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Abstract

Catalytic combustion is a promising technology for heat and power
applications, especially gas turbines. By using catalytic combustion ultra low
emissions of nitrogen oxides (NOX), carbon monoxide (CO) and unburned
hydrocarbons (UHC) can be reached simultaneously, which is very difficult
with conventional combustion technologies. Besides achieving low emission
levels, catalytic combustion can stabilize the combustion and thereby be
used to obtain stable combustion with low heating-value gases. This thesis
is focused on the high-temperature part of the catalytic combustor. The level
of performance demanded on this part has proven hard to achieve. In order
to make the catalytic combustor an alternative to the conventional flame
combustor, more stable catalysts with higher activity have to be developed.

The objective of this work was to develop catalysts with higher activity and
stability, suitable for the high-temperature part of a catalytic combustor fueled
by natural gas. Two template-based preparation methods were developed
for this purpose. One method was based on soft templates (microemulsion)
and the other on hard templates (carbon). Supports known for their stability,
magnesia and hexaaluminate, were prepared using the developed methods.
Catalytically active materials, perovskite (LaMnO3) and ceria (CeO2), were
added to the supports in order to obtain catalysts with high activities and
stabilities. The supports were impregnated with active materials by using a
conventional technique as well as by using the microemulsion technique.

It was shown that the microemulsion method can be used to prepare
catalysts with higher activity compared to the conventional methods.
Furthermore, by using a microemulsion to apply active materials onto
the support a significantly higher activity was obtained than when using
the conventional impregnation technique. Since the catalysts will operate
in the catalytic combustor for extended periods of time under harsh
conditions, an aging study was performed on selected catalysts prepared
by the microemulsion technique. The stability of the catalysts was assessed
by measuring the activity before and after aging at 1000 C in humid air for
100 h. One of the most stable catalysts reported in the literature, LMHA
(manganese-substituted lanthanum hexaaluminate), was included in the study
for comparative purposes. The results showed that LMHA deactivated much
more strongly compared to several of the catalysts consisting of ceria supported
on lanthanum hexaaluminate prepared by the developed microemulsion
method.

Carbon templating was shown be a very good technique for the preparation
of high-surface-area hexaaluminates with excellent sintering resistance. It
was found that the pore size distribution of the carbon used as template was
a crucial parameter in the preparation of hexaaluminates. When a carbon
with small pores was used as template, the formation of the hexaaluminate
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crystals was strongly inhibited. This resulted in a material with poor sintering
resistance. On the other hand, if a carbon with larger pores was used as
template, it was possible to prepare materials with hexaaluminate as the major
phase. These materials were, after accelerated aging at 1400 C in humid air,
shown to retain surface areas twice as high as reported for conventionally
prepared materials.

Keywords
Carbon templating, Catalytic combustion, Ceria, Gas turbine, Hexaaluminate,
Magnesia, Methane, Microemulsion, Perovskite

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4800

