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Analysis of Dephosphorization Reaction Using a Simulation Model of Hot Metal Dephosphorization by Multiphase Slag

Shin-ya KITAMURA, Ken-ichiro MiYAMOTO, Hiroyuki SHIBATA, Nobuhiro MARUOKA and Michitaka MATSUO

Synopsis

: In most cases, the slag used in hot metal dephosphorization is saturated with dicalcium silicate, and the partition ratio of phosphorus between

dicalcium silicate and liquid slag is high. These results indicate the important role of solid dicalcium silicate in dephosphorization. In order

to understand reaction kinetics and obtain an optimum treatment method, it is very important to know the influence of the solid phases in the

slag. In this study, a new reaction model for hot metal dephosphorization is applied to the experimental results; this model considers the ef-

fects of dicalcium silicate and the dissolution rate of lime. By the calculation results, the influence of various factors on the reaction efficien-

cy is discussed.

The calculated results are in almost good agreement with the experimental results obtained by various slag compositions and by various

methods of flux and oxide additions to hot metal. By the calculation, in order to perform the dephosphorization reaction efficiently, we clarify

the existence of the optimum basicity that considers the precipitation behavior of the solid phase in slag. Also, the optimum condition be-

tween the stirring energy and the supplying rate of flux and oxide was found.

Key words : hot metal treatment; slag; dephosphorization; reaction kinetics.
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Table 1. Experimental conditions.

Hot metal composition Unit consumption of flux | Diameter Method of Addition”
before experiment, mass% and FeO, kg/t of lime, Desiliconization | Dephosphorization
Run | _C Si P | Lime | 810, | Fe0 | "0 Flux | FeO | Flux | FeO
1 4.38 0.01 0.116 12.71 7.57 50.71 <0.75 — — C(40) C(40)
2 4.38 0.01 0.112 7.57 12.71 50.71 <0.75 - — B C(40)
3 436 | 032 | 0117 | 1271 0 69.43 | <0.75 — ca4) B C(40)
4 4.46 0.37 0.128 12.71 69.43 1-3 — C(7) C(20) C(20)
5 445 | 037 | 0107 | 1271 0 69.43 | 161 - cn | ceo | ceo

&

; avrage diameter

*% ;. B means that all flux is added before FeO addition. C(n) means that flux or FeO is added continuiously for n times

at intervals of 1 min.
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Table 2. Parameters for the calculation.

W |Volume of bath m’ 0.01

A% |Geometrical Surface area of bath m> 0.05
qArO Ar gas flow rate for stirring Nm3/s 33X 10’4
kmo Mass transfer coefficient in metal m/s 5.6x10*

ks0 Mass transfer coefficient in slag m/s 3.3X107
Gcoo Rate constant of CO gas generation mo]/(mzﬂs) 40x107°

D Diffusion coefficient in slag m/s %107

U  |Relative velocity between slag and flux m/s 0.5

n° |Viscosity of slag Pa/s 0.17
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Fig. 1. Comparison of the calculation result with the experimental result for run-1.

Fig. 2. Comparison of the calculation result with the experimental result for run-2.
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Fig. 4. Influence of the stirring by CO gas and slag volume

on the calculation result for run-1.
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Table 3. Calculation conditions.

. . Stirring Condition
Unit consumption of o - . Method of
Ca0/Si0,
flux and FeO, kg/t Zfﬂulx 2 Ar flow rate, o Rate of addition, kg/min/t Addition**
. m > /S
Case Flux FeO Nlmin/t Flux FeO Flux FeO
a 2028 | 5071 | 0.8-2.1 25 0.0559 0.508 1.268 C(40) | C(40)
b 20.28 50.71 1.56 25 0.0559 | 2.028-0.338 | 5.071-0.845 | C(10-60)| C(10-60)
c 20.28 101.43 1.56 25 0.0559 | 2.028-0.338 | 5.071-0.845 | C(10-60)| C(10-60)
d 20.28 50.71 1.56 50 0.079 | 2.028-0.338 [ 5.071-0.845 | C(10-60)| C(10-60)
** ; C(n) means that flux or FeO is added continuiously for n times at intervals of 1 min.
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Fig. 8. Change in dephosphorization rate, and phosphorus

recovery rate with slag basicity.
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Fig. 9. Change in solid fraction of slag (fs), and oxygen
activity at interface (aor) with slag basicity.
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Fig. 10. Influence of flux addition rate, oxygen supplying
rate and stirring energy on dephosphorization
ratio.
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