$% & $A Vol. 86 (2000) No. 4

HAEWZXAFESEVWVASITBRICEITS
XRIVEDFR—=IVKT v
[=1=)

Metal Droplet Holdup in the Thick Slag Layer Subjected to Bottom Gas Injection

Shin TAKASHIMA and Manabu IGUCHI

ARE S 5

Synopsis : Model experiments were carried out to investigate the bubble and liquid flow characteristics in a bottom blowing bath covered with a thick

slag layer typical of in-bath smelting reduction processes. An aqueous ZnCl, solution and silicone oil were used as the models for molten
metal and molten slag, respectively. The density ratio of the solution to the silicone oil was 1.7, being close to a steel/slag density ratio of 2.0
to 2.2 in practice. The diameter of a vessel containing the two liquids was changed over a wide range. The holdup of the solution carried up
by bubbles into the upper silicone oil layer was measured with a suction tube. The volume of the solution, V,,, was dependent mainly on the

density difference. Empirical correlations of ¥, and the penetration height of the solution were derived.
Key words : steelmaking; inbath smelting reduction; metal holdup; suction tube; electroresistivity probe; metal plume.
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Fig. 1. Experimental apparatus.
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Table 1. Physical properties of liquids at 293 K.

Liquid Density | Kinematic Viscosity
viscosity

(ke/n’) (a%/s) (nPa-s)
Silicone oil A 818 1.0x10°® 0.82
Silicone oil B 915 5.0%x10°° 4.6
Silicone oil C 943 10.0%x 108 9.4
Aqueous ZnCl, solution 1670 5.0%107° 8.4
¥ater 997 0.857x10°¢ 0.854

Table 2. Experimental conditions.

Vessel Thickness of | Thickness of | Gas flow rate
diameter | metal layer slag layer

(x107%m) [ (x107%m) (x107%m) (x10%a%s)

Vessel A 20 6, 9, 6, 9, 41.4, 50,

12.5, 16 12.5, 16 60, 80
Vessel B 12.25 12.5 12.5 10, 20, 25,
30, 35, 41.4
Vessel C 7.5 12.5 12.5 10, 15, 20
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Fig. 2. Metal behavior caused by bubbles through a sili-
cone 0il/ZnCl, solution interface; (1) Lower gas
flow rate.
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Fig. 3. Metal behavior caused by bubbles through a sili-
cone 0il/ZnCl, solution interface; (2) Higher gas
flow rate.
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Fig. 4. Radial distributions of total ZnCl, solution holdup
in the silicone oil layer. (D=12.25%10"2m, Q=
25X107%m’/s, H,=H,=12.5X10"*m)
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Fig. 5. Accumulated ZnCl, solution holdup in the silicone
oil layer. (D=12.25X10"2m, Q=25X10"%m’s,
H,=H=12.5X10"?m)
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Fig. 6. Contour lines for total ZnCl, solution holdup in the
silicone oil layer. (D=12.25%10"2m, Q=25X
10~%m’s, H =H =12.5X10"%m)
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Fig. 8. Schematic of assumption (2) for ZnCl, solution
plume and ZnCl, solution accumulation.
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Fig. 9. Radial distributions of ZnCl, solution holdup in the
silicone QOil layer (1). (D=12.25X10"2m, 0=25X%
107m’/s, H,=H,=12.5X10"2m)

(7)) #HOVTER LD IBCBEKBERDO K -NLFT v TR
HL,

Fig. 9 IZ Fig. 4 D' 6K (6) #HWTEHELE LD
BALH S KIBIED AD A —IL F 7 v Fe, Fig. 10 IZFIEIC
R(HICKDEHLZednT, BMXICkWTelde LIH
RFEFRFEIIT UIRITERI AL B> T BT & 0Hh
5,



100
O 2=23%10"%m
90 r ® 2= 33x107m
80 } A z=48%107m

2
r % 10% (m)

10. Radial distributions of ZnCl, solution holdup in
the silicone oil layer (2). (D=12.25X10"2m, Q=
25X107°m’%/s, H,=H,=12.5X10"?m)
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Fig. 11. Contour lines for ZnCl, solution holdup in the sil-
icone oil layer (1). (D=12.25X10"*m, Q=25X
10~ °m’/s, H,=H,=12.5X10"*m)
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Fig. 12. Contour lines for ZnCl, solution holdup in the sil-
icone oil layer (2). (D=12.25%1072m, 0=25X
10~°m%/s, H,=H,=12.5X10"?m)
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Fig. 13. Calculation method of ZnCl, solution volume V_,
lifted up into the silicone oil layer. (D=12.25X
1072m, 0=25X10"°m%s, H,=H,=12.5X1072
m)
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Fig. 14. Relation between measured and calculated values
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Fig. 18. Histogram of diameters of ZnCl, solution
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Fig. 19. Relation between mean diameter of ZnCl, solu-
tion droplets and gas flow rate (1).
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Fig. 20. Relation between mean diameter of ZnCl, solu-
tion droplets and gas flow rate (2).
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