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Mechanism of Inclusion Deposition on Immersion Nozzle in Continuous Casting and
the Role of Generated Inclusion by Reaction between Refractory
and Molten Steel

Ryoji TsunNo, Kusuhiro MUKAL, Wataru Y AMADA, Masafumi ZeZE and Shozo MizOGUCH!

Synepsis : The mechanism of alumina buildup on immersion nozzles in continuous casting was studied by considering both inclusions suspended in the

molten steel such as deoxidation products (suspended inclusions) and inclusions generated by chemical reaction in refractory and molten

steel (reacted inclusions).

(1) Two kinds of generation mechanism of reacted inclusions dre considered as follows.

a) alumina generated by the reaction at the interface between refractory and molten steel (interfacial reacted inclusions).

b) alumina generated by nucleation when [AI]*[O]’ exceeds critical supersaturation degree in the concentration film layer near the

interface between the refractory and molten steel (nucleation reacted inclusions).

(2) The deposition rate of reacted inclusions is evaluated to be smaller than that of suspended inclusions. Therefore, inclusions deposit-

ed on the immersion nozzles may mainly originate from suspended inclusions.

(3) At the early stage of alumina buildup, the network alumina is formed by deposition of interfacial reacted inclusions, nucleation re-

acted inclusions and suspended inclusions. Inclusions in the concentration film layer nucleation reacted inclusions and suspended inclusions

are forced to move to the refractory due to the interfacial tension gradient formed by the concentration gradient of silicon etc.

When the reaction in the refractory proceeds and oxygen feeding rate decreases, mainly suspended inclusions are deposited on the network

alumina because the generation rate of reacted inclusions decreases.

Key words : immersion nozzle; nozzle clogging; alumina-graphite; high alumina; continuous casting.
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Table 1. Chemical compositions of molten steel. (mass%)

C Si sol.Al | sol.O
0.005 | 0.009 | 0.105 [0.00009

Table 2. Chemical compositions of refractory. (mass%)

ALO,sio, | ¢ | sic

49 |24 |21 | 6
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Fig. 1. The outer position of reacted zone inside the re-

fractory.
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Fig. 2. Concentration profile of gas species in the reacted
zone in the refractory.
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Fig. 3. Calculated concentration of Al in the boundary

layer. (F,=2%10"°mol/cm?*- sec)
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Fig. 4. Calculated concentration of O in the boundary
layer. (F,=2%10"®mol/cm? - sec)
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Fig. 5. Supersaturation of Al and O in the boundary layer.
(Fo=2X10"®mol/cm’ - sec)
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