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Transfer Rate of Oxygen from Gas into Liquid Iron through Molen Slag

Etsurou SHIBATA, Haiping SUN and Katsumi MORI

Synopsis : The transfer rate of oxygen from gas phase into liquid iron through molten iron oxide—CaO-Si0,-Al 0, slags (Ca0/Si0,=1) at 1600°C was

investigated by blowing the oxidizing gas on the slag surface which covered liquid iron. Gas blowing was started after slag was almost equili-

brated with liquid iron or from non-equilibrium state.

The transfer rate of oxygen into liquid iron was affected by T.Fe content in the slag. During the transfer of oxygen. FeO content in the slag

largely increased, but FeO, 5 content in the slag was kept very low. When the initial T.Fe content in the slag was below equilibrium content

with liquid iron, the slow deoxidation of liquid iron by the slag and an increase in FeO content in the slag occurred at first. After the FeO con-

tent increased up to its equilibrium value with oxygen in liquid iron, the transfer of oxygen into liquid iron was accelerated. A kinetic model

was developed based on two films theory. The experimental results were confirmed to be interpreted by this model.

Key words : slag: mass transfer; kinetics; oxygen; ferrous oxide; ferric oxide; oxidizing gas; liquid iron.
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Table 1. Experimental conditions and composition of metals and slags.

No. Oxidation Flow rate Slag  Reaction Initial Final
gas  (cm’fmin) weight (g) time (s)| [%O] | (%FeO) (%FeO.s) (%T.Fe) (%Ca0) (%Si0) (%ALOy)| [%0] | (%FeO) (%FeO,s) (%T.Fe) (%Ca0) (%Si0) (%ALOs)
E9 | Air 300 433 3595 [0.0266 513 096 466 248 267 424 [00501| 1092 041 878 216 215 470
E1S| Air 300 432 7180 [0.0241| 413 034 345 277 300 384 [0.0812| 2056 083 1656 177 173 451
E-6 | Air 300 424 7156 [00174| 272 039 239 267 200 389 [00665| 1584 115 1311 183 202  47.0
ES | Air 300 432 7215 |0.0157| 102 063 131 283 295 375 [00579| 1336 096 1105 207 214 452
E4| O 300 449 4498 |oo199f 324 033 275 289 287 380 (00230 393 033 329 276 279 412
E46] O, 300 442 7199 [0.0226] 401 057 351 267 292 391 |0.0339| 666 055 556 240 259 436
ES2| O 60 442 7207 [0.0215| 344 034 291 272 289 378 [0.0404| 797 050 654 236 250 412
E-55|Ar15%Q 300 444 7205 [0.0220| 362 034 305 254 280 419 |0.0S31] 1057 045 853 235 232 439
E43 | Ar-5%0, 300 440 7199 [0.0235| 414 056 361 264 27.5 420 [0.0361| 687 067 58 233 250 430
ES0| Alr 300 234 3601 |0.0244] 473 043 398 248 273 404 |0.0704] 1783 103 1459 193 219 430
E45| Air 300 317 4500 |0.0245| 440 068 389 256 278 430 00650 1541 118 1280 208 203 454
ES57| Air 200 451 7193 |00228| 402 03¢ 337 273 293 381 [00381| 686 037 55 239 254 451
E-S54|  Air 50 444 7197 |0.0245| 417 033 347 253 263 412 |0.0330| 638 073 547 B8 223 456
N-24|  Air 300 447 3585 |0.0451| 478 394 647 274 284 350 |0.0536| 1152 128 985 239 241 407
N-25|  Air 300 443 7187 (00328) 258 180 326 304 317 307 |0.0455| 1000 090 840 239 254 380
N27|  Air 300 430 7230 [00302) 125 099 166 310 328 315 |00392] 776 138 700 229 236 425
N-20| Air 300 426 7187 |0.0246[ 005 wace 004 345 327 291 |ooi3g| &¥77 027" 0470 298 317% 3500
1.32%*  008**  1.08%* 20.6** 29.6** 37.4*°*
N33|  Air 300 220 3595 |0.0277] 369 140 385 289 306 334 |00760{ 2179 141 1792 164 174 458
N-30| Air 300 275 7215 |o.0222| 382 141 396 281 301 365 |00859| 2587 217 2162 127 131 49.2
N34| Ak 100 443 7196 [0.0260 191 205 291 293 312 342 [0.0473] 1016 067 836 234 251 424
N-35|  Air 50 443 7199 |0.0266] 225 2104 325 288 320 329 |0.0439| 998 087 836 237 252 420
*gas-slag interface side, **slag-metal interface side
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Fig. 1. Changes in [%O0], (%FeO) and (%FeO, ;) with time
by air blowing on the slag surface. (slag—metal pre-
equilibrated)
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Fig. 2. Changes in [%0O] with time for various (%T.Fe),.
(slag—metal pre-equilibrated)
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Fig. 3. Changes in [%QO] with time for various oxygen par-
tial pressure of oxidizing gas. (slag—metal pre-equi-
librated)
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Fig. 4. Changes in [%0] with time for various slag weight.
(slag—metal pre-equilibrated)
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Fig. 5. Changes in [%O] with time for various flow rate of
air. (slag—metal pre-equilibrated)
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Fig. 6. Changes in [%O] with time for various (%T.Fe),.
(Air blowing was started from slag-metal non-
equilibrium state.)
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Fig. 7. Concentration profile of (T.Fe) of the quenched No.
E-20 final slag sample.
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Fig. 8. Schematic diagram of the transfer route of oxygen
from gas to metal through slag phase.
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Table 2. Calculated values of parameters.

