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The stability and decomposition of CaU04, Ca2U05, and Ca2U06 on heating in hydrogen were investi- 
gated by X-ray powder diffraction and thermogravimetry. Ca2U05 decomposes at 450°C into CaJJ04 5 
with a triclinic unit cell. At 850°C it changes to monoclinic Ca2(C~667U0.33)U06 which loses some 
oxygen up to the composition Ca2(C~,6,Uo.~s)UOS,83. At llOO”C, it decomposs to UOt solid solution 
and CaO. CaU04 decomposes at 900°C to Ca2(C~67U0.j3)UOS.83 and CaU20,. The decomposition 
products of Ca,U06 at 850°C are Ca2(C~.&.&J05 8) and CaO. 

Introduction 

The stability of compounds in the system 
UOJ-UOZ-CaO at elevated temperature in 
a reducing atmosphere is not known in de- 
tail. The most abundant data are found for 
CaU04, with a rhombohedral structure (1). 
It was reported that CaU04 could be re- 
duced to CaUOj.S with only a slight in- 
crease in unit cell dimensions; this was in- 
terpreted as a loss of the O*- ions at random 
from the lattice, with a corresponding 
change of U (6+) into U (5+) (2). How- 
ever, the agreement between the literature 
data is poor (3-5). Ca2U05 and CaJU06 
crystallize in monoclinic forms (6, 7) but 
little is known of their stability. It has been 
reported that Ca2U05 decomposes in air to 
Ca3U06 and CaU04 (4). In vacua, Ca3U06 
decomposes at 1500°C to U02 solid solution 
and CaO (3). It was observed that in oxy- 
gen Ca2UOs and CsUO, remained stoi- 
chiometric up to their decomposition tem- 
peratures (8). 
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The present investigations were under- 
taken to determine the thermal stability 
and decomposition products of CaU04, 
Ca&JOS, and Ca3U06 in reducing atmo- 
spheres. 

Experimental 

Starting materials for preparation of 
CaU04, CazUOs, and Ca3U06 were CaC03 
(Merck, extra pure, 99%) and U308 (nu- 
clear grade). Appropriate proportions of 
powdered materials were mixed under alco- 
hol, dried, and pressed into pellets. Sam- 
ples were calcined at 1250°C in oxygen for 
prolonged periods with intermittent cool- 
ing, crushing, mixing, and pressing to en- 
sure homogeneity. X-ray analysis con- 
firmed the presence of pure compounds 
only. 

The compounds obtained in this way 
were reduced in hydrogen. Hydrogen from 
a cylinder was passed only through a De- 
0x0 purifier (Heraeus type D). The oxygen 
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partial pressure was determined by a ZrOZ/ 
CaO galvanic cell, taking air as standard. A 
water content of 0.1 ~01% in hydrogen was 
calculated from the equilibrium Hz0 s Hz 
+ to,. 

The change in stoichiometry of the com- 
pounds during reduction was investigated 
on a quartz helix thermobalance capable of 
registering mass changes of 0.3 mg. Sam- 
ples, weighing 2-2.5 g, were heated in steps 
of 50°C. 

X-ray powder patterns were obtained 
on quenched samples. Samples were 
quenched by rapidly removing them from 
the hot zone of the furnace to the end of a 
water cooled tube. A Geiger counter dif- 
fractometer using Ni-filtered Cu Ko radia- 
tion at a scanning rate of 1” 28 mind1 was 
used to obtain structural data. The 28 val- 
ues were calibrated against the known 
peaks of pure Au. For qualitative X-ray 
analysis, a Guinier-de Wolf Nonius camera 
was used to scan the region O-45”. 

The density was measured by displace- 
ment of hexane in an evacuated pycnome- 
ter, with a precision of +0.05 g/cm3. 

Results and Discussion 

On heating Ca2U05 in wet hydrogen, no 
detectable weight change was observed up 
to 450°C. At this temperature, a partial re- 

duction of the sample occurred and the 
composition changed to Ca2U04.5. This 
composition remained stable up to 850°C. 
With increasing temperature a slow, contin- 
uous weight loss was observed again. At 
105o”C, the sample composition calculated 
from the thermogravimetric data corre- 
sponded to Ca2U04.37. With a further in- 
crease in temperature, considerable weight 
loss occurred; the sample composition at 
1100°C corresponded to Ca2U04.1 (Fig. 1). 

