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Inclusion Separation from Molten Steel in Tundish with Rotating Electromagnetic Field
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Synopsis :

For promoting inclusion separation from the molten steel in the tundish, the authors
have developed a new process which utilizes electromagnetic force to rotate molten steel
in a centrifugal flow tundish (CF tundish), where a centrifugal force caused by the
rotational flow promotes separation of inclusions. Industrial plant tests carried out at
Chiba Works showed that the CF tundish has an excellent deoxidation performance
estimated at 0.17~0.25min-1 as deoxidation rate constant. Centripetal force and large
turbulence energy caused by rotational flow accelerate inclusion separation.
Furthermore, residence time distribution of molten steel in a tundish has been
improved and it promotes slag removal during ladle exchange. This process is successful

in commercial production of stainless steel slabs of high quality.

(c)JFE Steel Corporation, 2003
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Rotating Electromagnetic Field

ol

=4 Hii N I il
Yuji Miki Shigeru Ogura Tetsuya Fujii
SRR TE BT o T E WS B FE R SEI eI

o A B RHT B
= ERFEE (R

Mg T GRER) EBE LD

Synopsis:

gE

F T oy a NEH R RS E DRSNS S, gl
Mz ENFEHETON SR OSSR LRI A T AR
LT F 4 oy (CFP T v a) R L, TEL
ST 1 BT O TSR LD, CFF 71 v b 2 ONiEEE
HEIT0.17~0.25min LIRS KB W2 Ehb o1z, 20
%%u.ﬁﬁmmﬁﬁu;Uﬁf%ﬁbhaﬂﬁiiw¥—u;

. O BEEA R B S EL SRS, 251D, BED
mmHMAWﬁ& P L, IENACHRER DS Z S sk Lotk E

HIr LA, AT o, ALG{RF L AHD B
HoE ol S0, B AT v L ABMOBGEIZH Y LTS,

For promoting inclusion separation from the molten steel in the tundish, the authors have developed a new process which
utilizes electromagnetic force to rotate molten steel in a centrifugal flow tundish (CF tundish), where a centrifugal force
caused by the rotational flow promotes separation of inclusions. Industrial plant tests carried out at Chiba Works showed
that the CF tundish has-an excellent deoxidation perfermance estimated at 0.17-~0.25 min~* as deoxidation rate constant.
Centripetal force and large turbulence energy caused by rotational flow accelerate inclusion separation. Furthermore,
residence time distribution of molten steel in a tundish has been improved and it promotes slag removal during ladle
exchange. This process is successful in commercial production of stainless steel slabs of high quality.
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Fig. 1 Concept of the centrifugal flow tundish
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Table 1 Experimental conditions{No0.1 CC at Chiba Works)

Capacity of tundish (t) 10
Ladle capacity (t} 100
Feeding rate {t/min} 1.5
Rotational speed (rpm} 40--350

Table 2 Compositions of molten steel

(wt%)
Steel C Si Mn Al Cr
Low Al 0.05 0.4 0.6 0.02 16.3
High Al 0.05 0.4 0.6 0.07 16.3
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Fig. 5 Comparison of total oxygen contents of cast slabs between with rotation and without rotation
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Table 3 Deoxidation rate constants

Total oxygen content (ppm) Deoxidation rate constants(min~')

Al content free O i % (whol £, (rotati k2 (rectangul
(9%) . . . ree O in whole , (rotation (rectangular
° in ladle in tundish tundish tundish) chamber) chamber)

without 6 53 0.02 0.02 0.02
4.02 rotation 15
with rotation 68 28 0.25 0.74 0.02
without 31 28 0.02 0.02 0.02
0.07 rotation 6
with rotation 68 16 0.17 0.51 (.02
— 55 — BB B EETEME Vol 28 No. 1 1996



56 ELORES T4 v Y2 2L BIEES RO

020 During ladla exchange
— initial haight : h=500 mm
‘6‘2 With rotation ; 40 rpm
-~ Tracer jnjection
g 0.10
T
@]
Q
3

0
0 10 20
Casting time ~ (min)

Fig. 10 Change of Cu content of outflow samples from
tundish

Lz, MEEHEEOMINE & L ICHEREERI T 527
A7o e AORBEMHEEL JUKEEECKIL, o RKEE7
oA LHBLTLAREL, ¥ 74 v 2 TOWEE NMEBOS
BE7obex L LTI, KETREBEEIEN TS,
3.5.2 BMOSMSLT14yaDBREEEY
P4y A NIRRA LLZBERR 5 7 OFERH» 60 L ayikke
HEFET BB, 7074 v L aNDFHEOEERESA A
ETEL:,
M EER O 7 > 7 KB IRk Cu #8AL, FvF 4w
Vo bR T SRR L (Fig. 7.
Hde CuiREDHEEO—F % Fig. 10 1R, F 74 via
OEME 2L, EFWIEE6T0mm —E L L, SRR THRESR
M & % 350~500mm, RMMILBEOIRMP L OEAEE S
3.5~6.5t/min OFHET, EMRERFORERGE LI THE
DER LT, HEHENSHEELSREBHETFAVERCTER
el ReRAENEXIECETIFY 70 -10E75, £2EE
BE B L uwi, BERORBEREIRE Y, REFTATHE, &
BACER « AW ER BIETIEREFOWNS E(/7) i1,
REREBAHE 2 AT, (5)R0LIHizEIND,
#" g/ 7)) exp(—nr/7T)
r'in)
I EERIBEATETI
R B St E g
s il
E(e/7) Bl r T T 2EREFOEE
I Ay
Wi, BSh o 25 T5)R HEH S AR5 8 5

