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ABSTRACT

Oxygen permeability of Lnf_xMxCo03s ( Dt = La, Pr, Nd, M  = Sr, Ca, Bi, Pb, 
x = 0.0.9), SrCo,_xMexO}„s ( M e=Ti, Cr, Mn, Fe, Ni, Си, x = 0.0.5) and- 
SrCot х_уРехСиуОз г (x =  0. 0.5, у = 0..0.3) perovskite-like oxide ceramics, which are promising 

materials for high-temperature electrochemical oxygen membranes where matter is transferred 
owing to conjugate transport of oxide ions 0 1 and electrons through a gas-tight ceramic 
material, has been investigated. It is shown that complex oxides SrCoy xFexO, „ (x = 0.2.. 0.35) 
and Im\ xSrxCoOy.e (x = 0 65...0.75) having the highest oxide ionic conductivity can be used as 
materials for electrochemical oxygen membranes.

1 INTRODUCTION

Materials with mixed oxide ionic and electronic conductivity which are of great interest from the 
viewpoint of their practical use as electrodes in solid oxide fuel cells (Sasaki et al., 1993), 
electrolyzers (Perfilyev et al., 1988) etc. have become the subject o f close studies in Vecent years 
(for instance, Teraoka et al., 1985). One of the most significant practical applications of these 
materials is their use in high-temperature electrochemical oxygen membranes - devices which 
serve to separate oxygen-containing gas mixtures owing to difference between oxygen partial 
pressures on both sides of the membrane. A gradient of the chemical potentials of molecular 
oxygen on both sides of ceramic material possessing mixed electronic and oxide ionic conductivity 
will induce oppositely directed and intercorrelated flows o f oxide ions 0&- and electron charge 
carriers (electrons and/or holes) passing through the ceramic material. The group of oxide 
materials that show the most promise of success for use in high-temperature electrochemical
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membranes comprises solid solutions with perovskite-like structure based on rare-earth and 
strontium cobaltites, which exhibit the highest values of oxygen permeability (Teraoka etal., 
1985, Van Hassel et al., 1993). This paper deals with the study of perovskite-like oxides based on 
strontium cobaltite as materials for high-temperature oxygen membranes.

2. EXPERIMENTAL

The methods used to synthesize complex oxides with a perovskite-like structure, to make the 
ceramics, to test its composition and gas tightness and to investigate the oxygen permeability of 
ceramic samples are described in detail earlier (Kharton et al., 1993,1994,1995).

The oxygen permeability of the cobaltites, JiO^lmol/sxcm), was calculated from the formula 
(Moebius, 1986)

о
where / is density of oxygen (lux trough ceramic sample with thickness d, К is the e.m.f. of the 
oxygen sensor of the cell. Since both the electronic and oxide ionic conductivities of the 
investigated oxides depend on oxygen pressure, the quantity J (()l ) can characterize a material 
in combination with the corresponding p, and рг values only. The values of oxygen permeability 
averaged over the interval of oxygen partial pressures studied were calculated from the formula

, ч R Td dj |
А°г)- 4F (17)

The variations in the reproducibility of cobaltites oxygen permeability did not exceed 7 % of the 
measured value. Thickness of ceramics was 1.40±0.02 mm for all the results of oxygen 
permeability investigations given in the present paper if the thickness is not specified.

3 RESULTS AND DISCUSSION

The results of our investigations Of the crystal structure, composition, electrical conductivity and 
other characteristics of complex-oxide cetamics with a perovskite-like structure have been 
published elsewhere (Kharton et all, 1993, 1994, 1995).

Table 1 presents the oxygen permeability of solid solutions /,/», xMxCoOl s at 1100 K. The 
values of J(O j) which correspond to the oxygen partial pressure of 0.2 lx 105 Pa in the feed side 
of the ceramic membrane were correlated to the values of E  and calculated using Eq.(l). It was 
found that both oxygen permeability and ionic conductivity of LnX xKixCoOl s solid solutions 
decrease in Im > Pr> Nd sequence.

Dependence o f average oxygen permeability on composition of the ceramics SrCoUxMex0 3_s is 
shown in Fig 1, Substitution of cobalt for nickel in the system SrColxNixOys leads to decrease
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Table 1. Oxygen permeability of Ln, xMxCoOi s ceramics at 1100±5 К

Ln M X E, mV
J(Ot)x  10'°,

(mol/s x  cm)

•/(0>)xlO 10 

(mol/s x cm)

F *

{kJ/mol)

La Sr 0 10.9/22.8 204 / 288 363 16±2
0.2 12.3/41.0 28.2/ 151 209 25±7
0.4 11 3 /  101.4 417/275 257 33±6
0.5 10.7 339 - 338 29±5'
0.7 8.8/37.6 363 / 426 457 23±7
0.8 11.7/22.1 457/363 316 17±3
1.0 6 1 /52 6 234/ 1% 186 -

