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Estimation of Hydroxyl Capacity of Molten Silicates by Quadratic Formalism Based on the Regular Solution Model

Shivo Ban.va, Mitsutaka Hino and Tefsuya Nacasaka
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Synopsis

: An attempt has been made to estimate the hydroxyl capacities of some molten silicates by the regular solution model

of Lumsden, which has been extensively developed to be applied to slag-metal reactions in steelmaking process by the

authors. The slag systems discussed were of Na,0-SiO,,
Ca0-Si0,-MgO, Ca0-Si0,~MnO and Ca0-Si0,-P,0; ternaries. In the present work, it was assumed that

-Al,O;,

the water vapor is dissolved in the slag as HO, s,

The interaction energies between hydrogen ion and cation i, ay_,,

K,0-Si0,, Li,0-Si0,, Ca0-Si0O, binaries and Ca0-SiO,

and the hydroxyl capacity is redefined as C’on=Xuoos/ (Pit,0/P°)"?,
where, Pu.o, P° are partial pressure of water vapor in the gas phase and the atmospheric pressure(Pa), respectively.

have been derived based on the regular solution

model in the present work. As the result, it has been confirmed that the model has been applicable to predict the
hydroxyl capacities over the wide range of slag composition discussed. It has been found that C’on calculated by the
model showed the minimum value at the slag composition of about unit basicity. The hydroxyl capacities calculated
by the model have agreed with the measured within +0.002.
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Table 1. Slag systems discussed in the present work.

System Reference
Si0O: 26)
Ca0-Si0: 17) ~19), 27) ~29)
K:0-Si0: 15), 16)
Li20-SiO. 16)
Na.0-SiO: 16)
CaO_SiOZ“A1203 17) s 18) s 27), 29) “31)
Ca0-Si0.-MgO 20) ~23)
Ca0-Si0:-MnO 20)
Ca0-Si0:-P:0s 17) y 18)

Table 2. Interaction energies between cations 7 and j,

& ;.

Ion-Ton a:_i(]) Reference
APT-Sitt —127610 13)
Ca®"-Si*" —133890 9)
K*-Si** — 81030 present work
Li™-Si** —142130 35), present work
Mg®*-Si** — 66940 9)
Mn?*-Si** — 75310 7
Na*-Si** —111290 8)
pet-Si*r + 83680 8),11)
AP*-Ca** — 154810 13)
Mg?**-Ca*! —100420 9)
Mn**-Ca®* — 92050 12)
P*-Ca® — 251040 11)
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Fig. 1. Relation between YA and X%u0., (R.S.) in SiQ,
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Table 3. Interaction energies between hydrogen and
cation, au-i, determined in present work.

Ion-Ion au—i(])
H*-AIP* —24400
H*-Ca®** +15100
H*-K* +13520
H-Li* + 1500
H*-Mg** +15800
H*-Mn2* — 8230
H*-Na* + 9750
H*-P5* + 7700
H-Si** 430000
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Fig. 7. Comparison of C’oy calculated by the regular
solution model with C’on measured in CaO-SiO,

slags at 1873K.
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Fig. 8. Comparison of C’ox calculated by the regular
solution model with C’oy measured in NaO, s~
Si0,, LiO,5-Si0, and KO,;5-Si0O, slags.
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Fig. 9. Comparison of C’oux calculated by the regular
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-AlO,; slags at 1823K.
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Fig. 10. Estimated values for C’ou by the regular solu-
tion model and the measured values in molten
binary and ternary silicate slags.
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