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Abstract

The abundance of natural gas reserves and tremendous progress in its production has drawn great
interest from the research community to develop a suitable technology for the utilization of stranded
natural gas, into transportable chemicals/fuels which are of great commercial value. Catalytic
transformation of the simplest hydrocarbon methane into easily transportable hydrocarbons such as
benzene and aromatics in oxygen-free conditions is of significant importance that affords an alternate
path for the utilization of methane to fulfill the growing energy demand. Mo-exchanged zeolite (ZSM-
5) is an extensively recognized catalyst for this reaction that behaves in a bifunctional manner providing
active sites for methane activation and benzene formation. The major challenge associated with
thermodynamic restraint methane dehydroaromatization (MDA) using molybdenum-impregnated
HZSM-5 zeolite (Mo/HZSM-5) catalyst is the generation of an extensive amount of coke inside the
sole micropores and over the surface which leads to the deactivation of the catalyst within a few hours.
These problems require more insights into the development of suitable MDA catalysts with improved
catalytic activity in view of upgrading the process to a commercial level. In this context, the present
research covers the introduction of hierarchical zeolite comprised of unique micro/mesoporous
structures that can assist in delivering homogeneous Mo dispersion while the additional pores
accelerate the mass transfer of reactant and formed benzene products. With this approach, the first
study deals with the synthesis of hierarchical ZSM-5 support via applying a dual template soft
templating strategy and its application for the MDA reaction. Another factor that affects the MDA
catalytic activity is the dispersibility and stability of active molybdenum species under the reaction
condition. A strategy to stabilize the Mo-oxide precursor over the zeolite support is proposed and, in
this regard, two different forms of MoO3s (a-Mo0Os3, h-Mo0O3) were synthesized and applied as Mo

precursors for the synthesis of microwave (MW) assisted Mo/HZSM-5 catalysts. The correspondence



between the impact of different Mo oxide precursors and their preparation method on the catalytic
activity of Mo/ZHSM-5 was established for the non-oxidative MDA process that provides maximum
benzene selectivity with affordable stability. In order to reduce the coke generation inside the zeolite
support, the Bronsted acidity of HZSM-5 zeolite is moderated by substituting trivalent Al atom with
various heteroatoms (V, B, Ga, & Fe). Modification in Bronsted acidic sites of zeolite in Mo/MFI
catalyst showed improved stability towards MDA by reducing the coke deposition thus extending the
catalyst lifetime. In parallel efforts, ceria-zirconia mixed oxides as an oxygen transfer agent along with
Mo/HZSM-5 to improve the catalytic stability by performing the in-situ hydrogen oxidation reaction
was accomplished which in turn improved the methane conversion (11% initially) and benzene
selectivity (70%) at 90-120 minutes of MDA reaction. Additionally, the promotional role of Ag and
its addition with Mo/HZSM-5 catalysts were explored to improve the MDA catalytic activity and
stability. Investigation revealed that the co-impregnation of Ag with Mo/HZSM-5 significantly
increases the total acidity (7.8%) and hence aromatization ability of the catalyst thereby providing a
higher benzene formation rate (320 nmol/gcat. s), with a decreased amount of coke generation over the
catalyst surface. Performed characterization showed that Ag addition modified the chemical
environment of Mo/HZSM-5 which possesses superior catalytic activity towards MDA. Overall, this
dissertation focused on developing a suitable MDA catalyst via modifying the support porosity, acidity,
Mo precursor's state, and promoter's effect to reduce the coke formation with simultaneous

improvement in benzene productivity toward methane aromatization.
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