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The U-Ca-La-0 and U-La-0 Systems: 
a Comparative Study* 
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Binary and ternary rare earth and actinide com- 
pounds crystallizing with the fluorite-type structure 
support large deviations from stoichiometry, due to 
the inherent ability of the fluorite lattice to accom- 
modate defects. 

B-l 
B-2 

B-3 
B4 
B-S 

B-6 

1.0:0.5 :o.o ("0.67ca0.33)02 kx 0.537 l(3) 

1.0:0.4:0.1 (UO.67CaO.26LaO.O7)02~. 0.5394(3) 

1.0:0.3:0.2 (U0.67Ca0.20La0.13)02fx 05414(2) 

1.0:0.2:0.3 (~0.6~~0.13~~0.20)02~x 0.5437(7) 
1.0:0.1:0.4 (UO.67CaO.O7LaO.26)02fX 0.5476(2) 

1.0:0.0:0.5 (U0.67La0.33)02fx 0.5480(2) 

In earlier studies on alkaline earth uranates [l], 
compounds having the face-centered cubic (f.c.c.) 
fluorite structure have been described; among them, 
CaU206*, transforms reversibly into CaU20, f x in 
air at about 1373 K [2,3]. Solid state studies on the 
U-La-O system at 1520 K have pointed out the 
existence of a fluorite-type solid solution, stable over 
a wide composition and temperature range [4]. 

TABLE II. Starting Composition and Calculated Cell 

Parameters of the Fluorite Phase Obtained in the U-La-O 

System 

Samule Comoosition Cell 

We have undertaken a comparative study at 
1673 K of the U-La-O system with the U-Ca-0 
system, when Ca ions are progressively substituted 
for La ions. 

Starting molar Formulation 

ratio U:La 

parameter 

a (nm) 

Experimental 

Mixed U-Ca-La oxides (Series B) have been 
prepared by solid state reaction of lanthanum uranyl 
propionate, CaC03 and U03 (Table I). U-La oxides 
(Series P) have been prepared by mixing stoichio- 
metric amounts of lanthanum uranyl propionate and 
La203 (Table II). All starting mixtures were calcined 
at 1673 K in air, for periods ranging from 6 to 48 h, 
and they were then quenched by rapidly removing 
the crucibles from the furnace. 

P-l 
P-2 

P-3 
P-4 

P-5 

P-6 

P-7 

P-8 

P-9 

2.O:l .o 

1.75:l.O 

1.5O:l.O 

1.25:l.O 

1.O:l.O 

1.0:1.25 

1.0:1.50 

1.0:1.75 

1.0:2.0 

(U0.67La0.33)02 f x 

(“0.64La0.36)02 f x 

(“0.60La0.40)02 t .% 

(U0.56La0.44)02 f .% 

W0.50La0.50)02 kx 

(“0.44La0.56)02 f x 

(U0.40La0.60)02 f x 

(u0.36La0.64)02 fx 
(u0.33La0.67)02 k x 

O.S47(8) 

O.S48(3) 
O.S49(2) 

O.S50(6) 

0.551(l) 

0.55 l(9) 

O.S53(4) 

0.554(3) 

O.S55(4) 

Results and Discussion 

X-ray powder analysis reveal that for the U-Ca- 
La oxides, the f.c.c. fluorite-type structure is ob- 
tained as a single phase over the whole composition 
range (Table I). Thermal analysis studies indicate that 
for samples B-l and B-2, the single fluorite phase 
reversibly transforms into CaU20,*, or into a 
mixture of the cubic phase and CaU20,, x (Fig. 

la, b). Samples with a higher La content, B-3 to B-6, 
do not experience any transformation on heating and 
cooling (Fig. lc), indicating that for these compounds 
the face-centred cubic symmetry is preserved over the 
whole temperature range. The presence of lanthanum 
ions stabilizes the fluorite structure. On the other 
hand, all U-La mixed oxides have the f.c.c. type 
structure, and they are thermally stable over the 
whole temperature range (Fig. lc). The ordered 
rhombohedral Rru phase, that is reported to be 
formed at temperatures below 1473 K (4), has not 
been observed under these working conditions. 

*Paper presented at the Second International Conference 
on the Basic and Applied Chemistry of f-Transition 
(Lanthanide and Actinidej and Related Elements (2nd 
ICLA), Lisbon, Portugal, April 6-10, 1987. 

+Author to whom correspondence should be addressed. 

An electron diffraction study has been carried out 
on both series. Selected area diffraction patterns 
corresponding to Series B in the zone axis [l lo] 
(Fig. 2a, b, c) show that, in addition to the diffrac- 
tion spots corresponding to the fluorite cell, some 
diffuse maxima are present in the areas in between. 
These additional spots always occur along the (111) 
direction and suggest the presence of short-range 
interactions [S]. Shape, size and number of diffuse 
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Fig. 1. Differential Thermal Analysis (DTA) and Thermo- 

g&metric (TG) curves obtained for samples: (a) B-l, (b) 

B-2, (c) B-3 to B-6 and P-l to P-9. (Heating rate: 10 deg 

mm -l, air tlow: 50 ml rnin-‘. About 65 mg sample were used 

for each run. f.c.c. refers to face-centred cubic fluorite 

structure. 

maxima vary with the composition of the samples. 
For samples belonging to Series P, similar patterns 
are obtained (Fig. 2c, d, e). However, it is worth 
stressing that sample P-S does not present any diffuse 
maxima around the spots corresponding to the 
fluorite cell, indicating the absence of an appreciable 
concentration of ordered defects. Although Keller 
[4] has shown that the stoichiometric composition 
(U, L,zI)O~.~ ranges from 0 to 66.7 mol% LaO,.s, 
electron diffraction data suggest that the only 
stoichiometric composition corresponds to 

P0.5~0.5)02 (sample P-5). 

A likely explanation of the role of lanthanum in 
stabilizing the fluorite phase is the formation of 
clusters containing the rare earth ions [6]; such 
clusters should then be responsible for the observed 
diffuse maxima. 

Acknowledgement 

We thank Mr. A. Garcia-Delgado for technical 
assistance. 

b 

d 

zig. 2. Electron diffraction patterns in the zone axis [ 1 IO], 

for samples: (a) B-2, (b) B-3, (c) B6 and P-l, (d) P-5 and 

(e) P-9. 
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