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Abstract of Thesis

Porous ceramics offer nowadays many applications as end products in several technological processes. For
each specific application, microstructure control of porous ceramics is very important. Especially, it is
necessary to develop the economic and environmentally benign preparation methods which can efficiently produce
porous ceramics with controllable microstructure properties. In this regard, porous ceramics for thermal
insulation material and solid oxide fuel cell (SOFC) were selected in this study, and their promising production
methods were developed. In chapter 1, the background of this study and its objectives were firstly explained.
Two parts were included, in part 1, microstructure control of building thermal insulation materials from
polishing porcelain tile residue (PPR) was studied, as this route allows us much easier fabrication by foaming
during firing. And the properties of such porous ceramics have confirmed that this method is promising for
achieving high—quality building thermal insulation materials. Therefore, in chapter 2 and 3, a fundamental
research on the foaming mechanism of PPR and its influential factors during firing was carried out to better
control the microstructure and properties of porous ceramics from PPR. In chapter 2, the foaming mechanism
of PPR during firing was firstly clarified. It was found that the PPR foaming is caused by the corrosion and
oxidation reaction of SiC particles in the porcelain matrix, and that this reaction is accelerated by the
presence of magnesium oxychloride cement which serves as an alkaline molten salt at high temperature. In chapter
3, the effect of SiC particle size and phase composition on microstructure and foaming properties was further
clarified. It was also found that the size of SiC particle has a significant influence on the number, size,
and interconnectivity of the pores formed in the resulting product, and that this effect becomes more distinct
when the SiC particle size is reduced. In addition, the microstructure of fired porcelain body was also
significantly influenced by its phase compositions. Formation of crystalline silicates had a remarkable effect
in terms of limiting the expansion of pores during firing. This is important information for the careful control
of phase composition to achieve desirable microstructure properties for building ceramics with high thermal
insulation performance.

In part 2, the microstructure control of SOFC anode from homogeneous NiO/YSZ nanocomposite particles was
studied, as this method is better tool for making good porous microstructure for high performance SOFC.
Therefore, in chapter 4, a novel co-precipitation method to synthesize homogeneous NiO/YSZ nanocomposite
particles was proposed. The interaction of anionic Zr carbonate complex with cationic Ni and Y ions was applied
to achieve its uniform sedimentation. It was found that homogeneous NiO/YSZ nanocomposite particles were
successfully synthesized at a mild condition. Furthermore, the resultant anode had a uniform porous structure
consisting of fine grains even after the sintering at 1350 °C, and consequently, the anode exhibited quite
low polarization resistance. In chapter 5, to further improve its electrochemical performance by the novel
co—precipitation method, the effect of Ni0O/YSZ nanocomposite particle composition on the microstructures and
electrochemical performance of the resultant Ni/YSZ anodes was also investigated in detail. It was found that
a Ni content of 40% by volume produces the finest and most uniformly porous anode structure with the lowest
polarization resistance of 0.18 Q- cm® at 800 °C in a 97% H, + 3% H,0 atmosphere. The properties of the anode
made clear that this method is promising for synthesizing Ni—-YSZ nanocomposite particles for better SOFC

performance. Finally, in chapter 6, the conclusions obtained throughout this study were summarized.
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