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ABSTRACT
Oxygen permeability, electrical conductivity, and thermal expansion of 
BaBi!_xLax0 3_s (x = 0, 0.2, and 0.4) perovskite-like solid solutions have 
been found to decrease with lanthanum content. Thermal expansion coeffi
cients of the ceramics are (11.9-12.8) X 10-6 K-1. Oxygen transport through 
the BaBi(La)03_6 dense ceramic membranes within the membrane thickness 
range of 0.6 <  d <  1.2 mm has been shown to be limited by both bulk ionic 
conductivity and surface exchange rate. © 1998 Elsevier Science Ltd
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INTRODUCTION

Perovskite-type BaBi03_5 and solid solutions BaBi1_xMx0 3_5 (M = La, Sc, Pb, In) are of 
interest as hydrocarbon oxidation catalysts, superconductors, and electrode materials [1-6]. 
BaBi03_5 exhibits a continuous nonstoichiometric range for 0 <  8 <  0.9 at high tempera
tures, whereas three phases with different oxygen contents exist at temperatures below 1100 
К [2,4]. The phase stable in air has a monoclinic unit cell containing two formula units. Two 
distinct sites associated with a different B i-0  distances have been observed for bismuth, 
according to the formula Ba2Bi(III)Bi(V)06 [7,8]. Incorporation of lanthanum into the 
bismuth sublattice results in decreasing reducibility of the oxides at low oxygen partial 
pressures [5]. BaBi03_s is characterized by prevailing electronic conductivity, but oxygen
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TABLE 1
Properties of the BaBi!_xLax0 3_6 Ceramics

X

Density of 
the ceramics 

(kg/m3)

Mean values of TEC 
а X 106 КГ1 
300-1050 К

Regression parameters of the model 
(Eq. 1) of a(T) dependence

Ea (kJ/mol) In A0(S/m) p

0 6650 12.8 ± 0.2 54 ± 2 19.8 ± 0.4 0.9973
0.2 5980 12.4 ± 0.6 28.0 ± 0.4 15.79 ±  0.07 0.9994
0.4 5770 11.9 ± 0.1 33.5 ± 0.5 14.30 ±  0.08 0.9994

ion mobilivity of the compound is considerably high [6,9,10]. Because of this, a possible _  
application for BaBi1_xMx0 3_s is dense ceramic membranes for oxygen separation. The aim 
of the present work was to study transport properties of the BaBi(La)03_§ solid solutions.

EXPERIMENTAL

Polycrystalline specimens of BaBi1_xLax0 3_s (x = 0, 0.2, and 0.4) were prepared by a 
standard ceramic synthesis technique using high-purity Bi(N03)3*5H20, La(N03)3-6H20, 
and BaC03. The starting mixtures were dissolved in a solution of nitric acid, then dried and 
thermally decomposed. The solid-state reactions were conducted in air at temperatures of 
1070 to 1220 К for 15-30 h, with multiple intermediate grindings. Ceramic specimens were

T ,K  

FIG. 1
Temperature dependence of relative elongation of the BaBii_xLax0 3_* ceramics in air: (1) 
x = 0, (2) x = 0.2, and (3) x = 0.3.
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FIG. 2
Temperature dependence of electrical conductivity of the BaBi1_xLax0 3_8 ceramics in air: 
(1) x = 0, (2) x = 0.2, and (3) x = 0.4.

pressed (200-600 MPa) into the shape of bars (4 X 4 X 30 mm3) and disks of various 
thicknesses (diameter 12 or 15 mm). Gastight ceramics were sintered at 1270-1320 К for 
10-30 h in air. The experimental procedures and equipment used for X-ray diffraction 
(XRD) studies, differential thermal analysis (DTA), testing gastightness, and investigating 
electrical conductivity, oxygen permeability, and thermal expansion were described in detail 
earlier [11-14]. Only gastight specimens were used for measurements of electrical conduc

tivity and oxygen permeability.

RESULTS AND DISCUSSION

XRD studies of the BaBi!_xLax0 3_8 ceramic specimens demonstrated formation of 
pseudocubic perovskite-type phase with a monoclinic distortion. All of the ceramics were 
found to be single phase. Table 1 lists the values of the density and thermal expansion 
coefficient (TEC) of the ceramics. TECs were calculated from dilatometric data (Fig. 1) and 
averaged in the temperature range 300-1050 K. The substitution of bismuth with lanthanum 
was ascertained to decrease thermal expansion.

