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Investigation of Dephosphorization Reaction by Injecting Lime-
based Fluxes and Iron Oxides into Hot Metal in Torpedo Ladle

Kiyokazu SASAKI, Hiroyuki NAKASHIMA, Haruhiko OKUMURA, Yozo YAMADA,
Hiroki GOTO, Morihiro SUMIDA, and Ryeji TsujiNo

Synopsis :

Dephosphorization by injecting lime-based fluxes and iron oxides into hot metal has been investigated
extensively including water model test. The followings have been obtained through thermodynamic,
kinetic and fluid dynamic studies.

(1) The dephosphorization behavior can be divided consistently in terms of consumption of
dephosphorization reagent or oxygen supplied into three stages which are controlled by silicon content in
metal, basicity of slag and so forth. The three stages are characterized as stagnant stage, proceeding stage
and retarding stage in dephosphorization.

(2) The equation of dephosphorization reaction between molten iron and slag at temperatures of 1200
to 1400°C can be expressed by the conventional method available in LD process on the basis of
stoichiometric reaction equation.

(3) A dynamic model considering both transitory reaction and permanent reaction is proposed to
explain the dephosphorization behavior 1o quite a good agreement with experimental data based on mass-
balance during oxidizing process. This has made it clear that the three stages are controlled by rate-
determining factors such as basicity, silicon content, consumption of oxygen and phosphorus distribution

ratio between slag and metal.
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Table 1. Samples and main conditions chosen
for our experiments.
1. The range of chemical itions and es of molten iron
(Wt %) e
c Si Mn P S Temp.

4.6~4.9 | 0.10~0.35 | 0.20~0.30 | 0.075~0.160 | 0.020~0.050 | 1,305~1,395

N

. Experimental conditions

Heat size 290 t/torpedo
Injection lance Refractory coated lance
Carrier gas N (4~8 Nm?/min)
Flux Mill scale, CaQ, CaF, and CaCl,
(55%) (35%) {5%) (2~5%)
Flux size —1.0 mm
Flux injection rate 200~600 kg/min (0.5~2.5 kg/min* (t*p)}
Injection tima 20~120 min*
including sampling &
waiting time
4 ¢« 2 {repeated)
* Injection Patterns  Pattern A 5252 ) —» 30~45 min
Injecti Sampling &
time waiting time
20° 20 20° (repeated)
Pattern B } —» ~120 min
Injecti S ling &
time waiting time
20'~30°
Pattern §  femem—f 20~30 min

Injection time
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Fig. 1. Variation of [P] and [Si] with consump-
tion of dephosphorization reagent or supplied
oxygen (Starting point is set at [P]1=0.04%).
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Fig. 2. Variation of desiliconization rate d[Si]/
dW, and oxygen desiliconization efficiency 7sg;
with [Si]. (Wp: Consumption of dephosphoriza-
tion reagent)
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Fig. 3. Dependence of (a) desiliconization rate
d[Si]/dW, or d[Si]/dWy, (b) dephosphorization
rate d[P]/dW, or d[P]/dWq and [Si], (c) desul-
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® Cag(POg)(Cl, F)

25 30 35 40 45 50

(mol ratio)

CaO SiO, P;0s5 FeO F Cl

Ca:P:Si:F+QCl

Mineral

(1) 51.0 3.2 31.7 0.17 2.0 2.3

54:2.6:0.3:1 9Ca0-3P,05-Ca (Cl, F),

(2)57.6 184 126 0.37 2.2 2.3

56:1.0:1.7:1 (2Ca0:8i02)33Ca0 P05

(3) 62.4 27.3 6.2 0.23 0.5 2.1

13.4:1.0:5.5:1

(2Ca0-8i03)123Ca0-P,05

Photo. 1. EPMA images and analyses and X-ray powder diffraction line of dephosphorization

slags (first half of stage III).
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Fig. 6. Relationship between log ap.o and log
(@p,0,/ap?) at 1250°C and 1 300°C.
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Fig. 10. Schematic flow chart of simulation model.
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Fig. 1l. Comparison of estimated changes of phos-
phorus and silicon contents and slag basicity with
observed transitions.
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Fig. 12. Estimation of influence of silicon content
before dephosphorization, [Si] i, on dephosphoriza-
tion path.
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