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Fig. 1 (Color online) Multi-scale temperature gradient on solid catalysts formed by microwave irradiation.
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Fig. 2 (Color online) Schematic illustration of microwave local heating of metal supported catalyst.
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Abstract

Microwaves can rapidly heat materials in a non-contact manner. In the chemical industry, micro-
wave heating is expected to bring about significant energy savings by increasing the speed of
chemical reactions and lowering the temperature of the reaction systems. Microwave irradiation
of a solid catalyst forms a localized high-temperature field in a microscopic region called a ‘’hot
spot’’ or ‘““non-equilibrium local heating’’. When a supported metal catalyst is irradiated with
microwaves, the supported metal can be selectively heated by microwave and enhances catalytic
reactions as the active point. It is, however, difficult to estimate the temperature of metal
nanoparticles under microwaves such as thermography and IR thermometer because the size of
the metal nanoparticles is much smaller than those wavelengths used for thermography. There-
fore, microwave in situ X-ray absorption fine structure (XAFS) analysis of a solid catalyst (sup-
ported Pt catalyst) was used to demonstrate the local high temperature on Pt nanoparticles sup-
ported on Al,03 support from the temperature-dependent change of the Debye-Waller factor. By
selectively heating the catalytically active sites, an innovative energy-saving catalytic reaction
process can be achieved by only applying the energy required for the reaction by microwaves.
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