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Abstract

The compound Bag gSrg 4Coq gFeg 203-5 with perovskite structure has been studied focusing mainly on the
thermodynamic stability in correlation to the change in the oxygen stoichiometry. The thermochemical
behavior has been investigated from room temperature to 1300K by thermal gravimetry and differential
thermal analysis in air and by calorimetry in scanning mode in Argon. The temperature dependence of
enthalpy (AH",9g) in the temperature range of 300-900K was measured by drop calorimetry.
Thermodynamic properties represented by the relative partial molar free energies, enthalpies and entropies
of oxygen dissolution in the perovskite phase, as well as the equilibrium partial pressures of oxygen have
been obtained in the temperature range of 823-1273K using solid electrolyte electrochemical cells (EMF).
The influence of the oxygen stoichiometry on the thermodynamic properties was examined using a
coulometric titration technique coupled with EMF measurements. The results are discussed based on the
strong correlation between the energetic parameters and the charge compensation of the material system.

Graphical abstract

Partial molar energy of oxygen dissolution (Aéo2 ) and equilibrium partial pressure of oxygen (log po, ) of
perovskite material with the composition Bag St 4Cog gFeg203-5 as a function of temperature.
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Introduction

Searching for new materials for intermediate-temperature solid oxide fuel cells (IT-SOFCs), the mixed ionic-
electronic conducting (MIEC) perovskite oxides (Ba,Sr)(Co,Fe)03-5 (BSCF) have received great attention [1],
[2],[3], [4],[5], [6],[7], [8]- These oxides may show a high electronic conductivity due to the mixed valence
states of the transitional metals and high oxide ion conductivity related to the high oxygen vacancy
concentration. The properties of the BSCF compounds can be tailored by varying the Ba:Sr and Co:Fe ratios.
The significant oxygen non-stoichiometry deviations (0.3<6<0.8 at 873<T<1173K) exhibited by the
Ba,Sri-xCoyFe;-,03-5 perovskites, together with the variation of the structural characteristics are depending
on temperature and oxygen partial pressure [9], [10], [11], [12], [13] leading to substantial variations in the
electrochemical activity of electrodes.

As a SOFC cathode, the long-term stability of such a highly defective material under the operating
conditions of an IT-SOFC is crucial. Most of the quaternary BSCF compounds exhibit cubic symmetry at
1273K in air. Some of the BSCF compositions undergo a cubic to hexagonal transition at low temperatures as
polymorphs of hexagonal symmetry in the BSCF system are expected regarding the symmetries of the end
members in this system [14], [15]. Especially under reducing conditions (<10~ atm) the thermal treatment
showed decomposition through a complex series of phase transitions due to ordering [5], [6]. Although the
knowledge of the fundamental solid state chemistry in the BSCF materials, including the relation between
defect structure and thermodynamic stability has increased during the years, the role of the energetic
parameters as driving forces leading to materials with the greatest stability during operation is still needed.

In the BSCF series, the composition Bag 5Srg 5Cog gFeg203-5 (BSCF5582) has been of particular interest as it
has a good oxygen permeation [1], [2], [16], [17], and low non-ohmic losses as IT-SOFC cathodes [3], [18],
[19], [20]. However, even for this composition, the degradation of the permeability and of the oxygen ion
conduction associated with the formation of less symmetrical non-cubic phases at 973-1173K was already
reported [1], [15], [21], [22]. By using transmission electron microscopy, Efimov [23] reported in the
intermediate temperature range below 1123K the decomposition of cubic BSCF5582 into a mixture of
phases including a lamellar-shaped Ba,Sr;-xCo,-,Fe,0s-5 complex oxide in addition to hexagonal perovskite
Bag gSrp 4C005-5. Searching for the phase stability and the decomposition pathway of cubic

Bag 5Srg 5Cog gFeg203-5, P. Miiller et al. [24], [25] reported that the crystallization of the hexagonal phase is
limited to temperatures below 1103K and the growth of plate-like regions with trigonal crystal structure
was detected up to 1173K annealing. The formation of secondary phases will have a negative impact on
oxygen-ion conduction, by increasing the lattice stress and decreasing the oxygen vacancies mobility.

