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Studies of NRIM Continuous Steelmaking Process

Ryuichi NAKAGAWA; Shiro YOSHIMATSU, Takuya UEDA,

Tatsro MiTsul, Akira Fukuzawa, Akira SATO, and Tsuyoshi OzAx1

Synopsis:

The fundamental aspect of the development of the NRIM multi-stage trough type continuous steelmaking

process and the results of its recent operations are presented in this paper.

Though the scale of the plant

used was small (hot metal flow rate 7-8 t/hr), a suitable separation of the steelmaking reactions to each stage
of the continuous steelmaking furnace and the know—how of its operation were satisfactorily obtained.

The industrialization of this process is confirmed to be feasible.

As the result of the separation, that is, silicon

and phosphorus were mostly removed in the first stage so that the final carbon level was controlled mainly
in the second stage, the product with phosphorus as low as 0-005%, (dephosphorization ratio 969;) was
obtained with comparable amount of lime to that of the conventional batch type steelmaking processes.

(Received July 29, 1972)
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Fig. 1. Construction of NRIM continuous steelmaking furnace (unit furnace).
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Fig. 2. Multi-stage continuous steelmaking equipment.

1. Oxygen vessel 2. Standard Bourdon gauge
5. Pressure meter 6. Oriffice flow meter 7.
10. Flux line 11. Flow rate indicator 12.

branch 15. Control valve of flux feeding rate 16.
header 19. Oxygen line 20. Oxygen header

PID controller 8.
Bourdon gauge 3.
Flux vessel 17.

U

3. Reducing valve 4. Resistance thermometer
Control valve 9. Flow rate recorder
Flux-floating branch 14.  Flux-carrying
Recorder of flux welight 18. Flux

ol

Fig. 3. Feeding system of oxygen and flux.
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Fig. 7. Layout of NRIM experimental plant.
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Fig. 8. Results of operation (No 51).
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Table 1. Conditions
Number of operation 48 49 50
Stage of furnace 1 2 1 2 1 2
N Total (t) 12 12 12
Pig iron Flow rate (kg/min) 125 125 125
Blowing rate of oxygen (Nm3/min) 22 31 22 3-1 1-76 4-4
Flux Feedipg rate  (kg/min) 4 2'5 5 4 6 4
CaO : CaF, : SiQ, :1:0(117:3:5 :1:0 * 5:1:0 *
Ore (kg/min) -— — — — — —
Scrap (kg/min) — — — —_ — —
Number of total 5 7 5 7 4 7
Number of oxygen only 3 6 3 5 — 5
Lances Angle ) 5 5 5 5 5 5
Height (min) 100 100 100 100 100 130
* Slag from BOF, ** Reduced pellet
Table 2. Results
Number of operation 48 49 50
Stage of furnace 1 2 1 2 1 2
l Pig iron (°C) 1360 1410 1380
Temp.
| Steel (°O) 1620 1 680 1600 1 660 1520 1700
C (%) 3-92 3-88 3-80
- Si (%) 055 0-70 0:70
Coo?pqsntgo(r: Mn (a/g) 074 0-79 0-47
pig ron P (%) 015 0-14 016
S (%) 0°067 0-072 0-080
C (90) 3-18 1-12 3-28 1-16 3-49 0-29
- Si (%) 0-02 <0-01 0-037 | <0-01 0-25 <0-01
Composition of hot | np (%) 0-46 0-42 0-47 0-37 0-35 0-35
g P (%) 0-090 0-060 0079 0°057 0-13 0-18
S (%) 0-043 0-034 0-033 0-033 0-039 0-040
CaO (9%) 42-3 39-8 56°5 477 58-5 477
SiO, (%) 24-0 22-8 22-5 22'5 18-8 29-8
P,0; (%) 3-5 1:8 2-5 40 2:5 1'5
FeO (%) 77 4-3 5-2 6-3 83 3-2
. . Fe,O g 35 15 50 8-8 30 1-0
Composition of slag | 7 f.° 50 8-3 4-3 6-3 12.6 81 4-0
arge MnO (%) - 6°5 3-8 4-0 8-2 2-1 4-3
MgO (%) 11-2 17-8 2-5 7-8 75 12-5
CaF, (%) 71 74 7°5 26 5-8 1-8
CaO/S8i0, 1-7 2-0 2°6 2-1 3-2 1-6
C (%) 18:9 525 15-5 546 8-2 84-2
Si (%) 965 18 94-8 3-9 643 34-2
Rate of removal Mn (%) 37-8 54 40°5 12-7 255 —
: P (%) 42-0 19-3 43-6 157 2i-2 —
S (%) 36-8 19-1 52-8 — 51-3 -
Oxygen efficiency* (%) 655 86-0 59-8 8§17 341 90°6
® Osxygen for CO % 100

