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A Study on the New Iron Ore Smelting Reduction Processes
Katsunori Fukul

Synopsis : A study on the DIOS process (Direct Iron Ore Smelting Reduction Process) has been undertaken by the Japan Iron and
Steel Federation as an 8-year project which began in April 1988.
A pilot plant with a production capacity of 500 tons of hot metal per day was constructed at NKK Keihin works.
The operating tests of pilot plant started in October 1993, and eight campaigns were successfully conducted by

August 1995 as planned.

This report introduces an outline of the pilot plant and some results of the operating tests.
Key words : iron ore ; smelting reduction ; pre-reduction ; gas reforming ; post combustion ; heat transfer efficiency ; coal ; pilot plant.
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Fig. 1. Research program.
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Table 1. Outline of the element studies.

Testing place

Facilities and testing conditions

Main task

Sakai steel plant,
Nippon steel corp.

+ A 100-ton iron bath smelting reduction

furnace (inner volume 138m?®)

+ Batch operation under normal pressure.
- Oxygen gas flow rate : max. 35,000Nm?*/h

- Achieving a high OD and a high ..
+ Extracting problems involved in a up scaled furnace, and

examining the necessary countermeasures.

- Examining for the possibility of using coal with high volatile

matter.

+ Clarifying the in-furnace behavior.
- Examining a gas-reforming technology.

Fukuyama steel
plant, NKK corp.

- A 5-ton iron bath smelting reduction

furnace directly connected to a pre-
reduction fluidized bed.

- Operating pressure : 3 X10°Pa.
- Oxygen gas flow rate : max. 2,500Nm?3/h

- Achieving a high OD and a high 7.
- Examining for the possibility of using coal with high volatile

matter.

- Achieving prolonged, consecutive operation. with the pre

reduction furnace directly connected to the smelting reduction
furnace.

- Examining the steady operational conditions of the fluidized

bed.

- Assessing the reduction ability of the fluidized bed.

Kashima steel plant,
Sumitomo metal
industries, Ltd.

- A 5-ton iron bath smelting reduction

furnace.

- Batch operation under normal pressure.
- Oxygen blow at top and side.
- Oxygen gas flow rate: max. 1,400Nm?3/h

- Achieving a high OD and a high #,..
- Examining for the possibility of using coal with high volatile

matter.

- Ensuring the effect of injecting oxygen into the slag layer from

the side.

Chiba steel plant,
Kawasaki steel corp.

- A circulating fluidized bed (0.7m¢ X 7.3m

high)

- Examining the steady operational conditions of the fluidized

bed.

- Assessing the reduction ability of the fluidized bed.

Kobe steel plant,
Kobe steel, Ltd.

+ A gas reforming facility composed of a

carbonizing furnace and a plasma heater.

- Examining for a gas reforming technology.
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Fig. 2. The process flows of DIOS pilot plant.

Table 2. Main service capacities of DIOS pilot plant.

Specifications

500t/d (21t/h)

Equipment

Plant capacity Production rate

Fluidized bed
2,700mm X 8,000mm

Type
Inner diameter X height

Pre-reduction
furnace

Iron bath furnace
3,700mm X 9,300mm
Less than 3X10°Pa
max. 20,000Nm?3/h

max. 4t/h

Type

Inner diameter X height
In furnace pressure
Top blown oxygen

Smelting reduction
furnace

Gas reforming Fine coal adding

Tapping device Type Mud gun/opener
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Fig. 3. Operational procedure of DIOS pilot plant.
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Table 3. Composition of coals.

Volatile Fixed Total Ash
Matter Carbon Carbon (%)

(%) (%) (%) °
HV-coal 32.3 57.1 734 10.6
MV -coal 25.8 64.8 78.5 9.4
LV1-coal 17.1 72.3 79.9 10.6
LV2-coal 15.5 75.5 81.0 9.0

Table 4. Composition of ores.

T.Fe FeO SiO,
(%) (%) (%)
Ore A 67.3 0.30 0.64
Ore B 65.5 0.29 3.37
Ore C 62.7 0.28 4.60
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Fig. 4. The transition of operational indices in the
DIOS pilot plant.
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Fig. 11. The size distributions of raw and pre-
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