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Phosphorus Distribution between MgO-saturated Na,O-Fe,0-SiO;-P205
Melts or CaO-saturated Fe,0-SiO5-P,05 Melts and Molten Iron

Synopsis :

Kazuto SEKINO and Nobuo SANO

In order to meet the recent demand for low phosphorus steels, highly basic slags must be used to increase
the refining efficiency. The purpose of this study is to obtain the information of the thermo-dynamic prop-

erty of phosphorus in basic slag melts.
In this study, the equilibrium distribution

ratio of phosphorus (Lp) between MgO-saturated

Na,O(-Ca0)-Fe,0-Si0,-P,05 slags and molten iron was measured as a function of temperature, slag com-

position and pertial pressure of oxygen.
be 2.3 in terms of mole fraction.

As a result, the CaO equivalent of Na,O in basicity was found to

Since CaO-saturated Fe,0-SiO,-P,05 slags are also expected to have great capacity of dephosphoriza-
tion, the distribution ratio of phosphorus between slags and molten iron was measured at 1600 together

with the influence of additional Na;O or MgO on the phosphorus distribution.

As expected, both compo-

nents did slightly enhance dephosphorization within the concentration range used in this study.
Key words : low phosphorus steel ; phosphorus distribution ; Na,O based slags ; CaO-saturated slags ; the

CaO equivalent of NayO ; thermodynamic property.
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Table 1. The range of chemical composition of MgO-saturated Na,0-Fe,0-Si0,-P,05 slags used in this study.

(1) Dependence of slag composition on the phosphorus distribution for the MgO-saturated Na;O-Fe,0-SiO3-P205 system at 1600°C. Po, =
4.74X10710 atm.

(wt% NayO) (wt% Mg0O) (wt% FeO) (wt% Fes03) (wt% Si09) (wt% P30s) Lp Basicity
7.62 . 42.9 9.10 1.90 36.8 1.68 2.25 0.193
14.6 40.1 8.29 1.44 32.4 3.11 7.86 0.404
16.4 44 .4 14.9 1.15 21.1 2.08 40.4 0.696
15.4 37.4 7.95 2.06 34.3 3.03 7.87 0.404
6.09 63.5 14.2 4.46 10.4 1.44 19.5 0.510
20.1 36.2 15.9 3.14 22.7 1.87 132 0.805
18.6 41.9 15.6 4.29 17.7 1.90 281 0.934
22.4 33.3 17.5 4.29 20.7 1.78 340 0.978
19.4 40.8 20.1 2.35 15.2 2.15 450 1.11
24.2 33.7 13.4 3.09 24.4 1.34 300 0.919
28.7 25.8 17.7 4.57 20.7 2.47 551 1.22
33.6 17.9 15.8 4.77 25.7 2.29 480 1.18
25.0 27.2 22.7 3.68 18.7 2.69 440 1.16
18.4 32.8 26.2 5.16 15.9 1.47 278 1.04
13.1 35.8 8.56 1.17 38.6 2.69 3.48 0.309

(2) Dependence of slag composition on the phosphorus distribution for the MgO-saturated NazO-CaO-Fe,0-SiOz-P»05 system at 1 600°C. Py,
=4.74%x10710 atm.

(wt% NayO) (wt% CaO) (wt% MgO) (wt% FeO) (wt% Fes03) (wt % SiOy) (wt% P20s) Lp
7.87 4.13 43.8 8.99 1.10 31.9 2.22 6.42
6.70 12.8 43.4 13.8 1.41 19.3 2.56 20.3
8.32 6.10 44.0 10.2 2.04 27.0 2.33 8.68
7.22 17.2 42.2 11.1 1.54 18.2 2.44 46.5
7.53 11.1 45.7 13.5 2.03 17.6 2.67 45.6
5.84 12.9 42.9 9.03 1.03 25.9 2.31 4.74
6.38 12.0 39.7 9.05 0.71 29.9 2.28 4.56
4.56 18.4 25.7 29.0 5.41 14.5 2.34 119
11.1 23.6 9.43 27.1 7.53 19.3 2.10 480
6.40 27.2 10.5 32.7 5.30 15.7 2.16 376
8.48 15.4 30.0 25.9 4.04 14.0 2.21 298

(3) Temperature dependence of phosphate capacity for the MgO-saturated NayO-Fe,0-Si02-P30s system. Pco/Pco, = 19/1.

