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Activities of the Constituents and Fe’*/Fe?* Equilibrium in Fe:O-Na,O

and Fe/O-Si0,-Na,O Slags

Shiro BAN-YA, Mitsutaka HiNO and Hidetaka TAKEZOE

Synopsis :

The chemical equilibria of gas—slag reactions have been studied to clarify the effect of soda on the ther-

modynamic properties of slags under hot metal treatment.

The slags studied are the Fe;O-Na,O system

equilibrated with one atmospheric CO, at 1 610°C by using Pt crucible and Fe;O-SiO,~Na,O system equi-

librated with H,O/H, gas mixture at 1 400°C by using solid iron crucible.

The influence of slag compo-

sition on the Fe®+/Fe?+ ratio and the activity of iron oxide has been determined.

It has been clarified that the results can be expressed in terms of LuMSDEN’s regular solution model over
wide ranges of composition in the systems of Fe;O-Na,O and Fe;O-SiO,-Na,O. The iso-Fe?+/Fe?+ ratio
lines, iso—Po, lines and iso—activity lines of each component for the Fe;O-SiO,-Na,O slag in equilibrium
with liquid iron at 1400°C have been calculated using the regular solution model.
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Table 1. The composition of FeO-Fe,O3-Na,O

melts in equilibrium with Pgg,=1 atm at
1610°C.
Slag composition (wt%) Fed*
Run No.
FeO Fe,0; Na, O Fe2t
1 11. 31 70. 20 17,20 5. 585
2 15. 80 67. 86 14,12 3. 865
3 23. 81 65, 25 7.74 2. 466
4 27, 41 64, 27 5. 63 2,110
5 3107 62,72 3. 48 1. 816
6 35, 82 60. 91 2.42 1. 530
7 41. 21 58. 51 0. 20 1. 278
F@an
MO  Temp(°*C)
DO Ca0 1603~1608 Gurry
® MrO 1600 & Darken 2¢ Pco, =1 atm

O Na 1610 present work
$Na,0 -8Fe;0,
M3 20 20 80 80 FeO
mol % FeO
Fig. 1. Ferrous and ferric oxide contents in FeO-

Fe,03-MO melts under Pgg,==1 atm in the vicinity
of 1600°C.
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Table 2. The composition of Fe,O-Si0,-Na,O
melts in equilibrium with solid iron at 1400°C.

Puso - Slag composition (wt% ) Fe3t
Run

No. Py, FeO

aFe:0
Fe;03 Si0, Na,O Fe?*

1 0. 395 40. 25 1. 95 44,95 13.14 0.044 0,452
2 0. 394 48. 44 3.53 40.78 5.89 0.066 0,450
3 0. 393 28, 14 3.61 42,58 25.06 0.115 0.449
24 0. 394 29.10 3.87 41.93 24,82 0.120 0.450
25 0. 392 29,79 2.94 42.84 24.00 0.089 0.448
5 0. 482 52.04 3.74 37.20 5.67 0,065 0.551
0. 482 29. 67 5.01 39.93 25,15 0,152 0.550

0. 482 43. 44 0.68 41.71 14,13 0.014 0.551

0. 481 28,02 4. 93 41.62 24.35 0.158 0.550

18 0. 482 55,72 3.68 36, 38 4.50 0.059 0.551
9 0.571 37.55 4,91 37.17  20.63 0.118 0.653
10 0.572 57.51 . 3.04 32.82 5.19 0.048 0.654
11 0. 569 30. 42 6. 97 36.19 27.55 0.206 0.650
12 0. 568 49. 94 2.87 35.68 11.03 0.052 0.649
17 0. 566 61. 75 3.55 30. 59 2.61 0.052 0.647
20 0. 568 39, 91 4.30 36.65 18,54 0.097 0.648
13 0. 615 52, 97 6. 60 31.74 7.28 0.112 0.702
15 0.611 62, 85 4.74 28,70 2.89 0.068 0.698
16 0. 610 46, 72 5. 62 33.98 12.82 0.108 0.69
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Fig. 2. The ratio of Fe3+/Fe?+ in Fe;O-SiO,-
Na,O slags in equilibrium with solid iron at

1 400°C.
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Fe;O (in slag) +H,(g) =tFe(s) + H,O(g) -+ (1)

K= (Pu,0/Pu,) /@Fe,0
T, FEER K RO TROLR TV B.
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Table 3. Standard free energies of the reactions.

