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Fig.3 OM image of dendritic morphology (a) and precipitate at interdendritic region (b)
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Table 1 Chemical composition of precipitates at interdendritic region of as-cast alloy (wt%)

Element C Al Ti Cr Fe Ni Nb Phase
Slat-shaped 0.63 0.67 9.47 11.87 31.81 20.48 23.40 Laves
Speckle 0.01 10.64 17.21 2.74 2.74 56.17 3.02 yly'
Chunky 11.13 null 26.91 0.67 0.67 0.83 59.17 MC

Dendrititic
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Fig.6 Distribution of the y' phase in the interdendritic and dendritic regions
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Table 2 Distributions of alloying elements in dendritic core and

interdendritic area (wt%)

Element Al Ti Nb
Dendrite core 1.97 1.43 0.77
Interdendritic area 2.83 437 1.97
k 0.70 0.33 0.39
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Fig.7 DSC results of alloy cooling process (a) and heating process (b)
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Table 3 Results from DSC analysis and main phase transformation

temperatures (°C)

Temperatures T, T} s T otidus T carvide T i quicus

Heating curve 1131 1162 1270

Cooling curve - 1247 - 1337 1351
Average 1131 1205 1270 1337 1351
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Fig.8 Microstructures of alloys after isothermal solidification experiments at different temperatures: (a) 1360 °C, (b) 1350 °C, (c) 1335 °C,

(d) 1300 °C, (e) 1280 °C, and (f) 1200 °C
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Fig.13 True stress-true strain curves of alloy at different temperatures
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Relationship Between Phase Transformation and Hot Crack Sensitivity in the
Solidification of High Carbon Nickel-Based Superalloy

Li Shu, Zhao Zhan, Jiang He, Dong Jianxin
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: This study investigated the complex evolution of precipitates during the solidification of high-carbon nickel-based superalloy ingots,
exploring the relationship between phase transformation and hot cracking sensitivity during solidification. The causes of hot crack sensitivity in
ingots were identified using optical microscopy, scanning electron microscopy, and thermodynamic calculations. Differential scanning calorimetry
and isothermal solidification experiments, combined with various structural analysis methods, were used to reveal the impact of phase transitions
on hot crack sensitivity during solidification. The essence of high hot crack sensitivity due to the evolution of alloy solidification structure and its
impact on mechanical properties were elucidated through zero-strength and zero-plasticity tests during solidification, along with thermal stress
analysis. The solidification of the alloy produces complex precipitate phases. The significant enrichment of elements like Al, C, Ti, Co, Ni, Nb,
and Mo in the liquid phase results in the formation of Laves phase and (y+y’) eutectic phase at lower temperatures. This leads to a slower rate
during the final stage of solidification, with a solidification temperature range up to 151 °C. The first principal stress experienced by ingots in the
brittleness temperature range is influenced by the ingot size and casting process. The stress often exceeds the strength limit of the alloy, indicating
a high tendency for hot crack in the alloy. This reveals the relationship between the solidification process of superalloy and the toughness and
strength of the ingot, providing theoretical and practical guidance for controlling the tendency to crack during solidification.

Key words: Ni-based superalloy; hot crack; solidification; phase transformation; mechanical property
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