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Abstract 

 This dissertation describes the current and common problem of removing low 

concentrations of pollutants known as volatile organic compounds (VOCs) from large 

volume gas emissions.  Silica-supported manganese oxide catalysts with loadings of 3, 10, 

15, and 20 wt. % (as MnO2) were characterized using x-ray absorption spectroscopy and 

x-ray diffraction (XRD).  The edge positions in the x-ray absorption spectra indicated that 

the oxidation state for the manganese decreased with increasing metal oxide loading from 

a value close to that of Mn2O3 (+3) to a value approximating that of Mn3O4 (+2⅔).  The 

XRD was consistent with these results as the diffractograms for the supported catalysts of 

higher manganese oxide loading matched those of a Mn3O4 reference.  The reactivity of 

the silica-supported manganese oxide catalysts in acetone oxidation using ozone as an 

oxidant was studied over the temperature range of 300 to 600 K.  Both oxygen and ozone 

produced mainly CO2 as the product of oxidation, but in the case of ozone the reaction 

temperature and activation energy were significantly reduced.  The effect of metal oxide 

loading was investigated, and the activity for acetone oxidation was greater for a 10 

wt. % MnOx/SiO2 catalyst sample compared to a 3 wt. % MnOx/SiO2 sample.  A detailed 

 



mechanistic study of acetone oxidation using ozone was performed on a 10 wt. % silica-

supported manganese oxide catalyst utilizing Raman spectroscopy, temperature 

programmed desorption (TPD), and kinetic measurements.  In situ Raman spectroscopy 

at reaction conditions identified a band at 2930 cm-1 due to an adsorbed acetone species 

on the silica support and a band at 890 cm-1 due to an adsorbed peroxide species on the 

manganese oxide.  A steady-state kinetic analysis, which varied acetone partial pressure 

(101 – 405 Pa), ozone partial pressure (101 – 1013 Pa), and temperature (318, 333, 343, 

and 373 K), was used to determine reaction rate expressions, while a transient kinetic 

study (318 K) was used to determine the role of the adsorbed species in the reaction 

mechanism.  It was found that the rates of the acetone and ozone reactions were equally 

well described by both a power rate law and a Langmuir-Hinshelwood expression.  The 

transient experiments showed that the rates of formation and reaction of the observed 

peroxide surface species did not correspond to the overall reaction rate, and it was 

concluded that it was not directly involved in the rate determining step of the reaction.  A 

mechanism is proposed involving the reaction of an adsorbed acetone intermediate with 

an atomically adsorbed oxygen species via a dual site surface reaction to form complete 

oxidation products.   
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