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Development of Solid Oxide Fuel Cells Using Efficient Zirconia Electrolyte (I)
—High Performance Scandia-Stabilized Zirconia Electrolyte—

REFIEELY, RREREC *, EBIENRY, IREAEREY Y, KERHH*
M. Hirano*, T. Oda*, S. Watanabe®, K. Ukai**. and Y. Mizutani**

Abstract Sc,0; (scandia)-doped cubic zirconia electrolyte with high electrical conductivity sintered at
low temperature and scandia-doped tetragonal zirconia electrolyte having improved mechanical
strength were developed. 1 mol% Bi,05-10 mol% Sc,0;-doped zirconia with cubic structure
sintered at 1200°C had sufficient conductivity of 0.33 S/cm at 1000°C and did not show cubic-
rhombohedral phase transformation. Dense zirconia ceramics fabricated by sintering at 1300°C
for 1 h in air followed by hot isostatic pressing (HIP) at 196 MPa at 1450°C for 1.5 h in an Ar
gas atmosphere, which consisted of submicrometer-sized grains of tetragonal phases and were
stabilized with 5 and 6 mol% Sc,0s;, exhibited high strength (1330 MPa and 1140 MPa,
respectively) and good conductivity (0.15 S/cm and 0.18 S/cm at 1000°C, respectively).
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Fig. 1. Bulk density and apparent porosity of 1 mol% Bi,Os-10
mol% Sc,0s-doped zirconia sintered at 900 to 1400°C for 1 h.
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Fig. 2. X-ray diffraction pattems of 1 mol% Bi,05-10 mol%
Sc,05-doped zirconia sintered at 1000 to 1400°C for 1 h.
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Fig. 3. Electrcal conductivity of 1 mol% Bi1,03:-10 mol%
Sc,05-doped zirconia sintered at 1200°C for 1 h.
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Fig. 4. Variation in measured grain size for thermally etched
surface of Sc,05-doped zirconia polycrystals HIPed at 1300°C
and 1450°C with the Sc,0; content.
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Fig. 5. Fracture toughness of Sc,0Os-doped zirconia
polycrystals sintered at 1400°C, and HIPed at 1300°C and
1450°C versus Sc,0; content.
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Fig. 6. Relationship between bending strength and electrical
conductivity at 1000°C for Sc,05-doped zirconia polycrystals (a)
sintered at 1300°C, (b) HIPed at 1300°C and (c) HIPed at
1450°C, and some of reported data on zirconia ceramics
prepared by sintering under normal pressure” and by HIP*
(electrical conductivity in ref. 34 is the value measured at
900°C).
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