(U0.sPu0.z)z_,O2,x for z = 0.01 (©, O) and 0.1 
(A, A) at 1273 K. The result of log tr vs. log Po2 for undoped 
U0.sPu0.202±, ( - - )  obtained by us [2] is shown for comparison. 
The electrical conductivities were reversible for increasing (open 
symbols) and decreasing (closed symbols) oxygen partial pressures, 
except for the low oxygen partial pressure region for the sample 
with z=0.10. 

phase [4], suggesting the existence of the hyposto- 
ichiometric La0.a(Uo.sPu0.2)o.902_ ~ phase. 

From the slope in region II shown in Fig. 1, the 
values of n in the relation t r a P o z l / n  for z - 0 ,  0.01 
and 0.10 were calculated as 4.1, 5.1 and 9.9 respectively. 
The formation of the complex defect {2(Qao,bv0)}rn', 
similar to the case for undoped (U,Pu)O2+x [1-3], is 
represented by 

i 2V,a+2V,b+2Oo+Oz(g)={ (Oiao,bvo)}m +mh" (1) 

where h" is a hole and m is the charge of the complex 
defect. The dependences of n=4.1 (for z=0)  and n =  
5.1 (for z=0.01), where n = m + l ,  observed for 
La.(Uo.sPuo.z)l_z02+ x samples from the log or-log Po2 
relation can be found from eqn. (1) by taking the values 
m = 3 and m = 4 respectively. For the defect structure 
of the sample with z=0.1 where the deviation from 
the stoichiometric composition (x = 0) is considered to 
be small, the formation of the complex defect 
(20~ao~b2v,,)m' is assumed: 

2V, ~ + V, b + 200 + (1/2)O/(g) 

' h" = (2Oiao,b2vo)m +m (2) 

The dependences of o, on Po2, n =10, where n = m +  1, 
can be found from eqn. (2) taking m = 9. 

In regions III and IV, the dependence of oxygen 
partial pressure on the compositional deviation x is 
needed in order to discuss the defect structure. 

The electrical conductivities at 1273 K around 
Po2 = 10 -9  Pa which are independent of Po2 in Fig. 1 
are shown in Fig. 2, where the solid line represents 
the theoretical change in electrical conductivity with 
the atomic ratio [M]/[M + U] ( M -  Pu) reported by us 
[2]. The theoretical line is calculated using the dis- 
proportionation reaction Pu 4 + + U 4 ÷ = Pu 3 + + U 5 ÷. In 
the figure, the electrical conductivities of UO2+x doped 
with lanthanum [4], gadolinium [5] and yttrium [6] at 
1273 K are also shown for comparison. As seen in Fig. 
2, the electrical conductivities of Laz(U0.8Puo.2)l-,O2±x 
(z=0.1) and yttrium-doped UO2±x deviate from the 
theoretical curve calculated by the disproportionation 
reaction. 

According to a hopping model in UP2±, proposed 
by Aronson et al. [7], when an interstitial oxygen ion 
is introduced in UP2, two U 5÷ ions are formed, and 
each U 5 ÷ ion is considered as a site for one hole which 
can jump to a U 4÷ site. If we apply this model to 
hyperstoichiometric (Ul_rPur)O2+, by assuming the 
plutonium to be tetravalent, the following equation can 
be derived: 

trT= Cro(2X)(1 - y  - 2x) exp(-E, /kT) (3) 

where Ea is the activation energy for the hopping of 
holes. In region III, if x = 0  is assumed as a crude 
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Fig. 2. Electrical conductivities at 1273 K around Po2= 10-9 Pa 
in Fig. 1 as a function of the atomic ratio [M]/[M + U]. In the 
figure the solid and dotted lines represent the theoretical changes 
in electrical conductivity calculated by the disproportionation 
reaction [2] and by the hopping model for holes between U 5+ 
and U 4÷ ions respectively: ©, M =- Pu, A, M -= La + Pu, A, M ~ La, 
I-1, M-=Gd, × ,  M-=Y. 
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approximation, the ionic species of rare earth doped 
uranium dioxide R~UI_zO2 can be expressed as 
R z 3 + W l _ 2 2 4 + U z 5 + O 2 2 - .  If we use eqn. (3) with Ea = 0.3 
eV and tro=3.8×10 8 S m -1 for UO2+x from Aronson 
et al. [7] and substitute z and 1 - 2z for 2x and 1 - y  - 2x 
respectively, then a theoretical line for the electrical 
conductivity for the hopping of holes between U 5 ÷ and 
U 4+ ions can be calculated as shown by the dotted 
line in Fig. 2. The theoretical line fits well the results 
for yttrium-doped UO2 and is larger than the exper- 
imental values for gadolinium- and lanthanum-doped 
U O  2. A similar calculation for t o  3+l t  '*+It 5+ x-"~O.I v 0 . 6 2  "-" O. 1 " 

p. 4 + f ~  2-- uo.18 v2 yields the calculated electrical conductivity 
1.20 × 103 S m -1, which is certainly comparable with 
the observed value of 1.29 × 103 S m - L  Therefore, in 
yttrium-doped UO2 and lanthanum-doped (U,Pu)O2, 
electrical conduction is considered to be caused mainly 
by the hopping of holes between U 4÷ and U 5÷ ions 

resulting from the charge neutrality condition, and the 
contribution from the disproportionation reaction is 
small. 

References 

1 K. Naito, T. Tsuji, T. Fujino and T. Yamashita, J. Nucl. 
Mater., 169 (1989) 329. 

2 T. Fujino, T. Yamashita, K. Ohuchi, IC Naito and T. Tsuji, 
J. Nucl. Mater., 202 (1993) 154. 

3 K. Naito, T. Tsuji, T. Matsui, T. Fujino, T. Yarnashita and 
K. Ohuchi, in L.R. Morss and J. Fuger (eds.), Transuranium 
Elements, A Half Century, American Chemical Society, 1992, 
p. 440. 

4 T. Matsui and K. Naito, J. Nucl. Mater., 138 (1986) 19. 
5 T. Matui and IC Naito, J. Nucl. Mater., 151 (1987) 86. 
6 N.J. Dudney, R.L. Coble and H.L. Tuller, ./. Am. Ceram. 

Soc., 64 (1981) 627. 
7 S. Aronson, J.E. Rulli and B.E. Schaner, Z Chem. Phys., 35 

(1982) 161. 


