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Approaches to the Continuous Refining Processes
(Fundamental Research in National Research Institute for Metals)
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Table 1. Result of NRIM continuous steelmaking process.
Number of operation 59 60 62
Stage of furnace 1 2 1 2 1 2
Pig iron 1380 1430 1390
Temp. (°C)
Output 1470 1 650 1510 1660 1490 1710
C 3.91 3.87 3.89
Composition Si 0.40 0.53 0.58
of pig iron Mn 0.53 0.64 0.57
(%) P 0.12 0.13 0.11
S 0.016 0.024 0.038
) C 3.07 0.05 2.73 0.03 2.89 0.04
Composition of Si 0.01 0.01 0.01 0.01 0.01 0.01
output metal Mn 0.18 0.06 0.33 0.06 0.28 0.12
9 P 0.019 0.005 0.023 0.004 0.010 0.004
S 0.013 0.023 0.012 0.015 0.013 0.016
CaO 50.4 34.6 57.7 27.4 51.7 36.4
» SiO; 20.3 18.0 14.1 9.9 13.5 11.6
omposition of P,05 2.7 0.4 2.1 0.4 1.9 0.4
output slag T.Fe 9.1 20.4 2.6 35.3 5.1 18.8
(%) MnO 4.2 3.5 3.6 4.3 3.7 3.9
MgO 2.0 11.4 1.2 14.1 2.5 13.3
CaF, 7.8 6.2 13.3 5.7 10.8 7.4
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Table 2. Operational conditions of Hazellet
caster.
Mould Mild steel belt (Imm thick) and stationary

water-cooled side dum
Slab dimension 50X 250 mm
Casting angle 20°
2-3 m/min
Graphite lubricant (contained resine)
Opened 2 nozzle
9 m3/min
200-300 kg/Ch

Casting speed
Mould coating
Tundish

Cooling water
Charge weight
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Fig. 1. Layout of Hazellet caster.
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changer 5. Heater 6. Partial combustion furnace 7. Rea-
ctor 8. Scrubber 9. Cooler 10. Hopper 1. Product

12. Nitrogen gas holder 13. Hopper 14. Hopper

15. Feeder 16. Ore bin

Fig. 2. Schematic diagram of NRIM fluidized
bed process.
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Table 3. Comparison of operation results of NRIM Fluidized Bed Process and others.

Nu-IRON?2? YAWATA?D
NRIM Process Process TOKEN Process

Feed rate kg/h 153 113 30-60
Circulating gas Nm?3/h 341 177 150-250
Concentration of H; % 97.1 85.0 80-97.5
Temp. of entering gas °Cc 1180 870 600-650
Pressure in reactor kg/cm?G 7.0 8; 2-3
Temp. of reduction °C 890 704 550
No. of stage for reduction — 3 2 3
Degree of reduction % 95.7 90.0 95.0-90.0
Utilization of H, % 23 30 11-12
Total mean residence time 0.52 17 3.2-4.5
Production t/d 2.7 2.0 1.1-1.4
Productivity t/m2d 15.6-19.8

55.1 14.5
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Gas circulation
Iron ore

Natural gas
Coal (cokes)
Oil

Gasified coal
70-80% Reduction (900°C)
~1009% Reduction

25%  C Melt
1550°C

Direct reduction furn :
(Shaft furn’, Rotary kiln,
Fluidized bed, Fixed bed.)

Continuous casting

Product

Melting and smelting furn :

(Oscillating Rortated)

Refining furn :
Grading furn 2

Fig. 3. Process flow of the continuous melting and smelting reduction process.

fh—Hot

Melting and carburizing furn.

blast

Reduction gas

Continuous casting  Product
oy
! og
Refining furn : =

Grading furn :

Fig. 4. Process flow of the continuous steelmaking process for the mini-mill steel plant.
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Table 4. Comparison of new process with arc
furnace steelmaking process.

15 t/h capacity Arc furn. process New process

Electricity(Melting) ~7500kVA X2 200kW (Blower)
(Holding) — 300 kW

Refining & holding furn — Necessary

Ladle 15t X2 —

Building 1 1/3

Dust collector 1 1/2

C.C. machine (120 ¢$mm) 2 strand 1 strand

Raw material Standard Sized

Energy consumption 500-550 kWh/t ~130kg coke/t

Electrode consumption 5.5Kkg/t —

Oxygen consumption 10Nm3/t 30Nm3/t

DEKELHD. FRBELENBHEL, 5§&TE, B
FAH D IS L RRBEORE Y S Z o, BT S
HgE TR~ RHE MY BEFEHE T 5. BT 100§
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FERDOESGFEEC X HBEIFHUME L AR T v A LD
13, Table 4 ioiRT &80 ThH5. W, REHBELLT
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