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The Effect of Stirring Energy and the Rate of Oxygen Supply
on the Rate of Hot Metal Dephosphorization

Susumu Mukawa and Yoshimasa Mizukami

Synopsis : Study was made on the desiliconization and dephosphorization reaction kinetics at various size equipments. Coupled
reaction model was employed to analyse the rate determining step of desiliconization and dephosphorization reaction.

By model calculations, the rate determining step of desiliconization reaction is the mass transfer process in the hot
metal and mass transfer both in hot metal and slag for dephosphorization reaction. The mass transfer coefficient in hot
metal ky, proportionally increased with 0.7 power of parameter &/dc?, independently on the equipment size, where, &,
d. is the stirring energy of hot metal and the diameter of vessel, respectively.

Apparent rate constant of dephosphorization kp’=In ([%P]:/ [%P] () /t; increased from 0.10min™" to 0.33min"",
when stirring energy &’ and the rate of oxygen supply Vo, was increased under the optimum relationship between &’
and Vo, which is predicted by the model calculations, where [%P], and [9%P]; is initial and final phosphorus content
and t;, refining time. This optimum relationship was expressed as the empirical equation, &’=1.51 Vo,2+3.31Vo, under

the condition of this study.

Key words : hot metal pretreatment ; dephosphorization of hot metal ; desiliconization of hot metal ; coupled reaction model ; reaction
kinetics ; rate of dephosphorization ; mass transfer coefficient ; rate determining step.
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Table 1. Initial composition of hot metal for
laboratory scale experiments(mass %).
Scale C Si Mn P S
4.5 0.0 0.10 0.10 0.04
0.5keg 4.5 0.3 0.10 0.10 0.04
4.5 0.3 0.10 0.10 0.02
170kg 45 0.8 0.10 0.10 0.02

Table 2. Composition and wight of fluxes used at
laboratory scale experiments.

Scale Aimed Flux composition(mass%) Total Aimed Run
SCAe (0/6i1 7 CaD Si0, Fe,0, CaF, amountlky) basicity No.
05k 00 27.0 13.5 48.5 11.0 0.0438 1.93 11
Ok g3 995 3.2 72.2 4.1 0.0487 1.76 1-2
ok 08 170 — 762 6.8 10.0 0.6 2-123

g€ 03 25 — 786 0.9 107 2.0 24
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Table 3. Experimental condition of 0.5kg scale

experiments.
Temperature 1350°C
Weight of hot metal 0.50kg
Atmosphere . Ar
Crucible Mg0,0.040mde
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Fig. 1. Experimental apparatus for 170kg scale
experiments.

Table 4. Experimental condition of 170kg scale

experiments.
Temperature 1350°C
Weight of hot metal 170g
Injection gas Ar
Gas flow rate 0.83~5.0X10"*Nm?/s
Crucible Mg0O,0.33mé¢
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Fig. 2. Schematic view of the reactor for 110t scale

experiments.

Table 5. Experimental condition of 110t scale experi-

ments.
Temperature 1275°C~1350°C
Weight of hot metal 110X10%kg

Injection gas
Injection powder

Top blow lance
Oxygen flow rate

N,,0.11Nm?/s
CaC0;0.35~2.87kg/s
or CaO 1.01~1.65kg/s

8 hole type
1.11~4.72Nm?3/s
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Fig. 3. Behavior of elements of hot metal. Solid

lines indicate the calculated result (0.5kg
scale experiment).
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Fig. 4. Behavior of elements of hot metal. Solid
lines indicate the calculated result (170kg
scale experiment).
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Fig. 8. Influence of stirring energy on mass transfer
coefficient in hot metal.
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