Elef7) =

LU L

calculated measured

2.0}t T 2 [ 1206 |50 pm] 0 rpm
i ] o | ——— ® o

E(z/7)

(o] 02 04 0.6 0.8 1.0 1.2
Time ,z /T

Fig. 11 Comparison between calculated and measured E{z/ 7 )
during ladle exchange

NS geEEs e Vol. 28 No. 1 1996

3.0 T
-t Ladle Steady
5, glexchange state
3] - e $ S 35
(1]
) L
o 20 g
= L With rotation (40rpm)
£
—~ 1.5f¢ ]
<9
& i
£
2 1017 /e © -
) Without rotation
3 05t :
£ .
=
Z O-D - AL L
0 50 100 150 200
WiQ (s)
Fig. 12 Relation between W /& and number of perfect mix-
ing reactor

L, 7N CuiREE BB L TR EEBRED & OB R
SAMEBE Fig. 11ICRT, # 2EMEEELSEIE1.2 0ot
HEIEA L, EHEL VA3 0.6 I, 8- T, SHichlE
3545 LEEMANHIN, ReRAHENESE{ TV d,
Fig. 12 iz EEEFOHETOETIERE, 2274 w2 HEEORH
B W () EERL0EARE Q (t/s) AL W, Q (s) TBEL
TH#Lzz, W/ QI3 EEWTIIEEEEEMELL, £,
HERZE I TIE, MM LnFEAREI—FENL B2, F74
v DFRMRBICHFT R, SEEAETIEIT W.OQ TIHINRS
L, W,/ QwHmy s & @5 agmt s,

Fig. 1276, BRI, EWMERELAES, TEET2.0~
2.4, HERENELLTGBEICT0BE LD, 37, KRBT
L, W/Q730sLiET, BEEE 1.2, By LIS 0.6 25
BOAKIBCEEINTED, THH, IETHESE L, DEER+
AT 5 il - TREREHFFIEI ML, BHEEERRE 2760 2
FWEINS,

COLI LERARMOGEDRE, EEROREREQCRSE, S
FHET 3. ELRAETIEFACECT, B¢ FTCEET5EH
R Vi, (6)RXank)icRdnsd,

Y(t)=fE(r/?)dr ............................................. (6)

(5)BLF(6)RL N, EROREM ¢ 2 TITiRET 2 EHR L HIFt
Hafib, Wk, SHNORTHELILBTL00, FIZiL, 30
ST SIERILRE, -7 v a0 FRET2RAFEARE

0.20 ——
3
3 0.15f ]
z
o
E o | EEC e
F  otof : ]
5 - ith rotation Without rotation
en n=2.0 =1.0
Eg ]
o™
2 £
5L
c=

0 5 10 15 20 25 30
Weight of molten steel in tundish (t)

Fig. 13 Calculated results of ratio of molten steel flowed
out within 30s

— 56 —



HOLHES ©F 4 v b l2 X B it s 57

S THI L2, Fig 1312ET L5102, #F1v v adiks
AR SRR S, s LIATHRIET 3 EBMILEK
Mo, StERDEILIRNI L FrriaThoTh, R
WO 10»5 2.0 3 THETLIILIZLST, Rt HERTH
RARGHHKL.00F » 7 ¢ v ¥ = LRTFORMEE OB A
HA, £ WLHERENF »F1 v iaTld, REHEAHEIE21.0
T2 30s ETISHHT SiEMIL#E 0,12, SERROGWIES 20T
120.05 24, MRS HEEOUERICL Y, BEBEORAAK
A3 N5,

4 FEIESBIZHDITIEE

4.1 HEHE

L ben & 9 % TIRBLERATE | SIS ERTORMMK TR, i
HAEANASE LSO T L ARICAT R EEH L, ¥
vF 4w E{EER Table 4 1R T, AA—7 v b ROM I
LT, 51 5o iosing » PAEERREN 2R L, 24, Fig 8o
WL E Y, RO TRy 7 1 v 22 WG & £ 500
mmuﬁ%ﬁﬁaiﬁch,§>?47>1ﬁQQMth&ﬁ
AT T Lz,

4.2 BOQBICF4oa2DHR

Fig. 1412, # 74 v L2 NEM DT E L 7 e v
— AT L Az, AT o AMEIC LD, Bhb oAk
HWLTwb,

Fig. 1517, #4Ea 4L, T A o N FRiE S 3 e i L7,
ACHASE T AT 609 I S A, MO ES T v 2Tk
B SR BN R A S A 8 e 2,

VoMb, B, A& AT L Ao, w00
F T 4oy a BENL, SRR TN EOMMNOBIETE S L
T3,

Table 4 Operational conditions of No.4 CC

Capacity of rotation chamber {t) 7
Capacity of rectanglar chamber (t) 23
Ladle capacity (t) 160
Feeding rate (t/min} 2
Rotational speed (rpm} 40~50
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