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The Rate of Oxidation of Phosphorus and Silicon in
Liquid Iron by Molten Slags
Sadao Do1, Katsumi MORI, Yasuji KAWAI and Akira KoNDO
Synopsis :

The rates of oxidation of phosphorus and silicon in liquid iron by steelmaking—type slags were examined at
temperatures from 1 540 to 1 670°C in an induction furnace. The results obtained were analyzed on the
basis of a coupled reaction model.

The results showed that the silicon in the iron was rapidly oxidized after the slag addition, and the content
of silicon decreased below 0.01%, within one minute. A part of phosphorus was oxidized together with
the oxidation of silicon. Thereafter, the dephosphorization of liquid iron occurred gradually.

The kinetic analysis showed that the value of apparent mass transfer coefficient in the slag, &;p5,, was cal-
culated to be 0.0027 to 0.0061 g/cm?s when the value in the liquid iron, & ,p ,was given as 0.36 to 0.47
g/cm?. When the values of overall mass transfer coefficients, Kp and Kg;, were calculated from the above
data by the equations (5) and (7), respectively, it was found that the silicon transfer was controlled mainly
by the diffusion step in the metal, while the transport in the slag played an important role for the phos-

phorus transfer,
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Table 1. Composition of initial slags (wt%;).

Slag FeO Fe;03 CaO Si0, MgO
A 37.5 8.1 32.1 16, 6 6.0
B 28.5 1.7 33.6 19. 4 6.8
C 35.6 7.2 31.4 17.9 7.5
D 33.7 6. 4 30. 8 19.2 9.1
E 33.9 6. 6 24,7 26. 4 85
F 31.8 5.7 24.7 28.5 10. 6
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Table 2. Composition of initial and final metals and final slags.
P (%) Si(%) O (ppm) Final slag (%)
Run No. Temp. (°C)

Initial Final Initial Final Initial Final T. Fe Ca0O SiO, MgO P30
Al 1570 _ — 0.502 0. 002 21 1004 2.5 34.6 26.3 9.4 —
A-2 1630 — — 0. 589 0. 003 32 1235 22.6 32.0 28.0 10. 7 —
A-3 1670 — — 0. 527 0. 004 30 1300 21.6 33.2 27.6 9.0 —
A4 1590 0. 348 0. 090 0. 651 0. 003 49 728 12.3 37.6 29.1 1.7 4. 98
A-5 1630 0. 369 0. 076 0. 608 0. 004 34 881 13.7 34.5 28.1 10.6 4.53
A-6 1670 0. 353 0. 101 0. 655 0. 004 59 889 16.3 34.9 29.2 1.0 4. 46
B-11 1590 — — 0. 529 0. 002 15 1054 19.8 32.1 28.9 9.8 —
B-12 1 600 — — 0. 536 0. 002 12 1027 16.6 36. 4 29.1 10.6
B-14 1610 0. 356 0. 137 0. 565 0. 003 152 748 9.3 39.0 31 12.0 5.78
C-15 1 540 0. 366 0. 089 0. 606 0. 003 39 660 * 1.3 38.6 30.3 10.9 5.29
C-16 1 550 0.372 0. 097 0. 582 0.003 6 654 9.9 38.8 31.2 1.5 5. 20
D-13 1 600 — — 0. 477 0. 003 4 1011 16.7 34.7 30.3 12.8 —
D-7 1580 0. 354 0. 121 0. 620 0. 002 18 581 9.9 36. 6 3.7 13.8 5.25
D-8 1610 0. 376 0. 147 0. 633 0. 004 13 681 1.0 36. 4 31.9 14.6 6. 64
D-9 1630 0. 358 0. 120 0. 554 0. 003 94 623 9.5 36.3 32.3 15.1 2.96
D-10 1670 0. 358 0.150 0. 583 0. 002 50 842 9.8 36.1 3.1 14. 4 6.23
E-18 1540 Q. 348 0. 238 0.573 0. 004 78 646 11.6 26.5 35.0 19.1 3.92
E-19 1 580 0. 365 0. 259 0. 577 0. 005 49 580 10. 7 26. 8 36. 1 19.7 4. 30
F-20 1540 0. 358 0. 260 0. 590 0. 005 5 474 10. 4 25.7 39.0 17.7 3.83
F-21 1 550 0. 373 0. 290 0. 566 0. 006 26 485 11.2 25.8 38. 4 17. 8 3.77
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Fig. 1. Change of the composition of iron

