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Mechanism of Separation of Inclusions from Molten Steel Stirred
with Rotating Electro-magnetic Field

Yuji MiK1, Hidenari KiTAOKA, Toshikazu SAKURAYA and Teisuya FUJII

Synopsis :

An experimental model was constructed to clarify the mechanism of separation of inclusions from molten
steel strongly stirred with a rotating electro-magnetic field.

Molten steel was rotated and solidified in a crucible. The ingot obtained had its maximum oxygen con-
tent at the axis of rotation. The existence of this maximum area can be partly explained by the centripetal
force acting on inclusions during rotation of the molten steel. ‘

Many coagulating inclusion pairs were observed in the ingot, with the radii of the inclusions forming
coagulating pairs being concentrated in the range from 10 to 50 um. This phenomenon was explained using
Saffman’s model, which shows the probability of gradient collision between inclusions in turbulent eddies.
This inclusion coagulation effect suggests the high deoxidation capability of rotating molten steel in an elec-
tro-magnetically stirred ladle.

Key words : steelmaking; ladle; stirring; nonmetallic inclusion; deoxidation; collision; coagulation; rotating

electro-magnetic field.
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Table 1. Experimental conditions and chemical composition of the molten steel.
Sample No. 1 2 3 4 5t ladle
O, in furnace (ppm) 150 170 62 80 52%
Si/Mn in furnace (%) 0.27/0.96 0.19/0.90 0.30/0.90 0.20/0.90 —
Al, in furnace (%) — — 0.020 0.018 0.05%
Rotation speed (rpm) 50 100 80 0 50
Rotation time (s) 100 60 300 0 420
* Before rotation
Ingot 120 T T T 1 ’ 1 T T T
Ar  Rotating magnetic stirrer 5 Not Stirred !
i ~ 100 —/mm/mm— , Top e
AV A Top § s & \‘\
330mm height S 80F A« et
(180) S Bottom
Bottom ‘g‘ 60 | E
200mm ¢ (100) o .
Q (For oxygen analysis) § 40 Stirred B
; >
Alumina crucible X L
Casing(SUS304) © 20 .
0 1 1 1 1 L ] 1 1 1
330mm 8 4 (o} 4 8
height Edge Center Edge

200mm ¢
(For slime extraction method)

Fig. 1. Schematic diagram of the experimental
apparatus and sampling positions for the 80 kg ingot
and the 10 kg ingot in brackets.
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Fig. 2. Distribution of total oxygen content in the
radial direction for the 80 kg ingot.
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Fig. 3. Distribution of total oxygen content in the
radial direction for the 10 kg ingot.
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Fig. 4. Change of oxygen content with stirring
time in a 5t ladle refining furnace.
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Fig. 5. Relation between radius and number

density of inclusions at each radial position.

Table 2. Comparison of a for various deoxidizers.

c1e Time after Range of inclusion Reference
Deoxidizer | ,4qition (min) radius (pm) a cited
Si-Al 18 1.5~19 0.07 9
Si 3 1.5~8 0.83 10
Al (Cluster) 20 50~115 0.07 11
Al (Particle) 0.17 2~16 0.67 3
Si-Mn-Al 15 32~200 0.08 | This work
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Photo. 1. Microphotographs of the coagulated inclusions.

SEM Si Mn

Photo. 2. X-ray images of the coagulated inclusions.
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Fig. 7. Calculated trajectory of inclusions during
rotation.
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Fig. 8. Comparison of the calculated contours of
collision probability based on Stokes’ model with
the radius of the observed pairs of coagulated
Si-Mn inclusions (e = 0.08).
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Fig. 9. Comparison of the calculated contours of
collision probability based on Saffman’s model with
the radius of the observed pairs of coagulated
Si-Mn inclusions (a = 0.08).
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Fig. 10. Prediction of the contours of collision
probability based on Saffman’s model for alumina
paricles (a=0.70).
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3min

Photo. 3.

addition of aluminum in RH degasser.
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(4 )[ElEEIHE CHREBREST L3 200, (2)Tb
NERLNE X NEYOBE AT, R
Lo THRBHNEEOHME MY OREHNEZD,
(3) THRARZATEYH OFERERHSEMS 52 LT,
AFEY DOHAAL AR & NATEY O R BYHE AT 5
ZEIILEA.

(5)7NVIF2FAY—CRDONLNEYPEL B
KO Si-Mn R TROLNZ VI LW,
Si-Mn AEEALOHERFZ IR HZEEREIKI VT
EDORBLEZEZOLND.
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