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h i g h l i g h t s

" The synthesis process of metallic
oxide by microwave denitration was
clarified.

" The temperature distributions in the
reactor were numerically simulated.

" CuO powder can be obtained from
Cu(NO3)2�3H2O solution by
microwave denitration.

" Ni(NO3)2�6H2O solution cannot be
heated to over 270 �C by microwave
irradiation.

" The uneven temperature
distribution causes the concentric
progress of the reaction.
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a b s t r a c t

The process for synthesizing metallic oxide powders by the microwave denitration method was investi-
gated using hexahydrated nickel nitrate and trihydrated copper nitrate aqueous solutions, and the elec-
trical field and the temperature distributions in the reactor were numerically simulated. Although CuO
powder can be obtained from a trihydrated copper nitrate aqueous solution by the microwave denitra-
tion method, a hexahydrated nickel nitrate aqueous solution cannot be heated up to over 270 �C by
microwave irradiation. It was also found that the reaction routes for microwave heating are the same
as those for conventional external heating. This finding indicates that the success of producing oxide par-
ticles by microwave denitration depends not only on the microwave absorptivity of the intermediate and
the metallic oxide, but also on the temperature difference between the completion of the conversion to
the intermediate and the beginning of the significant conversion to metallic oxide. Furthermore, the sim-
ulation results suggest that the reactor has a radially inhomogeneous temperature distribution with the
highest temperature at the center, which causes the denitration reaction to produce CuO powder to pro-
gress concentrically from the center of the reactor.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

A microwave is an electromagnetic wave with electric and
magnetic field components. The microwave generates heat by its

interaction with the dipole and the charge of an object. Hence, a
microwave can heat up the object rapidly, directly, and selectively.
Furthermore, microwave heating induces a heat spot and super-
heat. Although the microwave heating method has the disadvan-
tage of uneven heating caused by the non-uniform distributions
of the electric and magnetic fields in a microwave cavity, it has
been widely used in various industrial fields, e.g., for drying
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