(wt% Nag0O) (wt% MgO) (wt% FeO) (wt% Fey03) (wt% Si0y) (wt% P205) log Cpo,e- Temp. (°C)
14.6 40.1 8.29 1.44 32.4 3.11 - 17.45 1600
15.4 37.4 7.95 2.06 34.3 3.03 17.45 1600
10.2 50.2 7.92 . 4.86 25.1 1.7 16.54 1650
13.9 37.8 . 9.14 1.62 34.8 2.81 17.98 1570
15.9 34.9 8.65 0.61 37.2 2.81 18.39 1550
13.2 40.5 8.20 1.43 33.9 2.78 17.02 1623

(4) Dependence of oxygen partial pressure on the phosphorus distribution for the MgO-saturated NagO-Fe,0-SiO-P3Os system at 1 600°C.

(wt% Nag0)- (wt% MgO) (wt% FeO) (wt% Fes03) (wt% SiOg) (wt% P30s) Lp Py, (atm) Basicity
12.6 41.2 5.93 0.538 37.7 2.02 1.61 3.23E-10 0.310
13.1 35.8 8.56 1.17 38.6 2.69 3.48 4.74E-10 0.309
11.5 39.1 10.8 1.53 34.8 2.28 4.22 9.68E-10 0.304
12.9 38.4 10.2 1.27 35.0 2.22 5.12 9.68E-10 0.340
10.9 38.1 13.3 4.56 31.2 2.07 12.3 1.90E-9 0.321
13.0 36.7 10.0 3.66 34.5 2.11 9.45 1.90E-9 0.347
13.6 34.5 11.0 1.60 37.1 2.17 9.19 1.90E-9 0.339
12.5 33.8 11.8 2.29 37.4 2.21 14.8 3.04E-9 0.309
15.9 41.5 4.58 0.320 35.2 2.53 2.24 1.58E-10 0.413
16.5 34.5 5.58 0.948 39.8 2.67 3.37 3.23E-10 0.380
15.4 37.4 7.95 2.06 34.3 3.03 7.87 4.74E-10 0.404
14.6 40.1 8.29 1.44 32.4 3.11 7.86 4.74E-10 0.404
15.8 31.9 9.97 1.57 38.3 2.43 10.4 9.68E-10 0.379
19.6 41.4 13.5 1.85 21.8 1.87 27.1 1.58E-10 0.813
16.2 39.9 21.0 2.14 19.2 1.56 63.1 2.03E-10 0.765
16.4 42.9 18.1 2.32 18.7 1.60 64.7 2.53E-10 0.793
20.6 38.3 11.7 2.76 25.5 1.25 74.7 3.23E-10 0.752
20.1 36.2 15.9 3.14 22.7 1.87 132 4.74E-10 0.805
17.3 41.1 16.2 4.54 19.1 1.74 160 9.39E-10 0.815
23.2 33.8 11.1 2.87 27.4 1.64 194 1.29E-9 0.781
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Fig. 1. Effect of basicity of slag on the distribu-

tion of phosphorus for the MgO-saturated
Nay,0-Fe,0-Si0,-P,05 system.
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Fig. 2. Effect of temperature on phosphate capac-
ity for the MgO-saturated Na,O-Fe,0-Si0,-P,05
system.
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Fig. 3. Effect of Po, on the distribution of phos-

phorus between molten iron and the MgO-saturated
Nazo"FetO'SiOZ‘ons system.
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of phosphorus between molten iron and the
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Fig. 7. Effect of the MgO addition on Lp or Cpops-
for the CaO-saturated Fe,0-Si0,-P,05 system.
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Fig. 8. Effect of the Nay,O addition on Lp or
Cpos- for the CaO-saturated Fe,0-SiO,-P,0s

system.
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Fig. 9. Effect of basicity of slag on the activity
coefficient of FeO for the MgO-saturated
Na,0-Fe,0-Si0,-P205 system.
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Fig. 10. Effect of wt%SiO; of slag on the activity

coefficient of FeO for the CaO-saturated
Fe, 0-Si0,-P305 system.
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Fig. 11. Effect of basicity of slag on (Fe3" /FeZ™)
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system.
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