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Abstract: Inclusions in superalloys are the main factors affecting the metallurgical quality and perform-
ance of the alloys. The control methods of inclusions in the vacuum induction melting process of
GH4169 had been investigated from two aspects: melting process and raw material. Firstly, three
batches of GH4169 were melted in a 12-ton vacuum induction furnace with highly consistent charging
but different refining temperature at 1530, 1560°C, and 1590°C. The results showed that as the refining
temperature increased, the erosion-reduction reaction between the alloy melt and the MgO crucible be-
came more intense, introducing non-metallic inclusions such as Al,O; and MgAl,O, into the alloy melt.
The number density of non-metallic inclusions at the A-end of the induction ingot increased progress-
ively, which were 83.716, 171.180/mm’, and 204.927/mm’, respectively. Therefore, low-temperature re-
fining should be chosen to reduce inclusion content by more than 50%, with refining temperature at
around 1525~1535°C, refining vacuum degree < 1.0 Pa, and duration of 1.5~2.5 h. Secondly, low-tem-
perature refining was selected to reduce the impact of refining process on inclusions, and the impact of
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raw material purity on inclusions was compared. The results showed that using higher purity raw mater-
ials such as Cr, Nb and Ti for melting can reduce inclusion content in the induction ingot by more than
30%.
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Fig. 1 Typical morphology of non-metallic inclusions in superalloy induction ingots
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Fig.2 Morphology and surface scan of MgAl,O,-Ti(C,N) inclusions
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Fig.3 Type and proportion of non-metallic inclusions in the induction ingot
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Fig.5 Number of inclusions per unit area of various type
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Fig. 6 Schematic diagram of the reaction mechanism at the MgO crucible-melt interface
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Fig. 7 Type and proportion of non-metallic inclusions in the induction ingot
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