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Table 1 Chemical composition of GH4151 alloy (wt%)

C Cr Mo Vv Ti Nb Al W Co Ni
0.05 11 45 06 27 33 39 33 149 Bal
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Fig.1 Equilibrium phase diagram of GH4151 alloy calculated by
JMatPro software: (a) whole phase diagram and (b) partially
enlarged part
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Fig.2 Distributions of primary y' phase in GH4151 alloy under solid solution at different temperatures and two-stage aging heat treatment:
(a—b) 1090 °C, (c—d) 1110 °C, (e—f) 1120 °C, (g-h) 1130 °C, (i-j) 1140 °C, (k-1) 1150 °C, and (m-n) 1160 °C
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Fig.3 Variation curves of area fraction and ESD of primary ' phase
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Fig.4 OM images of GH4151 alloy at different solid solution temperatures: (a) 1090 °C, (b) 1110 °C, (c) 1120 °C, (d) 1130 °C, (e) 1140 °C,
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Fig.6 BSE images of samples subsolvus solutioned at 1130 °C (a—b) and supersolvus solutioned at 1170 °C (c—d)
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Fig.7 BSE images of different heat-treated samples: (a) 1130 °C-solid-solution sample after two-stage aging, (b) 1170 °C-solid-solution sample
after two-stage aging, (c) 1130 °C-solid-solution sample after aging at 850 °C for 0.5 h, and (d) 1130 °C-solid-solution sample after aging at
760 °C for 6 h
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Fig.12 EBSD analysis of GH4151 alloy after solid solution at

1130 °C (a—b) and 1170 °C (c—d) followed by two-stage

aging: (a, ¢) grain orientation distributions; (b, d) > CSL grain

boundary distributions
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Table 2 Percentages of different types of grain boundaries of GH4151 alloy under different heat treatments

Heat treatment 20-15° 15°-55° >3 Impact toughness/J-cm™
1130 °C/4 h/AC 7.94% 59.20% 32.86% 65.9
1170 °C/4 h/AC 6.95% 43.94% 49.11% 80.9

1130 °C/4 h/AC+two-stage aging 13.27% 56.10% 30.63% 21.9

1170 °C/4 h/AC+two-stage aging 5.50% 56.67% 37.83% 31.2
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Fig.13 EDS mappings of grain boundary in the GH4151 alloy sample after solid solution at 1130 °C and two-stage aging
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Fig.14 Morphologies (a—b) and SAED pattern (c) of precipitates at grain boundary of GH4151 alloy under different heat treatment: (a) solid
solution at 1130 °C, (b) solid solution at 1130 °C and two-stage aging
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Fig.15 Morphology (a) and SAED patterns (b—c) of precipitates at grain boundary of GH4151 alloy after solid solution at 1130 °C and two-stage
aging: (b) primary y'; (c) M,,C,
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Effect of Microstructure Characteristics on Impact Toughness of GH4151 Alloy
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Abstract: The GH4151 alloy samples after different heat treatments were tested using instrumented impact testing, and the effects of
microstructural characteristics and grain boundary features on the impact toughness of GH4151 alloy were analyzed through metallographic
microscope, scanning electron microscope, transmission electron microscope, and phase diagram calculations. The results show that the
percentage of primary y’ phase decreases with the increase in solid solution temperature, while the average grain size gradually increases and the
impact toughness of the solution-treated alloy also gradually increases. The results of phase diagram calculation by JMatPro depict that there is a
certain amount of x phase (a type of TCP phase) at grain boundaries and M,,C,. Analyses of the instrumented impact curves and fracture surfaces
reveal that for the alloy subjected to solution treatment only, the elastic deformation work (£,), plastic deformation work (), and tearing work
(E,) are all relatively large, indicating a good resistance to crack initiation and propagation and a high impact toughness. After solution treatment
followed by two-stage aging, both the E, and E become significantly smaller, and the E, even approaches zero, resulting in a substantial decrease
in impact toughness. Compared with the sample subjected to solution treatment only, the significant reduction in impact toughness of sample after
two-stage aging is primarily attributed to grain refinement and the synergistic precipitation of grain boundary x4 phase and M,,C, carbides during
aging, while showing relatively little correlation with the grain boundary characteristics of the matrix.
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