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Influence of Operational Factors on Thermal and Chemical
Conditions at Lower Part of Blast Furnace

Synopsis:

Seiji TAGUCHI, Nobuo TsucHrva,

Yoshiyasu TAKADA, and K poji OKABE

The operational dzita of blast furnace performance for longer periods are analyzed by the following para—
meters as adiabatic flame temperature, height for heat exchange and height of melting level, as well as in—
dices of the thermal state Rg; and the reduction behavior of ferrous oxide Rg and Ry, at the lower part of

blast furnace. The results are as follows.

(1) The temperature of melts changes with the adiabatic flame temperature and height for heat ex—

change, and is related to the heat balance.

(2)  Rg; gives the same expression as that for thermal state representing the extent of coke reserve zone.

(3) With lower quality coke, Rg;, Rs and Ry, decrease markedly even in a regular operation; this in—
dicates increasing FeO content in slag at the hearth.

(4) The increase of sulfur content in injected oil decreases the S distribution ratio between slag and metal.
On the other hand, the increase of sulfur content in coke has no influence on it. These differences are

caused by the transfer mechanism to gas phase.
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Table 1. Operational data for calculation of reference state.

Ore/coke Coke Wind rate Oxygen Humidity ' 0Oil
consumption ) enrichment ' injection
(=) (t/d) (Nm3/ min) (%) (g/Nm?) ; (kl/d)
3.67 |2 | 3745 1.05 | 14.2 | 197.3
Blast Top gas H CGs/CeGy Tua Slag
temp. rate
oC CcO Coz Hz m — °C kg/t
(°C) %) (%) (%) (m) (=) °G) (kg/t)
1121 23.1 22.3 2.3 4.93 0.772 2 302 l 310
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Fig. 1. Operation lines for three cases : reference
state, —4H;=0.93m and 47T,=100°C.

Table 2. Values of y;, 35, »5, g» and Q/¢s in
operation diagram.

Symbols
Db s 52 | Q/gs

Cases —

Reference state 1.32 | 0.517] 0.033| 24.1 | 0.297
AH;= —0.93m 1.39 | 0.502{ 0.033| 24.1 | 0.354
AT,=100°C 1.32 | 0.517] 0.033} 25.9 | 0.355
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Fig. 2. Relation between H,% in bosh gas and
9¥co+Hy 7YcCo+mp ore/coke.
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Fig. 3. Relation between T,; and H, under con-
stant hot metal temperature (C: Chiba
works, M: Mizushima works).
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Fig. 4. A temperature profile by mathematical
model calculation.

Table 3. Monthly average data for Hy calculation (Excluding blast stoppage periods).

Furnace Ore Coke 011 thd Oxygen Humi-~ Top gas Top gas Sol. loss
Date /coke  consump. injec. (zli\;fna / enrich. dity CO CO, H,; temp. carbon

No. (—) (t/d) (kl/d) min) (%) (g/Nm3) (%) (%) (%) (°C) (kg/t)
Chiba ;75 Oct. | 3.85 1 606 219.7 2805 1.32 10.8 23.1 20.7 3.2 140 87.7
Nov. | 3.90 1681 228.3 2885 1.26 8.0 22.4 20.4 3.0 139 81.4

Dec. | 3.90 1588 205.2 2818 0.56 4.4 21.920.9 2.7 143 89.7

'76 Jan. | 4.03 1517 247.7 2813 1.24 2.7 22.7 21.5 3.2 147 9.8
No. 3 Feb. | 4.09 1552 268.7 2796 1.15 4.0 23.3 21.6 3.3 138 105.1
: Mar. | 4.05 1633 301.0 2807 2.12 4.3 22.9 22.2 3.8 138 90.6
Chib '75 Oct. | 3.82 1541 197.0 2629 0.99 12.6 21.7 21.2 3.0 127 86.3
a Nov. | 3.87 1479 173.2 2553 1.41 9.1 21.121.22.8 99 73.4
Dec. | 3.92 1 505 1873 2653 0.57 5.9 20.3 21.8 2.4 110 84.5

