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Effect of Al,O; and MgO Additions on Liquidus for the CaO-SiO,~FeO, System at 1573K

Hisao KIMURA, Tsutomu OGAWA, Mitsuru KAKIKI, Arata MATSUMOTO, Tasuku HAMANO and Fumitaka TSUKIHASHI

Synopsis : Phase diagrams for the CaO-Si0,~FeO,-Al,O; or -MgO systems at various oxygen partial pressures are necessary for the design of raw ma-

terial for ironmaking, the analysis of smelting reaction and sintering process. To clarify the effect of Al,O, or MgO content on the formation
of melts in the sintering process is important for the development of new sinter. In this study, liquidus for the Ca0-8i0,-FeO,~ALO, or
—-MgO systems at various oxygen partial pressures were observed at 1573K by using chemical equilibration technique. The liquid phase area
changed with adding A1,0; or MgO. The effect of the Fe**/Fe?* ratio on the melting mechanism is discussed.
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Table 1. Experimental results for the CaO—SlOZ—FeO ~
AlLO, system with P, =1.8X107 3Pa at 1573K.

FIRREX AR

RIEF ALO, & MgO RO FE

Sample

Slag composition (mass%)

3 p a2t
No. | CaO _ Si0, FeO Fe,0, ALO, | ¢ 'F¢
101 | 255 542 525 100 5.2 173
102 | 135 436 156 226 466 130
103 | 144 479 214 113 504 | 0475
104 | 192 506 814 165 559 1.82
105 | 276 530 102 312 613 | 0230
106 | 285 392 118 135  7.03 1.02
107 | 326 374 137 430 121 0.286
108 | 358 365 139 428 946 | 028l
109 | 321 289 191 908 107 | 0428
1o | 268 211 305 129 875 | 038
11 | 226 48 326 354 458 | 0977
112 | 309 335 225 388 445 155
13 - 360 516 789 454 | 0137
114 6.72 42.1 40.4 7.13 3.64 0.159
115 - 188 606 161 448 | 0239
16 | 8.13 - 403 495 209 | 0240
117 | 663 115 387 404 289 | 0939

Table 2. Experimental results for the CaO—Slo,—FeO -
AlLO, system with P, =1.8X107 'Paat 1573K.

Sample

Slag composition (mass%)

3+ 2+
No. | CaD  Si0, FeO Fe0, AOs | € Te
201 | 423 272 942 161 498 1.53
202 | 221 116 196 420 473 1.93
203 | 259 100 17.6 423 416 2.16
204 | 288 188 165 325  3.50 1.77
205 | 194 512 166 824 460 0.447
206 | 93 363 298 204 424 0.618
207 | 000 225 334 395 46l 1.06
208 | 304 411 137 1001 465 0.664
200 | 256 521 112 651 462 0.524
210 y 176 389 389 458 0.899
211 | 917 . 255 606 4T3 0.899
22 | 644 115 407 363 512 0.802
213 | 458 330 719 962 435 120
214 | 456 380 579 625 438 120

Table 3. Experimental results for the CaO-SiO,-FeO,~

Al O, system with P, =2. 1X10?Pa at 1573K

Sample Slag composition (mass%) Fes'/Fe?t

No. Ca0  Si0,  FeO  Fe05  ALOs

301 12.4 - 16.2 672 4.18 3.74
302 21.9 193 129 411 4.73 2.86
303 16.2 7.87 15.0 56.5 4.43 3.39
304 192 290 13.8 334 4.63 2.17
305 13.1 373 154 299 4.34 1.75
306 17.7 451 11.1 21.4 4.69 1.73
307 26.5 53.8 495 10.4 4.32 1.90
308 496 326 1.68 12.0 4.14 6.43
309 357 459 362 10.1 4.65 2.51
310 40.6 454 1.95 7.30 4.80 3.38
311 38.0 - 1.07 55.7 5.30 46.5
312 324 547 0.62 58.0 3.54 85.0
313 332 10.7 1.17 509 4.02 39.1
314 37.1 2.75 044  56.6 3.14 115
315 37.4 317 234 319 4.08 1.22
316 31.8 16.9 266 439 4.75 14.9
317 29.2 11.2 2.16 53.1 434 22.1
318 32.4 547  0.62 58.0 3.54 85.0
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Fig. 1. Liquidus for the CaO—Slo —FeO,—5mass%Al, 0,
system with P, =1.8X10~ Pa at 1573K.
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Fig. 2. Liquidus for the CaO- SlO —FeQ —5mass%Al,0,
system with Pp =1.8X10 "'Pa at 1573K.
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Fig. 3. Liquidus for the CaO-SiO,—FeO,—5mass%Al,0,
system with P, =2.1x10? Paat 1573K.
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Fig. 4. Effect of oxygen partial pressure on the liquidus of

the CaO-SiO,—FeO,—5mass%Al,0; system at
1573K.
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Fig. 5. Relationship between the Fe**/Fe’™ ratio and
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at 1573K for the CaO-SiO,—FeO,—5mass%AlL0,
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Fig. 6. Relationship between the Fe**/Fe®* ratio and the
oxygen partial pressure at 1573K for the CaO-
Si0,-FeO,-5mass%Al,0, system.

