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Desiliconization and Decarburization of Molten Pig Iron by Injection of Weakly Oxidizing Gas

Toshihide TAKENAKA, Tatsuya AIHARA, Masahiro KawakAMI and Tomohiro Konma

Synopsis : Water vapor or carbon dioxide gas was injected into molten pig iron in order to oxidize silicon without oxidizing iron. When water vapor was

injected, decarburization was predominant at high temperature. The oxidation of silicon occurred at low temperature of 1473 K. When carbon

dioxide gas was injected, both of silicon oxidation and decarburization occurred simultaneously. But the former was predominant at lower

temperature, while the latter at higher temperature. At 1523 K, the silicon content was lowered at 0.16 mass %. The oxidation of iron was not

observed at all. The rate controlling step of silicon oxidation and decarburization are judged the mass transfer in the gas phase. With the in-

crease in gas injection rate, the reaction rates decreased, because of bubble integration. The slag addition decreased the reaction rates, be-

cause the reactions were blocked on the melt surface.
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1. Gas cylinder 10. Ribbon heater
2. Flow meter 11. Thermo couple
3. Pressure gauge 12. Electro slider
4. Control valve 13. Temperature regulator
5. SUS vessel 14. MgO lining
6. Electrical furnace 15. Molten steel
7. Water 16. Induction coil
8. T Thermo couple 17. Carbon ring
9. Temperature finder 18. Refractory brick
Fig. 1. Schematic diagram of experimental apparatus for

H,O injection.
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S. Control valve
6. Induction coil
7. Carbon ring
8. MgO linig

1.Gas cylinder
2.Flow meter
3.Pressure gauge
4 Needle valve

Fig. 2. Schematic diagram of experimental apparatus for
CO, injection.
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Table 1. Experimental condition for CO, injection.

exp. No. | temp.(K) gas( lj]rz\i):l,r)ate
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2 1623

3 1573

4 10
5*

6

7

3 1523 s
9 20
10 25
11 30
12 1473 15
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Fig. 3. Change in impurity contents with time; H,O injec-

tion, 1473K, with and without slag addition.
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Fig. 4. Change in silicon content with time; H,O injection,
at different temperature.
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Change in impurity contents with time; CO, injec-
tion, 1523K, 20 L(STP)/min.
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Fig. 6. Change in silicon content with time at different

temperature; CO, injection.
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Fig. 7. Change in carbon content with time at different
temperature; CO, injection.
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Fig. 8. Change in standard free energy of reactions for
H,O and CO, injection.
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Table 2. Co-relation factor for linear and logarithmic plot
of silicon content with time for desiliconization

by CO,.
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exp. No. |[%Si]o-[%Si]] e
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Table 3. List of desiliconization rate and decarburization
rate for CO, injection.

exp. No. | rg;(%/min) | ro(%/min)
1 1.64x10° | 1.92x107
2 6.07<10™ | 7.01x10°
3 1.54x10° | 7.46x107
4 1.86x10° | 8.21x107
5 2.68x10° | 1.71x107
6 3.51x10° | 1.14x102
7 1.01x107 | 7.54x107°
3 1.51x10° | 4.11x10°
9 1.32x107° | 5.86x107
10 2.11x10° | 1.42x107°
11 1.18x10° | 1.62x107
12 1.04x10° | 4.64x10™

HWr L7z, $abb, ZORIBOEEEREIL T 2 HIYER
LML 72, FEESDO— AL, REEH X EBESHIZKRED
T THRRIKIG & 1T > 72 KER T, ZORIGOHREEREE A 2
i ES L e L 722, 2O/ IZYFDOL < DIFREIC
L0, FFEFINLZO, F BEHEPICEET 2 ERIK X
U7 HEERIC W T, HRERR T 7 2 il E R B sk
Thd LU, S. Sano & Y. Matsusita IZ{EHA R 3
BHEHOWTFR-SiATDKE A A2 Kk 58ILEiTV, SO
R NI A MBS E R E A RSR L T 5, H
Ono-Nakazato 513, /MNEETIE & 553, IXSEHIZIREE N X
ERXADEREIT, FTOTF — R 2B ERE &
RAELERIEORAERE LR 2T > T34, 72
72U, 637 AUmERESEGRO TEMIZ DOV TIERET

