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Abstract

A good slag practice is essential for production of a high-quality stainless steel.
In addition, the electrical and material efficiency of the electric arc furnace
(EAF) can considerably be improved by a good slag practice. The metallurgical
properties of the slag are strongly influenced by its high-temperature
microstructure. Thus, characterization of the phases within the EAF slag as well
as the determination of the amount of these phases is of high importance.In
addition, the knowledge about the chemical composition of the liquid slag
and solid phases at the process temperatures is instrumental in developing a
good slag practice.In order to study the slag in EAF high-chromium stainless
steelmaking, slag samples were collected from 14 heats of AISI 304L steel (two
samples per heat) and 7 heats of duplex steel (three samples per heat).The
selected slag samples were petrographically studied both using scanning
electron microscopy equipped with energy dispersive X-ray spectroscopy
(SEM-EDS) and light optical microscopy (LOM). In some cases, X-ray
diffraction (XRD) analyses were also performed. Moreover, computational
thermodynamics was used to determine the equilibrium phases in the EAF
steelmaking slags at the process temperatures. In addition, parameter studies
were performed on the factors influencing the equilibria.More specifically, a
petrographical and thermodynamic characterization was performed on the EAF
austenitic steelmaking slags. Thereafter, the microstructural evolution of the
slag during the EAF duplex steelmaking process was investigated. Moreover,
an investigation with focus on the total amount of precipitates within the
high-chromium stainless steelmaking slags was done. Finally, the foamability
of these slags was quantified and evaluated.The petrographic investigations
showed that, during the refining stage, in both austenitic and duplex cases,
the main constituent of the EAF slag is a melt consisting of liquid oxides. In
addition, the slag samples contain solid spinel particles. However, before
ferrosilicon-addition (FeSi), the slag may also contain solid stoichiometric
calcium chromite. Moreover, depending on the slag basicity, the slag may
contain solid dicalcium silicate at the process temperatures.The evolution of
the slag during the refining stage of the EAF was graphically illustrated in the
calculated isothermal phase diagrams for the slag system Al2O3-Cr2O3-CaO-
MgO-SiO2-TiO2.It was found that the only critical parameter affecting the
amount of solid spinel particles in the slag is the chromium-oxide content.
More specifically, it was shown that the amount of the spinel particles in
the slag increases with an increased chromium-oxide content of the slag. It
wasvialso shown that a higher basicity and a lower temperature of the slag
contribute to the dicalcium silicate precipitation.In order to evaluate and
quantify the foamability of the slags, the slag’s physical properties influencing
its foaming index were determined. Computational thermodynamics was
used as a tool to calculate the weight fractions of the solid phases within the
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slag at different EAF process stages. The computational thermophysics was
used to estimate the viscosity of the liquid part of the slag samples at the
process temperatures. The apparent viscosity of the samples was calculated by
combining the above results. By estimating the density, surface tension and the
foaming-gas bubble size, the foaming index of the slag samples were quantified.
It could be shown that the foaming index of the EAF high-chromium stainless
steelmaking slag may be on its minimum as the slag’s basicity takes a value
in the range of 1.2 – 1.5. A basicity value of around 1.50 – 1.60 can be suitable
for enhancing the foaming index of the slag, during the refining period in EAF
high-chromium stainless steelmaking.
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