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Abstract

Abstract

The selective oxidation, as well as catalytic combustion of propane, has been
extensively studied for effective use of natural resource and for the elimination of
pollutants emitted by automotive exhaust gases and power plants.

First part of this thesis, the effects of catalyst preparation methods for
3%Cs,0/Ce0,-2CeF;, the morphology of CeO,, the calcination atmosphere and
temperature, and the hydrolysis of CeF; on the performance of oxidative
dehydrogenation of propane were investigated. The results show that the polyhedral
and rod CeO, having larger surface area and smaller particle size displayed slightly
higher propane conversion rate and propene yield than those for the cube and
commercial CeO,. Overal, CeO, mainly gives the product of CO,. The calcination of
the 3% Cs,0/Ce0,-2CeF;5 catalysts in dry Ar suppresses the hydrolyzation of CeF;
into CeO,, resulting a better performance for oxidative dehydrogenation of propane
(ODH). CeO,-CeF; mixed phases obtained by partial hydrolysis of CeF; exhibit better
performance for ODH than that of mechanical mixture, which may be principally
related to the phase-phase interaction between fluoride and oxide. A total light olefin
(propene + ethylene) selectivity of up to 73.3% at a propane conversion of 44.1% was
achieved for the CeO,-CeF; prepared by the hydrolysis of CeF; at 600 °C.

In second part of dissertation, a preliminary study of ODH on TaO,/Ta model
surfaces is presented. Using the infrared reflection-absorption spectroscopy (IRAS),
the formation of TaO, on the Ta surface can be measured. The results reveal that the
Ta surface can be oxidized to TaO,/Ta, which amount increases with increasing the
reaction temperature and time. The catalytic performances for the ODH were
examined at various reaction temperatures and oxidation times. The activities and
selectivities of ODH are correlated with the formation of TaO,. The high selectivity of
propene on the fresh TaO,/Ta can be attributed to a relative low reaction rate for

propene oxidation.



Abstract

In the third part, VO,/Pt(111), which was grown layer-by-layer and exhibited
well-defined structure, was used as a model catalytic surface to study the intrinsic
catalytic activity of Pt, as well as the effect of VO, additive, for the oxidation of
propane. A special sample system was designed to assure a reliable analysis of the
trace amount of the model catalytic reaction products. The results show that the
catalytic activities for C;Hg oxidation on the Pt(111) surface as adding VO, were
suppressed apparently under 400 K, but enhanced significantly at above 400 K.
Maximum reaction rates were achieved at a VO, coverage of about 0.3 ML at 423 and
473 K. The infrared reflection-absorption spectroscopy (IRAS) results show that the
redox property of the unsaturated VO, /Pt(111) was much better than that of the
saturated VO, /Pt(111). The results suggest that the co-existence of V and Pt on the
surface, namely, the synergetic effects of V and Pt is the key factor corresponding to

the improving the activation and oxidation of propane.

Key Words: Propane, Cerium oxide, Tantalum oxide, Platinum, Vanadia, Model

catalysis, IRAS, Synergistic etfects
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