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Separation of Inclusions in Liquid Metal Using Fixed Alternating Magnetic Field

Fumitaka Y amno, Kensuke Sassa, Kazuhiko Iwairand Shigeo Asa

Synopsis : The principle on separating inclusions in a molten metal by using a fixed alternating magnetic field has been confirmed
through experiments with molten aluminium. The separating efficiency of inclusions is studied through experimental
and analytical ways under different operating conditions. The mathematical model to predict the separating efficiency
is developed and the efficiencies predicted by the model are compared with the experimental ones.

A feasibility study on the application of an electromagnetic inclusion separation in a molten steel is performed. An
operating non-dimensional parameter, Y= (p;dp?Be2L+S) / (uiue Wdi?) which characterizes an electromagnetic inclusion

separation process is newly proposed.

Key words : inclusion ; separation ; fixed magnetic field ; electromagnetic processing of materials ; application of electromagnetic

force ; molten metal ; steel making.
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Fig. 1. Principle of the method for eliminating inclu-
sions in liquid metal by use of fixed alternat-
ing magnetic field.
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Fig. 2. Schematic view of experimental apparatus
for eliminating inclusions.
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Fig. 3. Distribution of inclusions in the different
magnetic intensity and frequency.
(Al-5mass% Al Os, t; =10s)

gt Lc, L, 24 vdubiil BB 5 8 L TFimo
W DML ILD 2 DK 5 %RT H - 12,

4. BRELVEER

BREA ST DAY — A5 h 6 £ 2 ABEE O ENL I TE
MORGERZ L7206 LEBT v AT AN L 5504
BN R ALY 5, Park b BHIEPHCA I LT IO
TRENDTHIBIWIEE T H 5 2 £ #FER L TV 290, EIDHR S
WP G 2 AN L L TERR, REMSREE, WO R,
BEBATHEIT 6 b, 2 2 TIRERE () 2mmD 7 v L i
% O, R B 1233k Hz (2 DA DR KIEA 6131 . 4mm
TH5)E3.0kHz(s124.5mm) & LI2DT,a/sldZneh
1.5, 0.4TH-72, FINE0.09T £ 0.15TDREKEEE # 10s
RIFENAN L T8 6 e Rt i BB OBl & 2 & b T E
DLW O #EE T E # Fig. 3 (a),(b) (2R T . MR THEIA
KR 2 2 DDALOMNTEMT H %, (a) Da/6=1.5T &I
TEW R — CERE L - T OV REHIGlan TR
ZEHHEUT E B, —F, ) Da/6=0.4T XENHNEES O 5
EXRCI b b o TAEMIENICH 58 L Tk
Y EBAN L 2N EMSEOMEEIRONL -, I
& Y ab S CIZOFHETRD NS L L VS L BHER))
Lo zichtHErLLNS,

Kz, W33k Hz, BE50.04T, FIANERHEI30sD FC,
HHB O % 2mm,4.5mm,6.5mm t B3 e, 2D E &
a/sxENFNLS, 3.3, 4.8 k5, Fo N B L
» 613mmis & UFEE D & 13mm DB & 2 D R O#E T
D=7 uBH%Fig. 4 (a), (b), ()R T, RPTHL A
RERZ2DDALONENTH 5, (a) Da/S=1.5T IR
AWML Fig. 3 (a) & EARIZIEE BB -5 T v 595, af
6>3TH B (), T, EEAEDAFEMIZEEL TV
%,

3613, a/6>3TH 5Fig.4 (b), () DB IOV TH
B%0.04TH 60.09T & 58 b L 1o FEBR %47 - 72, Fig. 5 (a),

3 .



R 32

#% & §@Vol. 83(1997)No. |

(a) (b) (©)
a=2mm a=4.5mm a=6.5mm
ald=1.5 a/d=3.3 a/6=4.8

N=0.98 N=0.94

1n=0.82

Fig. 4. Distribution of inclusions in the different
radius of a crucible.
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Fig. 5. Distribution of inclusions in the different
radius of a crucible.
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Fig. 6. Effect of a/é on the calculated elimination
ratio. B,=0.02T, d,=20um.
(a)stationary liquid model, f=30kHz.
(b)stationary liquid model, a=5mm.
(c)complete mixing model, f=30kHz.
(d)complete mixing model, a=5mm.
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Fig. 7. A conceptional apparatus for feasibility
study on eliminating inclusions.
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Position 1 Position 2

Position 3

@ T

Fig. 8. Distribution of inclusions in each tube.
(a)Photograph at the positions 1, 2 and 3.
(b)Schematic view showing the position of
the photographs.
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Fig. 9. (a)Effect of a thin tube diameter on elimina-
tion ratio.
(b)Frequency and the Reynolds number as
the function of a thin tube diameter.
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