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Smelting Reduction for the Direct Production of Stainless Steels

by Using a Plasma Arc Furnace

Synopsis :

Kyojiro KANEKO and Nobuo SANO

Smelting reduction of chromium ore with coke by using a plasma jet furnace was investigated to pro—

duce 18%-Cr steels.

The operation of the plasma furnace was controllable and stable for the reduction of chromium ore.
Chromium ores were successfully reduced to produce 18%—Cr steels (1.0~3.09%,C, 0.014~0.019%P, 0.05~
0.099%S) with 92~959%, of chromium yield where the excess iron was supplied as steel scrap.

The thermal energy released from the transfer-type plasma jet was effectively transferred to reactants

and significantly enhanced the chemical reaction rate.

It was observed that sulfur in ore and coke were

substantially removed to gas phase with the proportion of 40~509%, out of the total input, presumably be-
cause CO gas evolving on the reduction carried away sulfur bearing gases from the system.
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Table 1. Materials used for experiments. (%)
Pellets or Ores Total Cr Metallic Cr Total Fe Metallic Fe Si0; | Al;0,4 MgO CaO P S C
Partially
Reduced 34 15 13 11 13 13 13 0.9 0.016 0. 27 8.5
Pellet A
Partially
Reduced } 35 5 13 5 12 13 13 0.4 0. 011 0,13 5.1
Pellet B
Ore C 36 12 4.2 11 12 0.1 0. 007 0. 006
Ore D 34 14 3.8 15 14 0.3 0. 008, 0. 005
Ore E 33 14 2.8 14 13 0.3 0.013 0. 008
Coke Ash 11.6 0. 046 0.73
UAGNETICALLY WATER X 60~140V, 150~250 A, FHHEE /T 6~8kW TH
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Fig. 1. A furnace of plasma-induction smelting.
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Table 2. Typical compositions of slag and dust. (%)
Cr Si0, Al,O; MgO CaO FeO S P C
Slag 1~7 20~ 30 20~ 30 30~43 ~1.0 0.5~ 1 0 ~0.2 tracce
Dust 7~9 20~39 O~ 1 30~35 ~0.1 11 ~12 0.5~1.4 0. 02~0. 04 4~7
Slag : 800~1000 g/4 kg-metal, Dust : 70~120 g/4 kg-metal.
Partially reduced pellet + Coke .
Scrop melting Smelting ond reduction
or Raw pellet charging . 4 kg metol
3 kg iron 2.3-3.0 kg pellet 0.05-0.20 kg Coke
40-70 V 70-110 V 50-60 V
Plasma 200 A 2.2 kWh 200-250 A 14.5 kwh 200 A 2.2 kwh 18.9 kwh
Induction 0.8 kWh 4.1 kWh 1.1 kwh 6.0 kwh
24.9 kWh
L— 10-15 min 45-55 min 15-20 min - 80-90 min —

Total electricity consumption 6230 kWh/ton-steel

Heat loss
distributed
to cooling

water

Plasma torch 1.61 kWh/kg 25.9 %
Copper anode 0o.18 2.9
Induction coil 1.54 24.7
Furnoce roof 0.73 11.5
Total 65.0

Fig. 9. An example of electric consumption and heat distribution to cooling water system

at the production of 182, Cr steel.
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