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Abstract

In this thesis, both the wettability and the agglomeration characteristics
of non-metallic inclusions in liquid iron/steel were studied by using both
experimental results and thermodynamic considerations. The mechanisms
of the wettability of different types of inclusions were discussed. Also, the
agglomeration behaviors of the inclusions were analyzed.

Firstly, the wettability of different types of inclusions (including Al2O3,
MgO, Ti2O3, TiO2 and TiN) in contact with the liquid iron/steel was studied. For
the TiNcase, there is no reaction formation at the interface between TiN and
pureiron/steel. In the caseo f pure Fe, the oxygen increase is the main factor for
a contact angle decrease. As for the steel case, a sharp decrease of the contact
angle is due to the effects of both an increased oxygen content in the liquid steel
and a formation of a Ti(N,C,O) phase at the interface. For the Al2O3 and MgO
cases, the formation of a FeAl2O4 and a MgO-FeO reaction layer at the interface,
respectively, lead to a contact angle decrease. In the case of the Ti2O3/pure
Fe case, the reaction at the interface cannot be identified. For the Ti2O3/steel
case, the formation of an Al2TiO5 reaction layer is the main reason for a steep
decrease of the contact angle. In the TiO2 case, the melting region appears at
the temperature below the melting point of pure iron. This is due to the strong
formation of a solid solution TiOx-FeO. The main source of the oxygen for the
solid solution formationis due to a TiO2 substrate decomposition and a low
partial pressure of oxygen in the chamber.

Regarding to the non-metallic particle additions (TiO2 and TiN) into the
molten steel, the steel composition should be controlled to have a small Al
content (<0.005mass%) and a high Ti content (>0.035mass%), so as togeta
high number of Ti-rich oxide inclusions with a small size. This conclusionis
supported from the view point of the van der Waals force, liquid-capillary force
and wettability.

Regarding the Ti/Al complex deoxidation in the melt, the “mainly occupied
clustered inclusions” with spherical shape is due to a TiOx-FeO liquid inclusion
precipitation after an addition of Ti as a pre-deoxidizer. The much lower cluster
number in the Ti/Al case than that in the Al case is mainly due to a coagulation
of single TiOx-FeO liquid inclusions. Also, the cluster formation in a complex
Ti/Al deoxidation is started after an Al addition rather than after a Ti addition.

Regarding the Al2O3 cluster formation in deoxidation, the cavity bridge
forceis larger than the van der Waals force. However, the difference between
them is smaller than 7 times. In the reoxidation process, the influence of the
cavity bridge force due to the wettability decreased, and became similar to that
of the liquid-capillary force.
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