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ABSTRACT

This research was aimed to study the effects of yttria and cobalt additions on sintering
behavior and ionic conductivity of samaria-doped ceria electrolyte for solid oxide fuel cell
(SOFC). The experiments were divided into 3 parts. Firstly, ceria powder with 10, 15, and 20
mol% samarium (Code: 10SDC, 15SDC and 20SDC respectively) was mixed in a vibrational mill
for 15 min. After drying, the mixtures were pressed into 1.5 and 2.0 cm pellets at 100 MPa using
a hydraulic press. The samples were sintered at 1400, 1500 and 1600 °C with 5 hr soaking time.
Phase development and microstructure of sintered samples, average grain size, density, ionic
conductivity, flexural strength, Vickers hardness and the thermal expansion coefficient of sintered
samples were determined. It was found that a complete solid solution between samaria and ceria
was obtained at 1400 °C. 10SDC sample showed the largest average grain size (11.60 pm) and the
highest density (96.2%) after sintering at 1600 °C. Maximum flexural strength (156.1 MPa),
Vickers hardness value (8.68 GPa), and total ionic conductivity (1 .0x10~ ohm™".cm™) measured at
350 °C were also obtained in the 10SDC sample. This sample exhibited thermal expansion
coefficient of 14x10° °C™ at the temperature range of 250-1000 °C.

In the second part of experiment, samaria in 10SDC samples was equally replaced by

yttrium at 2.5, 5 and 7.5 mol% (Code: 2.5YSDC, 5YSDC and 7.5YSDC respectively).



Preparation, characterization and properties were repeated. Addition of yttria to 10SDC was
found to increase the average grain size, density and grain boundary conductivity value but
decrease grain interior conductivity value of SDC sample. The highest total ionic conductivity of
1.3x10™ ohm.cm™ at 350 °C was obtained in the 2.5YSDC sample sintered at 1600 °C while
thermal expansion coefficient of these samples were similar to that of 10SDC sample.

The third part of experiment was to study the reduction of sintering temperature by
cobalt addition. Cobalt metal powder in the ratios of 0.5 and 1.0 wt% were added to 10SDC and
2.5YSDC samples. The samples were sintered at 1300 °C and 1400 °C with 1 hr soaking time.
After firing at 1400 °C, cobalt metal was found to oxidised to cobalt oxide (Co,0, and CoO).
A complete solid solution of samaria and yttria in ceria structure could be achieved at 1300 °C,
100°C lower than the sample without addition of cobalt. Adding 1 wt% cobalt metal, the 10SDC
and 2.5YSDC samples showed the highest density value of 96% after sintering at 1400 "C. The
highest total ionic conductivity of 3.0x10" ohm .cm” and 2.2x10" ohm™.cm ' measured at 350 °C

were obtained in the 10SDC and 2.5YSDC samples.

Keyword: Yttria / Cobalt metal / Ceria / Samaria / lonic conductivity
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2.10.1 Vlf]‘k!f]‘lj’i]\imﬂﬁﬂ Impedance spectroscopy
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E =B/ +T (2.30)
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. =0, eT (2.31)
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