and slag with time.
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Fig. 2. Effect of temperature on the oxidation of
silicon in the liquid iron-silicon alloy by slag A.
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Fig. 3. Effect of temperature on the oxidation of
phosphorus and silicon in the liquid iron-phos-
phorus-silicon alloys by slag D.
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Fig. 4. Effect of slag basicity on the dephosphor-
ization of liquid iron at 1540-1550°C.
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Table 3. Calculated values of parameters in
the rate equations.

kmpm ksp;s X 103
Run No. | (fmbm, ke XU00 | aj10¢ B/10s Lo
A-1 0.38 2.7 — 4. 86 280
A2 0.43 4.4 — 3.09 240
A-3 0.47 6.1 — 2.12 220
A4 0. 40 2.7 2.04 9.08 195
A5 0. 43 4.4 0. 85 5.20 200
A-6 0. 47 6.1 0. 85 4.55 155
B-11 0. 40 4.4 — 5.27 240
B-12 0.40 1.0 — 6.74 230
B-14 0. 41 2.7 1.00 8.55 220
C-15 0. 36 2.7 3.39 10. 4 200
C-16 0. 36 2.7 2.63 9.54 220
D-13 0. 40 2.7 — 4. 42 240
D-7 0.38 4.4 3.16 21.0 175
D-8 0. 41 4.4 1.38 10. 3 150
D-9 0. 43 4.4 1. 15 10.0 210
D-10 0.47 6.1 0.50 9. 63 160
E-18 0. 36 2.7 0. 48 9. 60 300
E-19 0.38 2.7 0.79 10. 7 320
F-20 0. 36 2.7 1.15 16.9 380
F-21 0. 36 2.7 1.05 19.0 380
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Table 4. Mass transfer coefficients in liquid iron
and in FeO-CaO-Si0O, slags.
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Fig. 5. Comparison of the value of Afk¢o esti-
mated from the equation (15) with the value
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Fig. 7. Comparison of the value of . L5 estimat-

ed from the equation (18) with the value of Lg"
shown in Table 3. ’ ‘
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Experiment | Temp (°C) | kmx10% (cm/s) ks x103(cm/s) | Ref
Present work | 1540-1 670 5, 1-6. 7* 0. 9-2. 0%

- o ¥
Dthosphor 1 570-1 680 0.5-4. 3 1
1zation 1570-1 650 — 0.04-0. 70 3
Dissolution
of oxygen 1600 1.9-2.1 0.24-3.1 11
Transfer of
manganese 1600 1. 86 0.43-3. 4 8
leidation of
aluminum 0.6-1.5 —
silicon 1600 1.3-2.0 — 16
manganese 0. 2-0. 24

* Induction furnace
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Fig. 9. The variations of silicon and phosphorus
contents in the iron and oxygen content at the
interface in the early stage. The solid and dotted
lines were calculated by the equations of (4), (6)
and (8) using the data of run A-4.
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3) 235 Z¥%I 1l min Bligc o T, RBFRIGET v
BAL, kmom=0.36~0.47 g/cm?-s & L1358, ks
0s=0.0027~0.0061 g/cm2 s DEAE BT,

4) R@mRofEID (D), (T)RT P, Si OBRIEHH
BEHAK, Ke B IO Kot R ELER, Si OB
BEE 2 2 VBROBERET, POBENIAT 7BA
DBEITHE IS bR,

5) 25 ZEMEEC IBREAOENC XD, RICH
o WBEBHEERICEEE 1min DHEOBHE DER
10 2 EThD T ERHEE IR,

Kb, AFROBITEHICY, BRRYE R\
kBB E bR RO BEERLET.

Pipic R
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