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Abstract

Abstract

Selective oxidation of light paraffin is one of the most challenging problems in
heterogeneous catalysis, among which the oxidative dehydrogenation of propane
(ODHP) is vitally important in terms of its great economic potentials. For the ODHP
reaction, one of the challenges is how to achieve a high propene selectivity at a high
propane conversion with a desirable catalyst, because propene is more active than
propane and prone to side reaction. In this work, a series of nanosized and
mesostructured catal ysts based on nickel oxide have been prepared and investigated in
the ODHP reaction. The effects of catalyst structure, surface properties and promoter
modification on the catalytic performance and, especialy, the performance at low
temperature have also been studied systematically. Both the nano- and meso-NiO
based catalysts have been characterized in detail and the nature of active oxygen
Species associated with the structure-performance relationship have been intensively

studied. This dissertation is composed of three parts.

In thefirst part (Chapter 3), nanosized CeNbNiO catalysts have been prepared by
amodified sol-gel method and investigated in the ODHP reaction. The addition of Ce
and Nb into NiO can enhance largely the low-temperature activity and the selectivity
to propene, respectively. With 1.5Ce3NbNiO catalyst, a propene yield of 10.4% was
obtained at 250 °C. This temperature is considerably lower than that reported by
others when the comparative yield is obtained. XRD, Nj-adsorption, H,-TPR, XPS,
O,-TPD, NH3-TPD and pulse reaction have been performed to study the intrinsic
difference among these NiO-based catalysts. It’s proposed that the nonstoichiometric
oxygen over the catalyst surface is the active oxygen species for ODHP reaction,
since the low-temperature reactivity is closely related to the reducibility of the bulk
nonstoichiometric oxygen. The reducibility of the bulk nonstoichiometric oxygen is
improved by Ce addition, which could account for the enhanced |ow-temperature
reactivities of the Ce-containing samples. The significant decrease of surface acidity

caused by Nb introduction can be assumed to be one of reasons for the higher propene
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selectivity of Nb-containing samples.

The second part (Chapter 4) focuses on the cataytic performance and intrinsic
properties of mesoporous nickel oxide, prepared by using sodium dodecyl sulfate
(SDS) as a single-surfactant and urea as a hydrolysis-controlling agent. Compared
with nano-NiO samples prepared by homogeneous precipitation and sol-gel method,
the meso-NiO shows a higher selectivity to propene at a high propane conversion
level, and its upper temperature limit is raised to a much higher temperature. An
optimum propene yield of 13.2% with 25.8% propane conversion and 51.3% propene
selectivity is achieved at 450 °C over the mesostructured NiO. To the best of our
knowledge, this is the highest propene yield reported so far for pure NiO catalysts in
the literature. However, the catalytic performance at lower temperature (<400 °C)
over the mesostructured NiO is relatively low. O,-TPD, XPS and Raman
characterizations demonstrate that the meso-NiO samples present much higher density
of O™ species, which are suggested to be the active and selective species for the ODH
reaction. Moreover, The mesoporous structure can alow efficient molecular and heat
transport by diffusion in the channels during the ODHP reaction and thus can increase
the selectivity of propene by suppressing the consecutive oxidation of propene to CO

In the third part (Chapter 5), a modified route to synthesize mesoporous NiO has
been investigated employing urea as hydrolysis-controlling agent and mixed
surfactants containing triblock copolymer P123 and anion surfactant SDS as templ ate.
Synthesis conditions including P123/SDS molar ratio were investigated. Compared
with the literature method (using SDS as single-surfactant in chapter 4), the amount of
SDS and urea used in this work is much lower. This synthesis route offers a versatile
method to produce mesoporous late-transition metal oxides, such as Fe,Os, Co30,,
CuO and ZnO. The catalytic performances at temperature higher than 400 °C are quite
similar for these two types of mesostructured NiO prepared by mixed templates
(denoted as meso-NiO-ps) and by single template, respectively. However,
significantly better catalytic performance were obtained over meso-NiO-ps at lower

v
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temperature, and a propene yield up to 11% can be got at 350 °C, lower than the later
one by 100 °C. The XPS and Raman characterization results indicated that the
densities of O™ species and nickel cation defects are also very high on meso-NiO-ps.
The Ho-TPR results indicated that the amount of oxygen species, active in the ODHP
reaction at low temperature, is much higher on meso-NiO-ps than on the mesoporous
NiO prepared by the single-surfactant way. This difference of amount of active
oxygen species is probably related to the better catalytic performance at lower

temperature over meso-NiO-ps sample.

Keywords: Propane; Oxidative Dehydrogenation; Propene; Nanosize,

Mesoporous; NiO
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