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Innovative ironmaking method to replace blast furnace — Microwave heating irnmaking -
(Prof. Emeritus of Tokyo Institute of Technology) OKazuhiro Nagata

1. Ironmaking using powdery iron ore

Tatara ironmaking is a method of directly producing pig iron using fine powdery iron sand
with a diameter of about 0.1 mm and is the only method in the world for 4,000 years. The
energy of ironmaking is high temperature gas obtained by burning charcoal or coke with air.
In the blast furnace, walnut-sized resources are used to maintain air permeability and required
to have strong crushing strength. Then, it takes 6 to 8 hours to produce pig iron. On the other
hand, Tatara produced pig iron in 30 minutes because the specific surface area to the volume
is exceptionally large. The furnace is a box with a height of 1.2 m and is devised to maintain
air permeability without scattering iron ore powder. Pig iron and steel produced by Tatara have
a low concentration of impurities such as phosphorus and sulfur and are resistant to rust and
easy forge welding. However, these methods rely on carbon required for heating, reaction heat
and reduction reaction of iron ore. Modern blast furnaces require 0.5 tons of coke to produce 1
ton of pig iron. This produces 2 tons of carbon dioxide per 1 ton of pig iron.

Kobe Steel has developed ITm3. This produces pig iron in 15 minutes by heating carbon-
composite pellets of a mixture of powdery iron ore and coke with radiant heat. This method
uses carbon only for reduction reaction in mass balance.

2. High-speed pig ironmaking by microwave heating

Radiant heat has disadvantage to heat resources because of a short wavelength. Because
microwave has longer wavelength of 10° times than radiation heat, iron ore and coal generate
heat itself with the absorption efficiency close to 90% and produce pig iron in 15 minutes.
The phosphorus concentration in pig iron is lower by an order of magnitude than blast
furnace. The microwave furnace of 20kW magnetrons with 2.45GHz produces pig iron
continuously. The microwave furnace of 120kW klystrons with 2.45GHz has achieved a daily
production of 240kg at 44kW. Microwave utilization efficiency is 40%.

It is important how to isolate the volatile components such as dust, moisture and tar
generated in the reactor from the microwave systems. Effective partition walls are porous
refractories such as boards. Conventional bricks melt at 1000°C or higher by self-heating.
The microwave intensity should be over 13 kW/m?, the volume of resources in applicator
should be increased under consideration of the penetration depth of about 10 cm.

3. Regionally distributed ironmaking system

Modern blast furnace has a daily production capacity of 10,000 tons and a steel work
produces over 300 million tons of steel. Currently, of the 100 million tons of crude steel
produced per year, 60 million tons are made in blast furnaces and converters, while 40
million tons are made by melting scrap in electric furnaces. This method is expected as a
means for reducing carbon dioxide emissions. Japan has been exporting scrap since the
1990s, and the amount of steel accumulated has continued to increase to 1.4 billion tons in
2018. Most of them are waste scraps containing impurities such as copper in automobiles and
home appliances, and it is necessary to dilute them with new pig iron to reduce their
concentration. Scrap is a locally distributed with limited collection. Then, several hundred
tons / day of virgin pig iron will be required for a work with electric furnace.
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