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Confinement of Molten Metal Using Magnetic Field

Yasumasa HIRONO, Kensuke SAssA and Shigeo ASAi

Synopsis : In metal processing, confinement of a molten metal without mechanical contact is of great interest. For example, in a galvanizing process a
sink roll, which is set in a zinc bath for changing the moving direction of steel strip, causes troubles such as deteriorating the quality of prod-
ucts and productivity. A new galvanizing process by using a high magnetic field which does not equip the sink roll has been proposed, where
the steel strip is inserted from an inlet hole opened on the bottom of the zinc bath. Thus the stable confinement of a molten metal at the hole
is crucial technical matter. The confinement of a molten metal and controlling of its flow are also essential for a cold crucible, which is indis-
pensable for precision castings of reactive or high melting point metals like titanium and zirconium alloys. So far alternating and traveling
magnetic fields have been applied for confinement of a molten metal, where unstable phenomena in hydrodynamic motion inevitably appear,
so that the development of a stable confinement of a molten metal has been strongly desired. The simultaneous imposition of D.C. magnetic

field and D.C. electric current is a promising method in respect of energy efficiency, however it easily generates unstable phenomena of the

molten metal when a large electric current is imposed under a weak magnetic field.

In this paper, a new method of confining a molten metal by applying D.C. magnetic field and D.C. electric current has been proposed. The

usefulness of the method, which is promising in industrial applications, has been demonstrated by a model experiment using a molten metal.

That is, a molten metal has been more stable confined by using plural pairs of electrodes.

Key words : confinement of a molten metal without mechanical contact; galvanizing process; cold crucible; stable confinement; D.C. magnetic field and

D.C. electric current.
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Fig. 1. Schematic view of experimental apparatus with a
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Fig. 2. Molten metal behavior observed in a channel with a pair of electrodes under 4 T.
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Fig. 3. Molten metal behavior observed in a channel with a pair of electrodes under 2 T.
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Table 1. Experimental results in the case with a pair of

electrodes.
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' :Expected area for stable confining
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Fig. 4. Schematic view showing flow direction, electric
current (J) and electromagnetic force (/) in molten
metal in a channel with a single pair of electrodes.
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Fig. 5. Schematic view of experimental apparatus with five pairs of electrodes.
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Fig. 6. Schematic view showing electric current (J) and
electromagnetic force (f) in a molten metal in a
channel with three pairs of electrodes.
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Fig. 7. Molten metal behavior observed in a channel with five pairs of electrodes under 4 T.
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Fig. 8. Molten metal behavior observed in a channel with five pairs of electrodes under 0.5 T.

Table 2. Experimental result in the case with five pairs of

electrodes.
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4T | x

Q:Stable confining A :Almost stable confining X : Unconfined

:Expected area for stable confining
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Fig. 9. Comparison between experimental results and theoretical prediction in the relation of / and 1/B.
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