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Theoretical Analyses on the High Pressure Operation
and Oxygen Enriched Operation of Blast Furnace

Keichi WAKABAYASHI, Masami Fujtura, Takashi MoOR1T and Nobuo INOUE

Synopsis:

Mathematical models are proposed for analizing blast furnace preformance.

High pressure operation and oxygen enriched operation are studied with the proposed models. The
production rate and the fuel ratio predicted from the models agreed very well with the operation
data. Also, possibility of predicting production limit is discussed.

(Received Jan. 7, 1969)
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Fig. 3. Qalculation flow chart.
Table 1. Condition of burdens.
Item Charge | Bulk  |Average Chemical composition (wt%)
density |diameter
Burdens t/ch kg/m? mm | T Fe FeO FeoOsz | Si0; |Al,O3 | CaO | MgO| S Mn | TiO,
1" Sinter 6-2 1763 19:0 | 58-30, 7:77 | 72°81| 5-94 | 1-94 | 8-22 | 0-93 | 0-014| 0-31 | 0°65
2 7 16-7 1749 19:3 | 58-74| 7:27 | 73-99| 6-16 | 2-00 | 8-04 | 0-80 | 0-012} 0-34 [ 0°15
3 Ore 39 2360 12-3 | 63-33 1:90 | 89:64| 553 | 2-77 | 0-31 | 0-13 | 0-007} 0-25 | 0*10
4 7 2:0 2360 139 [ 63-19) 705 79+78| 5-07 | 1-05 | 1-54 | 1-20 | 0-077| 0-08 | 0*15
5 7 0:20| 1740 17-0 | 31-92| — 7°46 | 148 1 2:07 | 0-45 | 0-016[24-44 | 0-07
6
7 LD slag 0-25 1910 17-0 22-100 — 12-50 | 1-38 41-57 | 1-10 | 0-016] 5-57 | 0-86
8 Lime stone 0-30 | 1460 16-8 — — 5485 — — —
9 Coke 85 433 473 — — 0-94| 5°07 | 3-55|0-22 | 012 ]| 0'55 — —

Table 2. Calculated and observed values of

base operation. o J g
1 7200 Q
o ‘l o~
Item Unit [Calculated | Observed 6400
Production rate t/day 2960 2940
Slag ratio — 295 304 8
| | S l 3
Coke ratio — 466 469 3 T 8
o )
[} o
Temperature | °C 185-3 173 (% ”
ES
o CO, 20-4 19-8 ¢
g | Compo-| CO ,-g»"l % | .z91:2 221 - 0300¢— © 10800 é
= | sition | H, ary B8] 3-8 f “to ‘ Q
N, 563 541 5;’ R
- o
Slag 510, 364 34-2 gs002-] -<—98004’—J g
compositi Al Oy 16°6 15-0 < D
position | "y | Wi% 406 42-0 } S
M . . N
80 44 52 2BF HIROHATA W. IBF NAGOYA W.
Theoretial flame oq 1862 Fig. 4. Profile of model furnaces.
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Table 3. Effects of top gas pressure on production rate and coke ratio.

» ..
Top Production | Production Fuel Coke Top gas Top gas composition
pressure increase rate ratio ratio temp. co co, H,
kg /cm? % t/day kg /t-pig °C wet vol%,

0-43 0 2960 502 466 185 19-94 19-32 2°92
1 3-1 3052 489 453 158 19-16 20-11 2:96
2 7-0 3167 . 474 438 124 18-15 2111 3-00
3 9-2 3233 ! 465 429 ill 17-41 21-79 3:03
4 105 3271 462 426 92 17-35 21-93 304
5 11-2 3292 460 424 84 17-25 22-06 3-05

Table 4. Effects of blast volume on production rate and coke ratio.

. . : Top gas composition

\]?})?fltme Pﬂfgfzggfn ProfaL}[Ztlon Fuel ratio | Coke ratio teTrrcl)p ergézlslre

P co CO, H,

Nm3/ min % t/day kg /t-pig °C wet vol 9,

2300 —12-3 2595 498 462 134 19-78 19-52
2650 0 2960 502 466 185 19-94 19-32
3000 12-3 3325 505 469 227 2014 19-12
530 T
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Blast. volumz  (Vm*/min)

