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Evaluation of the Critical Gas Flow Rate Using Water Model for the Entrapment
of Slag into a Metal Bath Subject to Gas Injection

Manabu lIcucmi, Yutaka Sumba, Ryusuke Oxapa and Zen-ichiro MoriTa

Synopsis : Entrapment of slag into a metal bath at the slag-metal interface in a ladle or an iron bath of smelting reduction process
is of practical importance. Cold model experiments were performed to make clear the critical flow rate of injected gas
causing the entrapment of slag under bottom gas injection. Water and salt water were used as models of metal, while
liquid paraffin, three kinds of silicone oils with much different kinematic viscosity, and n-pentane as models of slag. Air
was injected through a centric bottom nozzle into the bath. Entrapment of slag was judged from visual observation.
An empirical correlation for the critical gas flow rate was derived as a function of density and kinematic viscosity of
slag and metal, interfacial tension between slag and metal, bath diameter, inner diameter of nozzle and bath depth. This
correlation could predict the critical gas flow rate for previous hot model experiments as well, provided that the flow
patterns in the baths were similar to the present case.
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Fig. 2. Main symbols used in the present study.

Table 1. Physical properties of slag models, critical
velocity Vmin and diameter of oil droplet,
dp, ¢, (Water was used as a metal model).

Vs Ps Oms Pm—Ps Vmin dp,c
(cSt) |(g/em®) |(mN/m)| (g/cm®)| (cm/s) | (cm)

Liquid paraffin 88 0.864 45.7 0.136 25.0 2.0
Silicone oil A 100 0.968 53.0 0.032 17.1 45
Silicone oil B 50 0.960 52.7 0.040 18.1 4.0
Silicone oil C 10 0.935 52.7 0.065 20.7 3.2
n-pentane 0.37 0.62 57.8 0.38 40.5 1.4
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Fig. 3. Flow pattern of slag-metal model system
during air injection.
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Fig. 4. Relation between critical air flow rate Qac
and slag depth H.
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