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Abstract

In order to obtain the maximum fine ore injection rate, an experimental apparatus capable of
simulating the heat transfer and reaction in the lower part of the blast furnace was built. Asaresult
of the fine oreinjection through the lance which wasinserted through the blow pipe, the maximum
fine oreinjection rates at which the desired deadman temperature can be maintained wer e experi-
mentally determined as shown below. The maximum fine oreinjection ratein the actual blast fur-
naceis expected to be higher than those measured here. The injection of the 0% prereduced fine ore
aloneisdifficult. 70 g/Nm?*for injection of the 0% prereduced fine ore mixed with the same amount of
pulverized coal. 175 g/Nm? for injection of the 60% prereduced fine orealone. 115 g/Nmé3 for injection

of the 60% prereduced fine ore mixed with the same amount of pulverized coal.
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Division of the blast furnace into zones for developing a mathematical
model
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Blast temperature () 1100 | 1100 | 1300 | 1800 | 1800 | 1800

Blast humidity (gNmd)| 36 | 15 | 15 | 15 | 15 | 15
o, (Nm?®/t) 0 110 | 90 80 80 82
PC (kglt) 0 |87 |8 | 87 | 87| 8
Pre-reduction degree (%) 0 0 0 0 35 60
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Example of blast furnace operation injected with fine ore from the

tuyere
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Chemical compositions of pig iron, iron ores and fuels

(Wt%%o)
T.Fe SO, AlLO, Cao MgO Others
Lump ore 65.0 25 15 - - 31
Pellet feed 68.0 0.8 0.6 - - 14
Sinter 574 55 20 89 15 -
C H SiO, ALO, Ca0 + MgO Fe
Coal 77.1 52 38 13 0.2 0.4 9.8
Coke 88.0 0.5 6.3 35 0.4 0.6

Hot metal: Fe: 94%, C: 4.8%, Si = 0.2exp (0 0.01386 - PF) [J 0.1%
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Estimated operational data of blast furnace injected with fine ore and PC from the tuyere

Base condition

Blast Blast Shaft |Pre-reduced| Pellet | Pulverized |Enriched |Cokerate| Blast |Boshgas Top gas n co nH,
temp. | humidity |efficiency| ratio feed coal oxygen volume | volume | Wet Dry
Tg(Blast) BH,0 | n shaft RPF PF PC GO, CR GB GL |GUW | GU | ETCO | ETH,
@) |(UNmi.ar)| () ) (kg/t) (ka/t) (Nm3t) | (kg/t) | (Nm¥t) | (Nm3t) |(Nm¥t)| (Nm¥t)| (%) (%)
1100 36 0.96 0.0 0 0 0 500 1182 1569 1746 | 1708 47.5 475
Bosh gas Top gas Sinter | Sized lump Slag Direct Flame Slag Oreto coke | Heat loss
composition composition (dry) ore ore volume reduced temp. basicity
FCOB | FH,B | FCOT | FCO,T | FH,T | SO Lo SLAG DR TFM cis D/C
) ¢ ¢ ¢ ko) | (kglt (kglt) (%) @) ¢ ¢
0.353 | 0.052 | 0.225 0.204 | 0.025 1224 360 283 333 2111 1.62 3.168 126.5
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Estimated operational data of blast furnace injected with fine ore and PC from the tuyere