LT,

Fig. 6 ORI IR/ _FEIZK DG WL DTH 5,
COHEAADMEE X O RISHEE rg [%/min] 2 KD 7=, T OFE
% Table 312/R T, £/, ERFEETOESHROBLR G
OEBERE, 7 2AWERSEEEEZEL 6N T3,
TS T, BURRID % 7 2 RIPrEFe B & RE L &
KEBEOREZEGABRORBEAOMEE & D KIBHRE r
[%/min] & KD 7z, F DR L Table 312757,

4-3 BEOEE
Fig. 912, BHGEE r DIREICK 2 2LERT. Wih



I 488

$% &4 Tetsu-to-Hagané Vol. 94 (2008) No. 11

@ flow rate 10/min O flow rate 15/min

0.004 , : , :
0.003- B
=) ]
£ L
2 0.002- 1
E: - ° ¢
0.001+ .
0 t 1
1500 1600 1700
Temperature [K]
Fig. 9. Change in reaction rate of desiliconization rg; with

temperature for CO, injection.
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Fig. 10. Change in reaction rate of decarburization r. with
temperature for CO, injection.
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Table 4. List of equilibrium partial pressure of CO, for de-
siliconization and decarburization.

temp.(K) [ Pg;(atm) Pc(atm)
1673 | 1.19x10° | 5.27x10°
1623 | 8.87x10*| 1.03x10*
1573 | 6.52x10" | 1.83x10*
1523 | 4.69x10* | 2.19x10*
1473 | 3.29x10" | 4.57x10™

® P, O Py A P
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i
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1
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Fig. 11. Change in equilibrium partial pressure of CO, for
desiliconization and decarburization Pg, P. and
CO, at the boundary with temperature.
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Fig. 12. Schematic diagram of double boundary layer
model.

Table 5. P, at the boundary of double boundary
layer model.

exp No. | temp.(K) P&, (atm)
1 1673 1.21x10°
2 1623 9.04x10™
3 1573 6.74x10™
6 1523 4.83x10™

dI%C] 100X 12(Ayk,, +A k)
= - P e 25
R PVRT (Feo, = Fe) @)
FZT, MKEEEDHE &L, XA2KkE 5,
s _ 14M .......................................... (26)
s 3 (Pcoz Fo)
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Fig. 13. Change in desiliconization rate with gas injection
rate for CO, injection.

0.004
0.006-
g I
£
3 0.004f
; i
0.002-
1 1
90 20 30
Flow rate [I/min]
Fig. 14. Change in decarburization rate with gas injection

rate for CO, injection.
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Fig. 15. Effect of slag addition on reaction rates for CO,
injection.
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Table 6. Gas yield for desiliconization and decarburization
and total gas yield.

exp. No. | ng(%) ne(%) | total(%)
1 5.76 53.7 59.5
2 1.46 19.6 21.1
3 3.7 20.9 24.6
4 4.47 23 27.5
5 6.43 4.8 11.2
6 8.8 31.9 40.3
7 2.4 21.1 23.5
8 2.4 7.7 10.1
9 1.58 8.2 9.8
10 2.02 1.6 3.6
11 0.94 1.5 2.4
12 1.66 0.9 2.5
Ri3Aohmro7-,

4-7 REEHZXDOFAE

WEAFZ N TRERA 20D S BREEE, BURIZEbh -84
EIZNZH, ng(%), nc(%) & 3hul, Thoi3xATh
Abhb,

L 2X224r W 16rgW

P 27
- 224 W - LT (28)

Ne= 120 0
22T, wg\ASER, Q[LSTPY/min]id # 2HETH
5, HERERE Table 6 1R, H ARHEL, FRHETIE

HiTHBOIIRHL, BRTIE, $20~55% & E» -7,
=2 LORHEREIL, H ZAFE 10 L(STPYmin TiZ 20~60%
Thorn, HARBL KT LA, &, No. 50OFE
BRI 27 22k, ERTORIEMSE W01
FIRRENNE o2 eEZ N5, &k, 473K TlE, B
REDBEESBLR L 20, BEOF)HZEIL 1.66% &/ &
Nz,

5. &
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