Photocatalytic dry reforming of methane over gallium oxide
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Dry reforming of methane, shown in (1), is an endotermic reaction that usually requires
high temperature to proceed. Since the use of photoenergy can lower the reaction temperature
in many cases, in the present study we investigated the photocatalytic conversion of CHy in

the presence of CO; at various reaction temperatures.

CH;+CO,—2CO+2H,  AGaosk = 170 kJ mol™ (1).
2CH,; — C,Hg + H, AGaos k = 68.8 kJ mol™ Q).

B-Ga,0s, which was active for photocatalytic non-oxidative of methane coupling,' shown
in (2), was used as the photocatalyst. A mixture of CH4 and CO, was introduced at various

temperatures and the Ga,Os3 was irradiated by a Xe lamp for 3 h.

Without CO,, only reaction (2) proceeded around room temperature producing mainly
C,Hg and H,. In the presence of CO,, besides coupling products, a trace amount of CO was
also detected. The amounts of H,, coupling products, and CO increased at higher reaction
temperature (473 K). From the stoichiometry of the products and since the products could not
be obtained in the dark and/or without photocatalyst, it was suggested that the reactions (1)
and (2) mainly proceeded photocatalytically over Ga,Os. Since CO product increased while
hydrocarbons products (Cs;) decreased as the reaction temperature increased, selectivity to

CO product was higher at the higher reaction temperature, such as 94% at 773 K.
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