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Abstract

Materials industries such as chemicals and steel consume large amounts of energy and therefore require
innovations in their manufacturing technologies. However, it is not easy from an economic standpoint to replace
already established technologies with new technologies. Therefore, we are attempting to commercialize the
smelting of high value-added metals such as scandium metals. This time, instead of simply enlarging the size of
the multimode applicator-type microwave irradiation machine used in the university laboratory, we considered a
machine that combines microwaves and radiofrequency waves. The reaction mechanism of this machine
efficiently generates plasma by a microwave magnetic field mode resonator, and in the reduction reaction, the
pellets of raw material are heated to the reaction temperature by 13.56 MHz radiofrequency heating. This machine
has succeeded in converting scandium oxide into aluminum-scandium alloy directly from scandium oxide by
magnesium plasma. The prospect of increasing the size of the microwave irradiation system, rather than simply
increasing its size, and greatly improving productivity was obtained.





