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Fig.2 Micro-morphologies of cracks at different positions in vacuum
induction ingot of GH4975 alloy: (a) center and (b) edge
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Fig.3 Fracture morphologies of cracks at different positions in vacuum induction ingot of GH4975 alloy: (a) center, (b) 1/2 radius, and (c) edge
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Fig.4 Dendritic morphologies at different positions in vacuum induction ingot of GH4975 alloy: (a) center, (b) 1/2 radius, and (c) edge
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Fig.5 SEM images of as-cast microstructure of GH4975 alloy
vacuum induction ingot: (a) secondary electron image and

(b) backscattered electron image
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Fig.9 High temperature confocal images of GH4975 alloy at different temperatures: (a) 1350 °C, (b) 1345 °C, (c) 1340 °C, (d) 1335 °C,

(e) 1330 °C, and (f) 1325 °C
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Fig.10 Shrinkage of GH4975 alloy during isothermal solidification at
1330 °C
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of GH4975 alloy: (a) shrinkage cavity and (b) dendrite
morphology
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Fig.12 Characteristics of cracks in vacuum induction ingot of
GH4975 alloy: (a) cracks formed by shrinkage expansion and

(b) crack originated from shrinkage
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Table 1 Comparison of composition between GH4975 alloy and typical superalloys (wt%)

Superalloy C Co Cr w Mo Al Ti Nb Fe Ni
GH4975 0.115 15.58 7.96 10.22 1.18 5.01 2.49 1.66 0.10 Bal.
GH4738 0.035 13.25 19.40 - 4.25 1.30 3.00 - - Bal.
GH4169 0.025 - 18.10 - 2.80 0.45 1.00 5.40 18.00 Bal.

K419 0.100 12.14 6.07 10.40 1.85 5.47 1.42 2.79 0.36 Bal.
#*2 ET IMatPro it HHFRSIES £ REIER
Table 2 Solidification of different superalloys based on JMatPro calculation
) o Temperature range of liquid phase Variation of average expansion
Density change from liquid . . o
Superalloy . R volume fraction from 0.003 to  coefficient with liquid phase volume
phase to solid phase/g-cm . P
0.215/°C fraction from 0.003 to 0.215/x107° K~
GH4975 0.45 (7.42—7.87) 108 (1325—1217) 3.08 (23.74—20.66)
GH4738 0.33 (7.39—7.72) 93 (1317—1224) 2.37 (21.40—19.03)
GH4169 0.33 (7.50—7.83) 95 (1197—1102) 2.60 (20.30—17.70)
K419 0.45 (7.49—7.94) 113 (1323—1210) 3.78 (24.00—20.22)
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Hot Cracking Sensitivity of Difficult-to-Deform Superalloy GH4975 with High Alloying

Zhu Xing', Jiang He', Dong Jianxin', Wan Zhipeng’
(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Key Laboratory of Science & Technology on Advanced High Temperature Structural Materials,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: To study the hot cracking sensitivity of high alloying difficult-to-deform superalloy GH4975, the crack morphology and microstructure
characteristics of the GH4975 ingot were observed, and the causes of hot cracking were analyzed through solidification behavior and
thermodynamic calculation. The results show that cracks propagate along grain boundaries and dendrites, and the equiaxed region has a greater
cracking tendency than the columnar region. Shrinkage holes are easy to appear in the center of the ingot. The formation of continuous shrinkage
holes leads to insufficient overlap between dendrites, which can be easily pulled apart under stress to form a crack source. At the same time, the
segregation of Al, Ti and Nb elements between dendrites is severe. Complex precipitates, especially numerous (y+y") eutectic phases, promote the
nucleation and propagation of cracks. JMatPro calculation shows that GH4975 alloy has a high shrinkage rate and a wide temperature range for
poor feeding during solidification. It facilitates the formation of shrinkage hole that can act as a crack source. Meanwhile, the linear expansion
coefficient of the alloy changes significantly in the temperature range for poor feeding, thereby promoting crack propagation.
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