Fig. 5. Characteristic diagram shows effects of top gas pressure.
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Fig. 6. Drawing shows effects of top pressure on

production rate and coke ratio.
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Fig. 7. High top pressure decrease pressure drop.
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Fig. 8. High top pressure decrease dust
concentration.
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Fig. 10. Effects of top pressure on channeling and flooding.
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Table 5. Condition of burdens.
Ttem Ch ﬁulk Average Chemicbl composition
arge | oo oo ldi :
t/ch cnsity |diameter|— : -
Burdens kg /m? mm | T.Fe| FeO [Fe,Qy | Si0; {Al;O3 | CaO | MgO S Mn | TiO,
"1 Sinter 4-0 1780 17-9 | 576 | 7-68 71-01] 5-29|1:61 | 819} 1'50| nd | 013|013
2 7 16-7 1780 17°9 | 574 | 11'70| nd | 5°76 | 1'83| 749|136 | # 2:00 | 014
3 4 10-1 1780 17-9 [ 58-1 | 1170 nd | 566 | 181 | 7-39 | 143 % 0-13 | 0-14
-4 Ore 50 2420 14-1 | 62:3 | 0-29 88-64 1-28| 301|011 |0-10 | 7 0-02 | 0-09
5 7 40 2920 15-3 | 63°0| 9-28/ 79°78 445 | 0:78 | 0-56 | 051 4 0-07 | 0-19
6 7 0-15-] 1900 17-4 | 18°0| 0-14| 25-58 982 | 5°42 | 0°69 | 0-12 | # 129-97 | 0-12
7 LD slag 0-30 | 2350 26:8 | 20°7 00| — |I3-1 ([l04 46°2 3-08 4 5:3¢4 {00
8 Lime stone 0-25 | 1930 206 0-12 0-15 — 1091|030 53'9 | 065| # 00 {00
9 Coke 126 433 48-2 0-57| 00| 3-85 5°13|2-81 004020} ~# 00 | 019
= —
AT — 4
4. BEE{LEE "
. Fra7 v Fig. 4
4.1 EHERX FIRES 0°65 kg/cm?*-G
| FTER— 2T p MR, AHE 1BF 1968 &£ EREL . EEAE '3700Nm3/ min
1ARES. s 24-2g /Nm3
Tablc 6. Calculated and observed values of base &R 930°C
operation. =ih 243 kg /t-pig
. Unit Caloalated| Observed EAEH ANl 162 CH/day
temn nit alculate SErve ‘ 5 34547 Table 5
Production rate t/day ‘ 4037 4058 %rﬁ%%,%%#%¥?—&& EHizic Table 6 7R .
Slag ratio — 0271 0242 BEGEOBRE LML, BEIV—FHEZATVEOT
LMot EEEDD T LTTH .
Coke ratio — | o488 | 0492 MgOHFEEDS L LIET B )
42 O, B{tOAEME KU CR TELEITEE
Temperature | °C 180 205 0. FiLE THEUANNRELS LR T 525, FRE
g CO, | vol 19-9 18-9 E A TRYIC EFI LFEv. SIORELLE) ©
% | Compo- | 5§ % 211 22-1 - y o s
2 | sition H, dr; 9:1 3.2 T W BB K SAIREE 119 2000°C IR D T EMBEE L V.
B N, 570 553 TITHE, Op BILL Th KIBIREH FEHEIFIED 1953
SiO, 347 32-9 °C —ZFEIRIND X5, B BRI E R & KRR
Slag Al Oy 16-1 16-0 BT X DHERE =¥ Vs zt. (L, TDF
composition | CaO | W% 389 40-1 EE & ’féﬁﬂn%;ﬁ;iﬁ “t 5 - ) At
MgO 7'3 81 BTREMEAKERQIFRCEETHET I 2IILAE.)
. ‘ X THUERE T O BibE 0~24,000m?/hr (O: &
Theoretical flame °oC 1953 )
temperature BERA 28°7% £T) OHFFATIIAR, Fig. 3 O flow
Table 7. Effects of O, enrichment on oroduction rate and coke ratio.
0. Production |Production| Fuel Coke |Heavy oil | Moisture E?Ilf g:as_ Top gas composition
enrichment| increace | rate ratio ratio | injected | content tur ep co co H,
Nm3/hr % ’ t/day | kg/t-pig kg/t-pig | g/Nm? °C wet vol %
0 0 4037 512-3 488 243 242 180 20-31 19-20 2:02
1,500 3-35 4172 511-7 484 26-7 266 176 ..20040 19-63 2-21
3,000 6-5 4299 5116 479 31-7 315 173 20°50 1990 2-56
6,000 12-5 4540 511-4 475 36-4 36-3 167 20-98 20-37 3-00
12,000 22°6 4948 521 473 48-6 48-4 162 22-49 20-52 3-87
18,000 32:0 5328 532 472 607 60-5 160 24:05 20°38 470
24,000 41°2 5699 543 472 70°5 70-2 157 25'59 2020 5°33
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Fig. 12. Characteristic diagram shows effects of O,

chart [T L7 > TRTEIET5 & Table 7 T
RTFERSELNT.
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Fig. 13. Effect of O, enrichment on production rate and CR.
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Fig. 14. Moisture and heavy oil ratio for controling combustion zone temperature
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