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1. Introduction 

 

Solid oxide fuel cell (SOFC) is a power generation 

system to convert chemical energy directly into 

electricity at a high efficiency. The operation of SOFC 

at low temperature (873-1073 K) increases the lifetime 

of SOFC and expands the choice of constituent 

materials used for the electrodes and interconnector. 

Rare earth-doped ceria (RDC) which has a higher oxide 

ion conductivity than the conventional electrolyte of 

yttria-stabilized zirconia (YSZ) is a candidate of 

electrolyte for the low temperature SOFC. This thesis 

mainly comprises the electronic conductivity of 

La-doped ceria, the electrochemical properties of the 

cells with the different cathodes, the fabrication of the 

thin electrolyte film by the doctor-blade method and the 

cell performance of the anode-supported SOFC. 

 

2. Results and Discussion 

 

The electronic conductivity of Ce0.8La0.2O1.9 

(La-doped ceria, LDC) was measured in a temperature 

range from 773 to 1113 K by direct current polarization 

method using the Hebb-Wagner ion blocking cell. The 

electronic conduction of LDC was proportional to 

Po2
−1/4.3

 ~ Po2
−1/4.6

 in the higher Po2 range (10
−2

-10
−8

 Pa) 

and Po2
−1/6.7

 ~ Po2
−1/7.1

 in the lower Po2 range 

(10
−7.5

-10
−22

 Pa). The activation energy for electronic 

conduction at Po2 = 10
−2

-10
−14

 Pa was 1.87-1.94 eV. 

The transference number (ti) of oxide ion for the present 

LDC at 773-1113 K was 0.96-1.00 under an oxygen 

partial pressure of 10
−5

 Pa. 

Indium tin oxide (ITO, 90 mass% In2O3-10 mass% 

SnO2), perovskite-type oxide SrRuO3, and Co2RuO4 

with high electronic conductivity were studied as a 

cathode of SOFC with Gd-doped ceria (Ce0.8Gd0.2O1.9, 

GDC) electrolyte (about 600 µm thickness) and 

Ni-GDC anode. The electrochemical properties were 

measured for those cathodes, and were compared with 

that for La0.6Sr0.4Co0.2Fe0.8O3 (LSCF) cathode which is 

one of the promising cathodes for SOFC with RDC 

electrolyte. The ohmic resistance and overpotential was 

large in the order of Co2RuO4 < SrRuO3 < LSCF < ITO 

and in the order of SrRuO3 < Co2RuO4 < LSCF < ITO, 

respectively. The SrRuO3 powder did not react with the 

GDC powder at 1073 K. On the other hand, the 

Co2RuO4 powder reacted with the GDC powder at 1073 

K to form Co3O4 and Gd2Ru2O7. 

The GDC electrolyte thin film (30 µm thickness) 

supported by Ni-GDC anode was fabricated by the 

doctor blade method. Then, the electrochemical 

properties of the anode-supported SOFC with the 

SrRuO3 cathode were measured in the temperature 

range from 773 to 1073 K using 3 vol% H2O-containing 

H2 fuel. The open circuit voltage was 0.23, 0.46, 0.55 

and 0.57 V at 773, 873, 973 and 1073 K, respectively. 

The maximum power density and the corresponding 

current density were 100 mW/cm
2
 and 439 mA/cm

2
 at 

873 K, and 381 mW/cm
2
 and 1154 mA/cm

2
 at 1073 K. 

The lower open circuit voltage for the cell with 

anode-supported GDC electrolyte thin film may be 

attributed to the increased internal short circuit current. 

The reaction mechanisms of O2 molecules with 

electrons at the cathode were discussed with the AC 

impedance spectra measured for the cathodes in this 

study. The AC impedance spectra for the ITO and 

SrRuO3 cathode on thicker GDC electrolyte (about 600 

µm) showed one or two capacitive loops. The 

capacitive loops were considered as the processes of 

diffusion of oxide ions for GDC electrolyte surface. 

 

3. Conclusions 

 

This thesis clarified the ranges of temperature and 

oxygen partial pressure for RDC as an ionic conductor, 

and proved that SrRuO3 is a promising cathode material 

for RDC electrolyte in view of the low overpotential 

and high phase compatibility with GDC electrolyte. 
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