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ABSTRACT

This research aimed to improve ionic conductivity of 3YSZ ceramic for using as an
electrolyte in solid oxide fuel cell (SOFC). Ceramic powder was prepared by a simple solution
coating technique. 3YSZ powder was coated with 3 types of solutions, 5 mol% yttria, 10 mol%
ceria and 5 mol% yttria mixed with10 mol% ceria (Code: 5Y, 10Ce and, 10Ce5Y respectively).
The samples were sintered at 1300-1500 C for 1-5 hours. Phase development, microstructure,
electrical properties and mechanical properties of sintered samples were investigated.

For 5Y samples, the XRD results showed that after sintering at 1300°C for 1 hour,
the coated samples exhibited only tetragonal structure. Increasing sintering time to 3-5 hours
resulted in co-existence of tetragonal and cubic structure. Further increasing sintering temperature
to 1400-1500°C, the crystal structure changed to tetragonal with lower tetragonality compared to
the starting 3YSZ sintered at the same condition. From Transmission Electron Microscope (TEM)
and Energy Dispersed X-ray Spectroscopy (EDS) analysis results, yttria was inhomogeneously
distributed in individual grain. Grain growth was found when increasing sintering temperature

and time. Impedance spectroscopy analysis results of all sintered samples showed that grain



interior conductivity of 5Y samples were only slightly increased with increasing sintering
temperature and time and higher than that of 3YSZ at the same sintering condition. Grain
boundary conductivity of the sintered samples was, however, improved with increasing sintering
temperature and superior to that of 3YSZ. The highest ionic conductivity of 3.30 x 107 S/cm at
600 C was found in the sample sintered at 1500 C for 5 hours. Flexural strength and fracture
toughness of this sample were 221 MPa and 2.74 MPa/m"” respectively.

For 10Ce samples, the XRD results showed that all sintered samples, the coated
samples were tetragonal except the one sintered at 1500°C for 5 hours which showed co-existence
of tetragonal and cubic structure. From Transmission Electron Microscope (TEM) and Energy
Dispersed X-ray Spectroscopy (EDS) analysis results, ceria was also inhomogeneously
distributed in individual grain. Coating with ceria solution also caused a slightly increase in grain
size of the sintered samples. Impedance spectroscopy analysis results showed that grain interior
conductivity of the coated samples was inferior to that of 3YSZ and only slightly affected by the
sintering conditions. Grain boundary conductivity of the coated samples was, however, improved
with increasing sintering temperature and became superior to that of 3YSZ when sintered at
1500 C for 1 h. The highest ionic conductivity of 0.31 x 10° S/em at 600 C was found in the
sample sintered at 1500 C for 5 hours. Flexural strength and fracture toughness of this sample
were 326 MPa and 3.32 MPa/m"” respectively.

For 10Ce5Y samples, the XRD results showed that after sintering at all conditions,
the coated samples exhibited only cubic structure. Microstructure analysis showed that the
sintered samples exhibited grain growth when increasing sintering temperature and time.
Impedance spectroscopy analysis results of all samples showed that grain interior conductivity of
the samples was inferior to that of 3YSZ and only slightly affected by the sintering conditions.
Grain boundary conductivity of the samples was, however, improved with increasing sintering
temperature and superior to that of 3YSZ. The highest ionic conductivity of 0.77 x 10” S/cm at
600 C was found in the sample sintered at 1500 C for 5 hours. Flexural strength and fracture

toughness were 209 MPa and 1.19 MPa/m"” respectively.
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