X-ray analysis of samples heated at vari- 
ous temperatures indicated changes in crys- 
tal structure at 45O”C, 85O”C, and close to 
1100°C. Up to 45o”C, X-ray reflections of 
Ca2U05 were in accordance with the re- 
ported monoclinic structure (6). 

A triclinic unit cell was determined for 
the Ca2U04.5 compound. The following cell 
parameters were calculated from the X-ray 
reflections by the least squares method 
(II): a = 22.98 (1) A, b = 9.312 (4) A, c = 
10.712 (4), (Y = 54.89 (5)“, /3 = 76.54 (5)“, y 
= 82.17 (6)“. The measured &I together 
with the calculated d and the corresponding 
indices are shown in Table I. 

Assuming 16 formula units in the unit 
cell, the calculated X-ray density of D, = 
5.68 g/cm3 agrees very well with the mea- 
sured density of D, = 5.60 g/cm3. The 
choice of this unit cell was also confirmed 
by a preliminary electron diffraction study, 

LO-, , , ( , , , , , , , , 
200 LOO 600 BOO 1000 1200 1°C 1 

FIG. 1. TG curves of Ca2U05 reduction. 
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TABLE I not densely sintered reduce more rapidly. 
X-RAY POWDER DIFFRACTION DATA FOR Ca2U04,5 

hkl d Cal d ohs Ill, 

400 5.587 5.58 45 
312 4.829 4.82 86 
102 4.381 4.38 9 
411 4.318 4.32 5 
220 3.608 3.605 49 
ii2 3.104 3.100 100 
214 3.055 3.056 85 
800 2.794 2.795 8 
532 2.711 2.712 34 
32i 2.667 2.667 45 
533 2.516 2.517 5 
330 2.406 2.410 12 
Ol? 2.291 2.291 4 
10 1 0 2.146 2.147 17 
135 2.100 2.100 6 
712 2.079 2.079 16 
looi 2.069 2.068 12 
624 1.933 1.933 11 
040 1.904 1.906 12 
444 1.887 1.888 41 
622 1.866 1.868 9 
132 1.772 1.773 9 
351 1.617 1.617 18 
116 1.600 1.600 13 
632 1.566 1.566 6 
224 1.552 1.552 9 
15 1 2 1.530 1.532 5 
224 1.496 1.497 3 
516 1.400 1.400 6 
25i 1.358 1.358 2 

When the perovskite phase has heated 
over 1100°C it decomposes to UOz solid so- 
lution and CaO regardless of the stoichiom- 
etry. Kemmler-Sack et al. (9) obtained the 
perovskite phase Ca2(Cao.67U&U06 from 
a mixture of CaC03 and U02(N0& which 
was heated first in air at 600-700°C and 
then in wet hydrogen at a temperature up to 
1100°C. 

In the Ca2(Cao.67U~~3)US+OS.83 phase one 
quarter of the uranium atoms are in the 4+ 
valent state. A perovskite phase with this 
ratio of uranium valences is known: sCa2+ 
is replaced by RE3+, as for example in Baz 
(RE0.$J!,>3)U5+06.~~ (10). The X-ray pat- 
tern of the perovskite phase Ca2(Ca,,JJ0.33 
was evaluated similarly. Experimental data 
together with the calculated values and in- 
dices are shown in Table II. A monoclinic 
unit cell withQparameters a = 5:765 (2) A, b 
= 5.965 (3) A, c = 8.348 (3) A, /I = 90.21 
(3)” was determined. Assuming 2 formula 
units in the unit cell, the calculated X-ray 
density D, = 5.89 g/cm3 compares fairly 
well with the measured value of D, = 5.70 
g/cm3. Practically the same data (a = 5.767 
A, b = 5.974 A, c = 8.349 A and p = 89.8”) 
were reported by Kemmler-Sack (9) for the 
perovskite compound Ca200dJiY33) 

uo;+. 

although it seems that structural relation- 
ships between the product structure and the 
original structure are more complex. A 
more detailed account of this study will be 
published in a forthcoming paper. 

This means that in the compound Ca2 
(Ca,,&J0.33)U06 a quarter of the U5+ ions 
can be reduced to U4+ without change in 
the cell dimensions. 