Compared with BSCF5582composition, the BSCF6482 - based cathode material has been reported by Zhao
et al. [4] to exhibit better cell performance due to the relatively higher electrical conductivity at
intermediate temperatures (873-1073K). The values of activation energy for the conductivity found by Wei
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et al. [8] and Yang et al. [15] are smaller for the composition with x=0.6 comparatively with the
corresponding values obtained for x=0.5. Nevertheless, comparatively with BSCF5582, very little work was
performed on the BSCF6482.

When varying the Ba/Sr ratio in Ba,Sri-yCog gFeq203-5 (from x=0.2 to 0.8) a maximum in the partial molar
free energy is obtained in the temperature range from 800 to 900K for 50mol% Ba, indicating the
compositions with x=0.5 and y=0.2 to have the highest oxide ionic conductivity [26] and at 900K, the
thermodynamic data suggest an increase of the oxygen vacancies concentration correlated with higher
oxygen conductivity for the composition with 60mol% Ba, consistent with the analysis by Zhao et al. [4]. To
our best knowledge, no other thermodynamic characterization of compounds in the BSCF system is
available.

In the present paper, the thermodynamic properties of the Bag Srg 4C0g gFeg203-5 (BSCF6482) material is
characterized from room temperature to 1300K and the correlation between the thermodynamic
parameters and the change in the oxygen nonstoichiometry is given.

Section snippets

Experimental

The powder specimens of Bag gSrg 4C0q gFeg 203-5 were synthesized by solid state reaction method which
was previously described in detail [15], [26]. According to the X-ray diffraction (XRD), furnace quenched
powders of Bag gSrg.4Cog gFeg203-5 calcined at 1273K in air exhibit pure cubic perovskite structure [15], [26].

The morphology of the samples was analyzed by scanning electron microscopy (SEM) using a FEI Quanta 3D
equipment. In order to evidence the surface features of the particles the...

Results and discussion

By using the experimental values of the electromotive force of the cell, the thermodynamic data represented

by the relative partial molar free energies (AC_J’O2 ), enthalpies (AIEI 0, ) and entropies (Ag‘o2 ) of the oxygen
dissolution in the perovskite phase, as well as the equilibrium partial pressures of oxygen have been

calculated according to the known relationships [28], [30]. The partial molar free energies (AC_J'O2 ) and the

corresponding log pg, for the BSCF6482 sample are shown in Fig. 1. A(_}’o2

Conclusions

The energetic parameters obtained by a couple of measurements (EMF, TG, DSC, Drop Calorimetry) allow for
the correlation of the thermodynamic stability with the defect structure in particular temperature ranges.

The thermodynamic data of oxygen dissolution have a strong dependence on the temperature, and show
significant variations with respect to the oxygen stoichiometry change. These may explain the different
behaviors in the different temperature regimes. The oxygen vacancy order also shows...

Acknowledgments

The SNSF (Swiss National Science Foundation) financial support by the Scopes JRP Project
127370_128185/1/2009 is greatly acknowledged. The authors acknowledge the Romanian Academy, as well

https://www.sciencedirect.com/science/article/abs/pii/S0025540814003249?via%3Dihub 3/7



2/27/23, 3:28 PM Thermodynamic data of Ba0.6Sr0.4C00.8Fe0.203-5 SOFC cathode material - ScienceDirect

as EU (ERDF) and Romanian Government support for acquisition of the research infrastructure under Project
INFRANANOCHEM/2009-2010. One of the authors (F.M.) gratefully acknowledges the support of the
Romanian National Authority for Scientific Research, CNCS-UEFISCDI by the grant PN-I1I-RU-TE-2011-3-
0160....

References (40)

M.S. Toprak et al.

