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In recent years, energy saving with technological innovation has been strongly demanded in the world because
energy and environmental issues have been taken up. Fuel cells can directly convert chemical energy into electrical
energy with higher efficiency than conventional internal-combustion engines and it has attracted increasing attentions
as environment-friendly power generation device. Solid oxide fuel cell (SOFC) show highest energy conversion
efficiency among different types of fuel cells, contribute to reduce amount of emitted CO», and is expected as new
power generator in the new generation. At present, operation temperature of the SOFC system is so high (700-1000
°C) that it takes a while start and shutdown the system and deterioration of the component parts are easily induced.
Hence, there are many researches for lowering the operation temperature of the SOFCs.

Liquefied petroleum gas (LPG) composing mainly of propane (CsHs) is one of the potential sources for fuel cell
applications due to their higher energy density than natural gas, easy storage and well-established distribution
infrastructures for the fuels. Although SOFC can convert LPG directly, it is widely known that the heavier
hydrocarbons can induce coking on the electrode of FC stacks and in the pipe of the systems. Hence, pre-reforming is
an important preliminary step for the SOFC and eliminates heavier hydrocarbons by converting to CHa, Hz and COss
at low temperatures such as 300-400 °C where the waste-gas is exhausted from the FC stack. Therefore, noble
pre-reforming catalyst which shows high activity at the temperature is demanded.

In Chapter 3, Rh is supported on different kinds of oxide carriers and we investigated their catalytic behaviors for
steam reforming of propane at low temperature. As the results, Rh/TiO; catalyst exhibited highest catalytic activity
compared with other oxide supported catalysts. Therefore, we investigated the physicochemical properties of all
catalysts. But, it was found that better propane-converting ability of catalysts was not explained by the increase in
number of Rh active sites. These results indicate properties of the support rather than characters of the Rh are crucial
for determining activity of the catalysts.

In Chapter 4, Rh is supported on Ce1.xZr:O; oxide carriers with different cerium to zirconium molar ratio and we
investigate their catalytic behaviors for steam reforming of propane at low temperature. As a comparison,
conventional Rh/y-A1>Os catalysts are used. Rh/Cep25Zr0.7502 catalyst was found to show highest activity among the
catalysts studied. We have found that Rh/Ceo25Zr07502 exhibited highest propane steam reforming activity among
Rh/CexZr1:02 and Rhv/y-Al>O3 at low temperature. In addition to the conventional water adsorption and subsequent
activation mechanism on the oxide supports, HyO is activated over oxygen defect sites formed over the
Rh/Ceg25Zr07502 catalyst, owing to excellent redox ability of the support material. This results in promotion of
propane steam reforming and subsequent water gas shift reaction at the temperature.

In Chapter 5, we found that the crystal structure of the TiO; anchoring Rh particles is crucial for the catalytic activity
of Rh/TiO; catalysts for propane pre-reforming at the low temperatures. The SMSI induced during H pre-reduction is
optimized over Rh/TiO; with a rutile structure and catalyzes the reaction effectively. The resultant activity is much
higher than conventional Rh/y-A1Ozs. In contrast, SMSI was too strong for Rh/TiO; with an anatase structure, and thus
the surface of Rh particles was covered mostly with partially reduced TiO;. The resultant activity was very low. This
study emphasizes that the structure of supports affect metal support interactions and determines catalytic behavior,
even if the elemental composition of the supports is the same.

The above results clearly demonstrated the effectiveness of the properties of the support for improvement in low
temperature catalytic activity for steam reforming of propane, which indicates that developed catalysts are a promising
candidates for the pre-reforming of hydrocarbons for the SOFC applications highly desirable for realizing sustainable
society using only limited amount of energy.
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