INEIRERRIF IS & ABREEIFE OB 2099

NIRRT & B B EIE O RE

© 1991 ISlJ
1H11171111111211117
=H

i X
111111141111111111
F*2

T S T S

Experimental Study on an Oxygen Blast Furnace Process Using

a Blast Furnace Test Plant

Synopsis :

Hideyuki YAMAOKA and Yasuo KAMEI

Experimental and theoretical studies were made to confirm the usefulness of the oxygen blast furnace

presented in the preceding report'!’

which is characterized by the combined injection of pulverized coal in a

large amount to prevent the excessive increase of the flame temperature and following results were

obtained.

1 )In the operation of the blast furnace test plant with the production capacity of 15 t/d, such a large
amount of pulverized coal as 1.2kg per 1 m® of blast oxygen was injected without any problem and the coal
rate of 407 kg/t, the coke rate of 258 kg/t and the productivity of 7.35 t/d/m® was achieved as an operation

result.

2 )By one dimensional blast furnace mathematical simulation model, it was predicted that the coal rate of
375 kg/t, the coke rate of 180 kg/t and the productivity of 3.3 t/d/m> can be achieved in a commercial scale

blast furnace.

Key words : oxygen ; pulverized coal ; blast furnace; flame temperature ; mathematical model.
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Fig. 1. Profile of the test plant used in the
oxygen blast furnace operation test.
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Fig. 2. Blowing nozzle used at the test plant.
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Table 1. Coal used in the combustion test of " °
pulverized coal by oxygen enriched cold blast.
F.C(%) VM(%) Ash(%) Ha0(%)
Coal-A 52.74 34.61 8.50 4.15
Coal-B 52.20 34.01 11.25 2.54
Coal-C 57.62 33.57 6.97 1.84
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Fig. 3. Distributions of the size of soot collected
at the top of the test plant.
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Fig. 4. Shapes of raceway observed through the
investigation of the quenched plant after the
combustion test of pulverized coal.
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Fig. 5. The dust concentration of top gas and the
combustibility of pulverized coal to the injection
rate of pulverized coal per unit volume rate of
oxygen.
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Fig. 6. The combustibility of pulverized -coal
related to the oxygen concentration of blast, the
flame temperature and the top gas pressure.
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Table 2. Raw materials and operation condition
used in the oxygen blast furnace operation in the
test plant.

Ore

T.Fe FeO SiO AlO3 CaQ MgO

Pellet [66.4% 0.6% 1.6% 0.4% 2.5% 0.4% 2.0% 10~25mm
Sinter |56.4% 6.8% 5.3% 0.9% 9.8% 1.4% 0.4% 10~25mm

Hy0 Diameter

Fuel

C H 0 N Si0, A1203 Ca0 Diameter
Coke {87.2% 0.5% — 1.4% 6.5% 3.6% 0.3% 20-~50mm
Coal {72.7% 4.0% 7.6% 2.8%

7.2% 2.6% 0.1% —200#

Operation indices

Oxygen rate ~250 Nm%/h
Nitrogen rate ~170 Nm%/h
Steam rate 27~0kg/h
Coal rate 200~300 kg/h
Bosh gas rate ~900 Nm®/h
Flame temperature ~2300°C

Top gas pressure 1.5 kgf/cm?(G)
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Fig. 7. The operation diagram of the test plant
with the oxygen blast combined with the injection of
pulverized coal. ,

Table 3. Model parameters adjusted for the test
plant in comparison with those adjusted for 3680
m® blast furnace.

Parameter « B 7 b ‘
(—)- (— (=) (keal/m?/min/°C)
reference Heat exchange Permeability Reduction Heat loss :
Test plant 1.00 1.00 1.00 0.028
3680 m® BF 0.63 0.66 0.16 0.200
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Fig. 8. Results of the oxygen blast furnace opera-
. tion at the test plant.
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Table 4. Results of the test plant operation.

Case No. 1 2 3 4 5
Ore Pellet  Pellet Pellet Sinter  Sinter
Coal/ 0y kg/m® | 0.79 0.99 0.99 0.99 1.20
Steam kg/h 26.8 © 18.2 18.0 18.0 0.0
Bosh gas Nm®/h | 908 910 -909 907 910

Flame temp. °C 2342 2316 2319 2329 2 340
Stock level m 2.5 2.5 3.4 3.4 3.4
Gas temp. C 354 349 213 237 180
co % 48.2  47.9  43.2 459 445
€Oy % 19.1 9.9  25.2 212 23.1
H, % 11.3 11.8 1.2 12.2  11.2
Dust ¢/Nm® | 6.3 7.7 4.8 2.6 2.1
Tpig C 1404 1404 1423 1418 1425
[C] % 4.4 4.6 4.5 45 4.6
[si] % 0.52 0.47  0.45  0.44  0.43
[S] % 0.066 ©0.032 0.027 0.031 0.024
Ca0/Si0; — 1.43 1.44 1.43 1.44 1.47
Aly03 % 13.7 12.4 12.7 144 14.9
MgO % 7.4 7.6 7.4 6.7 6.0

Coke rate*! kg/t 480 377 328 350 258
Coal rate ke/t 396 463 349 376 407
Fuel rate kg/t 876 840 677 726 665

. ke/h | 507 548 724 664 754
Productivity | /4.3 | 603  6.51 7.06 6.47  7.35

Gas flow Um | 1270 1345 1659 1460 2070
registance

Coke rate®? kg/t | 497 389 336 365 264

A%oke” kg/t | 17 12 8 15 6

Fuecl":;e % 1.9 1.4 1.2 2.1 0.9

7C0+Hy % 26.8  28.0  34.3  29.5  33.4

D. R. ratio % 25.4  25.0 28,1 °30.7 30.4

AHeat** Mcal/h | 148 133 56 57 47
AHeat

m 19.5 17.7 7.4 7.6 6.2

*1 Actual coke rate ( =Charged coke/Productivity)

*2 Calculated coke rate through material ballance

*3 Calculated coke rate-Actual coke rate

*4 Tnput heat-Output heat, calculated through heat ballance
*5 Sensitive heat of the gas produced through the combustion
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Fig. 9. Dissection of the oxygen blast furnace
operation at the test plant investigated after
quenched.
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Fig. 10. Change in sinter property of the
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Fig. 12. Results of the test plant operation on a
operation diagram calculated by one dimensional
blast furnace mathematical simulation model.
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Fig. 13. An oxygen blast furnace operation at a
commercial blast furnace predicted by one dimen-
sional blast furnace mathematical model.
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