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[Abstract]

Key Words: Biomass, Microwave, Pyrolysis, Carbon material, Semiconductor amplifier,

Cavity resonator

In recent years, the spread of renewable energy, such as solar and wind power, is
becoming an important energy source to drive industrial chemical processes. Microwave
heating enables efficient heating of materials by electric power via direct, rapid, and
internal heating properties. Thus, the microwave chemical process is expected for on-—
demand material production by efficiently converting electric power with large
fluctuations into energy required for chemical reactions. Moreover, a semiconductor
microwave generator is becoming a game—changing tool in microwave chemical processes
Semiconductor microwave generator allows precise control of power, frequency, phase
with a highly sharp oscillation spectrum. This research demonstrated the effective use
of highly controlled microwaves by semiconductor microwave generators to convert
biomass into valuable chemicals by pyrolysis. Conventional biomass pyrolysis was a less
energy—efficient process because of the high—-temperature reaction condition at 500-700
°C, and low thermal conductivity and high—-water content of biomass feedstock.

Therefore, we have newly developed a new microwave carbonization furnaces equipped with
a semiconductor microwave generator (915 MHz and 2.45 GHz) and cavity resonators
(electric and magnetic fields) and applied them to pyrolysis of various biomass such as
cellulose, lignin, rice straw, barley straw, bagasse, rice husk, chlorella, bamboo,
Japanese cedar, and palm shell. We have demonstrated the rapid heating of cellulose and
lignin without using microwave susceptors by applying high—intensity microwaves
generated by the present microwave apparatus. Moreover, rice straw was very rapidly
pyrolyzed by 330 °C / sec. Magnetic—-field cavity resonator was found effective in
heating carbonized biomass which was prepared by microwave electric—field. Along with
the rapid pyrolysis of biomass, valuable chemicals such as the hydrogen-rich syn—gas,
tar predominantly composed of aromatic compounds, and carbon materials with an
amorphous structure were obtained. Finally, we have developed a scaled-up system of
semiconductor microwave furnaces using a large size cavity resonator with a high-
quality factor (915 MHz) and a flow-type magnetic field microwave furnace (2.45 GHz).
These scaled-up systems were useful for the pyrolysis of bamboo in a larger scale and

continuous mode.
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