Synthesis of nanostructured BSCF by oxalate co-precipitation - as potential cathode material for
solid oxide fuels cells

Int. J. Hydrogen Energy (2010)

S. Tanasescu et al.

Thermodynamic properties of the SrFeO; 5 and StTMnO; 5 brownmillerite-like compounds by
means of EMF-measurements

Solid State lonics (2000)

S. Tanasescu et al.

Thermodynamic data of the perovskite-type LaMnOs3., and Lag 7Srg3MnOs., by a solid-state
electrochemical technique

Electrochim. Acta (1998)

S. Tanasescu et al.

Effects of A-site composition and oxygen nonstoichiometry on the thermodynamic stability of
compounds in the Ba-Sr-Co-Fe-0 system

J. Solid State Chem. (2013)

P. Miiller et al.

Decomposition pathway of cubic Bag 55rg5C0g gFep203-5 between 700°C and 1000°C analyzed
by electron microscopic techniques

Solid State lonics (2012)

W. Zhou et al.

Evaluation of A-site cation-deficient (Bag5Srg.5)1-xCog gFep203-5 (x>0) perovskite as a solid-
oxide fuel cell cathode

J. Power Sources (2008)

P.Y. Zeng et al.
Re-evaluation of Bag 5Srg 5Cog gFeg 203-5 perovskite as oxygen semi-permeable membrane
J. Membr. Sci. (2007)

J.F. Vente et al.
Performance of functional perovskite membranes for oxygen production
J. Membr. Sci. (2006)

Z.P. Shao et al.

Ba effect in doped Sr(Cog gFep2)03-5 on the phase structure and oxygen permeation properties
of the dense ceramic membranes

Sep. Purif. Technol. (2001)

https://www.sciencedirect.com/science/article/abs/pii/S0025540814003249?via%3Dihub 4/7


https://www.sciencedirect.com/science/article/pii/S0360319910006385
https://www.sciencedirect.com/science/article/pii/S0167273800007311
https://www.sciencedirect.com/science/article/pii/S0013468697003113
https://www.sciencedirect.com/science/article/pii/S0022459613000467
https://www.sciencedirect.com/science/article/pii/S0167273811005078
https://www.sciencedirect.com/science/article/pii/S0378775308007210
https://www.sciencedirect.com/science/article/pii/S037673880700021X
https://www.sciencedirect.com/science/article/pii/S037673880500685X
https://www.sciencedirect.com/science/article/pii/S1383586601000715

2/27/23, 3:28 PM Thermodynamic data of Ba0.6Sr0.4C00.8Fe0.203-5 SOFC cathode material - ScienceDirect
S. Svarcova et al.

Structural instability of cubic perovskite BaySr1-xCo1-yFe;03-s
Solid State lonics (2008)

v | View more references

Cited by (8)

Synthesis and application of perovskite nanoparticles for the adsorption of ketoprofen and
fenoprofen in wastewater for sustainable water management
2022, Journal of Molecular Liquids

Show abstract \/

Synthesis and characterization of Nanocrystalline
Ba<inf>0-6</inf>Sr<inf>0-4</inf>Co<inf>0-8</inf>Fe<inf>0-2</inf>0<inf>3</inf> for application
as an efficient anode in solid oxide electrolyser cell

2020, International Journal of Hydrogen Energy

Show abstract \/

Synthesis and characterization of novel
Ce<inf>0.8</inf>Sm<inf>0.2</inf>Fe<inf>0.9</inf>Ir<inf>0.03</inf>Co<inf>0.07</inf>0<inf>3-
</inf><inf>6</inf> perovskite material and possible application as a cathode for low-
intermediate temperature SOFCs

2015, Materials Research Bulletin

Show abstract \/

Adsorption technique for the removal of acetaminophen as adsorbate contaminant from water

with metals and eggshell
2022, Desalination and Water Treatment

Ce<inf>0.8</inf>Sr<inf>0.2</inf>Co<inf>x</inf>Fe<inf>1-x</inf>0<inf>3-6</inf> (x=0.2, 0.5, 0.8)
- A Perovskite-type Nanocomposite for Application in the Oxygen Evolution Reaction in Alkaline

