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ABSTRACT

4591002063:  Petrochemical Technology Program
Sitthiphong Pengpanich: Hydrogen Production from Methane and
iso-Octane via Partial Oxidation using CeO, — ZrO, Based Catalysts
Thesis Advisors: Assoc. Prof. Thirasak Rirksomboon, Prof. Johannes
W. Schwank and Assoc. Prof. Vissanu Meeyoo, 149 pp. ISBN 974-
9937-38-4

Keywords: Methane/ iso-Octane/ Partial oxidation/ Hydrogen production/
Nickel/ Ceria-Zirconia/ Nickel-Tin/Niobium

Hydrogen is forecasted to become a major energy carrier in the future
because it has been found to be very attractive as an alternative to fossil fuels.
Catalytic partial oxidation of hydrocarbon is one of the processes for producing
hydrogen. Although Ni-based catalysts show excellent activity in this reaction, they
are deactivated easily by coke deposition. Hence, there has been an emphasis on the
development of highly active and coke resistant catalysts for partial oxidation. In this
study, the hydrogen production from partial oxidation of methane (modeled
hydrocarbon for natural gas) and iso-octane (modeled hydrocarbon for gasoline) over
Ni based CeO,-ZrO; catalysts was investigated.

The experimental results showed that Ni/Ceg5Zro250; catalysts exhibited
higher catalytic activity and stability for methane and iso-octane partial oxidation
than N:/CeO, and Ni/ZrO, catalysts yvith only small amount of carbon deposition
after prolonged reaction time. The excellent performance of Ni/Ceg 75Zrg 250, catalyst
is attributed to the high degrees of Ni metal dispersion and surface oxygen mobility
on the support. The performance of Ceg75Zry 250, supported catalyst was compared
to that of B"-AL,Os, an Na" ion conducting solid electrolyte. The catalytic activity for
methane and iso-octane partial oxidation over Ni supported on B"-Al,O; was lower
than that of Ni supported on Ceg75Zrg250,. This indicated that using a reducible
support such as Ceg75Zr250; is beneficial for methane and iso-octane partial

oxidation. Both catalysts were quite stable when operated under O/C feed ratio of
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1.0. However, the Ni/Ceg 75Zrg 250, catalyst was more stable as O/C feed ratios of
less than unity were applied.

Although 5 wt% Ni/Ceq 75Zr 250, catalysts showed high activity, selectivity,
and stability with good resistance to coke formation for methane and iso-octane
partial oxidation, little carbon deposition was still observed. In attempts to suppress
coke formation, Sn and Nb promoters were investigated. The results showed that
addition of a small amount of Sn (< 0.5 wt%) lowered the catalytic activity for
methane and iso-octane partial oxidation by less than 5% while the extent of carbon
deposition was decreased by more than 50%. However, Sn loadings higher than 1
wt% caused a massive drop in catalytic activity. This indicates that as long as the Ni
surface is only partially covered with Sn species, the active sites for the partial
oxidation of methane and iso-octane remain intact, while the surface site ensembles
required for carbon formation are blocked. The addition of Nb into Ni/Ceg 75Zrp 2505
catalyst was proven to be not successful for the reduction of carbon deposition. It was
found that addition of Nb lowered the catalytic activity and catalytic stability.
Furthermore, the amount of carbon deposition was increased with increasing amount
of Nb loadings. It might be due to the fact that NbO, species inhibited surface oxygen

reduction and increased acidity of Cey 75Zr 250, support.
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