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Mixed ionic and electronic conducting perovskite-type oxides are the state-of-the-art materials for high-temperature solid-state electrochemical devices such as solid oxide fuel cells (SOFCs), oxygen membranes and sensors. Many of such materials are lanthanum cobaltite-based oxides. Hence, the main goal of the present work was to determine the relationship between defect structure and oxygen nonstoichiometry and to determine thermodynamic stability limit of LaCoO3, LaCo0.7Cr0.3O3 and La0.7Sr0.3Co0.7Cr0.3O3.
Powder samples of LaCoO3-δ, LaCo0.7Cr0.3O3-δ and La0.7Sr0.3Co0.7Cr0.3O3-δ were prepared by standard ceramic technique using La2O3, SrCO3, Cr2O3 and Co3O4 as starting materials. X-ray diffraction analysis showed no indication for the presence of a second phase in as prepared oxides.
Oxygen nonstoichiometry (δ) of the oxides investigated was measured as function of oxygen partial pressure and temperature in ranges -4≤log(pO2/atm)≤0 and 900≤T, °C≤1050, respectively, using coulometric cell with solid oxide electrolite. Absolute nonstoichiometry was determined by thermogravimetric analysis and defect structure modeling. The thermodynamic stability limits of oxides with x=0, y=0.3 and x=0.3, y=0.3 were determined by means of EMF technique directly in coulometric cell. Partial molar enthalpy and enthropy of oxygen in LaCoO3-δ, LaCo0.7Cr0.3O3-δ and La0.7Sr0.3Co0.7Cr0.3O3-δ were calculated on the basis of “pO2-T- δ” diagram.
Thermodynamic stability was shown to increase dramatically upon substitution of Cr for cobalt in LaCoO3. For example, dissociation pressure of LaCoO3-δ corresponds to log(pO2/atm)=-4.75 at 1000 °C, whereas that of LaCo0.7Cr0.3O3-δ corresponds to log(pO2/atm)=-11.47 at the same temperature.
Results obtained were discussed on the basis of the defect structure of oxides investigated. Model of localized charge carriers was shown to adequately describe behavior of oxygen nonstoichiometry as a function of pO2.
This work was supported by the Russian Foundation for Basic Research (grant No. 07-03-00076)

