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Abstract : To find novel mixed protonic and electronic conductors, the electrical conductivity of the n-type
oxide semiconductor Mgln,O, was investigated from room temperature to 450C in dry air and wet hydrogen
atmosphere. The electrical conductivity in a wet hydrogen atmosphere was approximately 30% higher than that
in dry air. This was arising from the dissolution of hydrogen into the crystal and the generation of conduction
electrons by its ionization as represented by H, (g) = 2H, +2¢. Based on the proton density of MgIn,0, of 1.8 %
10”cm, the proton partial conductivity at 300C was evaluated to be 10%~ 10°Sem™, assuming that the proton
diffusivity in MgIn,0, is of similar order to those in the other oxides with a closest packed structure of oxide
ions. The partial conductivity of electrons was large enough, 50Sem™, but the partial conductivity of protons was
not so large because the amount of hydrogen dissolved into Mgln,O, was comparatively small as expressed by
Hy 005 MgIn,O,. Since the mobility, or diffusivity, of ionic carriers generally increases as their density increases, it
is expected that mixed conductors exhibiting both high protonic and electronic conductivity will be discovered by
exploring materials that dissolve large amounts of hydrogen.

Key Words : Mixed protonic and electronic conductor, Intermediate temperature fuel cell, Hydrogen permeable
membrane
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Fig. 1 1 Variation of the electrical conductivity with tempera-
ture and atmosphere. Dots, squares, and diamonds indi-
cate the first run in dry air, the second run in wet H,, and
the third run in dry air, respectively. Open and closed
symbols correspond to the data obtained during heating
and cooling, respectively.
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Fig. 2 XRD patterns of (a) starting sample for the conductivity

measurement, (b) sample after heating in wet H,, and
(c) MgIn,0, calculated using the structural data, ICSD
#24992.
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Fig. 3 TPD curves for the H,O vapor evolution for the sample
annealed in dry air and wet H,.
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Table 1 Amount of evolved H,0 from the MgIn,0, sinters an-

nealed in dry air and wet H, at 450 °C, and hydrogen
atom density calculated from them.

Dry air Wet H, | Difference

Evolved H,0 / mol

2.4x10° | 3.8x107°%| 1.4x10°
H, O per mol of MgIn,0,

Density of H atom / cm™ 3.0x10"° | 4.8%x10'°| 1.8x10"
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Fig. 4 Depth profiles of D concentration in the as-implanted
(open dots) and post-annealed (closed dots) MgIn,O,
thin films for 40kV D" implantation to fluences of 1X
10%, 1% 10", and 1% 10"°cm™ obtained by NRA. Repro-
duced from41) with permission from Taylor & Francis
Ltd.
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