No. | ko' x10° Ki®p' kDo’ kopm pi | g 1pm rm,
(mol/cm*atm-s) _(g/cm’s)

E-9 7.5 0.0080 0.100 0.13 0.50| 3.1 325-~382 221
E-15 8.5 0.0070 0.080 0.13 045{ 3.1 299~411 91
E-6 8.0 0.0090 0.100 0.13 0.50] 3.1 294 ~425 170
E-8 8.0 0.0090 0.080 0.13 0.55] 3.1 279 ~353 320
E-44 7.0 0.0060 0.060 0.13 0.25{ 3.1 288~308 118
E-46 7.0 0.0060 0.060 0.13 0.25] 3.1 301 ~349 168
E-52 5.0 0.0060 0.060 0.13 0.30| 3.1 290~332 108
E-55 7.0 0.0060 0.060 0.13 0.40| 3.1 317~370 104
E-43 7.0 0.0060 0.060 0.13 0.40] 3.1 317 ~349 155
E-50 7.5 0.0070 0.080 0.13 0.50] 3.1 319~3%94 113
E-45 7.0 0.0070 0.080 0.13 0.50] 3.1 327~397 177
E-57 3.0 0.0050 0.060 0.13 0.30( 3.1 295~356 99
E-54 0.5 0.0045 0.050 0.13 0.30} 3.1 311~364 86
N-24 7.0 0.0050 0.060 0.13 0.35{ 3.1 300~331 148
N-25 8.0 0.0070 0.060 0.13 0.40( 3.1 271-~301 148
N-27 8.5 0.0080 0.080 0.13 050 3.1 276 ~295 148
N-20 - - - - - - - -
N-33 8.0 0.0070 0.080 0.13 0.50| 3.1 291~420 148
N-30 8.0 0.0070 0.080 0.13 045] 3.1 300~508 148
N-34 1.0 0.0050 0.060 0.13 0.35] 3.1 286~347 148
N-35 0.5 0.0045 0.060 0.13 0.35§ 3.1 283 ~340 148

¥ determined by fitting well to the experimental results
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Fig. 9. Relationship between (%T.Fe) and the transfer rate
of oxygen into metal.
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