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Reactions in the Continuous Melting and Smelting Reduction Furnace
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Kazuo KASAHARA, Fumiaki, MATSUMOTO, Tsuyoshi OZAKI,

Akira SATO, Akira FURUZAWA and Shiro YOSHIMATSU

Synopsis :

In order to melt pre-reduced iron peliets with high efficiency the continuous melting and smelting reduc-
tion furnace, a kind of electric arc furnace, was developed.

According to results using pre-reduced iron pellets with various levels of metallization ratio, it was ob-
served that corrected power consumption in which the reduction heat of iron oxide in pellets was estimated
as the equivalent heat for the melting of iron was improved with the decrease of the metallization ratio

of pellets.

This was due to the CO boiling, which occurred in the bath as a result of reduction of iron oxide

in pellets and played very important role for the effective utilization of electric power.

Apparent reaction rates of Si and Mn were estimated by considering their dilution curves.

of bath mixing on their rates was considered.
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1920 % & M # 71 % (1985) #16:
Table 1. Chemical compositions of iron sources (wt2).

Pellets T.Fe M.Fe FeO Fe,0; C Mn p S AlLO, Ca0O MgO  SiO., Metallization (%)
S1 9417 90.40 339 162 140  0.045  0.023 0,004 0.76  LOL  0.23 151 96. 00
S2 94.50 89,92 4.94 1.07  1.48 0,046  0.027  0.005 0.60  0.42 0,90 1.87 95. 20

3 9179 86,83 442 216 153  0.041 0,020 0,005 0.64  0.73 0,24 1.69 94. 60
S4 7513 41,34 2160 2562  0.44  0.040  0.038 0,041 .69  6.06 0.96  5.09 54. 90
S5 73.90 39,86 2450 21.46 0.54 0,060 0.036 0,039 L9 715 L48 517 53. 90
R [ 7713 6453 198 15,82  3.53  0.990  0.084 0,280 2,68 4,99  0.97  6.60 83, 70
FI ' 91.3¢4 8265 840 306 1,92 0071 0.014 0.005 0.76  0.60 0.36  1.50 90. 51
F2 | 8913 7997 7.2 429 213 0.046 0020  0.003 0.9 1.64 0.59 1.93 89.72

—
Iron ore | 66,99 - 0.30 9545  — — 0.037  0.014 167  0.06 004 331 | —

Table 2. Analysis of carbon sources (%).

Volatile S

Fixed carbon Ash matter Moisture
Coke 1 (C1) 87.3 1.1 L0 0.65 0.7
Coke 2 (C2) 90. 4 8.1 0.9 0.65 0.5
Graphite (G) 98. 88 0.65 0.5 0.03 —
Coal (C3) £1. 90 8.0 8.9 0. 20 5, 00
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Table 3. Experimental conditions.

