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Synopsis :

A bell-less top has been installed for the 4th campaign of Chiba No.2 blast furnace in
due consideration of its high flexibility in controlling burden distribution in the furnace.
Before blowing-in, tests were conducted to obtain comprehensive information about the
burden distribution by using the full-scale top for No.2 blast furnace as well as a
reduced-scale model. ITV-systemm and mechanical profile meter for observing the
motion and piling behavior of burden materials have been developed and installed to
fully utilize the flexibility of the bell-less top. Various charging patterns were tried in
actual operation. As a result, the control method of the burden distribution has been
established to meet any operational requirement, either for full-capacity or reduced, as
well as foundary pig iron production. Furthermore, the charging method for small size

sinter has been newly developed to reduce the overall cost of pig iron.
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Synopsis:

A bell-less top has been installed for the 4th campaign of Chiba No. 2 blast furnace in due consideration of its
high flexibility in controlling burden distribution in the furnace. Before blowing-in, tests were conducted to
obtain comprehensive information abeut the burden distribution by using the full-scale top for No. 2 blast

furnace as well as a reduced-scale model. ITV-system and mechanical profile meter for observing the motion

and piling behavior of burden materials have been developed and installed to fully utilize the flexibility of the
bell-less top. Various charging patterns were tried in actual operation. As a result, the control method of
the burden distribution has been established to meet any operational requirement, either for full-capacity or
reduced, as well as foundary pig iron preduction. Furthermore, the charging method for small size sinter

has been newly developed to reduce the overall ¢ost of pig iron.
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Comparison of radial gas flow resistance distributien for various charging patterns
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Series N 5] o - .
Ne. {rpm} (m} No N
8, 14, 20
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z 21015 20| 3 3
- 0, 1,2
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A 1.3, 4
4 20 0.5 3 6 8
Standard 20 0.5 ; 3 3
Nu: Rotating speed of chute
50 Stock line level
Nt Chute position number of ore charge
AN Chute position number of coke charge
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Table 4 Some examples of application of ITV-
camera for hlast furnace operation
(,ategor} ! Example

A Check on thp

function of

1. Hanging in the material bin
2. Number of rotation of the
the charging chute per batch

equipments

[. Intensity of localized
fluidization on the burden
surface

2. Flow of the charged
materials towards the
furnace center

3. Burden surface deformation

B. Observation of during the intervals of

the hurden charging

behavior 4. Detection of the ahnormal
conditions
1} Hanging

2) Slipping

3) Channeling

) Non-uniform descent of
burden around the
circumference

1. Confirmation of hanging
dissolution

2. Substitution for the

C. Special usages sounding device

3. Inspection of equipments
in the throat, e.g.,

horizontal pr‘olw etc.
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Table 5

()[)(’Iullun [Jellud No.

Hot met al pluductwn Lt/ da)ﬂ

Blast volume (Nm fmln‘
Blast temperature (°C)
Blast pressure (kgicm®)
Oxygen enrichment {Nm%hl

B]dbl moisture g {Nm?*)

lnp pressure fl«g cm?

Pressure loss/blast volume {gf.-min/cm?. Nm¥)

("C)

Top gas temperature

C(r gas utilization [%)

Coke ratio {kg/t iron?}
Oil ratio {kgit-iron)
iuel ratio (kg t-iren)

Hot meta] ‘

Temperature fL)
‘ (S (%]

i iS1 (%)

(ENRE A {4

Operational indices

1879

1 2 3 4 5 6

2957 2457 2805 1035 2413 2680
2295 72?34 2 260 ?302 1877 1981
1069 1062 1064 1032 1046 1225
2,113 2,295 2.1%6  2.166 .57  2.070
2000 3060 3000 4000 1000 0
173 18.2 11.0 11.8 9.3 9.7
092 100 080 080 075  0.86
.52 0.58 0.60 0.55 0.36 0.57

131 163 151 148 163 123
44.5 48.2 49.0 50.3 51.6
443 445__1;9_:51 __-43? 410

75 77 52 37 30 39

518 522 491 478 467 449

1495 1315 1485 497

1510 1510
0.42 0.53 0.44 0.51 0.43 0.54
0.036 0.038 0.02% OGSI 0.039 0.026

Slag Volume {(kg/t-iren)

(ALY (%)

