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The Model Experiment on Coagulation of Inclusions by Imposing Electoromagnetic Vibration

Tomoki KAMEYAMA, Shouzou NIwA, Joonpyo PARK, Tadakazu MATUMURA, Kensuke Sassa and Shigeo AsAl

Synopsis : A new process for eliminating inclusions in a molten steel has been proposed. In the process, the electromagnetic vibration force induced by
simultaneous imposition of a direct magnetic field and an alternating electric field is imposed on the molten metal to promote collision and
coagulation of inclusions. In order to confirm the validity of the proposed process an experimental work was conducted by simulating silicon
particles precipitated in an Al-Si alloy as the model of inclusions in a molten steel. It is found from the experiment that the optimum fre-
quency of vibration exists and its reason is discussed from the theoretical viewpoint taking account of particle motion.
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Fig. 1. Experimental apparatus for observation of colliding
particles under electromagnetic force.
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Fig. 2. Velocity of a particle approaching to bottom.
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Fig. 3. Imaged view of behavior of particles before colli-
sion.
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Fig. 4. Mechanism of coagulation of particles under elec-
tromagnetic vibration.
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Fig. 6. Cooling time vs. experimental temperature range.
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Fig. 7. Macrostructures of Al-Si alloy. (A) 690°C—650°C (without vibration), (B) 690°C—650°C (with vibration), (C)
090°C—660°C (without vibration), (D) 690°C—660°C (with vibration), (E) 690°C—670°C (without vibration), (F)
690°C—670°C (with vibration), (G) 690°C—680°C (without vibration), (H) 690°C—»680°C (with vibration).
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Fig. 8. Mean particle sizes obtained by electromagnetic vi-

bration under different temperature ranges.
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Fig. 9. Distribution of particle sizes.
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Fig. 10. Macrostructures of Al-Si alloy.

0.201
OHz 0.5Hz
0.15]
0.10
0.05]
0.00—> s .
0 100 200 300 400 0 100 200 300 400
(A) (B)
0.20]
0.15]
0.10]
0.05
0.00
400
0.20]
0.15
0.10|
160 0.05
T 140 [ ] .
0.
2120 0 100 200 300 400 0,000 100 20(; 300 400
Q (E) (F
& 100
o 80 0.20
E 60 100Hz e — without vibration
g 40 0.15 .
s o — with vibration
[+
s 20 0.101 Horizontal axis : Particle size (i m)
0 Vertical axis: Ratio of the number of
h 3 : :
wit Fout OHz 0-Hz 1Hz SHz 10Hz 100},12 0.05 particles with fixed size range to the
EM Frequency of electromagnetic vibration total number of ones (-)
0.00
Fig. 11. Mean particle sizes obtained 0 100 2(%% 300 400

under different vibration fre-

quencies.

W {5 AT R L2 & > TR T O M % 5K Fig. 141278

L7z 22T, SElICH T,

THEZLnGnd,

T2 OFEHNIC 5
%Ki 8 A R TE - 7= i TER T+ O#IA 41T .
NEOEMIRE A NS 5 &/h S ORI FOHFEEIA 2 I

Z
N

Fig. 12. Distribution of particle size.

4, BE

Wk, NEMOEEREEE L TAE SR FAIVNE R
IBWHHTEENR I B EEIONTE N, TOEZ
MNIELWET S EIREAREREV0Hz, TA4bbERER

627



e 628

$k & $R Tetsu-to-Hagané Vol. 89 (2003) No. 6

Table 1. Experimental conditions.

Sample | Magnetic
Current(A)Frequency(Hz)jtime(min.)
number | field(T) d Y
a 1
10
b 0.23 0.5
30
c
1 20
d 0

(a) with vibration for
10min,1Hz

(b) with vibration for
10min,0.5Hz

-

(¢) with vibration for

20min,1Hz (d) without vibration

+“——>
100 £ m
Fig. 13. Microstructures of Al,O, in Al-Cu alloy.
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Fig. 14. Distributions of particle sizes of Al,Os.
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