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Lowering the operating temperature and operating at intermediate temperature less than 1073K are important attempts for

decreasing the high cost problem of SOFC. However, YSZ (Yttria-stabilized zirconia) showed not suitable ionic conductivity
at the intermediate temperature, therefore, new electrolyte candidate alternative YSZ is strongly required. Sc-doped CaTiO;
CaTi;Sc 055 (x=0.05, 0.1) based oxide could be a qualified candidate due to their inexpensive raw material and comparable
conductivity with YSZ. In this research, conductivity properties and temperature dependence of crystal structure in
CaTi;,Sc 055 (x=0.05, 0.1) was investigated and electrochemical properties dependin on electrode was analyzed at practical
environment. The following is the summary of each chapter.

In chapter 2, Conduction properties of CaTi;Sc,Os5 (x=0.05, 0.1) are measured systemically as functions of temperature
and oxygen partial pressure P(O,) to demonstrate its potential for next generation electrolyte for SOFCs. Total conductivity of
CaTi;,Sc 055 (x=0.05, 0.1) depending on temperature and P(O,) under the condition showed slight increase of the
conductivity in the oxidizing and the reducing atmospheres are most likely attributed to the hole and the electron conduction. In
case of CaTiggScy 055, total conductivity decreased with decreasing temperature but their ionic domain regions were getting
wider having wide P(O,) region. As a result, it could be concluded that ionic conductivity was main conductivity in
CaTigoScy 1055 After 1073 K, CaTigeScy0s5seemed to follow typical mixed ionic electronic conductor (MIEC) because
obvious hole (p-type) and electron (n-type) conduction were observed at oxidizing atmosphere and reducing atmosphere,
respectively depending on P(O,). Although small contributions of hole and electron conductions were observed at high
temperatures, ionic conductivity was dominant in the total conductivity of CaTigoScyOs5 CaTiggsScoesOs5 also showed

similar behavior of total conductivity with CaTigySc, ;055 However, the dominant effects of hole and electron were getting



weaker due to expansion of ionic conduction range with decreasing temperature. The contribution of the electronic carriers is
vanishing at low temperatures as 773 K.

The ionic transference number of CaTii«ScxOss (x=0.05, 0.1), was calculated higher than 0.9 in the
oxygen partial pressure region covering through the operational ranges of practical SOFCs. The electrolytic
domain was getting wider with decreasing operating temperature. It reflects conductivity results as ionic
conduction range was getting wider with decreasing operating temperature due to lower effect of hole and
electronic conductivity. It suggests that series of CaTiixScxOsshave high potential as a SOFC electrolyte.
Meanwhile, it is also strongly required to explore compatible electrode materials to improve efficiency for
series of CaTi1xScxOs-.

As a result, CaTi1xScxOss (x=0.05, 0.1) did not show excellent ionic conductivity if it is compared with
LSGM-based electrolyte or Sc-doped YSZ electrolyte. However, when cost is taken into consideration,
CaTiixScxOss (x=0.05, 0.1) can be an attractive choice for a practical electrolyte. Although CaTii«ScxOssalso
uses expensive Sc as well, the amount of Sc used in a unit volume is much smaller in CaTi1«ScxOss (x=0.05,
0.1) than Sc-doped YSZ. Therefore, if suitable electrode would be assisted with CaTii-xScxOss (x=0.05, 0.1),
CaTi1«ScxOss (x=0.05, 0.1) electrolyte is still attractive electrolyte considering critical disadvantage of other
electrolyte candidate due to their high ionic conductivity and high ionic transference number.

