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Inclusion Removal Mechanism by Bottom—Blown Argon in
Vacuum Horizontal Continuous Casting of Superalloys

Hao Zhibo, Li Shangping, Li Zhiqi, Luo Heli, Wang Shuo
(Beijing Cisri—Gaona Materials & Technology Co., Ltd., Beijing 100081, China)

Abstract: This study focuses on FGH4097 superalloy revert scrap. Based on a 2 t vacuum horizontal continuous casting fa-
cility, high-purity melting experiments were conducted with bottom-blowing argon. The entire process of argon bubble ris-
ing, crossing the melt pool interface, and bursting was recorded by high-temperature in-situ visual observation. By com-
bining finite-difference numerical simulations of the heat conduction equation, the disturbance patterns of the temperature
and viscosity fields caused by the bubbles and their influence on inclusion removal were systematically investigated. Ex-
perimental results show that melt temperature is the key factor governing bubble interfacial crossing behavior. In the range
of 1 550 “C—1 500 °C, bubbles struggle to break through the top interface due to insufficient surface tension, leading to lim-
ited flotation purification efficiency. When the temperature drops below 1500 ‘C, a pronounced heat-affected zone forms
around the bubbles, increasing the local melt viscosity, which enhances the adhesion and capture of fine inclusions.
Bubbles can then stably carry inclusions across the interface and burst under vacuum, after which the inclusions are ad-
sorbed by slag or crucible walls for removal. Numerical simulation results indicate that upon entering the melt, the bubble
interior and its surrounding region maintain a significantly lower temperature than the bulk melt for several seconds,
thereby forming a radial temperature gradient, with a corresponding localized increase in viscosity, which agrees well with
experimental observations. The study reveals that inclusion removal by bubble flotation follows a triple coupling mecha-
nism: thermal adhesion, interfacial adsorption, and mechanical entrapment. It clarifies the purification mechanism under
the synergistic effect of temperature field, viscosity field, and bubble behavior. The findings provide a theoretical basis
and process guidance for temperature range selection, argon blowing parameter optimization, and high-purity recycling of
superalloy revert scrap in vacuum horizontal continuous casting.

Key Words: Superalloy; Vacuum Horizontal Continuous Casting; Bottom-Blowing Argon; Bubble Dynamics; Inclusion
Removal ; Numerical Simulation of Heat Conduction
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Integrated purification technology for vacuum horizon-
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Table 1 Chemical composition of FGH4097 alloy %

C Cr  Co W Mo Al Ti Nb Hf Zr B
0.04 9.00 15.75 4.35 3.85 5.05 1.80 2.60 0.25 0.013 0.011
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Fig. 2 Schematic diagram of high purification technology with
bottom argon blowing
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Fig. 3  States of bottom—blown argon bubbles rising to the top of molten pool at 1 550—1 500 “C: (a) rupturing bubble above the top

interface of the molten pool, (b) bubble beginning to rupture upon initial contact with the top interface of the molten pool
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Fig. 4 Schematic diagram of bottom—blown argon bubbles rising to the top of molten pool at 1 550—1 500 °C: (a) rupturing bubble

above the top interface of the molten pool, (b) bubble beginning to rupture upon initial contact with the top interface of the molten pool
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Fig. 5 Schematic diagram of the heat-affected zone around

the bubble
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Fig. 6 Schematic diagram of bubbles carrying inclusions ris-

ing to the top of the molten pool
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Fig. 7 The morphology of bubbles at the interface of the molten pool when rising at different temperatures and the presence of inclu-

sions on the bubble surface: (a)—(d)>1450-1 500 C;(e)-(h)>1400-1 450 °C;(i)-(1)=1 400 °C
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Fig. 8 Process diagram of bubbles carrying inclusions rising to the top of the molten pool : (a) bubble approaching molten pool inter-

face; (b) bubble breaking through the top interface of molten pool and floating above the interface as a dark bubble; (¢) bubble rup-

ture; (d) after bubble rupture, inclusions carried by bubble film aggregate under the surface tension of the film; (e) dispersing inclu-

sions after surface tension disappearing ; (f) inclusions flowed with lateral liquid flowing toward slag or crucible wall, and then ad-

sorbed
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Table 2 Comparison of FGH4097 revert master alloy, coarse powder revert and block revert
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Temperature field and viscosity variation between bubbles and melt at bubble flotation time of 2 s: (a) temperature, (b) vis-
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