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Metallurgical Characteristics and Optimum Casting Conditions on VADER Process

Hideaki Mizukami, Kentard Mori, Akichika Ozexi, Hirotaka Nakacawa,Akiva Kato and Akira Yapa

Synopsis : The VADER (Vacuum Arc Double Electrode Remelting) process introduced by Special Metals Corp. in 1982 is a noticeable
new vacuum melting and casting technology. This process has potential as an alternative for powder metallurgy in
superalloy production, because the as cast VADER ingot might be forged directly due to the uniform fine grain structure

and low level of macro-segregation.

Metallurgical characteristics of VADER process such as formation mechanism of molten metal droplets, optimum casting
conditions and hot workability of as cast ingot were studied by melting and casting stainless steel and Ni-base superalloy

using an experimental VADER equipment.

Fine grain structure of 100-200 gm free of micro void was obtained under conditions of low super-heat of molten metal
droplets (10~307C) and low casting speed (several cm/min) in the case of 90~200mmg¢ ingots cast into steel molds. The
hot workability of as cast Ni-base superalloy ingot was equal to that of forged material.
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Fig. 1. Schematic view of VADER process.
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Table 1. Experimental conditions.

Melting current Max. 5000A
Electrode dia. Max. 150mm
Ingot dia. Max. 200mm
Mold rotation Max. 120rpm
Atmosphere 0.01—0.001torr
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Table 2. Chemical compositions of melting materials

used.
C Si Mn Ni Cr Mo Nb Fe
Sus-304 0.06 05 1.0 9.0 185
Sus-316 0.06 05 1.0 11.0 165 25
Inconel-625 | 0.02 0.05 001 650 220 9.0 4.0 15
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Photo. 1. Typical droplet transfer during melting.
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Fig. 2. Relationship between melting current and melt-
ing speed of three electrodes with different
diameter.
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Fig. 3. Influence of current density on metal droplet

temperature.
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Fig. 4. Solidification profile of ingot (90mm dia. ).
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Photo. 2. Influence of casting speed on ingot shape.
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Photo. 4. Macrostructure of VADER ingots (a and b) and conventional cast ingot (c) (90mm dia. ).
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Photo. 6. Microporosity in the ingot at low casting

speed.
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Table 3. Variation of chemical composition before and after melting (Inconel 625).

C Si  Mn S Ni Cr Mo Nb Ti - Al  Fe N 0
before melting 0024 005 001 00013 6452 2132 865 376 021 017 120 00043 00041
after melting 0022 004 001 00012 6509 2156 872 356 020 013 163 00041  0.0037
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Fig. 8. Relationship between casting speed and hot
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