Table 4. Experimental results for the CaO —Si0,—FeO ~
MgO system with P, =1.8X10" 3Paat 1573K.

Sample

Slag composition (mass%o) Fe3*/Fe?

No. Ca0 Si0, FeO  Fe,0O;  MgO

401 203 50.1 20.6 4.98 3.99 0.217
402 11.8 46.3 31.1 6.16 4.62 0.178
403 - 38.8 48.7 8.26 421 0.153
404 273 53.5 13.0 2.15 4.08 0.149
405 27.1 29.2 24.6 153 3.88 0.558
406 133 4.96 40.4 34.8 6.56 0.775
407 13.5 112 422 28.1 4.88 0.599
408 26.0 21.4 26.7 223 3.68 0.751
409 42.0 32.9 14.6 6.93 3.56 0.428
410 283 6.68 26.9 34.0 4.13 1.136
411 453 35.1 10.7 4.64 427 0.392
412 382 39.0 14.5 4.09 4.24 0.254
413 44.4 36.7 10.5 4.41 3.99 0.373
414 0.00 13.1 53.2 30.6 3.18 0.517
415 7.79 8.01 48.7 31.8 3.61 0.517
416 8.29 - 47.9 40.2 3.56 0.755
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Table 5. Experimental results for the CaO Si10,-FeO, —
MgO system with P, =1.8X 10~ 'Paat 1573K

Sample Slag composition (mass%o)

= - - Fe¥*/Fe*”

No. CaO SiO, FeO  Fe,0O; MgO

501 357 23.5 11.3 24.0 5.55 1.91
502 9.29 5.05 18.1 62.3 5.21 3.09
503 242 19.3 17.2 353 3.96 2.06
504 18.7 5.10 3.69 67.3 525 17.6
505 19.2 51.2 16.4 8.78 447 0.483
506 10.6 43.8 25.1 16.1 429 0.577
507 - 23.8 39.3 323 451 0.740
508 42.1 39.4 7.30 6.65 4.55 0.820
509 39.7 40.4 7.82 6.05 5.97 0.696
510 31.4 413 13.2 9.20 4.86 0.626
511 25.1 56.5 9.08 522 4.11 0.517
512 - 18.0 34.8 427 4.54 1.10
513 9.78 - 16.7 68.0 5.51 3.66
514 12.1 1.73 20.3 61.1 4.76 2.71
515 10.7 15.4 20.3 492 427 2.18
516 16.4 16.6 19.6 42.6 4.79 1.95
517 13.6 5.13 13.9 60.8 6.54 3.92

Table 6. Experimental results for the CaO-SiO,-FeO —
MgO system with P, =2.1X10% Pa at 1573K.

Sample Slag composition (mass%) Fe¥ /Fe®
No. Ca0O SiO, FeO  Fe,0O; MgO
601 11.0 - 11.1 733 4.53 5.93
602 273 21.2 7.47 39.1 4.96 4.71
603 18.1 49.0 9.50 18.8 4.70 1.78
604 7.25 22.1 19.0 47.1 4.51 2.23
605 25.8 554 434 9.53 4.93 1.98
606 40.0 40.6 2.61 11.9 4.84 4.10
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3Ca0 * 28i0,
60 40.
2Ca0 - SiO,
3Ca0 + Si0,

80

Ca0 20 40 60 80

F F
340 - Fe,0, 2055 FeO

mass%

Fig. 7. Liquidus for the CaO- SIO ,—FeO,—5mass%MgO
system with Po, =1.8X10~ Pa at 1573K.
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Fig. 8. Liquidus for the CaO-— SlOZ—FeO —5Smass%MgO
system with Py =1. 8Xx107' Pa at 1573K.
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Fig. 9. Liquidus for the CaO-SiO,—FeO,—Smass%MgO
system with P, =2.1X10% Pa at 1573K.
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Fig. 10. Effect of oxygen partial pressure on the liquidus
of the CaO-SiO,—FeO,—Smass%MgO system at
1573K.
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Fig. 11. Effect of AL,O, and MgO addition on the liquidus
of the CaO- SlOz—FeO system with Py =1.8X
1073 Pa at 1573K.
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Fig. 12. Effect of Al,O, and MgO addition on the liquidus
of the CaO— S10 —FeO, system with P, =1.8X%
10~ Paat 1573K.
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Fig. 13. Effect of Al,0; and MgO addition on the liquidus
of the CaO-Si0,~FeO, system with Py =2.1X
10> Pa at 1573K.
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Fig. 14. Comparison of observed and calculated liquidus
for the CaO-SiO,—FeO,~5mass%Al,0, system
with P02:1.8><10*"Pa at 1573K.

«———@— . Present work

: Kongoli et al.

Si0,

(P, =10% Pa, 1%MgO)

Ca0 - Si0,
3Ca0 - 280,
60

2Ca0 - SiO,

3Ca0 - Si0,
80

Ca0 20 40 60 80

340 - Fe,0, L €203, F€O

Fig. 15. Comparison of observed and calculated liquidus
for the CaO-SiO,~FeO —5mass%MgO system
with P, =1.8X 1077 Pa at 1573K.
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Fig. 16. Relationship between the fraction of liquid phase
in the solid-liquid two phase region at high iron
oxide area and composition of iron oxide.
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