Pb 0.2 9.6/37.5 93.3/107 112 -

Bi 0.1 38.8 2.95 21.8 -

Pr Sr 0 2.8/ 108.3 173/89.1 87.1 49±5
0.1 11.5/81.0 208/ 148 135 46±4
0.2 26.5/ 103.0 91.2/117 123 47±4
0.3 32.0/ 112.4 75.8/89.1 97.7 54±3
0.4 8.2/111.5 58.9/ 87.1 89.1 51±5

Nd Sr 02 16.4/92.7 87 2/61.6 57.3 48±7
0.3 6.4/90.3 75.8/47.9 44.6 51±3
0.4 10.0 11.2 33 1 43±5

Ca 0.1 24.0 199 22.9 48±8

* Ea is activation energy for ionic conductivity (970-1300 K).

in oxygen permeability at x = 0-0.3. Oxygen ion conductivity of SrCotxMnx()l s  and 
SrCo^Tifi^g increases with small additions of dopant (around 10%) and decreases with 

further x growth. Analogously, permeability of ceramics SrCot_xCrxO} s increases with small 
additions of chromium (x = 0.02 -0.10) but decreases sharply at x>0.10. It is caused by the 
formation of the phase of strontium chromate SrCrOt . Oxygen permeability of SrCoUsCuxO} / 
solutions goes down feebly as copper concentration increases. The data on average oxygen 
permeability presented in Fig. 1 differ slightly from the data published previously (Kharton et al., 
1994). The reason is that more rigid demands to linear function j(E ) have been imposed in the 
present work.. Whereas in our previous work (Kharton et al., 1994) data corresponding to 
correlation coefficient above 0.99 have been selected, only experimental results with correlation 
coefficient of 0.995 have been used in the present paper.

The best oxygen permeability was found to be for solid solutions SrCol xFexOi t , but this solid 
solutions have a poor ceramic properties. It was found that incorporation of cbpper to cobalt 
sublattice offers reduction in sintering temperature of SrCo^xyFexCuyO ,s and improvement of
the mechanical properties o f ceramic materials on the basis of cobaltites-ferrites. Oxygen 
permeability of these materials decreases with increase in copper concentration (Fig 2)
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Oxygen permeation through ceramics based on strontium cobaltite has been shown to be limited 
by the process of oxygen exchange with gas phase. It was shown that applying of platinum layers 
on the surface of ceramics results in substantial buildup of oxygen permeability. For example, 
Fig.3 demonstrates oxygen permeability of SrCol̂ x7’ixOi_s ceramic samples with applied Pt 
layers and different values of thickness.

Fig. 1. Dependence of average 
oxygen permeability on 
composition of the ceramics 
SrCol xMexOi Sal 1117±7 K.

1. Me = 77,
2. Me = Cr;
3. Me = Mu ;
4. Me = l ;e,
5. Me = Nr,
6. Me = Си.

Fig 2 Oxygen permeability of 
Sr('ot Л1 /’W  '//.O, л ceramics

with (x=0, у = 0.3) at 
1160 К (I), 1110 К (2),
1066 К (3) and (x = 0.4, y= 0.3) 
at 1157 К (4), 1057 К (5) as a 
function of oxygen partial 
pressure differential.
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Fig.3 Oxygen permeability of 
SrCoX xTixOy fi specimens with 

x = 0.3 (1-8) and x = 0.5 (7) as 
a function of oxygen partial 
pressure differential at 
1123±2 K. Thickness of 
ceramics is 1.40 mm (1-3,5,7); 
0.8 mm (4), 1.80 mm (6).
Curves 1-3 are obtained on the 
cycling of oxygen partial 
pressure at one side of specimen 
SrCo07Ti0 л with applied Pt 

layers for 120 hours. Curve 7 
corresponds to specimen 
SrCo^Ti0/ ) y s with app-lied

Pt layers

? •

Fig.4. Photographs of 
SrCoOs -based cera
mic tubes used as 
oxygen separation 
membranes.
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According to the results of the investigations performed oxygen permeability of solid solutions 
SrCoX xFexOi s and La^xSrxCo()iS  is well above the corresponding values for others 

investigated oxide materials. Maximum oxygen permeability is characteristic of the 
compositions SrCot_xFexO (x =  0.2...0.35) and LaUxSrxCoO}_s (x = 0.65...0.75) which 
can be recommended for practical application as materials of electrochemical oxygen 
membranes. As an example, photographs of the ceramics of SrCoO% -based oxide material used 
for oxygen membranes preparation are presented in Fig 4. The results of the study were used 
for the elaboration of a membrane oxygen generator producing high-purity oxygen (impurity 
content not above 10"6 vol %) at a rate of 2401/hour which is in process now.
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