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Abstract: Ni-based superalloys are widely applied in fields such as aerospace, and its melting processes are of vital impor-
tance to its properties and quality. This paper reviews the single melting, double melting, and triple melting processes of
Ni-based superalloys based on Vacuum Induction Melting (VIM) , Electroslag Remelting (ESR) , and Vacuum Arc Re-
melting (VAR). The flow, characteristics, existing defects of each melting process, as well as the research achievements
aimed at these defects, are analyzed in detail, and the differences among different melting processes in aspects such as im-
purity removal, control of element burning loss, and defect generation are compared, and the applicable alloy types for
each process are clarified. The results show that the single melting process of VIM is suitable for alloys with relatively low
requirements for purity, while the double melting processes of VIM+ESR and VIM+VAR have their own advantages in de-
sulfurization and controlling the burning loss of easily oxidizable elements , respectively. The triple melting process of VIM+
ESR+VAR can ensure the alloy purity However, the melting process of Ni-based superalloys still faces challenges such as
difficult to control impurity elements precisely and the tendency to generate defects. In the future, the research should fo-
cus on oplimizing process parameters, developing new melting technologies, conducting in-depth studies on the defect for-
mation mechanisms, and narrowing the performance gap of large-sized ingots compared with the international advanced
level. This will lay the foundation for the innovative development of the melting processes of superalloys in China.
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Table 1 The role of some elements in Ni—based superalloys
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Fig. 1 The development of smelting process at home and abroad
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process : (a) melting equipment, (b) process flow
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Fig. 6 Schematic diagram of vacuum arc remelting (VAR )

process : (a) melting equipment, (b) process flow
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Fig. 10 Schematic diagram of freckles formation
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Table 6 Characteristics comparison of different melting processes
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Table 7 Melting route of typical Ni—based superalloys
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