According to the DTA results in the heating regime, an endothermic effect at 1084 ± 2 К 
is characteristic of the BaBi(La)03_5 powders either after annealing in atmospheric air or 
C02 at temperatures below 1070 К or after maintaining at room temperature in air. This 
effect is related to the thermal decomposition of barium carbonate that forms at the perovskite 
surface [15]. Furthermore, annealing in wet air atmosphere was observed to result in
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FIG. 3
Dependence of the electrical conductivity on oxygen partial pressure: A: BaBi03_5 at 913 
3 К (1) and 1093 ± 3 К (2); В: BaBi08O3_8 at 930 ± 3 К (1), 988 ± 3 К (2) and 1093 
3 К (3); С: ВаВ1абЬао.4Оз_6 at 930 ± 3 К (1), 988 ± 3 К (2), and 1093 ± 3 К (3).

endotherms occurring at 344, 371, 466, 636, and 657 К. Thus, analogous to other barium- 
containing perovskites [16,17], the BaBi(La)03_5 solid solutions react with carbon dioxide 
and water vapor at T <  1070 K.

Electrical conductivity of the BaBi1_xLax0 3_6 ceramics as a function of temperature and 
oxygen partial pressure is shown, respectively, in Figures 2 and 3. The solid lines in Figure 
2 refer to fitting results obtained by using the standard Arrhenius model:

a  = A0/T X exp[ —(Ea/RT)] (1)

where Ea is the activation energy for electrical conductivity and A0 is the pre-exponential factor. 
Table 1 presents the regression parameters, including the correlation coefficient (p), of the model. 
The conductivity decreases steadily with decreasing oxygen pressure due to oxygen leaving from 
the perovskite crystal lattice [2]. Because electronic conduction in BaBi03_8 occurs via an
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FIG. 4
Dependence of oxygen permeation flux density through ВаВЮ3_8 (1, 2) and 
BaBi06La04O3_5 (3, 4) ceramic membranes on the oxygen partial pressure differential at 
temperatures: (1) 1073 K, (2) 1023 K, (3) 1073 K, and (4) 973 К (p2 =  0.21 bar). Thickness 
of the membranes is 1.00 ± 0.01 mm.

electron hopping between Bi(UI) and Bi(V) cations [6], an increase of oxygen nonstoichiometry 
associated with decreasing Bi(V) concentration and oxygen vacancies appeamg between bismuth 
cations is expected to decrease conductivity. The substitution of bismuth with lanthanum also 
leads to a decrease in conductivity at temperatures above 800 К (Fig. 2). This is probably caused 
by the constant oxidation state of lanthanum cations, which results in blocking electronic transport 

the bismuth sublattice. Further studies are necessary in order to establish the reasons for 
maximum conductivity of BaBi0 8Lao 20 3_8 at T <  700 K.

Oxygen permeation fluxes through the BaBi1_xLax0 3_8 ceramic membranes were ascer
tained to decrease with increasing lanthanum content (Fig. 4). Such behavior is determined 
by decreasing ionic conductivity due to increasing cation-anion bond energy in the bismuth 
sublattice when Bi is substituted for La [17]. Another reason for the decrease in oxygen fluxes 
is decreasing electronic conductivity with lanthanum content (Fig. 2). Activation energy for 
oxygen permeation in the BaBi(La)03_5 solid solutions in the studied temperature range 
970-1070 К was observed to be extremely low. This phenomenon requires more detailed 
investigations. One can note only that analogous behavior has been mentioned [14] for 
SrCo03_8, which is also characterized by a high oxygen deficiency and the existence of 
phase transitions under the effect of oxygen chemical potential.

To estimate flux-limiting factors, we calculated specific oxygen permeability / ( 0 2), which 
is defined by the formula [18]:

J (0 2) = RTd/4F X j/E  = jd  X [In p J p iV ' (2)
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FIG. 5

Dependence of oxygen permeability of the BaBi0 6La0 4O3_6 ceramics on the oxygen sens 
emf at 1073 К (1, 3); 1023 К (4, 6), and 973 К (2, 5) and p 2 = 0.21 bar. Thickness of t 
membranes: (1 and 2) 1.00 mm, (3-5) 0.60 mm, and (6) 1.14 mm.

where j  is the oxygen permeation flux density, d  is the thickness of the membrane, E  is t 
emf (electromotive force) of the electrochemical oxygen sensor, and p 2 and p x are the oxyg 
partial pressures at the membrane feed and permeate sides, respectively (p2 ^  P\)> T 
amount of J(0 2) that is proportional to j  X d  at a given oxygen chemical potential differen 
should be independent of membrane thickness if there are no surface limitations on t 
oxygen transport [11]. In case the permeation flux depends to a considerable extent on t 
interphase oxygen exchange rate, J(0 2) should increase with increasing d  due to the reduci 
role of the surface limitation. Considering the membrane thickness dependence of the oxyg 
permeability (Fig. 5), one can conclude that oxygen transport through BaBi1_xLax0 3 
ceramics is limited by the surface exchange rate.

In conclusion, the ceramic membranes of BaBi(La)03_8 exhibit considerably high oxyg 
permeation fluxes. However, the practical use of such ceramics as oxygen separatii 
membrane materials is complicated by the observed interaction between the perovskites аз 
gas phase containing carbon dioxide or water vapor.
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