As determined from X-ray analysis of 
quenched samples, at 850°C CaJJ04.S un- 
dergoes an irreversible transformation to 
Ca2(C~.67U6.33)UOs (9). The stoichiometry 
with regard to oxygen remains the same. 
This perovskite phase reduces further to 
Ca2(C~.67Uo.~3UO~,~~. The reduction is 
very slow, the kinetics of this process de- 
pending on the surface area of the speci- 
men. It was found that samples which are 

On heating above 1100°C in wet hydro- 
gen, the perovskite phase decomposes with 
further reduction of uranium. The X-ray 
powder pattern showed the presence of 
UO;! solid solution and CaO. 

CaU04 was found to be stable on heating 
in hydrogen up to 300°C. With increasing 
temperature, weight loss was detected. 
Compositions, calculated from weight 
changes, were CaU03.57 at 450°C and 
CaU03.5 at 650°C. The weight remained sta- 
ble up to 900°C. These results are in agree- 
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TABLE II 

X-RAY POWDER DIFFRACTION DATA FOR 

cad& 67uO33)uo6-0.17 

hkl d Cal d 0bs III, 

011 4.853 
1oi 4.152 
101 4.135 
002 4.174 
110 4.145 
020 2.982 
115 2.945 
112 2.931 
200 2.880 
12i 2.526 
103 2.502 
21i 2.481 
022 2.427 
202 2.376 
202 2.368 
004 2.087 
220 2.073 
130 1.880 
114 1.862 
222 1.858 
222 1.854 
310 1.829 
132 1.713 
13?: 1.715 
024 1.710 
024 1.710 
204 1.693 
204 1.687 
312 1.677 
005 1.670 
312 1.613 
321 1.585 
040 1.491 
224 1.473 
224 1.469 
041 1.468 
224 1.469 
205 1.442 
215 1.402 
134 1.396 

4.86 25 
4.76 15 
4.74 15 
4.19 80 
4.15 80 
2.98 36 
2.95 100 
2.94 100 
2.88 26 
2.52 10 
2.50 8 
2.48 7 
2.424 12 
2.375 9 
2.367 7 
2.084 15 
2.075 35 
1.880 13 
1.864 13 
1.859 22 
1.854 20 
1.829 9 
1.714 21 

1.709 27 

1.693 7 
1.688 10 
1.678 16 
1.672 21 

1.585 2 
1.492 7 
1.472 8 
1.467 10 

1.442 5 
1.404 5 
1.396 7 

ment with the results reported by Tagawa 
(5) who observed that on heating in hydro- 
gen with a heating rate of 2”C/min CaU04 
was reduced to CaU03.5S and to CaU03.S at 
750°C. 

The stoichiometry of the quenched re- 

duced samples of CaU04 was redetermined 
after heating by oxidation of samples at 
700°C in the oxygen. It has been stated that 
samples with stoichiometry lower than 
CaU03,s-I oxidize quickly in air to form 
CaUOj.8. 

Gunier X-ray powder diffraction showed 
no line shifting for samples with stoichiom- 
etry greater than CaU03.57. 

A phase change was detected above 
900°C. At this temperature CaU03.s decom- 
poses to the perovskite compound Caz 
(Ca&J0.33)U06-x and CaUzO,+ Above 
lloo”C, the compounds decompose to UOz. 
solid solution and CaO. 

The structure of Ca3U06 was also found 
to remain stable on heating in hydrogen up 
to 850°C. At this temperature, the composi- 
tion of the sample was CajUOS,8,. Guinier 
X-ray diffraction patterns of Ca3U05.87 
showed no line shifts compared to Ca3U06. 

Above 850°C Ca3U05.s7 decomposes to 
Ca2(Cao.67Uo.~3)UOs.~~ and CaO. The pres- 
ence of the reduced perovskite compound 
Ca2(Ca,,.67U0.33)U05,8 at 850°C confirms the 
thermodynamic stability of this phase. 

Decomposition of CaU04, Ca2UOS, and 
Ca3U06 on heating in hydrogen can be sum- 
marized schematically follows. 

200 400 600 800 1000 1200 1400 
(OC 1 

A = Ca2(Cao,67 U&J U” 06-o,,7 
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