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Effect of cooling rate on microsegregation behaviors and
mush zone stability of GH4169 alloy during solidification process

ZHANG Mai-cang, CAO Guo-xin, DONG Jian-xin

(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The microsegregation behaviors of GH4169 alloy during its solidification process were investigated by
remelting tests, SEM and EMPA analysis. Furthermore, the density variation for the solidification front of this alloy was
analyzed and a stability criterion based on relative Rayleigh number model was put forward. The results show that, when
the cooling rate is lower than 0.05 ‘C/s, Nb content in the residual liquid phase increases with decreasing the pouring
temperature, it can reach 14%, three times of the designed Nb content for this alloy. When the cooling rate increases to
0.1 ‘C/s and the pouring temperature is lower than 1 310 ‘C, Nb content in the residual liquid phase reaches 10%
promptly, while when the pouring temperature is higher than 1 310 ‘C, Nb content in the residual liquid phase varies
slowly. With the increase of cooling rate during the solidification process, Nb content in the residual liquid phase can
decrease to the designed value gradually. At the same time, a heavier microsegregation of Nb element may occur at lower
cooling rate in the mush zone for GH4169 during its solidifying process, resulting in the bigger relative Rayleigh number
and the worse stability of mush zone, which may increase the probability of freckle formation.
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Fig. 1 Schematic diagram for remelting tests of GH4169
alloy
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Fig. 2 Solidification microstructures of GH4169 alloy at cooling rate of 0.01 “C/s and different salt water cooling temperatures:
(a) 1340 'C; (b) 1330 C
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Fig. 3 Solidification microstructures of GH4169 alloy under different cooling conditions: (a) 0.02 ‘C/s, 1 330 C; (b) 0.02 C/s,
1290 °C; (¢) 0.1 'C/s, 1330 °C; (d) 0.1 'C/s, 1 290 C; (e) 0.2°C/s, 1 330 °C; (f) 0.2 'C/s, 1310 'C
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Fig. 4 Variation of element content for Nb with salt water

quenching temperature at different cooling rates
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