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Effect of Wettability of Immersion Nozzle on Mold Powder Entrapment
around Immersion Nozzle in Continuous Casting Mold

Jin YOSHIDA, Manabu IGUCHI and Shin-ichiro YOKOYA

Synopsis : Mold powder entrapment in a continuous casting mold is harmful for producing clean steel. As the immersion nozzle is poorly wetted by

molten steel in the real processes, the effect of the surface wettability of the nozzle on the descent of mold powder due to pressure difference

along the nozzle was investigated in this model study. Concerning a poorly wetted immersion nozzle, mold powder descended most deeply

on the surface of the nozzle, while for a highly wetted immersion nozzle the deepest mold powder-molten steel interface appeared at a posi-

tion away from the nozzle. The poorly wetted immersion nozzle promoted the descent of mold powder significantly compared with the highly

wetted immersion nozzle. Accordingly, the mold powder would be more entrapped at the ports of the poorly wetted nozzle. An empirical

equation was proposed for the descent of the mold powder.

Key words: continuous casting; slab caster; mold powder entrapment; immersion nozzle; particle imaging velocimetry; water model; wettability.
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Fig. 1. Schematic illustration of mold powder entrapment.
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Fig. 2. Movement of mold powder due to change in wetta-
bility on the surface of immersion nozzle.
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Fig. 3. Schematic illustration of experimental apparatus.
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Table 1. Physical properties of liquids (298K).

Kinematic X Interfacial
. . Density .
_— viscosity tension
Liquid
Vi,V P1:P2 O12
(mm?/s,cSt)| (kg/m?) | (mN/m)
Salt water 1.0 1013
Silicone oil 2 2.0 873 52.7
Silicone oil 10 10 935 52.7
Silicone oil 50 50 960 52.7
Silicone oil 100 100 965 53.0
Rotation

Circular cylinder

Silicone oil ——»

P1%1

«— Salt water

Fig. 4. Symbols used in this study.
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Fig. 5. Configuration of interface around circular cylinder
before inclination of vessel [Silicone oil 100,
D=0.03m].

Table 2. Contact angle between circular cylinder coated
with repellent and salt water/silicone oil interface.

0 c
Silicone oil 2 143°
Silicone oil 10 | 144°
Silicone oil 50 | 143°
Silicone oil 100 | 140°
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(b) Poorly wetted cylinder

Fig. 6. Deformation of interface around circular cylinder
[Silicone oil 100, D=0.03m, H,=0.1m, £2,=3.8
deg./s, 6=20deg.].
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Fig. 7. Maximum descending distance of interface H,,
[Silicone oil 2].
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Fig. 8. Comparison between H,, and ,, [Silicone oil 2].
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poorly wetted cylinder, H,, .
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Fig. 11. Application of H, , to real process.
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Fig. 12. Descent of mold powder along surface of immer-
sion nozzle with wettability difference.
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