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ABSTRACT

In this study, we proposed new forming process for a porous ceramic body with unique pore structure. A tubular-type porous NiO-
YSZ body with radially aligned pore channels was prepared by freeze-drying of aqueous slurry. A NiO-YSZ slurry was poured into
the mold, which was designed to control the crystallization direction of the ice, followed by freezing. Thereafter the ice was sublimated
at a reduced pressure. SEM observations revealed that the NiO-YSZ porous body showed aligned large pore channels parallel to the
ice growth direction, and fine pores are formed around the outer surface of the tube. It was considered that the difference in the ice
growth rate during the freezing process resulted in such a characteristic microstructure. Bilayer consisting of dense thin electrolyte film
of YSZ onto the tubular type porous body has been successfully fabricated using a sturry-coating process followed by co-firing. It was
regarded that the obtained bilayer structure is suitable for constructing electrode-support type electrochemical devices such as solid
oxide fuel cells.
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Fig. 1. Schematic illustration of the disk-type mold (a) and

cylinder-type mold (b) used in freezing of water-based
NiO-YSZ slurry.
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Fig. 2. Photograph of cross-section of NiO-YSZ tube showing
radially aligned pore channels from the inside toward
outside.
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Fig. 3. Porosity of the support prepared by freeze-drying
process as a function of water content in the slurry.
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Fig. 4. SEM micrographs of the inner surface of NiO-YSZ tube sintered at 1400°C for 5 h with different water content in freezing
slurries : (a) 50 vol%, (b) 60 vol%, and (¢) 70 vol%.
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Fig. 5. SEM micrographs of the cross section (left) and the outer surfaces (right) of NiO-YSZ tube sintered at 1400°C for 5 h with
different water content in freezing slurries : (a), (b) 50 vol%, (c), (d) 60 vol%, and (e), (f) 70 vol%.
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Fig. 6. SEM micrographs of the cross section (left) and YSZ thin film surfaces (right) of NiO-YSZ support tube slurry coated with
YSZ electrolyte co-fired at 1400°C for 5 h with different water content in freezing slurries : (a), (b) 50 vol%, (c). (d) 60 vol%,

and (e), (f) 70 vol%.
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