Media
2020, Electroanalysis

Sol-gel Synthesis of Ce<inf>0.8</inf>Sr<inf>0.2</inf>Co<inf>1-(x+y)</inf>Ni<inf> x</inf>Fe<inf>
y</inf>0<inf>3-6</inf> (x = 0.1, 0.2, and y = 0.2, 0.5, 0.7)—a Nanocomposite-Type Electrocatalyst
for the Oxygen Evolution Reaction in Alkaline Media

2020, Electrocatalysis

A | View all citing articles on Scopus

https://www.sciencedirect.com/science/article/abs/pii/S0025540814003249?via%3Dihub 5/7


https://www.sciencedirect.com/science/article/pii/S0167273807003554
https://www.sciencedirect.com/science/article/pii/S0167732221029573
https://www.sciencedirect.com/science/article/pii/S0360319919346191
https://www.sciencedirect.com/science/article/pii/S0025540815001853
https://doi.org/10.5004/dwt.2022.28086
https://doi.org/10.1002/elan.202060370
https://doi.org/10.1007/s12678-020-00624-9
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-84902317940&md5=aa2ae2c113e239633fa4cd532dd44ba

2/27/23, 3:28 PM Thermodynamic data of Ba0.6Sr0.4C00.8Fe0.203-5 SOFC cathode material - ScienceDirect

Recommended articles (6)

Research article

Conductivity and oxygen reduction activity changes in lanthanum strontium manganite upon

low-level chromium substitution
Solid State lonics, Volume 266, 2014, pp. 19-24

Show abstract \/

Research article

NRET — A rapid method to investigate the water-oil interface in reverse micellar systems
Journal of Molecular Liquids, Volume 214, 2016, pp. 283-292

Show abstract \/

Research article

Investigating the Structural and Electrical Properties of Lag 1Big g9.xPbxFeO3 (x = 0.0, 0.05, 0.10,

0.20, 0.30) Multiferroics
Materials Today: Proceedings, Volume 2, Issue 10, Part B, 2015, pp. 5288-5292

Show abstract \/

Research article

Magnetic, magneto-optical and specific heat studies of the low temperature anomalies in the

magnetodielectric DyIG ferrite garnet
Journal of Magnetism and Magnetic Materials, Volume 476, 2019, pp. 551-558

Show abstract \/

Research article

Separation of enantiomers of chiral weak acids with polysaccharide-based chiral columns and
aqueous-organic mobile phases in high-performance liquid chromatography: Typical reversed-

phase behavior?
Journal of Chromatography A, Volume 1483, 2017, pp. 86-92

Show abstract \/

Research article

Thermochemistry of perovskites in the lanthanum-strontium-manganese-iron oxide system
Journal of Solid State Chemistry, Volume 230, 2015, pp. 411-417

Show abstract \/

View full text

Copyright © 2014 Elsevier Ltd. All rights reserved.

https://www.sciencedirect.com/science/article/abs/pii/S0025540814003249?via%3Dihub 6/7


https://www.sciencedirect.com/science/article/pii/S0167273814003403
https://www.sciencedirect.com/science/article/pii/S0167732215312423
https://www.sciencedirect.com/science/article/pii/S2214785315009967
https://www.sciencedirect.com/science/article/pii/S0304885318323680
https://www.sciencedirect.com/science/article/pii/S0021967316317174
https://www.sciencedirect.com/science/article/pii/S0022459615300840
https://www.sciencedirect.com/science/article/pii/S0025540814003249

2/27/23, 3:28 PM Thermodynamic data of Ba0.6Sr0.4C00.8Fe0.203-5 SOFC cathode material - ScienceDirect

TRSHES  Copyright © 2023 Elsevier B.V. or its li tributors. & ™
3@ &% opyright © sevier or its licensors or contributors RELX

Q‘Wj‘:&%‘ ScienceDirect® is a registered trademark of Elsevier B.V.
@s2a)

ELSEVIER

https://www.sciencedirect.com/science/article/abs/pii/S0025540814003249?via%3Dihub 77


https://www.elsevier.com/
https://www.relx.com/

