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Lower Fuel Rate Operation by a Large Blast Furnace

Equipped with Bell-less Top

Kazuo OKUMURA, Takanari KAwAl, Hironari MARUSHIMA

Hiromitsu TakauAsHI, and Junsaku KURIHARA

Synopsis :

A large blast furnace of Kawasaki Steel Corporation, No. 6 furnace at Chiba Works, was blown in as
the largest bell-less top equipped furnace in Japan in June, 1977. At the initial stage after the blowing—
in the operators experienced such troubles as tuyere bending and burning—out which were attributed to

inappropriate gas flow distribution in the furnace.
it possible to improve the internal furnace condition.

However, a series of operational ekperiments made

Especially the trials to find out the better charging

sequence for coke and ore burdening have brought about the followings :
i) GO gas utilization ratio in the top gas has been improved up to about 54 per cent.
ii) There has been no tuyere burning—out since April, 1979.
iii) The thermal load on the furnace shell has considerably decreased.
Those improvements were followed by very low fuel rate records :
418.4 kg[t—p as a monthly averaged value in March, 1980 and 436.1 kg/t—p as a yearly avearged value for

the period between April, 1979 and March, 1980.
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Table 1. Main specifications of Chiba No. 6 blast

furnace.
Blast furnace
Inner volume (m3) 4 500
Tuyeres 40
Tap holes 4
Top pressure (kg/cm?2) 2.5
Throat diameter (m) 10.5
Hearth diameter (m) 14.1
Charging equipments
Type PW-IHI bell-less top
Distribution chute
length (m) 4
rotating speed  (rpm) 7.97
Maximum charging 0.85
speed (m3/s) ’
Hoisting Belt conveyor
Charging mode CclO}

* FEFD D5 4 BALHBEARASICTHEE WM 5 £5 89 HZHM (Received May. 9, 1980)
*% IRk () TEMEFT (Chiba Works, Kawasaki Steel Corp., 1 Kawasaki-cho Chiba 260)
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Table 2. Setting of tilting angle of distribution chute at Chiba No. 6 blast furnace.
Tilting position 1 2 3 4 5 6 7 8 9 10
Tilting angle ¢ (deg) | 52.0 50.5 48.5 46.5 44.0 41.0 38.5 35.5 31.5 25.5
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Fig. 1. Effect of pile condition in material bin on

the distribution of pellets in radial direction
of the furnace.

Table 3. Mixing degree of pellets at discharging from
material bin at Chiba No. 2 blast furnace.

Standard Mixing
deviation (g) degree (M)
Case (a) 6.2 0.98
Case (b) 14.9 0.88
Here M= (o5—02)/(ci—0?2)
gi=a(100—a)

o : unbiased variance before mixing
a : mixing ratio of pellets (%)
o2 : unbiased variance after mixing

o7 : unbiased variance of complete mixing
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Fig. 2. Comparison of ore piling conditions in
-naterial bin in relation to the position of
stone box.

(a) Without collision of ore flow to
stone box.

(b) With collision of ore flow to stone
box )
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Fig. 3. Comparison of radial gas distribution in
relation to the ore piling conditions in
material bin.
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Fig. 4. Effect of the opening of flow control gate
on the size segregation of burden in radial
direction of Chiba No. 2 blast furnace.
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Fig. 6. Schematic diagram of test equipment for

burden distribution of Chiba No. 2 blast
furnace.
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Table 4. Operating results of Chiba No. 6 blast furnace.

: I I I v
Period Jan. 78 | Oct. 78 | July 79 | Mar. 80
Production (t/day) 7925 9396 10309 10310
Sinter + Pellets (%) 80.2 82.2 160.0 96.7
Sinter (%) 80.2 82.2 92.3 93.5
Pellets (%) 0 0 7.7 3.2
Ore/Coke -) 3.74 3.98 4.18 4.20
Fuel rate ( kg/t-p) 485.1 461.2 429.0 418.4
Coke rate ( kg/t-p) 441.9 416.0 382.9 381.0
Oil rate (kg/t-p) 43.2 45.2 46.1 37.4
Blast temp. °C) 1203 1268 1325 1312
Blast volume (Nms3/ min) 6263 6636 6868 6894
Enriched oxygen (Nm3/ min) 0 31 0 0
Blast moisture (g/Nm3) 9.3 12.0 7.1 6.2
COg,s utilization ratio (%) 46.1 50.6 53.2 54.3
Hot metal temp. °G) 1516 1510 1505 1492

