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The Effect of the Pattern of the Cohesive Zone on Silicon Concentration
in Molten Metal in the Lower Part of Blast Furnace during Operation

Masaki Basa, Shinjiro Wakuri, Yoshihirvo Inouve, Toshikatsu Asumvura and Masaaki Narro

Synopsis : At Oita No.2 blast furnace a phenomena in the lower part of the furnace, in particular between the cohesive zone and
the raceway, was measured and observed directly with a belly probe and a core probe during operation.
A quantitative relationship was found between the level and the shape of the cohesive zone and the silicon

concentration in the molten metal.

In the case of an inverse V-shaped cohesive zone, as both inner and outer surfaces of the cohesive zone shifted

inwards and downwards, there was a corresponding decrease in the silicon concentration in the molten metal.

A decrease in the average distance between the inner surface of the cohesive zone and the tuyere by 0.4m caused

a decrease in silicon concentration of 0.3%.

In the case of a W-shaped cohesive zone, compared with that of an inverse V-shaped one, a low silicon concentration
was obtained by a decrease in SiO gas generation and silicon transfer into the molten metal, which was mainly due to
the relatively low temperature and the high FeO content of materials corresponding to the edge of the raceway.

Key words : blast furnace ; belly probe; core probe ; silicon concentration in molten metal ; W-shaped cohesive zone ; inverse V-
shaped cohesive zone ; inner and outer surface of cohesive zone.
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Fig. 1. Locations of probes at Oita 2BF (lst cam-
paign).
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Fig. 2. Configuration of measuring points in a belly
probe and a core probe.

Table 1. Specification of Qita 2BF (1st campaign).

Blown in Oct. 5, 1976
Blown out Aug. 2, 1988
Inner volume 5070 m?
Furnace height 36.5m
Throat diameter 10.5m
Shaft diameter 16.0m
Hearth diameter 14.8m
Tap hole 5
Tuyere 40

2 bells & valve seal
NSC type

Charging system
Movable armer
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Table 2. Properties of Oita 2DL sinter.

Chemical composition (%) Grain size distribution (%)
T. Fe 57.54 +35mm 12.8
FeO 5.51 35-25mm 19.9
CaO 9.26 25-10mm 42.4
SiO, 5.31 10-5mm 19.2
MgO 1.62 —bmm 5.7
Al1,04 1.74
Ca0/Si0; 175 JIS RI(%) 633
(-=) RDI(%) 36.2
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Fig. 3. Determination of the layer structure accord-
ing to the belly probe push-in thrust while
moving inwards.
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Fig. 4. Relationship between the position of inner
and outer surface of cohesive zone and Si
concentration in molten metal in the case of
the inverse V-shaped cohesive zone.
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Table 3. Comparison of daily operational
parameters in both cases.

Item Case(a) Case(b)
Date Nov. 8, 1984 Nov. 21, 1984
Production amount (t/d) 10138 9834
Fuel rate (kg/t) 484.2 ] 487.7
Ore/Coke (=) 3.42 3.32
H.M.T. (C) 1533 1533
C (%) 4,94 4.93
Si (%) 0.33 0.39
S (%) 0.025 0.025
De-S eff. (%) 91.52 92.30
Slag C/S (=) 1.22 1.24
Slag T. Fe (%) 0.19 0.16
Coke base (t) 36.5 36.5
CO utilization eff. (%) 49.4 49.3
H, utilization eff. (%) 57.8 55.6
Solution-loss C (kg/t) 92 94
Blast volume (Nm?/min.) 7785 7711
Blast temp. (‘c) 1096 1098
Flame temp. (C) 2229 2241
Charging pattern with C.C,0.04 CaCbO04
armor notch <a,b,c,d>
Armor notch <a,b,c,d> <0001> X3 <0004> <1
X frequency (time) <0000> %1 <0000> <2
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Fig. 5. Push-in thrust transition measured by belly
probe in both cases.
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Fig. 6. Comparison of temperature distribution measured by belly probe and core probe during operation
and FeO content of materials sampled during S.D. in both cases.
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Fig. 7. Schematic view of in-furnace behavior in the vicinity of cohesive zone.
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Fig. 8. Definition of the average distance of molten
metal dropping region between the inner
surface of cohesive zone and tuyere.

Table 4. Calculated results of average distance of mol-
ten metal Hc and silicon concentration in
molten metal after tapping.

Si - concentration in molten | 0.2-0.3|0.3-0.4 | 0.4-0.5| 0.5-0.6
metal after tapping (%)
No. of measuring

The position of inner surface of | 11.33 | 10.25 | 10.43 8.5
cohesive zone (No. of point)
(a) distance above the tuyere level | 3.03 3.26 3.22 3.63

(m)
(b) distance from the center of fumace | 3.46 3.95 3.87 4.75

(m)
Average distance of molten metal | 1.35 1.48 1.46 1.70
dropping H. (m)
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Fig. 9. The effect of average distance between inner
surface of cohesive zone and tuyere on Si
concentration in molten metal after tapping.
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Table 5. Chemical composition of materials adhered
to the belly probe during operation.

Date Mar.5,’84|Jan.16,’85(Jan.31,’85| Feb.7,’85
Position #7-8 R #6-8 #8
Material temperature 1250 — 1220 1030
)
. Si(9%) | 0.02-0.03 | 0.001 trace 0.002
%‘ C(%) 2.40 2.531 1,734 1.60
= Mn(%) | trace 0.217 trace 0.228
S(%) | 0041 | 0024 | 0035 | 0.0058
g TiO, (%) | 0.25 0 0 0
2 Ca0(%) 33.2 24.1 46.6 41.2
2 Na,0(%) 0.4 0 0.2 0.25
©« MnO(%) 0.2 0 0.5 1.0
S| o | KO0%) | 123 2.7 0.4 0.3
% (;._.)" MgO (%) 3.90 10.0 3.96 4.45
s FeO (%) 19.7 0 1.0 0.2
Si0,(%) 26.4 28.5 30.8 28.95
Al,0,(%) 3.68 13.7 8.50 9.1
Total(%) 89.1 80.5 92.3 85.85
C/S(-) 1.15 0.98 1.50 1.43
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