! (Ca0/8i0,)

jz22 311 301 291 311 308

Beneficiated ore (Sinter + Pellet) (%}

[5.6 14.4 15.8 145 14.7 14.4
1.20 1.23 1.25 1.19 1.14 1.22
80.2 83.47 - 803 77'76.47 SBTV 877.7.'75 o

11.0 11.0 10.6G 11.5

10.9 11.3
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Operation period i 2 3 4 5 6
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Fig. 13

Profile of burden surface, gas index, and distribution of ore/coke ratio, of top gas composition

and of top gas temperature during each period
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Table 6 {omparison of operation data berween steelmaking and foundary pig iren production

Information from various sensors

J Foundary pig iron production Steelmaking pig iron production
Hot metal production (t/day! 2086 2492
Coke ratio (kg/t-iron) 463 .4 426.8
il ratio {kgt iron} 449 40.5
Fuel ratio (kgit-iron) i 508.3 467.3
Oxygen ratio (Nm?/t iron) 9.2 11.0
Biast volume {Nm'/min) 1945 1957
Press;ur?7|“Q-ss,"liiasl yolame || o - T T a e T
(gf-min/cm® Nm') R | I 05,6 _ L 05,6,, [
Rlast temperature [°C] 1039 1047
Hot metal temperature (°C) I 1543 1 492
| Mean 2.19 0.51
[f}’j Si: | PR — p— ——— I -
Standard deviation 0.34 : 0.11
o Mean 0.025 0.034
R —- -
Standard deviation D008 0.007
[ Sinter ¢ Pellet ) 69.5+0 B3.01 1.7
Ore/Coke ratio 3.41 1.83
Top gas temperature ("C) 193 129
CO gas wutilization (%) 47 6 50.4
e | o 24444 56789 24444 56780
Charging pattern - -
O (), 3344 4445 33344 44555
107 X
Wall
L X
& ""--..x /
! Distribution of T /
orce/eoke ratio Lenter /x
1T /\x
. * Wall
at Cenler X
Fme R, |
g4 i 1 1 i L 1 L L 1 i 1 J
M 10 0 10
IMmensionbess rads Dimensioniess radius
30
0
\ Distribution of top z
. . L Tea "'J,f Y
gas composition () 0.
i) i 3
] L0 0 1.0
amensionless radius Dimensionless radius
N value distribution (-} ! 2 5 6 7 7 6 3 6 7 7 7 7
Ton gas temperatuue 320, 151, 88, 80, 85, 90 : 250, 80, 70, 70, 70, 72
D% 54.3 36.2
F 1.4 1.9
(;;U"Slop number i 67 68




425 LIRS LR E 1979

Table 7 CGrain size distribution and void fraction of sinter in the furnace
(1} Without 88

! Grain size distribution [%)
Point i T Dy I 1 I e

7050 | 5035 35-25 15 15101105 | 53 ‘ 31
1 li5 2.1 4.6 14 3 i9.4 53.5 21 j 29 _7-.64 0.;544“- 1832 108.6 V ().3II-7
2 0.4 27.4 4,é 15.4 -17A2 .54.5 ;4_ V 7; 7.40 - .0.76781 17.571 | 103.4 0.31%
- 3 2.4 5.0 | 114 28.0. 23.7 52;3 _{)T 07677 11.32 0.547 1,221 81.7 ‘776.737577
—— s I —

4 46.7 24.2 15.3 7.4 2.3 i 3.3 0.6 { 0.4 20.74 2.199 l 0.511 166.0 0.386

(2} With SS (Caleulated)

Grain size distribution {%)
Point 1 4. Dy I 1y Iy I3
70--50|50--35135-25125-15]15~10|10~5 | 5~3 | 3-1
1 1.4 1.9 4.2 13.0 17.6 53.2 65 ! 286 7.27 0.567 1.922 104.4 0.318
2 0.4 2.2 4.4 [4.0 15 6 54.1 6.7 3.1 7.06 ¢.531 1.656 §53.8 0.323
3 2.2 4.5 10.4 255 21.5 30.5 5.1 0.5 10.12 0.530 1.546 90.5 0.342
4 42.5 22.0 13.9 6.7 2.1 7.5 4.9 0.4 20.22 2.104 1.845 197.0 ; 0.296
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Fig. 17 Influence of S5 on the grain size distribation in the furnace
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