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Controllability of Particle Size and Efficiency of Electromagnetic Energy

on Electromagnetic Atomization Process of Molten Metal

Shingo NINAGAWA, Kensuke SASSA, Toshiyuki KOZUKA and Shigeo ASAI

Synopsis :

The electromagnetic atomization process in which molten metal was atomized by imposing electric and
magnetic fields was studied. In order to improve the controllability of this process, splashing phenomena
of molten metal were visnalized by use of a high speed camera and a VTR. The observed phenomena were
carefully examined and main obstacles disturbing the continuous operation of the process and the sharp
particle distribution were removed. A mathematical model was proposed for the better understanding of
the process. On the basis of the visualization of splashing phenomena and the calculated results of the
mathematical model, it was found that the particle size could be mainly controlled by the distance between a
nozzle and an electrode, the delay time of electric current and the mass flow rate of molten metal. The im-
pulse defined as the products of electromagnetic body force and the period of applying electric current, and
the momentum of a splashed particle defined as the products of the mass and the velocity of a particle were
calculated from the observed data. From the linear relation between the impulse and the momentum, the
efficiency in which electromagnetic energy was transformed into the kinetic energy of a particle was evalu-
ated.

Key words : powder metallurgy; electromagnetic metallurgy; atomization; electromagnetic atomization ;

electromagnetic processing of materials ; spray casting ; flame coating.
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Fig. 1. Principle of electromagnetic atomization.
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Fig. 2. Experimental apparatus.
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Fig. 3. Schematic view of molten metal between a
nozzle and an electrode.

Table 1. Experimental conditions.

Sample Sn

Density o 6.92x10% kg/m3(at 573K)
Magnetic flux density B 0.7~1.3T
Current I 4~30 A
Voltage 14 2~8.5V
Temperature T 573K
Nozzle diameter d, 0.5X10 3 m
Gap between nozzle and electrode ) (0.4~1.0)X1073m
Delay time tg 1.7~10.7 ms
Mass flow rate of metal q 0.4~2.5%10" 3 kg/s
X107 S o °
14 /’
1 4 °
2 m=qxid+pVo—v____~ ©
10 (q=2.02x10_’kg/s)/’ o
S 8 °
E <
6 s B 13T
7 | 20A
4 A ¢ 0.5x107°m
I dn 0.5x107°m
2 t¢ 1.7~10.7ms
ol T 573K
0 2 4 6 . 8 10
td (ms)

Fig. 4. Relation between delay time and mean
‘mass of a particle.
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