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Project Summary: The direct partial oxidation of methane has been a long sought-after 
approach to utilize methane available in decentralized oil fields, instead of its flaring to carbon 
dioxide. We identify ‘product protection’ as an indispensable concept to engineer a high-yield 
methane-oxidation process. We explore the use of transition metals, including copper, iron 
and cobalt to catalyze the conversion of methane to methanol and methyl derivatives. 
Furthermore, we explicate the possibility to catalytically convert methane over aluminum-
containing zeolites with hydrogen peroxide. We develop structure-property relationships for 
the catalytically active aluminum species, uncovering the Lewis acidic nature of framework-
associated aluminum in zeolites. By presenting a conceptual advance on the relationship 
between aluminum coordination and acidity in zeolites, and highlighting diverse promising 
catalytic systems for methane-oxidation, the thesis adopts a material-, as well as, a process-
oriented approach.
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