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Large quantities of fossil fuels such as petroleum and natural gas are consumed in the world today.
However, resource depletion and the negative impact of their use on the environment are significant issues.
Hydrogen is an alternative clean energy source but its usage is not an ultimate solution because hydrogen is
mainly produced from the fossil fuels; therefore, other manufacturing approaches are desired. Recently,
biomass ethanol has attracted attention as a renewable and environmentally-friendly resource. In this thesis, the
solid catalysts for hydrogen production via steam reforming of ethanol (SRE) were investigated.

In Chapter 3, dependence of SRE on the metal oxide support and first row transition metal catalyst was
investigated. Ni supported on CeO, was more easily reduced and began to produce hydrogen at a lower
temperature than Ni supported on Zr0O;,, 8i0,, AL;03, and MgO. Ni/CeO; also maintained a high activity at 673
K and inhibited carbon deposition. Therefore, CeO, was adopted as the catalytic support. Compared with
Ni/Ce0;, Fe/Ce0, and Mn/CeQ, were less active. Contrarily, Co/CeO, was slightly less active at 673 K, but
exhibited a comparable hydrogen yield at 873 K. The Cu/CeQ; system was reduced more readily and produced
hydrogen at a lower temperature, but its activity gradually deteriorated by carbon deposition. Thus it was
concluded that Ni/CeO, exhibited the best combination of a high catalytic activity and a long stability at 673
K. It was also found that the physically-mixed catalyst of Ni/CeO, and Cu/CeO, showed a higher catalytic
activity than did the monometallic catalysts, indicating a synergistic effect of Ni and Cu on SRE.

In Chapter 4, the synergistic effects of CeO,-supported bimetallic Ni-Cu, Co-Cu, and Ni-Fe catalysts on
the reduction properties, crystal structure, and catalytic performance during SRE were investigated. Both
metals in the bimetallic catalysts were reduced at lower temperatures than were the metals in the associated
monometallic catalysts, and they formed alloy crystallites. The combination of catalytically- active Ni and Co
with less-active Cu (Ni-Cu/CeQ; and Co-Cu/CeQ,) resulted in increases in Hy and CO, yields and inhibition of
carbon deposition during reactions at 673 K. On the other hand, the incorporation of Ni with inactive Fe
(Ni-Fe/CeQ;) showed a lower activity than did Ni/CeO; at 673 K but exhibited a higher H; yield and higher
resistance to carbon deposition at 873 K, in which case NiFe alloys were formed. These results indicate the
advantages of alloying a catalytically active metal with a less active metal during SRE,

In Chapter 5, the effects of the Ni:Cu ratio and metal loading in CeOj-supported bimetallic Ni-Cu
catalysts on their reduction behavior and catalytic performance during SRE were investigated. Compared with
monometallic Ni and Cu catalysts, both the NiO and CuOQ phases in the bimetallic catalysts were reduced at
lower temperatures to form fine NiCu alloy crystallites. At a reaction temperature of 673 K, Ni/CeO; exhibited
a higher H; yield than Cu/CeQ, but also produced a large quantity of CHy and carbon deposits. The undesired
byproducts were significantly inhibited by replacing a portion of the Ni with Cu. The highest H, yield and
excellent carbon inhibition were achieved when the content of each metal was 5 wt%. Notably, a physical
mixture of Ni/CeQ; and Cw/CeQ, with the same metal contents exhibited a lower H; yield and heavy carbon
deposition, indicating that alloying is a key factor for synergistic improvement of the catalytic properties.

In Chapter 6, the compositional effects of CeO,-supported Ni-Fe catalysts on their reduction bebavior and
catalytic performance for SRE. Compared with Fe/CeO,, the Fe oxides in Ni-Fe/CeO, were reduced at lower
temperatures to form NiFe alloy crystallites. The 5wt% Ni - 5wt% Fe/CeO, catalyst exhibited the highest H,
yield end the high resistance to carbon deposition during SRE at 873 K. Lowering the reaction temperature
resulted in a partial decomposition of the NiFe alloys and a significant decrease in the catalytic activity,
indicating that the conservation of the alloy structures is critical for the stable high catalytic activity.

The above results clearly demonstrate the effectiveness of the combination of metals for improvement in
the reduction property and Iow-temperature catalytic activity for SRE, which indicates the feasibility of
on-board hydrogen production systems via lower-temperature SRE for fuel cell vehicles.




