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Effects of Oxygen Pressure, Al,0, and MgO on the Liquidus Surface of FeO,—Si0,—CaO System

Akira YAZAWA

Synopsis : Various basic data are available for FeO,-SiO,~CaO system in coexistence with metallic iron, which are useful to reductive smelting, but

available data are scarce on the effect of minor oxides, especially at higher oxygen potential. In the present paper, the liquidus surface data
are reviewed precisely, and recent progress of the experimental and thermodynamic studies is introduced. On the olivine (fayalite) liquidus
surface which spreads widely in reductive condition, the addition of CaO or Al,O; decreases the liquidus temperature, but at higher oxygen
pressure more than 1077 atm, olivine is replaced by spinel (Fe;0,). Above 107° Py, the silicate liquid region in the FeO,~SiO,-CaO system is
limited by 4 primary surfaces of Fe;0,, SiO,, CaSiO, and Ca,SiO,, and solid Fe,0, surface extends substantially by increases in oxygen pres-
sure, Al,O;, and CaO as well as decrease in temperature. However, addition of Al,O; tends to enlarge the liquid region at SiO,, CaSiO,; and
Ca,SiO, surfaces. The addition of MgO increases the melting temperature substantially regardless the kinds of primary crystal surface. Be-
sides conventional fayalite and calcium ferrite slags, the ferrous calcium silicate (FCS) slag is newly proposed. Instead of triangle
FeO,—Si0,-CaO diagram, the phase diagram of CaO plotted against Fe/SiO, is useful especially for the expression of multi-component sys-
tem at higher oxygen potential. Also to predict the liquidus surface of these complex systems, the computer aided thermodynamic assess-

ments must be useful method.
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Fig. 1. Phase diagrams for FeO-SiO,~CaO system in contact with metallic iron (a), for Fe,0,—Si0,—CaO system in air (b), for
FeO-Fe,0,-Si0, system showing oxygen isobars (c), and for FeO—Fe,0,—CaO system (d).
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Fig. 2. Liquidus isotherms and oxygen isobars at 1300°C
for the systems of FeO-Fe,0,—CaO (solid lines)
and FeO-Fe,0,-Si0, (dashed lines).
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Fig. 3. Liquid region at 1300°C in the FeO-Fe,0;-SiO,-
CaO system containing 20% CaO.
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Fig. 4. Liquidus isotherms for ternary Fe,0,-SiO,-CaO
system at 1300°C. Solid line: at P, =10""atm,
dashed line: at P, =107" atm with 5% Al,0; addi-
tion, dotted line: uhder air (Shigaki et al.).
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Fig. 5. Liquid region at 1300°C in the FeO-Fe,0,~CaO-
SiO, system containing a given SiO, content
(Toguzov et al.).
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Fig. 6. Phase diagrams for FeO-SiO,~Al,0, system in contact with metallic iron (a), and for Fe,0,-Si0,~Al,0; in air (b).

Fig. 7. Liquidus surface for FeO—CaO-SiO,—6%Al,0,
system in contact with metallic iron. HW: Bound-
ary between hercynite and wustite at 8% Al,O,.
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Fig. 9. Liquid-solid phase relations in the Fe,0,-SiO,—
Ca0-2%Al,0; in air (Yang et al.).
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Fig. 10. Phase diagrams for FeO—SiO,—MgO system in contact with metallic iron (a), and for Fe,0,~Si0,~MgO system in air (b).
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Fig. 12. Liquid regions of Fe,0,—SiO,—CaO system in air
at 1300°C (solid lines), 1270°C (dotted lines) and
1240°C (dashed lines). (Pownceby et al.).
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Fig. 14. Liquidus regions at 1300°C and various P in the

FeO,~Si0,—Ca0 system predicted by model calcula-

tions (Kongoli et al.).
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Fig. 15. Effects of MgO (top) and Al,O, (bottom) contents
on liquidus region of FeO,-S10,—CaO system at
1250°C and Py = 10~# (Kongoli et al.).
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Fig. 16. Ferric to ferrous ratio in FeO,-Si0,~CaO slag
melted in MgO crucible at 1300°C. A: FeO,~-SiO,
slag, B: Ternary slag with CaO/Si0,=2/3, C:
Ternary slag with CaO/SiO,=1/1, D: FeO,~CaO
slag. (Takeda).
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Fig. 17. Comparison between fixed oxygen pressure and fixed CO,/CO for describing liquidus surface of slag. The temperature

dependence of O,, CO/CO, or ag.

(a) 2CO(g)+0,(g)=2CO0,(g) dotted lines : fixed Py, solid lines: fixed CO,/CO.

(b) When the melt is kept at ap, o =1

and ap,=0.35, solid line: P, from 6FeO()) +0,(8)=2Fe;0,(s), dotted hne CO/CO, from 3FeO())+CO,(g)= Fe304(§)+

CO(g).
fixed CO,/CO (dotted lines).
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