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Abstract

Chemical reactions carried out under microwave irradi-
ation often have high reaction rates and high selectivities,
which  enable  compact reactor sizes and
energy-conservation processes. Thus, microwave chemi-
cal processing and chemical synthesis have attracted
considerable interest, as they will be employed for greatly
improving process efficiencies and conserving energy for
realizing “Green Chemistry” or “Green Engineering”. We
have applied this technology to smelting process of
magnesium metal. But Oxide (dolomite) does not absorb
microwave energy well and does not generate heat. This
time, when electrically conductivity ferrosilicon used as a
reducing agent was mixed with the raw dolomite material
and made into an antenna structure, it became easier to
absorb the microwave energy and reduce the temperature.
We have successfully obtained small amount of magne-
sium metal using a microwave irradiation with high yield
of 71%, and also showed quarter of energy consumption
in comparison with conventional process, which is called
Pidgeon process.
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Introduction

Chemical reactions performed under microwave irradiation
often demonstrate high reaction rates and high selectivities,
which allows for more compact reactors and more
energy-efficient processes than conventional heating meth-
ods. Microwave chemical processing and chemical synthesis
have therefore attracted significant attention as means of
improving process efficiencies and conserving energy for
realizing “green chemistry” or ‘“green engineering” [1].
Currently, the smelting of magnesium metal is mainly per-
formed using the Pidgeon method (thermal reduction
method) where the material temperature is raised using a
large amount of coal as the heat source. About 80% of
magnesium metal is produced in China. A large amount of
coal is consumed for smelting, resulting in the generation of
the air pollutant PM 2.5 (fine particulate matter) and the
release of carbon dioxide to the atmosphere, which are major
problems. The Pidgeon method is a technique for heating
dolomite ore and silicon iron to high temperatures and then
cooling the evaporated magnesium to obtain magnesium
metal.

2MgO(s) + 2CaO(s) + (Fe)Si(s) — 2Mg(g)
+ Ca,Si04(s) + Fe(s)

*s: Solid, g: Gas

Dolomite mineral: MgO, CaO; Ferrosilicon: FeSi, Heat
source: Coal.

In this study, we have investigated a new Pidgeon pro-
cess, using microwaves instead of coal as the heat source, for
producing Mg with lower energy inputs and a decrease in
greenhouse gas emissions [2].
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Fig. 1 a Schematic of the
antenna structure of briquettes,
and photographs of diagonal and
cross-sectional views of
briquettes b X-ray diffraction
pattern of the obtained Mg and a
photograph of the metal sample
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Experimental

Normally, dolomite is a poor absorber of microwave energy
and does not generate heat. However, by using ferrosilicon
as the reducing agent, devising the shape of the raw material
pellet obtained by mixing dolomite and ferrosilicon and
forming it as an antenna so that it has a resonance structure
of 2.45 GHz (same as the frequency for microwave ovens),
it was possible to confine the microwave energy to the bri-
quettes. The small-scale experimental reactor consists of a
multi-mode applicator, a stirrer fan, and a magnetron as a
microwave source and experiments were conducted to con-
firm the antenna effects and smelting briquettes. Then, a
demonstration furnace about 5 times larger than the experi-
mental furnace was constructed and conducted to estimate
the energy consumption of smelting Mg using microwave
irradiation.

Results and Discussion

In a small-scale experimental reactor, 1 g of magnesium metal
was smelted successfully. Figure 1 shows the result of X-ray
diffraction and the photo of the obtained magnesium
metal smelting magnesium. And in a large-scale experimental
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reactor, 7 g of magnesium metal was also obtained and the
energy consumption of the new microwave Pidgeon method
could be reasonably estimated as 58.6 GJ/t (Mg).

Conclusion

This success in saving energy for smelting magnesium metal
has led to the possibility of this technique being developed
and applied to the high temperature reduction process of
oxides. In the future, through further development of this
research, it will be applied to the smelting of other metal
materials to save energy with steel, metals, materials, and
chemistry, which have not advanced, and help reduce carbon
dioxide, which is one of the causes of global warming.
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