Continuous melting and smelting furnace Pre-heat furnace
Start-up melting Continuous feed Qutput pellet o b e Outplut
Exp. | Hold-up utput carbon - meta
No. weight Pig iron  Stcel scrap Pellet Iron ore Carbon Temp. Carbon source (%) |rate
(kg) (kg) (kg) (kg/min) {kg/min) (kg/min) () (%) (kg/min) (kg/min)
2 1 420 930 470 S1*x= 28 C2¥x*1 0 ‘ 96.0 26.7
3 1550 930 470 S1 27 C2 1.0 96.0 26.1
4 1670 1 060 590 S1 27 C2 08 96.0 26.4
5 1520 995 505 R 19 c2 1.0 83.7 14.6
6 1430 995 505 S4 19 G 1.5 54.9 14.3
7 1460 995 505 S4 20 G 1.6 54.4 15.2
8 1420 1154 346 S4 18 G 1.2,0.4% 51.2 13.3
9 1610 995 505 S1,S4 20 G 1.2 | 79.9 17.8
10 1440 995 505 S5 19 G 1.5 53.9 13.7
11 1 600 995 505 S5 21 G 1.5 | 59.8 14.9
12 1 360 995 505 S2 35 G 0.6,0.4%] 220 0.86 Cle 1.3 | 94.9 33.2
13 1 460 995 505 S2 36 G 0.3* 530 1.19 Cl 04 L7 32.2
14 1470 995 506 S2 36 G 0.3* 390 1.00 C1 1.4 88.4 34.9
15 1630 995 505 S3 37 G 0.5* 550 1.00 C1 1.6 85.0 35.1
16 1550 995 505 S3 37 3.9 G 0.5% 560 0.98 C1 1.9 80.7 36.5
17 1630 1095 205 S3 27 5.7 G 1.1* 640 1.01 Cl 2.4 76.6 28.7
18 1470 1095 505 S3 24 6.9 G 0.3 630 1.00 C1 1.8 67.0 24.9
19 1 480 1095 505 F1 27 6.9 G 2.7+ 500 1.10 G 1.2 69.6 28.4
20 1 550 1095 505 F1 31 0.2% G 1.6 680 0.54 G 1.1 79.9 28.2
21 1 440 1095 505 F1 29 1.9% G 1.4* 640 1.15 G 1.0 80.6 27.9
22 1550 995 505 F1 22 1.8,1.9% G 2.9* 700 0.37 G 0.4 71.3 22.2
23 1 500 995 505 F1 29 1.0* G 0.6* 720 0.65 G 0.6 80.1 26.2
24 1740 1130 570 F1 23 3.2% G 2.1% 780 0.10 G 0.5 72.6 22,2
25 1 800 1 200 600 F1 21 2.2,2.4% G 2.1% 660 0.84 G 0.6 77.8 22.0
26 1780 1 200 600 F1 30 G 0.8* 630 0.92 G 0.6 88.3 27.2
27 1750 1200 600 F1 24 2.6% G 1.4* 690 0.43 G 0.5 79.4 23.6
28 1 750 1200 600 F2 28 G 1.8* 720 0.51 G 0.6 87.7 25.7
29 1500 1175 475 F2 28 G 1.0% 680 0.77 G 0.5 86.6 254
30 1500 1176 475 F2 28 3.2 G 1.9+ 780 1.10 G 0.5 79.7 24.4
31 1680 1175 475 F2 25 3.7 G 2.0* 680 0.80 G 0.5 74.1 24.8
32 | 1480 1175 475 F2 24 2.1 G 1.9* 710 0.52 G 0.5 81.7 23.2
33 1 440 1175 475 F2 25 2.6 C3  20* 600 1.18 G 0.6 82.9 24.4
34 1 480 1175 475 F2 26 2.6% : C3 1.7% 750 0.28 G 0.6 71.0 24.5
35 1 450 1175 475 F2,83 28 1.2% “ C3 1.1* 680 0.71 G 0.6 87.2 26.2
*: Intermittent injection, **: Refer Table 1, ***: Refer Table 2, **+* : Corrected metallization
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Fig. 1. Example of operation results(No. 25),
M.D : melt down, C.F : continuous feed.
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Fig. 2. Relations between metallization and the
rate of oxygen reduced by carbon (4O¢), and
the reduction ratio.
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Fig. 3. Comparison of apparent power consump-
tion (APC) and corrected power consumption
(CPC : reference temp. 1500°C) for the metalli-
zation.
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Fig. 4. Effect of the rate of oxygen reduced by
carbon (40¢) on corrected power consumption

(CPC).
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Fig. 5. Effect of the rate of oxygen reduced by
carbon (4Og) on the difference between observed
manganese content (Mn,,) and calculated one in
equilibrium with slag (Mngg).
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Fig. 6. Relation between the time constant based
on furnace volume and flow rate and that calcu-
lated from concentration change in phosphorus.

100 T T
o]
0O
Cand 0
c e o)
= [o] e}
£ 0~ 04 )
50 = o] [ -1
& ° e o
© o
o
® g Y
O around 1l line [ ]
® far from 1:1 line
0 1 1
0 05 10
Ca0/Si02

Fig. 7. Effect of CaO/SiO, on the time constant
calculated from concentration change in phospho-
rus.
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carbon (4Og) on the reaction rate constants of
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