Oxygen for CO and CO;
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of operations.
51 52 53 56 57
1 2 1 2 1 2 1 2 1 2
12 12 12 12 12
130 130 130 130 130
2:2 4-4 2:2 44 2'6 3:2 2-2 3-2 2-2 3:6
8 4 8-45 4-51 9 4 9 4 9 4
5:1:0 * 5:1:0 5:1:0 5:1:0 5:1:0 5:1:0 4:1: 5:1:0 4:1:
0-5 — 1'0 — 1-0 _ 1'0 — 1:0 —
— 2 Q%* — 2:0 1-0 — — — — —
4 7 4 5 4 5 4 5 4 5
— 5 — 3 — 3 — 3 — 3
5 5 5 5 5 5 25 5 5 2°5
150 130 150 160 150 130 150 130 150 140
of experiments.
51 52 53 56 57
1 2 1 2 1 2 1 2 1 2
1430 1420 1420 1 400 1410
1 550 1650 1 550 1710 1 590 1640 1 560 1 600 1520 1 590
3:85 3-89 3-84 3-87 4:02
0:61 0-77 0-92 0-52 0-51
0-50 0-61 0-43 0-63 0-63
0-17 015 014 0-16 0-12
0-070 0060 0059 0-065 0-059
3-05 006 3-24 0-14 2:96 0°64 3-03 1-:02 3-07 0-38
<0-01 <0-01 0-09 <001 <001 <0-01 <001 <0-01 <0-01 <001
0-33 0-24 0-38 0-30 0:25 0:26 0-35 0-20 0-32 0-17
0-080 0°031 0-084 0:054 -0+059 0:056 0-034 0-012 0-019 0-005
0-022 0-030 0-023 0-027 0-021 0-025 0°040 0-035 0025 0-025
625 47-0 507 439 50-3 40-0 515 50-1 577 485
230 237 18-4 22:0 18-5- 20-5 17-7 204 17°3 19-1
3-7 4-7 2:6 3:2 2-4 2:2 3-8 1'9 2-7 08
2:6 12°6 61 11-3 4:0 7:6 2°6 7'8 4-3 57
1-2 57 55 2°6 17 27 08 2:4 1-2 26
2-3 12-3 86 10-7 41 7'8 2°6 7'8 4-2 6-3
- 2-5 9-1 35 9-2 2-3 5-2 5-2 42 3-5 3:8
87 55 7:2 79 1-0 12-0 3-0 3:2 2-7 68
5-8 2-2 69 2:1 62 2-8- 9-1 10-0 57 62
2-7 1'9 27 2:0 27 19 2-9 2-4 3-3 2:5
20-4 72:6 11:7 797 22-8 60-5 217 52-0 234 657
984 — 88-3 10-4 99-0 — 980 — 92:6 —_
32-7 18-4 377 13-1 41-2 — 444 23-8 456 22°1
52-8 28-9 45-8 19-4 59-3 2'8 78:8 13-7 777 10-8
69-0 — 61°6 — 645 — 385 77 59-6 —
660 87-9 62°5 906 673 91:2 704 815 780 94-7
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Fig. 10. Apparent equilibrium of manganese in the
’ first stage furnace.
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Fig. 12. Relation between carbon removal and
blown oxygen of each
and total.

stage furnace
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Tig. 15. Comparison of dephosphorization between

BOF and continuous steel making : Cal-
culated from the equation (17) for BOF.
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Fig. 16. Relation between dephosphorization and

slag basicity of each stage furnace.
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