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Decarburization Behavior of Molten Steel Using Top-blown Oxygen Jet under Reduced Pressure

Tkuhiro Sumi, Tasuku KISHIMOTO, Seiji NABESHIMA, Hidetoshi MATSUNO and Yasuo KISHIMOTO

Synopsis

: In steelmaking, the top-blown oxygen jet is used in refining processes and its behavior is therefore an important factor for decarburization

and spitting behavior of molten metal in stee] refining. Numerous studies have been conducted on decarburization and spitting behavior with

top-blown oxygen under atmospheric pressure conditions; however, the behavior under reduced pressure for vacuum refining processes is still

not fully understood.

In this study, decarburization and spitting behavior with top-blown oxygen under reduced pressure was investigated by small-scale experi-

ment. Decarburization rate in oxygen supply-controlling region increased as the ambient pressure decreased. Also, total amount of spitting in

decarburization increased as the ambient pressure decreased. These results can be explained by the attenuation rate parameter, AR, calculated

from the top-blown oxygen and ambient pressure conditions.
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Fig. 1. Schematic view of experimental apparatus.

Table 1. Experimental conditions.

Furnace © 50kg VIF

Metal © 40kg, 0.1 mass%C
Temperature © 1873 -1893 K

Oxygen flow rate : 6.0 N/min

Lance height © 50 - 300 mm

Nozzle : 1 hole, Straight nozzle
Nozzle diameter 1.5 mm

©1.3,5.3,13.3, 26.7 kPa
: Ar, 0.3 N/min

Ambient pressure
Bottom blowing

¥ EMIEMR Y S0kg DEEFMRIFIZT, NE200mm,
%X 340mm D MgO I H A TS 40kg & SHI8 - KR L,
1873~18BKIZEEHB L =05 |, REIEEH 0.1 mass%
B KRN FALEBLZ, ZLT, kx5 24H
WIS ICEE#E 4 6 NL/min TG 33 Z & 12 & D BiAEX
AT -7, AEETIX, ERE5 V2L 1LT, /AR
d=15mm®D A b L — b ZNERWE, £7-, BEAER
DFODERAHHI TS 720, F—3 AP ED AT
DIRIK & & 1T > 72 FHKEP, 1T 1.3~26.7kPa (= %
L, 7Y 2% &LIE50~300mm®D & THRE L 7= (L/d=
33~200), FHZTES53kPalZH T B EERDOAAEES H
HULHER, 92X 50mmizBWOTUE, Rk EDl]
AHPBEBENEN, TR ED T Y 25 X KUETITEAE X
MAaZEETEXT, WHETOBTIZIEREIT/NX VR T
B,

RERRERIZ 25 M & U, FEBRIIILRERE, EHEY Y 7Y
VO, WEBIUBBEEEOMELEHL 72, 4 Tk
REDHHIM L 7=, F7=, A v F 4 v B8 %51l
5 HIT, Fig. 112789, 0.55(W)X0.65(D)X0.30(H)m O fif
KR=FEIZE 74 v ravy s —2HHE EEICE Y b
L7, BB, 5L 2 4 —OEEIZHN250mmTH 0,
WasHEoOmEBEHTa L s 4 —DNEICEML - 2
Yorsvd, $hbblggebiNL, Zo2HEE%HIE
THILILEHST, A T4 VIRAEBEHITL 72,

EREEFRICOWTIE, ThETEELPHTE A
BRI XD, ZOEEHERD 72, BHIZNAE
TRIRfESTY 7 b T B FLUENT6 % BV, 2 RJCEI % D
ELFE € 7 )L (Reynolds Stress Model)iZ THEFR T ZEB) 4 K

Table 2. Conditions for numerical simulation.

Software, Model ¢ Fluent 6, RSM, 2D-model

Medium : Oxygen, 300K
Domain © 150mm ¢ X 300mm
Nozzle : 1 hole, Straight nozzle
Nitrogen flow rate © 6.0 N/min

Nozzle diameter 1.5 mm

Ambient pressure 1 1.3, 5.3, 13.3, 26.7 kPa

X,y
(-10, 75) Wall

Total number of cell = 12800
= Pressure inlet

Wall (Nozzle)

o
Y

Pressure inlet (Gas inlet)

Pressure outlet

Symmetry (Center axis) (300, 0)

Fig. 2. Domain and boundary conditions.
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Fig. 3. Effect of ambient pressure on change of carbon
content with time.
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Fig. 4. Effects of ambient pressure and [C] on a,,.
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Fig. 5. Effect of lance height on change of carbon content
with time.
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Fig. 6. Effects of lance height and [C] on a,.
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Fig. 7. Effects of lance height and [C] on decarburization
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Fig. 8. Effects of ambient pressure and [C] on decarbur-
ization rate.
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Fig. 9. Effect of oxygen blowing conditions on decarbur-
ization efficiency.
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Fig. 10. Photographs of spitting particles generated in
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Fig. 11. Effect of oxygen blowing conditions on spitting
generation.
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calculated with numerical simulation method.
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Fig. 14. Relationship between AP, and parameter AR.
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