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Abstract

In order to optimize the metallurgical processes it is necessary to improve the
understandings of the industrial slag properties, which include thermophysical
and thermochemical properties. In the present study Mass Triangle Model was
applied to predict these properties. According to the model formula, a program
was developed in Visual C++ environment to calculate different properties
in limited solubility ternary system. Successful applications of this model in
predicting viscosity, surface tension, and density have been demonstrated in
the case of a number of ternary slags in liquid state, as for example, RExOy-
CaF2-SiO2 (RE refer to rare earth metal), MnO-TiO2-SiO2, CaO-Al2O3-SiO2,
BaO-FeO-Fe2O3, CaO-MnO-SiO2 etc. In addition, the method has also been
extended to predict electrical conductivities and sulphide capacities, which is
first attempt to compute properties. Furthermore, an extension of this model
has also been performed in the present study to obtain the corresponding
properties in a homogeneous ternary system. Good agreement between model
calculation and literature values had demonstrated that mass triangle model
offers a powerful and efficient tool for estimations of various properties of
molten system only based on limited experimental information.

Knowledge of the thermodynamic properties of chromium oxides-
containing slags is of great importance to chromium retention in stainless
steel production, in view of chromium impacts on economic costs and
environmental protection. Thus, the oxidation states of chromium in slags
as well as sulphide capacity of CrOx-containing slag have been studied. In
the studies of oxidation state of chromium in slags, gas/slag equilibrium
technique was used for CaO-SiO2-CrOx system and the ratio of Cr2+/Cr3+ in
multicomponent slags was measured by X-ray absorption near edge spectra
(XANES). High-temperature mass spectrometry method was also used to
obtain the distribution of chromium oxides in CaO-MgO(-FeO)-Al2O3-SiO2-CrOx

system. It is to be noted that the present work is probably the first to employ
Knudsen cell-mass spectrometry as an effective way to estimate chromium
valences through vapor species. Utilizing the data obtained in present study as
well as those reported in literature, a mathematical correlation was established
for estimating the ratio of Cr2+/Cr3+ as a function of temperature, partial
pressure of oxygen and slag basicity. The comparison between experimental
valence ratio values and estimated ones presents a satisfactory agreement.

The sulphide capacities of CaO-SiO2-CrOx pseudo-ternary slags were
measured using the gas-slag equilibration technique in the temperature range
1823–1923 K under two different oxygen partial pressures 9.80×10-3 and
9.88×10-4 Pa. The results showed that log10Cs varied linearly with the reciprocal
temperature, and the slope was higher than the corresponding value reported
in the case of the binary CaO-SiO2 of corresponding composition. By using
the equation developed as part of this project relating Cr2+/Cr3+ with basicity,
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oxygen partial pressure and temperature, it was possible to understand the
effect of CrO on the sulphide capacities; viz. the sulphide capacity shows a
decreasing trend as Cr2+ replaces Ca2+ in the slag. With further increase of Cr2+

content, there are indications of the occurrence of a minimum point beyond
which the sulphide capacities show a slight increasing trend. The latter is
attributed to the increasing extent of the polymerization reaction releasing
oxygen ions for sulphide reactions in the metasilicate region. The behavior of
CrO in the slag was found to be analogous to FeO.

Estimation of liquidus and solidus temperature of slag was also carried out
in the present study. The results indicated that it is possible to get a reasonable
idea of the solidus temperature from X-ray radiography while DSC would
indicate the liquidus temperature of slag
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