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Annotation

This article is devoted to out-of-furnace processing of liquid steel, namely, to purging
metal with inert gases in order to improve its quality. The main advantages of purging
with inert gases, the efficient arrangement of purging units, as well as the dependence
of the time of homogenization of liquid steel on the volumetric flow rate of inert gas
are considered.
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One of the main tasks that metallurgists set themselves is to reduce production costs
while maintaining the high quality of the metal. This goal is achieved by optimizing
the ongoing technological processes. The generally accepted technology of steel
homogenization with inert gases is an important step in steel production. Blowing
inert gas (argon) into the melt in a steel ladle is the most affordable. Homogenization
processes during purging with argon into the melt on a ladle have been studied by
many scientists.

It is usually recommended to blow from below. Purging is carried out in the ladle with
an inert gas, mainly argon, which facilitates the purification of liquid steel. Gaseous
argon (Ar) is preferred for refining due to its inert nature, in addition to its very low
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solubility in liquid steel. The transported inert gas moves from the bottom of the
bucket to the top, i.e. to the slag and expands due to heating and reduction of
ferrostatic pressure along the rise. However, the purge process will require a much
lower gas flow rate. Gaseous argon is blown at a moderate speed, less than 0.6
Nm3/min, which is the extreme to achieve homogenization of liquid steel in
temperature and chemical composition. The intensity of gas agitation is of great
importance because steel mills want to relate the quality and composition of the steel
to the agitation effect.

The main advantages of purging liquid steel with inert gases are:

« removal of dissolved gases from liquid steel;

« homogenization by temperature and composition;

 removal of non-metallic inclusions;

- uniform dispersion of alloying elements and additives;

« increasing the rate of a chemical reaction.

Due to the lower cost of refractory materials, a better efficiency and simpler
installation is the purging of the melt with inert gases from below than the top-dipping
lance method.

The purpose of this work was to obtain data on the influence of the volumetric flow
rate of the inert gas and the position of the purge block on the bottom of the ladle
during the homogenization process. Figure 1 shows the positions of the purge block
under investigation. Only positions O, A, D, E were studied in the work. The definition

of physical similarity conditions was based on proven and used procedures.
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Figure 1 - The positions of the elements of the mixers on the bottom of the ladle used
for modeling
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The obstacles that arise in physical modeling, in most cases, can be overcome with the
help of mathematical modeling of the process. More recently, mathematical modeling
has been the most widely used tool, encouraged by the dynamic development of IT
technology and the emergence of more accurate numerical procedures and computer
software. In mathematical modeling, the process of mixing a metal bath is based on
the Navier-Stokes equations. In 1979, Julian Szekely et al. attempted to numerically
stimulate the phenomenon of turbulent flow in a ladle during gas blowdown using the
Navier-Stokes equations. Since then, the mixing modeling problem has been
developed in numerous publications; and a separate line of research was devoted to
this issue, described as CFD (computational fluid dynamics). The studies were carried
out using numerical simulations (computational fluid dynamics - CFD). Figure 2

shows the mathematical modeling of steel blowing in a steel ladle with a blowing
block.

Speed m/s

M 1.310 oo

Figure 2 - Simulation of steel blowing in a steel ladle

Modern mathematical modeling based on CFD allows you to get acquainted with the
flow of liquid steel present in the ladle, therefore, determine the time required for the
homogenization of liquid metal.

For purposes of industrial interpretation, the homogenization time measured on the
model is plotted and shows the effect of argon volume flow to achieve homogenization
time for the four positions of the purge blocks in the bottom of the ladle labeled O, A,
D, and E; The resulting regression functions and their determination coefficients for
individual modeled options are shown in Figure 3.
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Figure 3 - Dependence of the homogenization time on the volumetric flow rate of
inert gas
As can be seen from the figure, with an increase in the volumetric flow rate of argon,
the homogenization time decreases. This reduction is not too significant and the value
of the homogenization time varies from 75 to 125 seconds in the area above 400 1/min.
In spite of this, the value of the homogenization time increases sharply up to 440
seconds depending on the position of the purge block when the flow is 50 1/min.
In terms of homogenization time, the curves also indicate that there are clear
differences between the purge with the purge blocks in their positions. Positions O
and A are the worst, while positions D and E show relatively similar and short
homogenization times. Position D can be considered as the most advantageous
position of the purge block because it has the shortest homogenization time compared
to other positions.

Conclusion: The method of mathematical modeling is used for various studies. The
main modeling factors are argon purge through purge blocks located in the bottom of
the ladle. The dependence of the homogenization time on the volumetric flow rate of
the inert gas was obtained for various purge options.

It is shown that the calculations performed on the basis of a mathematical model
made it possible to predict the state of motion of liquid steel in a steel-pouring ladle.
According to the Navier-Stokes equation, purging with argon can reduce the amount
of non-metallic inclusions.
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