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The phase equilibrium relationships in the binary system BaO-CeO2 have been 
investigated by thermal analysis, metallographic and X-ray diffraction methods. The system 
is characterised by the existence of only one compound, namely, BaCeO3 which is found 
to melt incongruently at 1480 _+ 5~ with formation of solid CeO2 and a liquid. A eutectic is 
found to occur between BaO and BaCeO3 at 46 + 0.5 mol~ CeO~ and its melting point 
was determined as 1440 + 5~ A narrow solid solubility range of BaO in BaCeO3 exists 
but no solid solubility of BaCeO3 in either BaO or CeO= was detected. 

1. Introduct ion 
Cerium dioxide is known to react with the alka- 
line earth oxides to form compounds having the 
perovskite structure which are of interest in the 
ferroelectric field. Although data on the crystal 
structures of these compounds are available in 
the literature, relatively little is known regarding 
phase equilibrium relationships involved in the 
systems between the alkaline earth oxides and 
CeQ. In practice, a knowledge of equilibria 
between the different phases, particularly the 
nature and extent of solid solubility and tempera- 
tures of melt formation in the systems, is of 
considerable importance in the synthesis of these 
compounds and in predicting their service 
behaviour at elevated temperature. 

The present investigation deals with phase 
equilibria in the binary system BaO-CeO2 and 
describes the melting behaviour of various 
compositions across the system, with particular 
reference to BaCeO3 and its compatibility with 
different phases at high temperatures. 

2. Previous Work  
The existence of BaCcO8 and data on its crystal 
structure have been reported in the literature by 
several workers. Hoffman [1] proposed a cubic 
structure with a lattice constant ao = 4.386 A. 
Smith and Welch [2], who prepared BaCeO3 at 
temperatures between 1000 and 1730 ~ C, reported 
a perovskite structure with a lattice constant 
a0 = 4.397 A. The crystal symmetry and 
positions of the atoms in a perovskite structure 
as observed in compounds such as BaCeOa are 
discussed by Wyckoff [3]. A small departure 
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from perfect cubic symmetry is reported by 
Roth [4] who prepared BaCeO~ at 1450 and 
1525~ and proposed a pseudo-cubic structure 
with a lattice constant ao = 4.387 A. These 
investigations are, however, mainly concerned 
with the crystal structure of BaCeOa. Leonov et 
al [5], who investigated the solid-state reactions 
of cerium oxides with alkaline earth oxides, 
reported that CeQ interacts with oxides having 
large ionic radius, such as CaO, SrO and BaO, to 
form compounds of the type A2+B4+O3 and 
observed limited solid solubility in these systems. 
Keler et al [6] carried out exploratory work on 
the binary system BaO-CeO~ and confirmed that 
only one compound, namely BaCeO3, occurs in 
the system without any solid solubility. 

3. Experimental 
The starting materials were Analar grade BaCO3 
and CeQ. Mixtures containing various propor- 
tions of these materials were weighed, mixed 
under alcohol, dried in an oven and pressed into 
small pellets. The pellets were wrapped in 
platinum foil and prefired at 1000~ for 3 to 4 h 
in a horizontal-tube resistance furnace to 
decompose the carbonate. The samples were 
further fired at higher temperatures with inter- 
mittent cooling, crushing and pressing to facili- 
tate homogeneity and attain equilibrium. A 
platinum/platinum-10 ~ rhodium thermocouple 
was placed near the sample for accurate determi- 
nation of firing temperatures. After the end of the 
firing period, the samples were quenched in air 
and examined both metallographically and by 
X-rays for phase identification. X-ray powder 
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diffraction photographs were taken in a 5.7 cm 
diameter camera using nickel-filtered CuKc~ 
radiation. 

Although useful, the quenching method was 
seriously limited in this investigation: firstly, 
because of the difficulty in reaching equilibrium, 
so that most compositions after prolonged firing 
at high temperatures were found to be incom- 
pletely reacted, and secondly because the rapid 
hydration of free barium oxide at room tempera- 
ture resulted in disintegration of samples after 
firing. This phenomenon is reported in a previ- 
ously published phase-diagram study involving 
BaO [7]. To overcome these difficulties, thermal 
analysis was carried out on selected samples up 
to a temperature of 1650~ A heating rate of 
10~ per rain was found to be most satisfactory. 
Results were interpreted from heating curves 
obtained by repeated runs on each sample, while 
cooling curves were used only to ascertain the 
presence of the heat-effects which indicated 
relatively lower temperatures, mainly due to 
supercooling. 

4. Results and Discussion 
The phase-diagram with the datum points used 
in establishing the solidus and liquidus tempera- 
tures is shown in fig. 1. 