Calucutated conditions

Tg BHZO n RPF PF PC GO2 CR GB GL GUW GU ETCO
(Blast) shaft
1100.0 15 0.96 0.0 60 0 0 491 1173 | 1519 1693 | 1670 47.6
1100.0 15 0.96 0.0 202 0 100 526 843 1365 1485 | 1465 44.0
1100.0 15 0.96 0.0 122 100 100 425 807 1354 | 1487 | 1443 44.9
1350.0 15 0.96 0.0 144 0 0 476 1079 | 1434 | 1592 | 1570 47.0
1350.0 15 0.96 0.0 268 0 100 515 771 1302 1409 | 1390 43.4
1350.0 15 0.96 0.0 184 100 100 412 727 1279 1400 | 1358 44.5
1350.0 15 0.96 0.0 100 200 100 310 688 1263 1397 | 1331 455
1800.0 15 0.96 0.0 265 0 0 454 939 1307 1441 | 1421 46.0
1800.0 15 0.96 0.0 365 0 100 497 657 1198 1286 | 1269 42.6
1800.0 15 0.96 0.0 465 0 200 540 375 1090 1131 1116 39.8
1800.0 15 0.96 0.0 279 100 100 396 622 1186 1288 | 1248 43.6
1800.0 15 0.96 0.0 188 200 100 293 581 1164 1282 | 1218 44.8
1800.0 15 0.96 0.0 272 0 0 468 959 1335 1480 | 1462 42.4
1800.0 15 0.96 0.0 373 0 100 512 680 1231 1330 | 1313 39.4
1800.0 15 0.96 0.0 283 100 100 410 639 1209 1326 | 1288 40.4
1800.0 15 0.96 0.0 201 200 100 312 616 1214 | 1343 | 1283 41.2
1800.0 15 0.96 0.35 308 0 0 424 886 1222 1347 | 1328 46.1
1800.0 15 0.96 0.35 425 0 100 456 585 1082 1158 | 1142 42.4
1800.0 15 0.96 0.35 323 100 100 365 568 1099 1192 1153 435
1800.0 15 0.96 0.35 105 200 0 240 851 1253 1411 | 1340 48.5
1800.0 15 0.96 0.35 222 200 100 273 549 1112 1223 | 1159 44.7
1800.0 15 0.96 0.60 354 0 0 390 827 1125 1242 | 1224 46.3
1800.0 15 0.96 0.60 490 0 100 410 508 956 1018 | 1004 42.0
1800.0 15 0.96 0.60 371 100 100 329 505 996 1080 | 1042 435
1800.0 15 0.96 0.60 254 200 100 248 504 1039 1144 | 1081 44.7
1800.0 15 0.96 0.60 122 200 0 228 831 1219 1374 | 1303 48.7
ETH, |FCOB | FHB | FCOT |FCO,T | FH,T SO Ca0 | SLAG| DR TFM C/S D/C |Top gastemp.
(kg/t) ©)
47.6 0.357 | 0.033 | 0.225 | 0.204 | 0.016 | 1156 2 276 338 | 2138 | 1.66 3.09 152
44.0 0.479 | 0.033 | 0.296 | 0.233 | 0.017 | 999 14 264 26.1 | 2263 | 1.88 2.58 147
449 0.458 | 0.072 | 0.287 | 0.234 | 0.037 | 1085 5 266 28.2 | 2207 | 1.71 3.40 159
47.0 0.373 | 0.033 | 0.234 | 0.207 | 0.016 | 1060 6 263 327 | 2195 | 1.74 2.98 157
43.4 0.499 | 0.033 | 0.308 | 0.236 | 0.018 | 924 17 253 245 | 2333 | 197 2.49 157
44.5 0.477 | 0.074 | 0.299 | 0.239 | 0.039 | 1014 8 255 272 | 2268 | 1.77 3.33 146
455 0453 | 0.116 | 0.290 | 0.242 | 0.060 | 1105 0 257 295 | 2214 | 161 4.73 147
46.0 0.399 | 0.033 | 0.249 | 0.212 | 0.016 | 923 12 242 30.7 | 2313 | 1.87 2.83 163
42.6 0.533 | 0.033 | 0.329 | 0.244 | 0.018 | 813 22 236 220 | 2462 | 212 2.36 157
39.8 0.694 | 0.034 | 0430 | 0.284 | 0.020 | 704 32 230 11.4 | 2687 | 2.47 1.97 154
43.6 0.508 | 0.078 | 0.318 | 0.246 | 0.042 | 907 13 239 249 | 2373 | 1.88 3.20 159
44.8 0.482 | 0.123 | 0.308 | 0.250 | 0.065 | 1005 3 242 28.0 | 2301 | 168 4.66 139
42.4 0.400 | 0.033 | 0.267 | 0.197 | 0.017 | 916 14 244 336 | 2305 | 1.90 2.73 149
39.4 0.530 | 0.034 | 0.347 | 0.225 | 0.019 | 805 24 238 25.0 | 2450 | 217 2.28 151
40.4 0.506 | 0.077 | 0.337 | 0.228 | 0.043 | 903 14 241 283 | 2370 | 191 3.08 132
41.2 0.479 | 0.120 | 0.326 | 0.228 | 0.067 | 992 5 244 305 | 2289 | 1.72 4.33 163
46.1 0.394 | 0.033 | 0.246 | 0.211 | 0.016 | 833 15 226 309 | 2399 | 195 2.81 160
42.4 0.539 | 0.034 | 0.333 | 0.245 | 0.018 | 689 26 213 212 | 2630 | 231 2.30 159
435 0.510 | 0.081 | 0.320 | 0.247 | 0.044 | 814 15 222 24.7 2483 1.97 3.22 161
48.5 0.347 | 0.116 | 0.227 | 0.214 | 0.056 | 1082 o5 242 355 | 2212 | 153 6.01 165
447 0482 | 0.128 | 0.309 | 0.249 | 0.068 | 937 5 231 277 | 2359 | 1.73 4.75 157
46.3 0.386 | 0.033 | 0.242 | 0.208 | 0.016 | 734 17 208 31.3 2512 2.06 2.81 155
42.0 0.546 | 0.034 | 0.337 | 0.244 | 0.019 | 550 30 188 20.1 | 2869 | 2.63 2.22 167
435 0.513 | 0.086 | 0.322 | 0.248 | 0.047 | 710 18 203 24.5 2622 2.09 3.25 148
44.7 0482 | 0.134 | 0.309 | 0.250 | 0.071 | 867 7 218 27.9 2435 1.77 4.95 144
48.7 0.343 | 0.119 | 0.266 | 0.214 | 0.057 | 1046 04 236 35.7 | 2237 | 155 6.17 165
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Productivity in the operation injected a maximum amount of fine ore
mixed with pulverized coal
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Relationship between the fine material concentration and the dead-

