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Rate of Dephosphorization of Liquid Iron by CaO-FeO-SiO, Slag

Yasuji Kawar, Sadao Dor,

Synopsis:

and Katsumi MORI

The rate of dephosphorization of liquid iron by slag was investigated by measuring the change of phosphorus

content of metal under CaO-FeO-Si0, slag in a magnesia crucible.

Experiments were done with slags of

basicity from 0.64 to 1.70 at temperatures from 1 540 to 1 680 °C.
The dephosphorizing reaction proceeded so fast that the equilibrium between metal and slag nearly

attained after about 10 min.

The experimental results could be interpreted by the rate equation derived from the assumption that the
reaction rate was controlled by the transfer of phosphorus in the boundary layer of slag, while the driving

force varied during a run.

The effect of slag compoasition on the reaction rate appeared more clearly in the change of the driving force
Temperature had only a little effect on the reaction
rate, because the driving force decreased with temperature while the mass transfer coefficient increased.

than in the change of the mass transfer coefficient.
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A : Sampling hole B : Water-cooled cap C: Silica tube D:

Gas inlet E : Graphite tubc T : Protection crucible G : MgO
crucible H : Slag I: Metal J: Supporter K : Thermocouple
L : Gas outlet M : Slag holder N : Induction coil

Fig. 1. Experimental apparatus.
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Table 1. Composition of slags (%).

T.Fe | FeO Fe,05 | CaO:! siO, aCaO/SiO;,
Al'32.71 35.00] 10.03!35.30 20.70' 1.70
B 38.70 41.70 | 11.90 | 28.10 21.30 | 1.32
C 18.00 19.30 | 5.57 |40.15 35.15| 1.14
D 25.80 28.00 | 7.52 |34.90 30.60 | 1.14
E 3500 42,10 5.78 318.05‘@ 28.53 | 0.64

Ca0
Fig. 2. Slag composition.
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Table 2. Change of phosphorus and oxygen content of liquid iron and composition of

slag after run.

Run | Temp. | Time [ P] [9 01 Composition of slag after run (%)
Slag
No. (°C) | (min) | Initial | Final | Initial | Final | T.Fe CaO | SiO, MgO | P,O5
H33* 1570 12 0.352 | 0.027 { 0.029 22.75| 38.30| 22.20| 3.54 4.90
H34 1640 | 15 0.374 | 0.030| 0.034 | 0.155| 22.75| 35.70 21.90 | 6.45 5.38
A H35 1680 | 12 0.417 | 0.046 | 0.029 0.166 | 20.10 | 37.90] 22.20 | 6.88 6.15
R 13* 1540 | 11 0.359 | 0.058 | 0.042 | 0.142 | 21.90 | 37.64| 22.30| 3.83 5.31
R 14 1595 11 0.412 | 0.053| 0.039 | 0.154 | 21.70 | 37.42| 22.30 | 4.97 4.81
H4l 1 570 14 0.330 | 0.027 | 0.032| 0.139 | 31.00| 28.00| 21.20 6.37 | 4.40
B H42 1640 | 19 0.430 | 0.069 | 0.03t| 0.171 | 25.60 | 27.70 | 22.10| 11.84 | 5.48
H43 1680 | 20 0.439 | 0.058 | 0.031 | 0.188( 26.80 | 27.60 | 22.10 10.88 | 5.44
H24 1570 | 11.5 0.407 | 0.180 | 0.026 | 0.064 | 11.90| 39.10 | 34.20 9.04 | 3.28
C H25 1640 | 11 0.401 | 0.158 | 0.027 | 0.073 9.95| 38.50 | 32.50 | 10.65| 3.17
H26 1680 | 11 0.444 | 0.223 | 0.025 | 0.083 9.03 | 38.00{ 31.50| 12.90} 3.72
R 17 1595 12.5 0.747 | 0.500 | 0.031 10.44 | 34.90| 34.90( 10.16 | 5.23
H38 1570 | 14 0.332 | 0.045 ) 0.034 | 0.107 16.39 | 35.20, 28.80 | 10.11 3.50
H39 1640 | 14 0.361 { 0.064  0.028 | 0.115 16.01 | 35,00 29.10¢ 10.85| 3.76
D H40 1680 | 15 0.364 | 0.109 | 0.039 | 0.125 13.53 | 33.90 | 29.40 | 13.48 | 3.68
R1l 1540 | 14 0.388 | 0.109 | 0.070 | 0.113 18.10 | 33.00{ 28,00 10.05| 3.78
R12 1595 | 14 0.388 | 0.117 | 0.082 | 0.127 19.40 | 31.90| 26.60 | 11.26 | 3.74
H27 1570 | 15.5 0.443 | 0.167 | 0.025 | 0.123 | 26.97 16.70 | 27.30 | 13.20 | 3.30
H28 1640 | 14.5 0.413 | 0.223| 0.025 | 0.135| 24.30| 16.50 | 27.90 18.20 | 3.40
E H29 1680 | 12.5 0.407 | 0.208 0.099 | 23.90} 17.30| 27.00 17.50 | 3.33
R 9 1540 | 12 0.351 | 0.180 | 0.078 | 0.133 | 29.00 | 16.10 | 26.20 15.60 | 2.37
R 10 1595 | 11.5 0.300| 0.214| 0.102  0.162 | 27.80; 15.10 | 25.00 16.98 | 2.43
* H and R indicate the run in a high frequency induction furnace and in a SiC resistance furnace, respectively.
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Table 3. Equilibrium constants.

Run | Temp. 1 K(=Np,o,/a3a,%)

No. (°C) Eq.(2) E Present results
H35 | 1680  1.8x10° |  1.2x105
H39 1640 9.6x 10 ‘ 2.2 105
H27 1570 4.5%10 2.3% 104
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Table 4. Distribution ratios and mass transfer
coeflicients of phosphorus.

Slag Run | Temp. Lp (final) ks
No. ° iz
L ¢ “C) ggf’;; Calculated (cm/ sec)
H33 1570 74.0 69.3 0.00068
H34 1 640 60.4 69.0 0.0012
A | H35 1 680 49.1 46.0 0.0015
R 13 1540 37.9 36.8 0.00061
R 14 1595 39.7 38.3 0.00076
H4l 1570 62.0 55.4 0.00047
B | H42 1 640 33.4 30.2 0.0016
H43 1 680 38.5 28.1 0.0018
H24 1570 7.6 7.4 0.002
c | H25 1 640 8.9 7.3 0.0026
H26 1680 5.8 5.6 0.0043
R 17 1595 7.9 7.2 0.0015
H38 1 570 36.9 34.0 0.00089
H39 1 640 28.3 26.1 0.0014
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R 10 1595 3.3 2.8 0.0016
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