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Phenomena of Oxygen Enrichment in a Blast Furnace Process

and its Limit

Tsuneo MIvAseEITA and Mitsuru OHTSUKI

Synopsis:

An investigation was made on the oxygen enrichment to blowing gzs up to 40% by using an
experimental blast furnace. The oxygen ratio in this experiment was increased under the condition of
constant bosh gas volume per umit time. Coke rate was slightly decreased with inc-easing the oxygen
content up to 25%. In further increase of oxygen content beyond 259, the coke rate was increased
to about 2'5kg/tHM for ezch 19, of oxvgen enrichment, but increzse of preductivity of iron of 59
was obtained.

Gas temperature distribution was mezsured to make clear the heat exchenge phenomena between
gases and solids, and the temperature of solids was estimated by simulation calculation. From this
result, it was deduced that the oxygen enrichment blowing operation was limited due to the shortening
of the length of thermal reserve zone with increase of oxygen enrichment.

The main reason for the increase of the coke rate could be explained by calculated results of decreas-
ing indirect reduction rate of ores which was influenced by the above temperature distribution change.

This became another commercial limit of oxygen enrichment blowing.

(Received Feb. 17, 1971)
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Fig. 1. Experimental blast furnace profile.
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Table 1. Chemical analysis of raw materials.
S g [ : - ,
| Fe | FeO | SiO, | ALO, GaO | MgO Pl s MnO | Av. Size
Sinter 1 | 560 | 829 s91| 182 | 1089 069 | 0072 0022 | 070 |10°08mm
1 : 56-4 8-00 617 2:02 10-46 0-68 0-070 0:019 0-66 10:08
I ' 566 I1-10 l 5-82 1:92 10-27 0-63 0-063 0-017 0-43 10-19
v+ 558 ! 10°23 ) 6°09 1-88 41434 --0+75 0-073 0-027——0-66 10-44
v 5 561 | 10-76 ! 6-08 1-85 10-75 0-64 0-069 0-021 0-69 10-10
Wom e | 505 4052 0-58 | 0-20| 48-50
! 1 .
C H Ash V. M T. S Ash
, F 5i0; | Fe,0y  ALO, l CaO ngoi P :
Coke [ | 8847 | 03¢ | 980 1:00 | 0-5¢ |49-8 | 10-7 | 24531 3-71 2-82 | 0-35 | 1257
1 8514 | 0-40 11:50 , 1-40 | 050 | 46°76 | 12:14 { 2114 | 8 00 | 2-34 | 0-29 | 12-40
I 86-73 | 0-45 11-10 1-20 { 057 46°68 | 15-97 | 21-91 586i202|031]|12-01
v 87:82 | 0-44 11-00 1410 | 0'56 | 44-36 | 17°89 | 21°65| 7-14 ! 2:96 | 034 | 12-75
v 85-61 0-30 11-70 i 120 | 0-57 43-67 | 17-73 | 23:12 | 6-57 f 2:46 1 0°39 | 12-42
L~V indicated test periods.
Table 2. Results of the test operation.
| Standard Perd. 1| S B i
Production (kg/day) ! 3142 © 4252 4 496 4909 . 5887
Coke rate (kg/tHM) | 845 742 P 750 ¢ 753 . 743
Slag rate (kg/tHM) ! 490 431 457 P 502 466
Blast volume (Nm?/min) l 5:95 1-51 5-18 4-92 4:65
0:% in hot blast % 21 247 278 | 28 9 35-1
Bosh gas volume (Nm?3/min) 7:20 721 7-24 | 7.08 7-30
Blast temperatu-e (&) 697 678 515 i 730 716
Humidity (g/Nm?®) 7-4 52 7.1 77 87
Blast pressure (kg/cm?) 0-090 0-094 1-21 ! 0-077 | 0-077
Si 2 in hot metal 0-90 1-09 1:26 095 | 1-00
S 9, in hot metal ‘ 3-033 1-035 0033 0-035 0-040
Slag basicity CaO/SiO, 120 1-21 1:20 1-17 1:22
Hot metal temperature &) 1377 1 391 1411 1 398 1 403
Molten slaz temperature (°C) 1565 1553 L 561 1529 1 540
CO; % in top gas (%) 9:94 13-14  14°58 13-25 14-60
CO 9% in top gas (%) 27-97 30-89 32-90 3610 46-60
H; % in top gas (%) - 1-19 1-38 1-49 2-15 2-53
Top gas temperature cCc)y . 224 235 P 244 , 185 142
Dust rate (kg/tHM) 111 8-0 11-9 75 50
Furnace condition ihanging 6 | ’;
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Table 3. Calculated results for the test operation.
1 I I I\ Y
Indirect reduction rate 672 651 651 58-6 56-4
Oxygen removed by direct reduction . . . . .
(kg/tHM) 124-0 132°9 131-2 157-2 167-5
Shaft efficiency 0-612 0-661 0-658 0593 0-556
Necessary heat above 900°C (kcal/tHM) 546 562 564 985 584 234 623 235 646 103
Total heat supplied (kcal/tHM) 2 334 230 1877 419 1930714 1816625 1714902
Sensible heat of top gas (kcal/tHM) 256 453 203 904 196 420 141 755 86 948
Theoretical flame temperature  (°C) 2047 2 264 2 483 2520 2810
NDOFERIE A 5 L7 Fig. 8 X 0 & LI AT H» % WL B BLEEBEML TV,
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Fig. 6. Effect of oxygen enrichment on the amount
of direct reduction (y,) and shaft efficiency

(r).
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