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Estimation of Hydroxyl Capacity of Molten Slags by Cell Model
Muasatoshi Waranaee and Yasutaka lcucur

Synopsis : A statistical thermodynamic model, cell model, has been attempted to represent the hydroxyl capacities of some molten
silicates and molten aluminates. The slag systems discussed were CaO-SiO., CaO-Al,O; binaries and CaO-SiO,~MgO,
Ca0-Al0,-MgO and Ca0-Si0,~Al,O; ternaries. The cell model is based on the description of the liquid in terms of
cells composed of an oxygen anion surrounded by two cations (i, j). In addition to binary parameters, Wy and Ej; a new
parameter, Wi; was introduced into the cell model for representing the hydroxyl capacity. Here, W}, is free energy
of formation of dilute H-O-i cell. The hydroxyl capacities calculated by the model agreed with the experimental data
over the wide range of slag composition and temperature. A good correlation between Wi and free energy of formation
of hydroxide was confirmed, Therefore, the cell model with the new parameter Wi is considered to be applicable to
predict the hydroxyl capacities of multicomponent slags.

Key words : hydroxyl capacity ; water vapor ; hydrogen ; solubility ; slag ; aluminate ; silicate ; cell model ; thermodynamics ; physical
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Fig. 1. Experimental'¥'® and computed hydroxyl
capacities of the CaO-Al,O, system.
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System M, M; Wi/kJ Ey/k]
Si0,-Al0; Si Al 8.4 —12.6
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Fig. 2. Experimental®”'® and computed hydroxyl

capacities of the CaO-SiO, system.
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Fig. 3. Hydroxyl capacities calculated by the cell
model in Ca0-Si0,-Al,O; system.
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Fig. 4. Comparison of Cty calculated by the regular
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Fig. 5. Experimental hydroxyl capacities of the
Ca0-Si0,-Al,O; system.'?
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Fig. 6. Experimental'® and computed hydroxyl
capacities of the CaO-MgO-Al,O; system.

0-10 T T T T T T T T T T
O Ncao/Nsio,=0.72

T 1 T T T T T [

CaO-MgO-SiO,
1723K

{ D Ncao/Nsio,=0.47
(by Ban-ya et al.)

=
6 0.08

Calculated by cell model

0.06 [T W T TR SN SN SEN R VNS TR TN WU TN W T GO T
0.1 0.2 0.3
NMgO

Fig. 7. Experimental’ and computed hydroxyl
capacities of the CaO-MgO-SiO, system.

Table 2. Energy parameters,W'y;.

Ww/Kk]
T/K
W,H Si W,H Al W,ll Ca W,H Mg
1973 — 117 50 100
1923 — 114 47 —
1873 102 111 45 —
1823 99 108 43 —
1723 93 — 37 54
Table 3. Energy parameters,(Eq;—En).
System M; M (Eni~Ew)/kJ
Si0,-AlLO; Si Al —10
Si0,-Ca0 Si Ca —10
Si0,-MgO Si Mg —10
Al,0,-CaO Al Ca 0
Alea—MgO Al Mg 0
CaO-MgO Ca Mg 0

Table 4. Temperature dependency of energy param-

eters, Wy.
System Mi W,ni/.]
H,0(g)-Si0, Si —10000+60T
H,O(g)-Al:0; Al —1000+60T
H,0(g)-CaO Ca —49000+50T
H.O(g)-MgO Mg —263000+184T
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Fig. 9. Experimental'¥'® and estimated hydroxy!

capacities of the CaO-Al,O; system.
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Fig. 10. Experimental®®'® and estimated hydroxyl
capacities of the Ca0-SiO, system.
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