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Abstract

Abstract

This dissertation focuses on the studies of the technique that can be used to
prepare well-dispersed and sinter-resistant catalysts by simple impregnation steps, and
the catalysts prepared by citric acid coordination-impregnation method have been
studied systematically in order to provide the scientific foundation for developing thus
catalyst.

In the first part (chapter 3), a series of NiO/SBA-15 catalysts were prepared by
nickel nitrate and nickel citrate by the impregnation method. XRD, BET, TEM,
H,-TPR, O,-TPD-MS, TP-MS and TG-DTG characterization results indicate that NiO
nano-particles in the catalyst prepared by nicke!l citrate were highly dispersed inside
the mesopores of SBA-15 whose mesopores structure have been saved completely.
The chelated nickel citrate precursor interacts with silanol groups at the pore surface
via hydrogen bonding, which results in a homogeneous distribution of precursor
compound in the mesopores. After drying the chelated nickel precursor is therefore
expected to have formed a thin film on the pore surface of SBA-15. Because of the
hydrogen bonding this film is tightly adhered to the pore surface. Upon calcination of
the thus immobilised catalyst precursor the thin film of nickel citrate breaks up and
decomposes due to the combustion of the organic ligand. The resulting catalyst
contains only very small NiO nano-particles situated inside the mesopores. When
nickel nitrate precursor is used for catalyst preparation, the interactions of nickel
nitrate with the support surface are too weak to provide sufficient anchoring of the
nickel ions during drying treatment, thus giving rise to the formation of the very large
NiO particles of this catalyst during calcination. Moreover, compared to the catalysts
prepared by nickel nitrate, the catalysts prepared by nickel citrate have higher
low-temperature catalytic performance which is closely related to the presence of
more nonstoichiometric oxygen in the catalysts.

In the second part (chapter 4), in order to test the stabilities under high
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temperature reaction condition, a series of Ni/SiO, catalysts were prepared by
different nickel precursors (i.e., nickel chloride, nickel nitrate, nickel acetate and
nickel citrate) by the same method, the catalytic performance at 650 °C of these
catalysts were investigated in detail for the POM reaction. XRD, BET, TEM and
H,-TPR characterization results indicate that the 3.0 wt% Ni/SiO, catalyst prepared by
nickel citrate possessed the most amount of NiO species which showed strong
interaction with the support of SiO,, the average size of whose Ni particles is the
smallest after reduced, this kind of catalyst also exhibited the best POM reaction
stability under high temperature reaction condition among all the Ni/SiO, catalysts
prepared by different nickel precursors. A homogeneous distribution of precursor
compound on the surface of the support generated by the high viscosity of the
impregnated solution and the strong interaction between Ni species and the support of
Si0,, result in small size and high dispersion due to the combustion of organic ligand
during calcination, which are suggested to be the best POM reaction stability under

high temperature reaction conditions.

Keywords: NiO/SBA-15; Ni/SiO,; Impregnation; Well-dispersed; Precursor;
Oxidative dehydrogenation of propane; Propene; Partial oxidation of methane;

Synthesis gas
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