Free energy

Reactions change (cals) References
Fe,O (1) +H,(g) 4G°=~7265 10
=tFe (d) +H,;0 (g) +4.607 T
FeO,;(R.S.) 4G°=30310 9
=FeO (R.S.) +1/40,(g) —12.67 T
FeO.5 (R.S.) +1/2H,(g) 4G° =317 9. 9596
=FeO (R.S.) +1/2H,0 (g) —5.77 T T
Fe (6) +H,0 (g) A4G°=5225 9,25, 26,20
=FeO (R.S.) +H,(g) —2.90 T
Fe (8) +1/20,(g) 4G°=—54761 9. 25,26
=FeO (R.S.) +10.89 T
Fe (6) =Fe (1) 4G°=3630—201 T 29
Fe:O(1)+ 1—#)Fe(s or 1) 4G =-2040 18
=FeO (R.S.) +1.707 T

S0, (-tr) =Si0, (R.S.)
Si0, (B<cr) =Si0,(R.S.)
Si0; (1) =Si0; (R.S.)
Na,O (1) +2SiO; (f-cr)
=Na,O - 2Si0,(1)

4G =6490-0.491 T 18
4G =6462—0.474 T 18
4G =4172+0.674 T 18
4G°=—57891

—1.000 T

0.6 Fe0

NNa,0

Fig. 3. Iso-activity curves of Fe;O-Si0,~-Na,O
slags in equilibrium with solid iron at 1400°C.
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Fig. 4. Relation between Y4 and Xy,0, ; in FeO-
FeO, .-NaO, , slags under Pgp,=1 atm at 1610
°C, and relation between YB and Xyg0, ./Xsio,
in FeO-FeO, .-Si0,-NaO, . slags in equilibrium
with solid iron at 1400°C.
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a 070
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A
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x ¢ w
(8}
>
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YC = 4600 (1+ M),, 26600 (cal)
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1 1 4 ] 1
0 1 2 3
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Fig. 5. Relation between YC and 1+ Xyz0, ./
Xsio, in FeO-FeO, 5-Si0,-NaO, ; slags in equi-
librium with solid iron at 1400°C.
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— 4460 X 2,0
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+7800X 2p0, ,

—41 2OOXNa00.5XFeo_QOOXNaoo,SXFeO,AS

+2 260X p00Xre0; ¢ o crevneennnenn (17)
RT In yNa0y ;= +4 600X 2p,0— 17 900X 2gq0,

— 26 600 X %0,
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EEx CO,/CO RBEH AW E A L FET 5
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7 CO, BB L T is\KFge D Fe,0-Si0,-Na,O
FAZ IHhRD Areo T (15) AT 1300°C THEH

Si0;«FeOy5
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1300 °C . 0032
o 0090

A0

A 037

% ® 054
%6 % o 072

{after Sano)

N::.Czoos 02 04 Newo 06 08 FeQ

Fig. 6. Comparison of @peo calculated by regular
solution model with @z measured by Sano in FeO-
FeO, 5-5i0,-Na,0-Na,CO; slags in equilibrium with
solid iron at 1 300°C.
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29).
Fe(l) +1/20,(g) =FeO (I) +ervererereseeenes (21)
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IR0 10 e 2D
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Fig. 7. Contours of Fe3+/Fe?+ ratio in FeO-
Si0,-Na,O slags and equilibrium Pg, at inter-
face between the slags and liquid iron at 1400°C.
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