The system is characterised by the existence of 

only one compound, namely, BaCeOs, the 
crystal structure of which was found to be cubic, 
with a lattice constant a 0 = 4.385 A. The 
compound melts incongruently at 1480~ with 
formation of solid CeO2 and a liquid phase. A 
typical microstructure indicating the peritectic 

Figure 2 Composi t ion 50 mol~/o CeO2, Specimen f ired at 
1500~ Microst ructure showing per i tect ic reaction. 

CeO 2 -~ l iquid with unmelted BaCeOs (white) ( •  300). 
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reaction is shown in fig. 2. Compositions having 
more than 50 mol ~ CeQ were found to contain 
BaCeOa and CeO~, indicating that no other 
compound richer in CeO2 exists in the system. 

Metallographic examination of various fired 
samples indicated that a eutectic occurs between 
BaO and BaCeOa, the composition of which lies 
very close to BaCeOa. Compositions richer in 
BaCeOa, when cooled from below the liquidus, 
appeared in the form of massive solid phase with 
liquid of eutectic composition as shown in 
fig. 3 which could be distinguished readily from 

Figure 4 Composition 47 mol~/o CeO 2. Specimen fired at 
1500~ Dendrites of BaCeO3q-eutectic (all liquid) 
(• 300). 

Figure 3 Composition 48 mol ~/o CeO2. Specimen fired at 
1457~ Solid BaCeOa ~- eutectic (solid ~- liquid) 
(• ao0). 

the dendritic form when cooled from above the 
liquidus, as shown in fig. 4. The poorly developed 
dendrites of BaCeO3 as shown in fig. 4 had 
apparently crystallised from the liquid in a fine- 
grained eutectic matrix during cooling. The 
structures observed above and below the liquidus 
on the BaO side of the eutectic were somewhat 
difficult to distinguish from one another because 
of rapid disintegration of BaO in air at room 
temperature. Fig. 5 shows an almost complete 
eutectic structure. The presence of a small 
amount of BaO in the sample, however, indicates 
that the composition probably lies slightly on the 
BaO side of the eutectic. The microstructure of a 
composition richer in BaO is shown in fig. 6. 

Results obtained by thermal analysis were 
found to be more reliable in establishing both the 
solidus line and the composition of the eutectic in 
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Figure 5 Composition 46 mol% CeO 2. Specimen fired at 
1500~ Eutectic -1- traces of BaO (all liquid) (• 300). 

the system. A consistent heat-effect was observed 
in several samples containing BaO and BaCeOs 
at 1440 ~ C, indicating the solidus temperature. In 
contrast, only minor heat-effects due to the 
liquidus were observed in these samples. This 
may be due to the formation of only a small 
amount of liquid at the liquidus temperatures 
because of sluggish approach to equilibrium in 
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Figure 6 Composition 42 mol ~/o Ce02. Specimen fired at 
1500~ Solid BaO ~- eutectic (solid q- liquid) (• 300), 

the system. Further, the eutectic composition is 
located very close to BaCeO 3 and the solidus and 
liquidus temperatures of compositions richer in 
BaCeO~ follow one another within a few degrees. 
Therefore, only a narrow BaCeO3 primary phase 
field exists in the system, which under equilibrium 
conditions implies that a small proportion of 
crystals would actually be involved between the 
solidus and the liquidus, and this would result 
in a minor ]iquidus heat-effect which is difficult 
to detect. The steep rise of the liquidus above 
1650~ on the BaO primary-phase field side, on 
the other hand, limited the number of thermal 
runs to only a few samples, However, on the 
basis of the above observations, the composition 
of the eutectic between BaO and BaCeOa is 
established as 46 • 0.5 mol ~ CeO2 and its ' 
melting point as 1440 ~ 5~ 

X-ray diffraction patterns of  fired samples 
containing BaO and BaCeO3 revealed a slight 
increase in the lattice constant of BaCeO3 which 

is attributed to solid solution of BaO in BaCeOs. 
Earlier workers [2, 4] who obtained higher lattice 
constant values for BaCeOa, employed firing 
temperatures above 1480~ whereby, partial 
incongruent melting of BaCeO3 resulted in the 
formation of solid CeO~ and a liquid which 
contained BaO, Free BaO thus formed might 
have entered into solid solution with remaining 
unmelted BaCeOa during cooling, causing slight 
expansion of the lattice. The extent of the solid 
solubility was very small and could not be 
determined accurately by the conventional room- 
temperature X-ray method. No solid solubility of  
BaCeO~ either in CeO2 or in BaO was detected. 
Further, the reaction of BaO with platinum 
above 1200~ gave spurious X-ray diffraction 
lines in powder photograph which made it 
increasingly difficult to investigate any solid 
solubility in the high BaO portion of the system. 
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