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Effects of CaF,, MgO and SiO, Addition on Sulfide Capacities of the CaO-Al,0, Slag
Mitsuhiko OHTA, Takatomi KUBO and Kazuki MORITA

Synopsis : The sulfide capacities of the CaO-Al,0;, CaO-Al,0,~CaF,, CaO-Al,0,-Si0,—CaF, and Ca0O-Al,0,-Si0,~MgO slags were determined at
1873K to estimate sulfur distribution ratios between these slags and molten steel in the secondary refining process.

In prior to the sulfide capacity measurement, equilibrium constant for the reaction of sulfur dissolution into molten copper was investigated

at 1673-1873K.

Substitution of MgO for CaF, was found to be effective for desulfurization when CaO content of the slags was high, but the sulfide capaci-
ty considerably decreased when SiO, was calculated with added slightly in the slags. In addition, the relationship between the sulfur distribu-
tion ratio and oxygen content in steel was calculated with the sulfide capacity.
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Fig. 1. Gibbs energy of formation for CaO investigated by
several researchers.
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Table 1. Relationship between oxygen partial pressure and
activity of sulfur in copper.

Sample | Temp. | CO/CO, Poz Sin Cu as
Number | (K) (atm) | (mass%)
101 1873 30 | 1.92x10°( 0.557 | 0.490
102 | 1873 30 | 1.92x10'°| 0.550 | 0.485
103 | 1873 50 [6.92x10"| 0439 | 0397
104 | 1873 20 14.32x107°] 0.791 | 0.659
105 | 1773 30 |2.51x10") 0.745 | 0.622
106 | 1773 20 |5.65x10"| 1.126 | 0.858
107 | 1773 15 |1.00x10™°| 1472 | 1.031
108 | 1673 10 [231x10"] 1759 | 1.122
109 | 1673 15 1.03x10" | 1.079 | 0.819
110 | 1673 20 |5.78x10"%| 0.769 | 0.632
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Fig. 2. Relationship between the equilibrium constant of

sulfur dissolution into copper and temperature.

Table 2. Sulfide capacities of the CaO—Al,0, system.

2

Sample Ca0 | ALO; | SinCu | Sinslag Cs”

number | {mass%) | (mass%) | (mass%) | (mass%) Ls (x10%) | logCs™
201 589 41.1 0.0241 0.0698 2.9 2.262 -2.65
202 49.3 50.7 0.0218 | 0.0176 0.8 0.624 -3.21
203 39 61 0.0656 | 0.0275 0.42 0.326 -3.49
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--o--Hino et a1‘1) Sample CaO ALO; CaF, SinCu | Sinslag
1 Ozturk et al.]6)‘ number | (mass%) | (mass%) | (mass%) | (mass%) | (mass%) | Ls | Cs*(x107) | logCs™
301 58.9 41.1 0 0.0241 | 00698 |29] 2262 2265
302 56.8 40.9 2.4 0.0185 | 0.0568 |[3.06] 2378 2,63
4 2r ) 303 58 38.8 32 | 00257 | 00078 [3.81| 297 | -253
% 304 . 57.9 353 6.8 0.0407 | 01737 |4.26] 3.318 248
L2 3L i 305 513 354 13.3 0.0091 | 0.0399 |[437] 3.399 247
306 453 29.4 253 0.0125 | 00552 |4.41| 3434 | 247
307 493 50.7 0 0.0218 | 00176 | 08| 0.626 321
-4r 7 308 48.7 48.4 3 0.0844 | 0.0871 |1.03 0.8 3.1
309 45.9 453 8.8 00173 | 0.0286 |[1.65] '1.288 22.89
-5 R T S 310 44.7 42.1 13.2 0.0141 | 00259 |[1.83] 1415 285
30 40 50 60 311 40.5 377 21.8 0.0523 | 00935 [1.79] 1392 -2.86
(mass%CaQ) 312 39.9 373 229 0.0218 | 0.0394 |1.81| 1404 -2.85
Fig. 3. Sulfide capacity of the 313 39 61 0 0.0656 | 0.0275 |o0.42] 0325 -3.49
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Fig. 4. Effect of CaF, addition on the sulfide capacity for
the CaO—Al1,0,—CaF, system at 1873K.
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Fig. 5. Iso-sulfide capacity curves in the CaO-Al,0,~CaF,
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Table 4. Sulfide capacities of the CaO—Al,0,-Si0,~CaF, system.