76 Jan. | 3.99 1512 215.3 2717 1.23 3.7 20.5 21.8 2.8 117 80.8
No. 4 Feb. | 4.05 1 508 259.3 2702 1.23 4.5 22.0 21.6 3.1 129 96.1
: Mar. | 4.04 1612 281.0 2696 2.28 5.3 22.5 23.3 3.4 115 77.4
Chib 75 Oct. | 3.67 2177 197.3 3745 1.05 14.2  23.1 22.3 2.3 153 107.1
a Nov. | 3.58 2037 160.5 3798 0.0 11.1 21.0 20.3 2.0 157 81.4
Dec. | 3.62 2121 157.3 3796 0.0 8.0 20.9 20.6 1.8 139 84.6

'76 Jan. | 3.69 2127 195.0 3863 1.10 8.0 21.9 21.3 2.3 131 88.9

No. 5 Feb. | 3.72 2127 206.3 3802 1.37 8.4 21.8 21.3 2.3 121 78.3
0. Mar. | 3.66 2 222 207.0 3679 2.39 8.2 22.8 22.7 2.4 114 80.3
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Fig. 5. Relation between operational results and
thermal indices at Chiba Works.
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Fig. 6. Relation between ash content in coke and

Rsi, Rg, Ry (C; Chiba Works, M; Mizu-

shima Works)
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‘'Table 4. Correlation coefficients between indices
(Mizushima No. 4 BF).

Ash (%) DI TI%S

Rsi (%) —0.55%* 0.35 0.02
Rs (%) —0.72%% 0.65%* 0.43*
Ryin (%) —0.72%* 0.67%* 0.37%
Ash (%) — —0.87** —0.61%*
: DI+31’2 — —_ 0.79%*
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LEEZ NS —F, KEF4EFAOEETEa~Y
Z RS QAN Y, Rsi, Run, Rs & HITETL,
ZOETEHAIEER—THAREIHEY. ZOFFITD
W& &2 ORFHoMEFRE%E Table 4 2§75 &
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i D& RIEH L OMBEOEE/KEIRBEETHY, &
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T a— 7 2R OB ER WIBE A R L TR
TED, BEEEIIET LTV, WMEROTHRLX
51 Si, S, Mn OFNBITHBUISEZLD, BE Rsi
Rs, Ryn OBEER U TRV, Lt >T, &R
S UAR T2 R 2 &1 2h & OB RIS I B 25
WEEERT Y 7 vo LR, bbb FeO BTHEOD
kAR TRELTRY, FEOOBTIMFREICETRAR
e rEZ NG, FEESBIFCIEa— 2 AR
EFIC WL BAZOEMPIRD HILD.
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Fig. 7. Effect of sulfur content of coke on Rg.
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Fig. 8. Effect of output amount of sulfur in slag
and metal on Rg.

Table 5. Changes of the sulfur content in the injected heavy oil and Rg, Rg; and Ry,

Ttem Sulfur Oil Ore/coke Hot metal Rg Rg; Ryn
content in heavy)| consumption temp.

Furnace oil (%) (kg/t) (=) <) (%) (%) (%)
Ghib 1.48 65 3.97 1 499 180 93 69
N 1 g 1.82 62 4.03 1493 140 81 69

0. 2.16 60 3.98 1 490 136 92 66
Ghib 1.48 77 3.92 1511 176 71 68
NI‘ Z 1.82 76 4.03 1508 141 66 60
0- 2.16 74 4.01 1503 133 80 64
Chib 1.48 45 3.60 1 504 172 113 71
rq]l g 1.82 44 3.58 1498 130 111 65
o- 2.16 45 3.66 1 494 115 115 65

(Average values of about 40 days excluding the stoppage days)
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IR THERO B X CEENRBCS L ETHBRIFER O 2 699
Table 6. Operational data for calculation of [%S]eq.
Oil rate Coke rate Blast Humidity Oxygen Blast
Case consumption enrichment pressure
( kg/t) (kg/t) (Nm3/t) (g/Nm?) (%) (atm)
A 60 438 1 070 12.0 1.7 4.0
B 80 395 1 000 12.0 1.8 4.0
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