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Influence of Melting Parameters on the Electroslag
Remelting Process of GH4151 Alloy

Zhong Jia, Jiang He, Dong Jianxin
(School of Materials, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: GH4151 is a high-performance precipitation strengthened new nickel-based high temperature alloy, suitable for
the manufacture of aviation engine turbine disc forgings. Based on the industrially validated MeltFlow software, the effects
of different smelting process parameters on the electroslag remelting process of GH4151 alloy were studied. The results re-
vealed with the process of the electroslag remelting, the morphology distribution of the molten pool exhibited a deep central
region and shallow periphery at different smelting stages. Ultimately, the melt pool solidified at the center of the slag pool-
liquid metal interface. ;As the melt speed was increased from 1.5 kg/min to 4. 5 kg/min, the maximum depth of the melt
pool increased from 360 mm to 474 mm, and the maximum width of the paste zone expanded from 60 mm to 99 mm. Fur-
thermore, the local solidification time, the spacing of secondary dendrites, and the probability of black spot formation all
exhibited a notable increase. As the electrode diameter increased (with the filling ratio rising from 0.27 to 0.94) , the
depth of the melt pool and the width of the mushy zone showed no change. However, the volume of the melt pool decreased
by 0. 001 5 m®, and the thickness of the slag skin reduced by approximately 1 mm. The probability of black spot formation
and the local solidification time both decreased as the electrode diameter increased. Therefore, the melting speed should
have been reduced, and the electrode diameter (filling ratio) should have been increased, which would have been more fa-
vorable for the solidification quality of alloy.
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Table 1 Physical parameters, geometric parameters and main smelting parameters of electrode, slag and ingot
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Fig. 2 Comparison of the simulated slag skin thickness with

the results from Reference [ 11 ]
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Fig. 3 Comparison of the simulated secondary dendrite arm

spacing with the results from Reference [11]: (a) distribution

map of secondary dendrite spacing, (b) comparison of experi-

mental values of secondary dendrite spacing and simulation re-

sults, (c) optical microscope (OM) map of secondary dendrite

spacing at different positions
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Fig. 4 Temperature and liquid phase volume fraction distribution changes throughout ESR process
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Fig. 5 Variation of slag pool and melt volume, slag skin thick-
ness throughout ESR process
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Fig. 6

Information on the distribution of solidification quality correlation coefficients :

(a) local solidification time, (b) cooling

speed, (c¢) secondary dendrite spacing SDAS, (d) black spot determination Rayleigh number Ra



B SR B RS EON GHA151 & 4 Ui B AR Y52 +23 -

2 kg/min

3 kg/min 3.5kg/min

K7 REE XL 5 S A 00 A 5 R

Fig. 7 Effect of melting rate on temperature field, melt pool morphology distribution
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Fig. 9 Effect of melting rate on secondary dendrite spacing, black spot determination of Rayleigh number
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Fig. 10 Effect of melting rate on local solidification time
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Fig. 11 Influence of electrode diameter (filling ratio) on temperature field, melt pool morphology distribution
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Fig. 12 Effect of electrode diameter (filling ratio) on melt pool volume, slag skin thickness



100 mm

140 mm 180 mm 200 mm

300 mm 340 mm

TR 3

B3 bR B (EUFE ) X — YA I . B E Si FK5 5

Fig. 13 Effect of electrode diameter (filling ratio) on secondary dendrite spacing, black spot determination of Rayleigh number
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Fig. 14 Effect of electrode diameter (filling ratio) on local so-

lidification time
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