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Estimation of Phosphorus and Sulphur Distribution Equilibria in Bath Smelting Process

Mitsutaka Hino, Shin-ya Y amamoro and Shiro Ban-va

‘Synopsis

: The distribution equilibria of oxygen, phosphorus and sulphur between 1-10mol%Fe.O containing CaO-SiO,-Al,O;-

MgO slag saturated with 2Ca0+SiO, and liquid iron were observed at steelmaking temperature in the present work to
consider the distribution of each element in steady state between the slag and iron - carbon melt in bath smelting

process.

It was assumed that the oxygen potential at slag-metal interface was not controlled by the activity of oxygen in metal
phase but almost done by the iron oxide activity in slag phase and the activities of phosphorus and sulphur in iron -
carbon melt were equal to those in liquid iron equilibrated with the present slag. On this assumption, the distribution
ratios of phosphorus and sulphur between the slag and iron - carbon melt were estimated at ironmaking temperature
as a function of slag composition, carbon content in metal and temperature based on the experimental results.

It was shown that the application of regular solution model to the slag could predict the distribution ratios of
phosphorus and sulphur in bath smelting process at any slag composition, carbon content in metal and temperature on

the above-mentioned assumption.

Key words : bath smelting process ; oxygen distribution ratio; phosphorus distribution ratio; sulphur distribution ratio ; regular

solution model ; physical chemistry.
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Table 1. Experimental results.

Heat Temp. Slag Composition (mass%) Metal Composition (mass%)
No. (K) FeO Fe,0; CaO Si0, Al,O, MgO P,0Os S S P 0
F-C3 1823 1.69 0.28 46.82 32.63 14.42 0.13 0.162 0.126 0.172 0.665 0.0079
F-C4 2.93 1.53 48.03 32.62 14.01 0.06 0.469 0.113 0.194 0.755 0.0119
F-C5 5.11 0.18 44.70 30.74 13.06 0.09 1.62 0.393 0.886 1.30 0.0153
F-Cé6 7.24 0.89 45.61 28.40 12.31 0.11 2.75 0.354 0.907 0.740  0.0249
F-C7 7.15 0.18 45.54 27.12 11.00 0.11 4.08 0.301 1.02 0.537 0.0356
H-C4 10.3 1.84 50.64 23.27 11.68 0.45 1.94 0.092 0.123 0.008 0.0448
A-41 1873 3.35 0.11 51.96 26.70 12.35 1.40 0.249 0.317 0.401 0.145 0.0245
B-C1 4.40 0.03 50.20 26.90 13.56 — 0.330 0.275 — 0.544 0.0423
B-21 2.74 0.22 39.87 23.78 7.15 22.0 0.193 0.383 0.183 0.986 0.0353
B-41 1.86 0.19 54.44 27.00 12.16 1.56 0.310 0.376 0.238 0.191 0.0185
C-C4 3.13 0.08 44 .67 24,59 17.32 0.04 0.634 1.72 1.63 0.829 0.0228
C-C5 3.02 0.00 47.84 23.66 18.54 0.04 0.299 1.77 1.49 0.892 0.0206
D-C1 2.68 0.15 45.77 28.22 14.86 0.07 0.471 1.81 2.26 1.46 0.0234
D-C2 3.44 0.40 43.71 28.08 14.31 0.06 0.689 1.57 2.05 1.80 0.0254
D-C3 2.34 0.32 46.47 29.52 15.13 0.10 0.478 0.760 1.06 1.62 0.0200
D-C4 5.73 0.11 46.47 23.99 12.53 0.16 3.75 0.867 1.37 0.400 0.0482
D-C5 7.80 0.10 48.33 21.25 10.83 0.21 5.36 0.785 0.578 0.057 0.0375
E-C1 1.91 0.86 47.37 29.57 13.10 0.23 0.366 1.87 1.15 1.42 0.0169
E-C2 1.43 0.92 48.11 32.17 13.76 0.09 — 1.04 0.983 1.39 0.0104
E-C3 1.95 0.84 47.72 31.04 14.10 0.09 0.296 1.02 1.21 1.37 0.0137
H-C2 9.62 2.11 49.97 23.11 11.78 0.45 1.92 0.123 0.146 0.015 0.0554
H-C3 0.66 0.22 51.20 29.13 16.02 0.36 0.069 0.199 0.078 0.592  0.0069
G-C1 1923 0.57 0.23 50.99 31.50 13.14 0.06 0.111 0.192 0.075 0.600 0.0037
G-C2 0.79 0.32 49.99 31.48 13.73 0.26 0.073 0.234 0.127 0.805 0.0068
G-C3 1.84 0.87 46.83 30.98 13.82 0.26 0.146 0.193 0.157 0.641 0.0107
G-C4 2.91 0.36 48.49 30.63 12.87 0.25 0.386 0.162 0.148 0.683 0.0174
G-C5 3.84 0.31 50.92 28.97 12.51 0.11 1.07 0.349 0.309 0.548 0.0158
G-C6 5.03 0.79 48.97 26.90 12.14 0.12 2.04 0.489 0.355 0.266 0.0200
G-C7 7.32 0.88 48.32 24 .55 10.68 0.14 2.90 0.615 0.340 0.030 0.039
H-C1 0.96 0.19 53.69 27.97 15.52 0.45 0.099 0.168 0.076 0.519 0.0106
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Fig. 3. Phosphorus distribution between slag and

iron melt.
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Fig. 4. Sulphur distribution between slag and iron
melt.
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sulphur distribution ratios between slag and
liquid iron by the model.
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