Sample Ca0O ALO; | SiO, CaF, Sin Cu | Sinslag

number | (mass%) |(mass%)|(mass%)| (mass%) { (mass%) | (mass%) | Ls [Cs¥(x10?)|logCs™
401 60.4 294 10.2 0 0.0149 | 0.0258 |1.74 1.35 -2.87
402 57.3 24 8.9 9.8 0.0362 | 0.0951 |2.63 2.04 -2.69
403 50 223 8.6 19.1 0.0166 | 0.0590 [3.56] 2.76 -2.56
404 49.9 39.2 10.9 0 0.0196 0.0170 |0.87 0.67 -3.17
405 49.7 37.9 10 23 0.0240 | 0.0256 }1.07| 0.84 -3.08
406 48.5 359 10.9 4.8 0.0211 0.0246 }1.17 0.9 -3.05
407 45.6 342 10.2 10 0.0192 0.0244 |1.27 0.99 -3.01
408 43.6 33.1 9.5 13.8 0.0312 | 0.0499 } 1.6 1.24 -2.91
409 34.3 55 10.7 0 0.0506 0.0097 10.19 0.15 -3.83
410 342 52.7 10.5 2.7 0.0800 | 0.0199 0.25 0.2 -3.72
411 333 49.9 10.1 6.7 0.0792 | 0.0237 {03 0.23 -3.64
412 31.6 46.1 8.8 13.6 0.0535 0.0187 ]0.35 0.27 -3.57

Table 5. Sulfide capacities of the CaO-A1,0,-Si0,-MgO system.

Sample CaO AlLOs SiO, MgO SinCu | Sinslag

number | (mass%) |(mass%)|(mass%)|(mass%) | (mass%) | (mass%) | Ls |Cs(x107?)|logCs™
501 60.4 29.4 10.2 0 0.0149 0.0258 |1.74 1.35 -2.87
502 55.4 29.7 10 4.9 0.0244 0.0589 |2.41 1.87 -2.73
503 529 28 9.5 9.6 0.0175 0.0513 |2.93 2.27 -2.65
504 50.5 26 8.7 14.8 0.0170 0.0631 |3.71 2.88 -2.54
505 45.6 232 8.1 23.1 0.0343 0.1475 |4.31 3.34 -2.48
506 49.9 39.2 10.9 0 0.0196 0.0170 |0.87 0.67 -3.17
507 46.9 38.1 10.7 4.4 0.0310 0.0272 10.88 0.68 -3.17
508 45.6 359 9.5 9 0.0706 0.0682 |0.95 0.75 -3.13
509 44.1 35.7 8.9 135 0.0570 0.0600 {1.05 0.81 -3.09
510 423 33.2 8.1 16.5 0.0424 0.0471 | 1.11]. 0.86 -3.07
511 343 55 10.7 0 0.0506 0.0097 10.19 0.15 -3.83
512 343 52.6 9.4 3.7 0.0698 0.0138 | 0.2 0.15 -3.82
513 31.7 49.9 9.3 9.2 0.0530 0.0120 |0.23 0.17 -3.76
514 30.2 48.4 10.1 11.2 0.0678 0.0171 |0.25 0.2 -3.71
515 31.2 43.7 8.8 16.3 0.0907 0.0279 |0.31 0.24 -3.63
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Table 6. Sulfide capacities of the CaO-Al,0,-MgO-SiO, system.

CaO-ALO, R AT DHILT 7 4 F* 432 5 41X RITT CaF,, MgO, S0, DL

3.6 HMPEMRIEE L BHREOREF
REBRIZBWTHZEL B RIZBISEZ27 5D Ce 2 H
W, SRR L E B DOBRE KD 72,

PR ANDOBE L X UMEDERIIC b & O FEERI,

-logCs*
a 275
b 3.00
c 325
d 3.50
e 375

60- 3.82

'2.86 40 ~ 316

90 CaQ 20 90 AL,O;
(mass%Al,03)

10 SiO, 10 SiO,

Fig. 7. Iso-sulfide capacity curves in the CaO-AlLO,—
Si0,—CaF, (10mass%Si0,) system at 1873K.

