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Effect of Stirring and Slag Condition on Reoxidation on Molten Steel
Yoshihtko Hicucni, Yukari Taco, Koji Taxkarant and Shin Fukacawa

Synopsis : The kinetics of reoxidation mechanism with slag in Al killed steel were investigated in laboratory experiments at 1873K
in MgO crucibles with 10kg steel. The Ca0-Si0,-Al,0;-FeO-MnO slags were used to study the effect of (FeO+MnQO),
slag volume, W and stirring gas flow rate, Q on [sol.Al] reoxidation rate. Experimental results were evaluated by a
coupled reaction model.

Apparent rate constants of [sol.Al] ,as; increased with increase of (FeO+MnQO) and Ws.

Mass transfer coefficients in metal, slag and reaction rate coefficient for reduction of SiO, were estimated to be 2.5X
107 —6.0x10"%(m/s), 1.0X10"°—2.5%10"%(m/s) and 3.2X10%(kg/m? -+ s), respectively.

Mass transfer coefficients in metal, k, obtained by parameter fitting method under the various conditions of Q
showed k,ocU*s, where U is mean surface velocity calculated using two dimensional flow analysis. This relationship
was also obtained from turbulent flow model under the assumption that friction velocity has linearity with surface
velocity.

‘Calculated [sol.Al] in 250t ladle showed a good agreement with observed one during killing before casting. Calculated
results showed that [sol.Al] in the ladle rapidly decreased in the last period during casting because slag volume ratio
to molten steel increased during casting.

Key words : secondary steelmaking ; low carbon steel ; reoxidation ; kinetics ; mass transfer.

1. &S WhSh B, F 70, SEFHENE LGNS BRI LT

HHEN FASBRSRE LN T A2 S Z7BYMT A I LEFH

fekn 6 Alx v FRIR REORMBERERIK £ LT, BT 5 LR EYSIESEREE L BT R b ALY 3
T IFRIAEVIEBI LY, Al¥Fv MEREHMDOK VEPDH B,

FARAEDHIHNC REMOFH LY ER L L b, 2 OFRE 22T, ARTRERNE LR T 270V IEMYEEL

LR 5 P EAREE LY L ORCHERED S B 2 LT3 h L EMESFE O RET B AT BTHEL, K
T b, A7 7 HEREELY D RASHILHE D & $aA 2 b ' T v R THWEBIMRR Y € O EskM L OB% Y
U TESMP OREIET v 2 =7 4 (LLF, [sol.Al)) & gL PHG 22T 5 2 Eil & b, ERTCORMERBILEI2HE
Rit% 3 2 L, 2 DRIERDT H 5 ALO Y IESH T A FEERE LI
WELTaH T EELOLND, ZDEHMBERRILXE

COCTRUTO®mE» SN T 5, 2. EBRAxE

JRODIIRHD G ikishids & TOMET— 21T 5 EH
HEELE L 2 7 7 PRI OBIMR L BRI KD To 21 %O(FER

2, FEELYH IV L2 DIFERT, 2727 HFe0, FRIIHACI XA = UF2Figl LT, 2= Flk
MnOBSs & FHEELEE ORBIMR 2 FERIIZ KD T %, Sun Arl.01 X 10°Pafz S BREE L 2SR RN F v LY —TICILE
55913 2 5 7' HiFe0, MnO, ¥ & U8Si0, - & 2 EaiERE L LIZFRND 223 " EfESE L L, 745 213 (N1%0.175m)
PRIGET VL D EERMIIKRET LTV, LL, I ZEER, N A 01 (M1R0.125m) HEEE99 % DB E MgO %
O ILIAHTEEE L RIS T A 9 R OB E R IRE S L 12 BHHEIEHArE 2 DIZIEDR— 5 2RI (ALO, B
EETTRDILDTHY, HHFUEVRL A IIHE oL, ZOFREIIXL.T, 4.2, 8.3X10°Nm?/st L7z,
MT 22 Takv, LIa->T, #ikd 2 RO SRR 0 E N ORI B R CIE L 1873+ 10K LZ
HEYWRELL, FEHEFCRMTEEL FEPELT L sz,

ER9E10H 8 BT FK 9 F£12H 221 %P (Received on Oct. 8, 1997 ; Accepted on Dec. 22, 1997)
% FEREBITER) BABMIFZAT (Corporate Research & Development Laboratories, Sumitomo Metal Industries, Ltd., 16-1 Oaza-Sunayama
Hasakimachi Kashima-gun Ibaraki-ken 314-0255)

13




. 334

#% & §RVol. 84(1998)No. 5

....... t}--- MgO crucible
— ..

Heater -.--}{-o

----- <= Carbon crucible

Slag ---4
L)

Molten °
steel

‘+-- Porous brick

—
|
lL—Bottom stirring Ar

Fig. 1. Schematic diagram of experimental equip-
ment.

Table 1. Composition of molten steel (mass%).

C Si Mn P S N Al
.003 ]0.01 0.2 |.008 {.003 |.003 |0.04
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Table 2. Experimental conditions.

No |FeO+MnO| Q Slag |Oxide
(mass%) | (Nm*/s) |(kg) |addition
1 8 8.3x10°°| 0.3 | -
2 13 8.3x107°| 0.3 | -
3 22 8.3x107°} 0.3 | -
4 13 8.3x107%) 0.1 | -
5 13 8.3x10°°%| 0.05]| -
6 13 4.2x107%) 0.3 | -
7 13 1.7x10°°%} 0.3 | -
0.15 : : . —
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Fig. 2. Concentration changes in [sol.Al],[Si] and
[Mn] after Al addition.
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Fig. 3. Concentration changes in (FeQO),(MnO) and
(Si0,) after Al addition.
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Fig. 5. Effect of stirring gas flow rate and slag
volume on ay,.
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Fig. 7. Effect of (FeO+MnO) on decrease rate of
[sol.Al] in 250t ladle.
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Table 3. Mass transfer coefficients of metal and
slag and reaction rate coefficient for
reduction of SiO,.

Q(Nm®/s) km(m/s) ks (m/s) kr(kg/m®s)
8.3X10°° |6.0X10°* [2.5%X10"° 3.2%x10°°
4.2X107° [3.5X107% [1.5%X107° | 3.2%x10"°
1.7X10°° |2.5X10°* |1.0%x10"° 3.2x10°°
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Fig. 11. Change in [sol.Al] after ladle opening.
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