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The purpose of this study is establishing the guideline for material design and development of

IT-SOFCs cathode for practical application. Toward the aim, oxygen nonstoichiometry, crystal structure,
COq-toleracne and cathodic property of BSCF-based oxides are systematically examined (Chapter 2-5), the
chemical stability of BSCF and the effect of B-site cation doping on the chemical stability, COsz-tolorance and
cathodic performance are discussed in this thesis. As a prototype of evaluation model, chemical stability of
BSCF are proposed in chapter 2, the effect of B-site cation doping on the chemical stability of BSCF-based
materials are illustrated in Chapter 3, and the effect of B-site cation doping on COz-tolerance is shown in
chapter 4. The effect of B-site cation doping on cathodic behavior are shown in chapter 5.

General introduction of this work is written in Chapter 1. Energy use, and its impact on the environment,
is one of the most important technical, social, and public-policy issues that face mankind today. Develop of
the clean and sustainable energy can gradually change the structure of the traditional energy consumption,
reduce demand for fossil fuels forward the environment protection. Solid Oxide Fuel cells, as energy
conversion devices, offer many advantages in comparison with traditional combustion engines, including
high efficiency, low emissions and cell scalability. The key for wide-spread commercialization of SOFC is
lowering the working temperature. The performance of the cathode is a large limiting factor for SOFC with
lower operating temperature. Therefore, the development of a new class of the cathode materials, enabling

reduction of the SOFC operating temperature, for instance down to 873 K, attracts much interests from a
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vast number of researchers. Discussion about the limitation steps of cathode reveals the high
oxygen-deficient perovskite oxide has great advantage to supply fast cathode kinetic. One of mixed ionic and
electronic conductors (MIECs), BaosSro5CoosFeo203-s (denoted as BSCF), has been a very promising cathode
material allowing the SOFC operation at lower temperatures with high electrochemical performance. The
author chose BSCF as a target material because this system shows interesting properties in both industrial
and scientific point of view. The former works are briefly summarized. Finally, the aim of this study and
subsequent spreading effects are shown with schematic pictures.

In Chapter 2, the complex decomposition processes of BSCF have been studied through high temperature
crystal structure and oxygen nonstoichiometric behavior. The influences of temperature and p(O2 on the
chemical stability of BSCF were clarified. The chemical stability diagram of BSCF was established as a
function of temperature between room temperature and 1373 K and oxygen partial pressure, 7{O2), between
1 and 1x102! bar in Fig.1. The results showed the cubic BSCF had poor chemical stability both in highly
oxidative conditions at low temperatures and highly reductive conditions at high temperatures. It was
demonstrated that the cubic BSCF was instable in relatively high oxidizing conditions including air at
intermediate temperatures, with consequent formation of oxides having high oxidation state of Co ion. The
large oxygen nonstoichiometry of BSCF was proved by coulometric titration as functions of p{O2) and
temperature. The two step decompositions, owing to the two step reductions of Co ion from +3 to +2 and
from +2 to 0, were observed in relatively low p{O2) conditions. The driving force of the decomposition of the
cubic BSCF is suggested mainly the variation of the oxidation state of Co ion. The 3d transition element on
the B-site with the higher electron affinity and thus reducibility, that is the Co ion in BSCF-based materials,
mostly influences the nonstoichiometry and stability.

In Chapter 3, high temperature crystal structure and oxygen nonstoichiometric behavior of
Bao5Sr05Co08Fe01Mo.103-s (M= Nb and Sb) are investigated. The chemical stability diagram of BSCFM were
established as a function of temperature between room temperature and 1373 K and oxygen partial
pressure, p(O2), between 1 and 1x102! bar. The results showed the cubic BSCFM had improved chemical
stability. The oxidative and the reductive stable boundaries were both shifted toward relative high oxidative
conditions.

In Chapter 4, Cubic perovskite BaosSrosCoosFeo1Mo.103-5 (BSCFR, M = Fe, Nb, Mo, Sb) were fabricated
and their chemical stabilities under high p(O2) and CO: were studied by XRD and TG-DTA analysis.
Compared with BSCF and BSCFMo10, BSCFNb10 exhibited better chemical stability under high (02 at
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temperatures higher than 1173 K. The BSCF-based oxide partially substituted by Sb possessed of high
structural stability in high p(O2). COz-tolerance of BSCF was found to improve in the same order of relative

acidity of doping cation as Nb, Sb > Mo > Fe.
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Figure 1 Chemical stability diagram of BaosSro5Co0sFe0203-sbased on the high temperature XRD and

oxygen nonstoichiometry results.

In Chapter 5, the impacts of high valence cation doping of BSCF on its electrochemical performance for
IT-SOFC cathode were systematically investigated. With the exception of the BSCF samples, the BSCF
samples doped with Nb and Sb ions also exhibit a low total interfacial polarization resistance. Even after
cations doping in BSCF the ASR are lightly increased, compared with other main cathode material, the
BSCF-based cathode materials exhibits low total interfacial polarization resistance which will provide the
excellent cell performance.

The guideline for design cathode of IT-SOFCs obtained in this study is shown in Fig 2. To develop a novel
cathode for IT'SOFC we need: MMap the chemical stability to uncover the driving force of instability.2)

Tailor the stability of material based on the understanding of decomposition mechanism. (3 The
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performance of optimized material should be insured by electrochemical performance investigation. @

Balance the performance and stability by adjusted the composition to approach the best materials for

IT-SOFC cathode.
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Figure 2 The guideline for material design and development of IT-SOFCs cathode for practical application.

Through the work in this thesis, the chemical stability, oxygen nonstoichiometry, crystal structure,
COg-tolerance and cathodic performance of BSCF-based oxides were successfully determined. The author
applied both stability and performance investigation to fairly estimate BSCF-based oxides as cathode
materials for IT'SOFCs. Although further work is necessary to obtain deeper understanding about the origin
and the mechanism of functionality, the author is confident that the results shown in this thesis contribute
to both scientific researches and industrial fields. From the industrial point of view, this thesis advance
MIEC BSCF-based perovskite materials and from the scientific point of view, methodology and techniques

used in this study are also valid to examine other functional materials.
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