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Generation of Fine Bubbles, Metal Droplets, and Slag Droplets in Reactors Agitated by Bottom Gas Injection

Manabu IgucH1

Synopsis : Various types of gas injection operations are utilized in the steelmaking industry for bath mixing and, hence, for refining of molten metals.

Generation of fine bubbles, metal droplets, and slag droplets are accompanied by bubble rise in the reactor covered with molten slag. Such

bubble and droplet generation is not always beneficial for enhancement of the refining efficiency. In this review article the mechanisms of the

bubble and droplet generation in a bath subjected to bottom gas injection through a single-hole nozzle are explained using many examples.
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Fig. 1. Swirl motion of a bottom blown bath. (Liquid: water,
gas: air, vessel diameter D: 200 mm, bath depth H;: 100
mm, gas flow rate O,: 100 cm?/s, inner nozzle diameter
d,;: 2.0 mm)
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Fig. 2. Two types of swirl motions appearing in a bath agitated
by bottom gas injection.
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Fig. 3. Bottom blown bath without slag layer.
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Fig. 4. Bottom blown bath with a thick slag layer*”.
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Fig. 5. Bottom blown bath with a thin slag layer.
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Fig. 6. Relationship between contact angle, 6, and wettability.
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Fig. 7. Jetting caused by bottom gas injection. (Ozawa et al.'?)
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vessel diameter D: 200 mm, bath depth A : 300 mm,
inner nozzle diameter d,;: 1.0 mm, photographs were
taken at 2000 fps.)
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Fig. 14. Gaussian distribution of mean liquid flow velocity in
the radial direction.
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diameter)
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Fig. 16. Coalescence of two bubbles of the same volume.
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Fig. 17. Jet drops caused by coalescence of two different size
bubbles.
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Thin metal layer

Rising bubble

Metal filament
Slag layer

Metal layer
Fig. 18. Schematic of a flow field around a bubble rising in a

thick slag layer.
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Kinematic viscosity of silicone oil w’ 1¢St

Gas flow rate ¢ 10L/min

Fig. 19. Experimental apparatus for observing a bubble passing
through a water-oil interface*”.
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Fig. 20. Propagation of interfacial tension wave on a bubble
rising in silicone oil layer. (front view, d=8.31 mm,
V=v=1.00x10"° m?s, ©,,=0.0527 N/m, ¢, initiation

time of interfacial tension wave, Uemura et al.*)

t=1ty+0.00143 [s]

Fig. 21. Interfacial tension wave on a bubble rising in silicone
oil layer. (top view, dg=8.31 mm, v,=v=1.00x10"¢ m?/s,
6,=0.0527 N/m, ¢,: initiation time of interfacial tension

wave, Uemura et al.*V)
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Fig. 22. Magnified view of a bubble and fine water droplets
caused by interfacial tension wave, Uemura et al.*?.
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Fig. 23. A bubble passing through a water-silicone oil interface. (dz=8.31 mm, v,=v=1.00x10"° m?/s, 6,,=0.0527 N/m, Kochi et al.*")
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Fig. 24. Instability wave on a liquid column.
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Fig. 25. Film and jet drops generated by bubble rupture at bath
surface.
Film drop
PEELI K
Bubble
a b C d
F c4—Jet drop
e f g h

Fig. 26. Film and jet drops caused by bubble rupture at bath
surface. (Takahashi et al.>)
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