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Cold Crucible Melting for Alloys with Active and High Melting Point
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Cold crucible (water cooled Cu) melting technology can melt Ti-, Zr-, Cr-, V-base alloys without any resultant
contamination. In this paper examples of melting and casting small amounts of material (dozens of kg) using
Cold Crucible Induction Melting (CCIM), Electron Beam Melting (EBM), and Plasma Arc Melting (PAM)

equipment are described.
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Table 1 Fundamental equipment specification of the melting and casting test furnace with Cold
Crucible Induction Melting (CCIM), Electron Beam Melting (EBM), and Plasma Arc

Melting (PAM)

Process Heating method and ability Pressure Ingot production
(kPa)
Casting
Induction heating 1x 10”° | 50 to @ 200x 1000 1 000Lmm,
CCIM Max. electric power : 400kW[ to 20kg (Ti alloy)
Frequency : 3 000Hz 1x 10° | Withdrawal methodO
¢ 220 x 600LmMmm
Electron beam impact heating | 1x 10”7 )
EBM Max. electric power : 80kW to Wlltgg(rr?]V;iI)TeBtggfgm
Accelerating voltage : 30 000V | 1x 10°¢ | :
Plasma arc heating 1x 10 Wlfgg{iv;il)Tegtggfgm
PAM Max. electric power : 100kW to gasting[l '
. 2
Current : 1 000A(DC) 1x 10 1kg (Ti alloy)
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Photo 1 ¢ 200CCIM: Melting in vacuum chamber

all Arrangement of crucible, coil, mold, b0 Segment structure of water cooled crucible, c Melting situation of Zr-base alloy
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Fig. 1 @ 200CCIMO Time change of W, C density in Ti molten pool
after WC particle addition
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Photo 2 ¢ 200CCIMIExample of the nonmetallic inclusions
adhering the solidified skull in the crucible after the
outflow of molten stainless stedll SUS30401
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Fig. 3 @ 220CCIM : Time change of the oxygen concentratiori] OO
during the deoxidization by rare-earth metal (REM)
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Fig. 2 @ 200CCIM: Relation between the temperature of metal pool within the crucible and the electric powel] Calculation valuel lineOJand also

real operation valuél o [T
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Photo 3 @ 220CCIMUO Outflow situation in the vacuum chamber

alJ Outflow position after tilt the crucible and coil,

b0 Outflow situation of molten Ti
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Photo 4 @ 200CCIM Ingot withdrawal method

alJSchematic diagram, bOTi withdrawal ingot and macro structure of the section
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Photo 5 Situation of melting and casting in EBM

al0Water-cooled Cu hearth] water-cooled Cu wallOdand ¢ 150mm water-cooled Cu mold in the vacuum chamber, bOTi alloy ingdfl ¢

150x 450LmmUCmade by withdrawal method
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Photo 6 Situation of melting and casting in PAM

all Plasma torch, melting material (TiAl alloy rod of @ 50mm made by CCIM), @ 50mm water-cooled Cu

mold in the vacuum chamber,

b0 @ 50mm withdrawal ingot and macro structure of the section at top and bot. position
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Photo 7 Situation of melting and casting in PAM

all Hemispherical shape water-cooled Cu crucibléoutflow by tiltinglTand mold for plate casting, b0 Example

of the test sample of Zr base bulk amorphous material
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