man temperature during injection of 0% pre-reduced fine ore alone or

mixed with pulver

ized coal

goooooo
Experimental conditions
Fine material | Pre-reduction Blast temp.  |Blast humidity |Oxygen enrichment| Fine material | Fine material Cokerate Flame temp.
degree (%) (@) (g/Nmd) (%) conc. (g/Nmd) | rate (kg-pig) (kg/t-pig) Q)
All coke - 1090 - 1120 1-6 0 0 0 593 - 601 2392 - 2475
Orealone 0 1220 2 0 63 104 588 2337
0 1320, 1300 25 0.1 135, 169 206, 270 583, 610 2238, 2148
Ore & coal 0 1270, 1285 2 0 66, 91 107, 159 518, 525 2360, 2286
mixture (*) 0 1330, 1340, 1345 2 02,54 136, 183, 263 | 203, 267, 336 | 461, 457, 438 | 2225, 2212, 2212
Orealone 60 1225 6 0 79 142 603 2334
60 1320, 1315, 1330 2,2,6 0 158, 166, 169 | 170, 211, 255 | 432, 487, 540 | 2322, 2303, 2288
Ore & coal 60 1260 6 0.8 163 258 438 2171
mixture (*) 60 1305, 1310, 1310 6,55 0,0,29 163, 172, 277 | 266, 354, 560 | 436, 508, 477 | 2163, 2159, 2116
60 1320 1 0,36 177,274, 349 | 294, 368, 395 | 428, 385, 362 | 2180, 2157, 2177

(*) Mixing rate (weight) = 1.1, Blast flow rate = 130 Nm¥h
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Chemical compositions of fine ore and pulverized coal (dry base, %)

Material T.Fe M. Fe FeO Cao SO, AlLO, MgO Pre-reduction degree
Fine ore (Ore M) 68.12 - 0.20 0.02 0.78 0.46 0.13 0.0
Fine ore (Ore R) 76.65 38.72 29.91 0.30 5.61 2.78 0.46 60.0
Fine ore (Ore C) 78.33 3841 32.20 0.43 2.93 0.93 0.51 60.0
Material Cc H e} SO, AlO, Ash Volatile | FixedC
Pulverized coal 74.10 4.70 8.50 541 3.10 10.4 324 57.2

1050,
® Fine ore injection alone
{. Fine ore mixed with PC
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Relationship between the fine material concentration and the dead-

man temperature during injection of 60% pre-reduced fine ore alone

or mixed with pulverized coal
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Prediction of operation data in the future blast furnace

No. B MO o, PC CR IFO RFO Q TR | N shaft | Scrap

(@) | @Nm3) | (Nmt) | (kgit) | (kglt) | (kg/t) (%) | (kedlt) | (O) (%) (ka/t)
Base | 1200 35 22.8 795 | 406.6 0 0 | 125000 | 980 9.5 0
1 1300 5 228 | 2000 | 2796 0 0 | 125000 | 980 9.5 0
2 1300 5 228 | 2000 | 2746 0 0 99000 | 980 9.5 0
3 1300 5 228 | 2000 | 267.6 0 0 99000 | 980 98.5 0
4 1300 5 228 | 2000 | 2506 0 0 99000 | 900 985 0
5 1300 5 228 | 2000 | 2436 70 60 | 99000 | 900 985 0
6 1300 5 228 | 2000 | 2276 93 90 | 99000 | 900 98.5 0
7 1300 5 228 | 2000 | 2296 0 0 99000 | 900 985 65

TB: Blast temp., MO: Blast moisture, IFO: Injected fine ore, RFO: Pre-reduction degree,

Q: Heat loss, TR: Temperature at thermal reserve zone
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Simulation results of reduction behavior in the future blast furnace
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