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Cleaning Molten Steel with the Centrifugal Flow Tundish

Yuji Mik1, Hiromitsu SHIBATA, Nagayasu BESsHO, Yasuo KISHIMOTO,
Ken-ichi SORIMACHI and Akihito HIROTA
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Synopsis : A new process was devised for promoting inclusion separation from the steel in a tundish. The process utilizes electromagnetic force to rotate

molten steel in a cylindrical chamber. This process is refered to as the Centrifugal Flow Tundish (CF Tundish).

In this work, oxygen content and the number of inclusions in the tundish are examined in an industrial plant to estimate the performance of

deoxidation and inclusion separation. A new mathematical model was developed and the deoxidation rate constant in the rotation chamber of

the CF tundish is estimated at as much as 0.7 min~". This large deoxidation rate is considered to be due to the large turbulence energy of the

CF tundish.

Large inclusions over 10 um in diameter reduce with the CF tundish during the ladle exchange as well as during the steady state casting. 2-

phase fluid dynamic simulation using the VOF method revealed that this large inclusion separation in the CF tundish can be explained by the

restraint of the short circuit flow. Thus, this process has been commercially used to produce clean Al-killed stainless steel with high quality.

Key words : molten metal; continuous casting; tundish; non-metallic inclusion; separation; deoxidation; electromagnetic field; centrifugal force; fluid-flow

simulation; two-phase model.
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Fig. 1. General idea of the Centrifugal Flow Tundish.
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Table 1. Chemical compositon and operation conditions.

Chemical composition (mass%3)
Steel grade C _Si_Mn s P Cr A

SUS430  0.065 0.3 0.65 0.003 0.03 16.3 0.07-0.14

high Carbon

045 02 07 0.003 001 35
steel

0.03

Ladle capacity 180 ton

Rotation chamber 7 ton
Tundish capacity
Rectangular chamber 23 ton

Casting velocity =1.3 mmin-!

Rotational speed 45 rpm
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Table 2. Calculation conditions and physical constants.

Feeding Rate Height of Molten Steel steel inclusion

(ton/min) (m) density viscosity  density
Steady State 25 11 kgm®  Pasec  kgm3
Ladle Exchange 7.0 08 7000 0.0058 2500
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Fig. 2. Comparison of total oxygen contents of SUS430 Al
killed steel between in tundish and in ladle after
VOD treatment.
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Fig. 3. Change of total oxygen contents of 0.45% carbon
steel.
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Fig. 4. Comparison of number of inclusions in tundish during steady state casting. (SUS430)
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Table 3. Comparison of deoxidation rate constants.

Deoxidation rate const.

(min"1)
Rotation Rectangular
chamber chamber
Ky ko
CF OFF 0.04 0.04
CFON 0.72 0.04

Fro MUBEES VT 4 v v ald, O REH O£ R
HE L TEHBENNRENI ExbL 5, bk, o
KIEE 7ot 23 ERICEE FAEHBREEER TS %,
BEAIRDEA,»PSRMEONZ 4T 49 Y 2ATD
HRALRIEppmE /&<, BEOE+ ppm D 2EERE
BB TOIRICIIHRBRLEEEOEALIDENEAT
MR E ERIC KX RZR I LV, KEHRTIE10ppm
T oK EEROBERE +Rin T 5 -0 HRILHE
3 ARYAL 1T 30 g b

6-2 NEDOIRRIE

BONEES VT 4 v Y A DRNER BRI DOWTIE,
(DA EDREOAK, BEIZX3HMEWHAL, (2)KRDL
Fiz & B PERES A OE RSB, (3)KFRERIZL -
TEEHAORIIBBEN L TESHEEHIEH, L5330
OB ERICEZ DA EmE 7, BRETHEEZ
5h 380,

EHEBIZHB VTR, Figl7ISmEh s & 5 ICHEREE 2
BRENBETERINSEZL26, (1)DERIZK SN
EPROAK, BEIZ, BREOEBIZAZIFELTY
3LEZH6h5,

(2)DRLFZDWT, Kor b PO@EFTABHIZ, ifE
W@ ROFIZKBEEEERMEE 5, RKODIZXS
FEHEOBERE 2V, FNKS5ENHROBEEE
EV,LTBE,

Vr=2(PFe_Pinc.)R2wzr/9ﬂ ...................................... (7)

245 I



. 246

$% & 48 Vol. 86 (2000) No. 4

10

& .
E CF Tundish
- (rotation chamber) o o)
€ Ladle refining with rotating
g 4 electromagnetic stirrer
@ 7 (with buffie)
8 J (without buffle)
o O R
[ - 22)
£ 0 CAAS
8 ASEA-SKF 2
.‘g 24) normal
S without CF
o

0.01

10 102 10 104

Stirring energy density (W/ton)

105
Fig. 17. Comparison of deoxidation rate constants.
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