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Activity of Fe O and Fe**/Fe** Equilibrium in Fe,O-P,0;-Na,O and
Fe,0-P,0,-Si0,-Na,O Slags in Equilibrium with Solid Iron

Shiro BAN-YA, Mitsutaka HINO and Hidetaka TAKEZOE

Synopsis :

The chemical equilibria of gas—slag reactions have been studied to clarify the effect of Na,O on the ther-
modynamic properties of slags under hot metal treatment. The slags studied are Fe;O-P,0,~Na,O and
Fe;O-P,0;-810,~Na,O systems equilibrated with H,O/H, gas mixture at 1 200°C. by using solid iron cru-
cible. The influence of slag composition on the activity of iron oxide and the Fe3+/Fe2+ ratio has been
determined.

It has been clarified that the addition of Na,O to oxidizing slags is more effective for dephosphorization
from liquid iron than that of CaO or MgO because Na,O in Fe;O-P,0; and Fe;O-P,0;-Si0, systems
makes the activity of iron oxide increase more than the extents in case of CaO or MgO.

It has been confirmed that the results can be expressed in terms of Lumspen’s regular solution model
over wide range of composition in the system of Fe;O-P,0,;~Si0,-Na,O, where @r.,0<0.6 and Xsio,/

Xpo, ;>0.25.
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Table 1. Experimental results of Fe;O-P,05-Na,O
system at 1200°C.

Puyo Slag composition (wt% ) Fe3*

Fe;O3 P05 NayO  Fe?*

Run
No. Pu, FeO

aFeLO

1 0.758 65.54 13 30. 84 0.69 0.043 0.638
2 0.758 64,18 02 31.89 1.16  0.042 0.638
3 0.760 63.20 57 32.31 1.87 0.051 0.640
4 0.763 58.44 .45 35. 33 5.40  0.022 0.642
5 0.766  52.16 99 37.24 9.50 0.017 0.645
6 0.763  46. 68 26 38.21  13.99 0.024 0.643
7 0.762 43.76 . 87 36.34 13.94 0.018 0.650
8 0.755  40.69 16 39,37 17.80 0.026 0.636
13 0.423  36.67 20 40.86 21.20 0.029 0.356
14 0,421 38.68 70 40.67 20.62 0.039 0.355
15 0.420 39.63 41 40.51 18.43 0.032 0.354
16 0.419 43.88 32 40.34 14.78 0.029 0.352

17 0,418 48,28
18 0.417 53.10

70 37,92 11,26 0.032 0.352
26 38,08 7.72 0,021 0.351
62 38,17 6.42 0.027 0.351
66 37, 49 4.62  0.010 0.351
48 36. 42 2.47  0.007 0.350
73 36. 41 1.17  0.011  0.359
36. 00 0.86 0.018 0.353

19 0.417 54,76
20 0.416 57.08
21 0.421 60,14
22 0.420 61.79
23 0.419 61.80
25 0.887 63,47
26 0.883 66.55
28 0.297 48,68
29 0.297 33.00
38 0.769 60,11

26. 15 4.40  0.056 0.747
27.85 ]1.34  0.060 0.743
39,84 11.09 0.038 0.250
40,79 24.38  0.026 0.250
33.50 4,10  0.043 0.649
39 0.766  53.62
41 0.757 40,14
47 0.663 63,30
48 0.733 62.04
50 0.664 50.86
51 0.663 43.26
52 0.659 38.39
54 0.835 53.09
55 0.525 62.45
56 0.524 60.63
57 0.524 56, 80
58 0.527 51.12
59 0.528 48,25
60 0.529 42.54
61 0.531 34,25
62 0.836 64.18
63 0.836 57.92
64 0.832 66,12
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36. 25 9.08 0.028 0.644
39.19 19.71 0.044 0.638
32. 46 1.23  0.049 0.560
31,98 2.06 0.059 0.618
37.72  10.92 0.026 0.559
38,74 17.68  0.026 0,558
39.58 22,18 0.020 0.555
35.21 9.64 0.046 0.703
34.81 1.26  0.035 0,442
34. 35 2.33 0,035 0.441
36. 63 5,656 0.013 0.441
38.02 9.93 0,026 0.444
38,10 1236 0.027 0.444
39. 45 16.57 0,031 0.445
39.73  24.27 0.066  0.447
29. 60 2.06 0,058 0,704
34.03 5,61 0.051 0.704
28, 30 0.56 0.064 0.700
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Table 2. Experimental results of Fe;O-P,O5-SiO,-
Na,O system at 1 200°C.

Run Puio Slag composition (wt%) Fed+
ar,

No.  py,  FeO Fe,0; P;0, SiO; Na,O Fe? t°
1 0.539 45,42 2,06 37.12 2,61 13.56 0.041 O, 454

2 0.533 53.18 2.03 33.77 2.66 8.13 0,034 0,448

3 0,531 59.26 2.88 28,86 6.20 3.26 0.044 0,447

4 0.533 5400 1.96 30.37 527 875 0.033 0.448

5 0.532 57.54 2.68 26.47 7.75 4.62 0.042 0,448

6 0.535 49.38 3.02 28.80 9.11 10.66 0.055 0.451

7 0.529 46.7t 2.33 24.52 13.15 11.49 0.045 0,445

8 0.532 49.17 1.51 26,27 11.11 11.52 0.028 0.448

9 0.653 60.39 2.8 29.09 2.51 6,11 0.042 0.550
10 0.655 50.48 3,01 32.88 2,65 10.22 0.054 0.552
11  0.6567 57.53 4,62 27.89 5.08 4,99 0.072 0.553
12 0.654 46,92 2.65 29.11 5.45 16,34 0,051 0,550
14 0.654 54,83 3,06 2543 7.35 7.83 0.050 0,550
15 0,657 50,03 2,21 24,18 10.45 12,71 0.040 0.553
16 0,655 54,46 3.57 21.84 10.53 10,70 0.059 0.551
21 0,534 39.47 2.25 3502 3.87 18,93 0.051 O0.450
22 0.533 40.91 1.12 34.94 4.10 18.66 0.025 0,449
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Fig. 4. Iso-activity curves of Fe,O in Fe;O-

Na,O-2P;04~N2a,0-2Si0, slags equilibrated

with solid iron at 1 200°C.
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brated with solid iron at 1200°C.
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Fig. 10. Comparison of calculated @r.,0 (1) with
the measured one in Fe;O-Si0,~Na,O and Fe,O-
P,05-8i0,-Na,0 slags equilibrated with solid iron.
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Fig. 11. Correlation between interaction energies
and heats of mixing of complex oxides at 25°C.
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