In chapter 3, it was found out that CaTi;Sc,Os.5, especially x=0.1compound, shows non-liner activation energy change in
the ionic conductivity and hysteresis of the total conductivity in the intermediate temperature range from chapter 2. The
hysteresis is well-known that crystal structure change affects the conductivity. Therefore, the detail relationship between
hysteresis of conductivity and phase changing was investigated using HT-XRD. Temperature dependence of crystal structure in
CaTi;Sc 055 (x=0.05, 0.1) is observed by high temperature XRD (HT-XRD) and all XRD patterns accord to orthorhombic
CaTiO; phases and the secondary phase was not observed in each composition. WPPD fitting of Pbnm phase was successfully
performed in both of CaTi;,Sc,055 (x=0.05, 0.1) and it showed low GOF values were less than 1.2 even though fitting was
performed by WPPD method. These results were coincided with conductivity hysteresis behavior also between HT-XRD and
conductivity results. The tilting angle from Rietveld refinement also support the possibility of Pbnm phase during entire
temperature range in CaTi;ScO55 (x=0.05, 0.1) showing decrease of tilting angle with increasing temperature and it indicated
typical behavior of CaTiOs;. The mechanical properties of CaTiSc,Os5 (x=0.05, 0.1) was performed depending on
temperature. Elastic modulus was decreased with increasing temperature in CaTi;,Sc,Os5 (x=0.05, 0.1). In case of
CaTiy95S¢o0503, elastic modulus was drastically decreased around at 700K, and internal frction started enhance at the

temperature. The temperature well accord to drastic chnage in lattice parameter and unit cell volume as well. In CaTigoSc 05,



discontinuity of unit cell volume change around 973 K is quite limitted while the temperature at which discontinous change in
elastic modulus started is also around 973 K. Therefore, change in CaTig¢Sc, 035 most probrobably affects to the conductivity
although the reason of conductivity hystersis is still unclear. This change in phase may be accompanied with element diffusion
such as oxygen.

In chapter 4, the electrochemical properties of CaTiixScxOss (x=0.05, x=0.1) was investigated. In
concentration cell of Pt, 0.98 bar Ha- 0.02 bar H2O | CaTiixScxOss (x=0.05, 0.1) | Pt, 0.2 bar Oz 0.8, even
though the electrolyte was much thicker than expected in a practical use, the major cause for the voltage loss
was the electrode overpotential rather than the ohmic resistance. CaTio.955c0.05035 showed slightly smaller
overpotential than CaTiog0Sco.1003s at 1073 K because CaTios5Sc0.05035 had wider ionic conduction domain
than CaTio90Sc0.10036 as function of temperature. It implies wider ionic conduction domain effected on
decreasing overpotential In both cases, the platinum was not a good electrode on CaTi1«ScxOs5 (x=0.05, 0.1)
electrolytes due to their high electrode overpotential. So, it was required to modify both of electrodes for
improvement of electrochemical properties, especially, decreasing the electrode overpotential. 50vol%
Ni-50vol% CaTiixScxOss (x=0.05, 0.1) composite was chosen for anode and LaosSro4CoOs was chosen for
cathode for electrode modification. After above electrode modifications, cell performance and polarization of
Lao6Sr04Co0s / CaTii«ScxOss (x=0.05, 0.1) / Ni- CaTiixScxOss (x=0.05, 0.1) concentration cell was measured.
Polarization losses were also dramatically improved compare with Pt electrode. It was clarified the ohmic
loss of CaTiixScxOs5 (x=0.05, 0.1) electrolyte is responsible for most of the voltage loss in LaosSro4CoOs /
CaTii«ScxOss (x=0.05, 0.1) /Ni- CaTii1xScxOss (x=0.05, 0.1) concentration cell. The optimum electrolyte
thickness of CaTiixScxOss (x=0.05, 0.1) was calculated having the range of 0.5 um to 20 um at intermediate
temperature range (1073 K to 773 K) when the current density is fixed at 1 A cm2. This thicknesses range
considered quite thin for electrolyte-supported SOFCs but it is suitable to apply for anode-supported cell
design. If current density level is smaller for a particular application, the optimum electrolyte thickness
increases. If the current density is decreased until 0.01 A cm?2, the optimum electrolyte thickness was
calculated 50 pm to 1mm at the intermediate temperature region. It implies CaTiixScxOss (x=0.05, 0.1)

could be achieved with electrolyte-supported SOFCs.
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