-logCs*
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b 3.00
c 325
d 3.50
e 375
f 4.00

2.86

40 607"

90 CaO 20 90 ALO,
(mass%Al,0;)
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Fig. 8. Iso-sulfide capacity curves in the CaO-ALO,—
Si0,~MgO (10 mass%Si0,) system at 1873K.

Sample CaO Al 04 MgO SiO, | SinCu | Sinslag

number | (mass%) |(mass%)| (mass%) |(mass%)| (mass%) | (mass%) | Ls [cs*(x10? longz' ) .
601 52.1 37.5 10.4 0 0.0248 0.0431 |1.74 1.36 -2.87 0 10 20
602 51.1 339 9.9 54 | 0.0204 | 0.0250 J1.23] 095 | -3.02 (mass%Si0,)
603 46 35.1 8.8 10.1 | 0.0220 | 0.0170 f0.77] 06 |-3.22 Fig. 9. Effect of SiO, addition on the sul-
604 443 322 8.5 15 0.0225 | 0.0108 f0.48] 037 | -3.43 fide capacity for the

53mass%Ca0-37mass%Al,0,—-10
605 43.9 312 8.4 16.1 0.0181 0.0083 0.4 . -3. 23
6 6] 036 345 mass%MgO system at 1873K.
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a | 61mass%Ca0-29mass%Al,03-10mass%SiO,
c\: \ CaF; 5% addition ——— MgO 5% addition
é 20 r"-.\ ------ CaF, 15% addition —--—--- MgO 15% addition
=
m -
X
w2
2]
<
E —
T
wn
— i
|
-1

log [mass%0]

Fig. 10. Relationship between the sulfur distribution ratio and the oxygen content in steel. [CaO-Al,0,~-Si0,—-CaF,(MgO) system]
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Fig. 11. Relationship between the sulfur distribution ratio
and the oxygen content in steel. [CaO-Al,04—
Si0,-MgO system]
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Table 7. Relationship between the slag composition and the slag amount when the steel is desulfurized from 50 to 10ppm at

1873K.
Slag
Slag Ls amount(kg)
60mass%Ca0-40mass%A1L0; 18.9 211
60mass%Ca0-40mass%Al,03(CaF, 20% addition) 28.6 140
50mass%Ca0-50mass%Al,04 53 758
50mass%Ca0-50mass%AL,0s(CaF, 20% addition) 11.9 337
40mass%Ca0-60mass% Al,O; (CaF, 0% addition) 2.8 1443
40mass%Ca0-60mass% Al,0; (CaF, 20% addition) 7.0 568
61mass%Ca0-29mass%Al,03-10mass% SiO; 7 114 350
61mass%Ca0-29mass%A1,03-10mass%Si0,(CaF; 5% addition) 14.5 275
61mass%Ca0-29mass%A1,03-10mass%Si0,(CaF,15% addition) 19.8 202
61mass%Ca0-29mass%Al,03-10mass%SiO(MgO 5% addition) 15.8 253
61mass%Ca0-29mass%A1,0;-10mass%Si0,(MgO15% addition) 24.6 162
50mass%Ca0-40mass%A1203-10mass% SiO; 5.7 699
50mass%CaO—40mass%A1203-1Omass% Si0, (CaF,15% addition) 11.0 364
50mass%Ca0-40mass%Al,03-10mass% SiO, (Mg015% addition) 7.0 568
35mass%Ca0-55mass¥% ALO3-10mass%SiO; 1.4 2933
3Smass%CaO-SSmass%AbO;-10m;155% Si0; (CaF,15% addition) 24 1653
35mass%Ca0-55mass%AL0;3-10mass% Si0, (MgO15% addition) 1.9 2066
53mass%Ca0-37mass% Al,O;-10mass%MgO 114 350
53mass%Ca0-37mass%Al,03-10mass%MgO(SiO, 5% addition) 79 505
53mass%Ca0-37mass% Al;03-10mass%MgO(Si0,15% addition) 32 1263
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