[Si] (%) 0.53 0.45 0.30 0.23

st (%) 0.20 0.12 0.09 0.08
Slag volume (kg/t-p) 306 300 311 330
Coke ash % 11.1 11.2 10.6 10.9
Heat loss of stave coolers (X 104kcal/h) 752.1 698.4 663.2 421.9 -
Stock line (m) 2.0 2.0 2.0 1.1~1.5
Charging pattern A B C, E D, E, F
Tuyere failure 0 3 5 0 0
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Table 5. Chemical analysis of the semi-reduced ore block sampled in front of the bending

tuyere (%).

T.Fe M.Fe FeO Si0, CaO AL O, MgO S Mn
71.1 46.1 30.8 6.95 8.43 2.41 1.24 0.085 0.34
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Fig. 7. Radial gas distribution in the shaft of the
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Table 6. Comparison of heat balance of each period.
: I I | I\
Period Jan. 78 Oct. = 78 July 79 Mar. 80
Thermal input (x10s (x 108 (x 108 (x108
kealjt-p) (%) |keal/t-p) (%) |keal/ip) (%) |kcaljt-p) (%)
Combustion of carbon at the tuyere 599 54.0 586 52.1 513 51.1 430 51.3
(coke 520 46.9 497 44.2 426 42.5 419) (43 . 9>
injected oil 79 7.1 89 7.9 87 8.6 71 7.4
Sensible heat of the Llast, moisture
and injected oil 451 40.7 479 42.6 433 43.2 408 42.7
Sensible heat of the burden 13 1.2 12 1.1 12 1.2 12 1.3
Indirect reduction of iron 0x1decl(3)y gas 45 4.1 47 4.9 45 4.5 45 4.7
Total thermal imput 1108 100.0 1124 100.0 1003 100.0 955 100.0
Thermal requirement
Gasification of carbon by CO
_corresponding to direct.rzeduction 346 31.2 316 28.1 335 33.4 336 35.2
Sensible heat of the molten iron | | 446 40.2] 441 89.2| 48 47| 451 472
Direct reduction of oxide of Si, Mn, P 41 3.8 38 3.4 27 2.7 23 2.5
Decomposition of blast moisture ’
and injected oil 42 3.8 50 4.5 32 3.2 26 2.7
Reduction of iron oxide by H, gas 21 1.9 21 1.9 18 1.8 16 1.7
Sensible heat of the top gas 131 11.8 89 7.9 73 7.3 49 5.1
Evaporation of the moisture in the
burden 16 1.4 11 1.0 11 1.1 11 1.1
Heat loss etc. ) 65 5.9 158 14.0 59 5.8 43 4.5
Total thermal requirement 1108 100.0 1124 100.0 1603 100.0 955 100.0
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Fig. 18. Relation between slag basicity and
viscosity.
(MgO content as parameter)

Table 7. The lower limit of fuel rate estimated by the steel companies in Japan.

\ Company Kawasaki steel.| Kawasaki Nippon Kokan Fukuyama® Nippon®
T No. 6BF Mar.| steel. steel.
Item \ 1980 estimated Near future |Distant future | Kimitsu
Fuel rate kg/t-p 418.4 403 425 405 402
Coke rate kg /t-p 381.0 334 355 335 330
Oil rate kg/t-p 37.4 69 70 70 72
Sinter + Pellets % 96.7 88 88 100
Slag volume kg/t-p 330 250 310 310 218
Coke ash % 10.9 10.0 11 11 10
Blast temp. °G 1312 1 350 1300 1 300 1350
Blast moisture g/Nms3 6.2 7 5 5 0
[Si] % 0.23 0.30 0.40 0.40 0.33

Shaft efficiency — 95.5 96 98
Heat loss kcal/t | 42500 70 000 ©2x104
Hot metal temp. °G 1492 1520 1470 1514
CO gas utilization ratio % 54.3 58.1 57.8
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Fig. 19. Relation between FeO in sinter and CO
gas utilization ratio.
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