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Abstract

The present thesis focuses on the interaction between refractory and liquid
steel. The aim of this work is to understand the interaction behavior between
refractory and liquid steel regarding steel cleanliness. The effect of different
refractories on different inclusions in Al-killed steel was studied in a furnace.
The sintering mechanism of filler sand were also investigated in laboratory.
In the industrial trials, the attachments of different oxides on the walls of
submerged entry nozzle (SEN) were discussed in the cases of high strength low
alloy steel (HSLA) and ultra-low carbon steel (ULC).

It is found that the effect of alumina and spinel refractory on all the three
types of inclusions is very little, while MgO refractory influences the inclusions
depending on the activity of dissolved oxygen in liquid steel. At low oxygen
level, alumina inclusions could transform into spinel inclusions with the help
of MgO refractory, while the effect on spinel and calcium aluminate inclusions
is not evident. On the other hand, when the activity of dissolved oxygen is high
enough, the evolution of spinel inclusions from alumina inclusions could not be
seen.

The reaction between chromite and silica grains leading to liquid formation
is the main mechanism for the sintering of filler sand. The factors viz. steel
composition, silica size and content, operation temperature and process
holding time have a strong influence on the sintering of the filler sand. Smaller
size and higher content of silica in sand, steel grades containing higher Mn
and Al contents, higher temperature and longer holding time would result
in serious sintering. The choice of the sand needs to take those factors into
account.

The results show that solid alumina particles are always agglomerated on
the inner wall of SEN in the case of ULC steel. The top slag with high FeO and
MnO contents is considered as the main reason of this kind of attachments. The
removal of slag might be a good method to avoid the attachments. In the case
of HSLA steel, liquid calcium aluminate inclusions could attach on the inner
wall of SEN as well. The smoothness of the inner wall of the SEN holds the
key of liquid attachments. In addition, the attachment situation on the outer
wall of SEN depends on the operations. The oxygen entrainment through the
mold powder would result in the formation of plate-like alumina attachments.
The control of reoxidation due to oxygen entrainment would help to avoid this
situation.
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