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    Electricity demand in highly developed countries is continuously increasing. Fossil fuel power plants 
are still the major sources of the energy, however they are considered as the main contributors to the 
global warming due to high amount of CO2 released to the atmosphere.  In order to avoid the CO2 
pollution, an OXYFUEL process can be exploited, in which an advantage of fuel combustion in oxygen 
atmosphere is utilized. Due to lack of nitrogen, CO2 content in the flue gas is increased, which 
significantly assist carbon capture and storage process (CCS), avoiding the CO2 emission to the 
atmosphere. Oxygen can be extracted from air with air separation units (ASU), based on the 
perovskite-structured Ba0.5Sr0.5Co0.8Fe0.2O3−δ (BSCF 5582) dense ceramic membranes characterized 
by high level of oxygen permeation [1]. However, operating temperature of this material should be 
higher than 850 °C. Below this temperature, a significant degradation of oxygen permeation with 
operation time was noticed [2], originating in the microstructural instability of the BSCF 5582 material 
[3]. 
    In order to investigate the instability of the BSCF 5582 membranes, some of the as-received 
specimens, developed by Fraunhofer Institute for Ceramic Technologies and Systems, IKTS in 
Hermsdorf, Germany, were annealed in air for two weeks at the temperatures from the range of 750-
950 °C (with 50 °C intervals) and further investigated by light (LM), scanning (SEM) and transmission 
electron microscopy (TEM). In order to perform LM and SEM investigations, annealed specimens were 
ceramographically prepared. Analytical TEM analyses of focused ion beam (FIB) lamellas were 
performed using a probe Cs-corrected Titan

3
 G2 60-300 equipped with a ChemiSTEM system and a 

Tecnai G20 TWIN microscopes of the FEI.  
    Microstructures of annealed specimens were compared to the one of the as-received BSCF 5582, 
containing small amount of the hexagonal phase precipitates (Figure 1), located at the grain 
boundaries due to slow cooling (2 K/min) from the sintering temperature of 1130 °C. The annealing 
temperature had an influence on the microstructure stability of BSCF 5582. The increased amount of 
hexagonal phase precipitates was observed in the material annealed below 850 °C, however the 
highest concentration occurred in the specimen heat treated at 750 °C (Figure 2), where three phases 
were found. The precipitates have different chemical composition than the matrix (Ba/Sr and Co/Fe 
ratios are changing). Precipitation of the hexagonal phase influences the chemical composition of the 
matrix. Its changes in comparison to the as-received material explain the fact that material is not 
optimal anymore to obtain high oxygen fluxes at the temperature range of 750 - 800 °C. The changes 
mentioned above are responsible of the permeation drop reported by Shao et al. [2]. 
 
 
 
 
 
 
 
 
1. S. Baumann et al., Journal of Membrane Science 377 (2011), p. 198. 
2. Z. Shao et al., Journal of Membrane Science 172 (2000), p. 177. 
3. C. Niedrig et al., Solid State Ionics 197 (2011), p. 25. 
4. This work was supported by the Initiative and Networking Fund of the Helmholtz Association, contract 

HA-104 (“MEM-BRAIN”). The authors thank Dr R. Kriegel, IKTS for providing the BSCF specimens. The 
support from the AGH-UST statutory project (nr 11.11.110.148) to microstructure investigation is kindly 
acknowledged. 



197 

 
 

Figure 4. STEM-HAADF image of the  BSCF 5582’s microstructure in as-received (the hexagonal phase 

precipitates are visible at the grain boundary). 

 

Figure 5. STEM-HAADF image of the  BSCF 5582’s microstructure after annealing in air for 336h at 750 °C. 


