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Phosphorus Distribution between Mn-Si Melts and
Ca0-Si02-MnO-CaF, Slags

Synopsis:

Eiji ADA, Min Dong JOON and Nobuo SANO

Experiments were carried out to investigate the equilibrium distribution ratio of phosphorus (Lp)
between Ca0O-SiO;-MnO-CaF, melts and carbon saturated Mn-Si alloy as a function of oxygen partial
pressure, alloy and slag compositions at 1 300°C. The results demonstrate that Lp increases with increas-
ing the basicity of slag, silicon concentration and oxygen partial pressure. In order to understand quantita-
tively the effect of silicon concentration on Lp, the phosphorus activity coefficient in Mn-Si alloys was
measured and the interaction parameter, €5 in Mn at 1 300°C was found to be 10.7.

The CaO equivalent of MnO for dephosphorization was found to be 0.4+0.1 in terms of weight percent.

By measuring the manganese activity in Mn-Si alloy, the activity coefficient of MnO in the range of the
present slag composition was calculated to be in the range of 0.42 to 0.62.

The critical oxygen partial pressure between the stability of phosphate and phosphide in this slag system

was about 10784 atm at 1 300°C.

Key words : Mn-Si alloys ; dephosphorization ; slag basicity ; thermodynamics.
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Fig. 1. A schematic illustration for equilibration
between molten Mn-Si-C alloys and CasPs.
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Fig. 2. Dependence of Lp and phosphate
capacity(Croj-) on basicity at 1 300°C.
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Table 1. The composition of CaO-SiO,-CaF;, melts for the measurement of activity of MnO at 1 300°C.
(wt%)
No. (Ca0) (Si02) (MnO) (CaFy) (ppm P) {ppm P] Lp B MnO
1 17.6 52.4 15.2 14.8 193 241 0.8 0.452 0.576
2 24.7 49.3 11.6 14.4 440 109 4.0 0.595 0.764
3 20.4 43.5 20.9 15.2 662 72 9.2 0.661 0.415
4 24.5 46.5 18.6 10.4 854 54 15.8 0.687 0.476
5 25.8 45.6 18.8 9.8 1480 61 24.3 0.731 0.471
6 28.4 51.3 14.6 5.7 1635 63 26.2 0.667 0.618
7 29.6 49.8 14.8 5.8 1830 55 33.5 0.713 0.610
8 30.4 49.2 15.3 5.1 1520 43 35.3 0.742 0.591
9 26.6 45.4 20.9 7.1 1370 26 52.7 0.770 0.426
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Fig. 3. Relationship between Lp and silicon con-
tent in Mn-Si-C..q) melts.
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Fig. 4. The relation between (In(1/Xp)—16.7 Xp—
4.67) and silicon content in equilibrium with CasP,
at 1 300°C according to eq. (11).

Dependence of the Lp on silicon content in Mn-Si-C,.q) melt at 1 300°C.

Table 2.
(wt%)

No. [Si) (CaO) (Si0y) (MnO) (CaFy) (ppm P) [ppm P] Lp

1 12.0 24.8 43.4 25.7 6.1 205 13 15.8

2 12.0 25.0 43.7 25.3 6.0 270 16 16.7

3 16.0 33.7 43.9 16.3 6.1 724 19 38.0

4 20.0 26.6 45.4 20.9 7.1 1370 26 52.7

5 23.5 25.5 52.9 15.3 6.3 1450 12 117

6 23.5 23.1 55.1 15.0 7.3 6630 53 125

7 23.5 25.3 51.6 17.2 5.9 2800 . 21 131
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Fig. 5. Effect of silicon content in Mn-Si-C melts
on Lp’ at 1 300°C.

Table 3. Dependence of the Lp on oxygen partial pressure at 1 300°C.
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(wt%)

No. (Ca0) (Si0y) (MnO) (CaFy) (ppm P) [ppm P]- Lp © Po,(atm)
1 25.2 48.9 19.8 6.4 232 54 4.3 1.41x107Y
2 29.2 47.8 17.0 6.0 345 62 5.5 1.41x10°V7
3 28.6 51.5 14.0 5.9 543 432 1.3 6.90X10718
4 36.4 47.6 9.5 6.5 527 198 2.7 6.90x10718
5 21.7 50.0 22.4 5.9 415 412 1.0 1.10x10718
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7 26.1 52.3 15.6 6.0 133 185 0.7 1.10X10718
8 22.9 - 53.1 17.9 6.1 475 374 1.3 6.90%x10~20
9 33.8 47.6 12.1 6.5 153 410 0.4 6.90X 10720
10 34.1 47.3 12.3 6.3 315 431 0.7 6.90x10~20
11 38.5 45.5 9.8 6.2 31 19 1.6 2.76X10~2
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Fig. 8. Relationship between manganese contents
of Fe-Ciaa) and lead at 1 300°C.
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Fig. 9. The activity of Manganese in Mn-Si-
C(satd.) melts at 1 300°C.

Fig. 10. Carbon solubility in Mn-Si melts.
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Fig. 11. Effect of basicity of Ca0O-SiO,-MnO-

CaF,; melts on the activity coefficient of MnO at
1 300°C.
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Fig. 12. The activity of MnO in CaO-Si0,-MnO
melts.
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