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Abstract: The high alloying degree of GH4151 nickel-based superalloy leads to cracks and crystal mixing defects in the
billet process, which significantly reduces the material utilization rate. Meanwhile, the grain size of GH4151 is more sen-
sitive to the temperature and time of solid solution treatment. Using vacuum induction smelting (VIM) + electric slag re-
melting (ESR) + vacuum arc remelting (VAR) triple smelting GH4151 ingot, after homogenization billet preparation into
$200 mm round bar, through the metallurgical microscope (OM), scanning electron microscope (SEM) and back scatter-
ing electron diffraction (EBSD) characterization, system analyzed the bar typical microscopic tissue characteristics, heart
crack and edge mixing defect formation mechanism, and combining the experiment, optimize the solid heat treatment pro-
cess. The results demonstrate that, after standard heat treatment, the GH4151 bar exhibits a uniform equiaxed fine-
grained structure, with an average grain size of 14. 7 pm. A high density of secondary vy’ precipitates (100 nm-200 nm) is
uniformly distributed within the grains, significantly enhancing the high-temperature performance. The formation of cen-
tral cracks is attributed to coarse grains and Laves phase precipitates induced by adiabatic temperature rise, with crack
propagation predominantly guided by primary " precipitates and MC carbides. The edge abnormal grain structures are pri-
marily caused by insufficient deformation, leading to incomplete recrystallization. Solution treatment experiments indicate
that the optimal sub-solvus treatment condition is 1 120°C-1 150 °C for 90 min-240 min, effectively suppressing abnormal
grain growth.
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Table 2 Tensile and stress—rupture test items and test standards for GH4151 bars
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Equilibrium phase diagram of GH4151 alloy: (a) overall view, (b) partial magnification
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Fig. 2 Microstructure of GH4151 bar: (a)(d) edge, (b)(e) R/2, (¢)(f) center
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Fig. 3 Microstructure of GH4151 bar after solution and aging treatment: (a) OM, (b) SEM, (c¢)(d) EBSD
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Table 3 Mechanical properties of GH4151 bar after standard heat treatment
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23 1630 1212 14.0 15.0 - - -
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750 1220 1040 15.0 16.5 620 167 10.0
800 1108 972 8.5 10.0 500 78.4 22.0
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Fig. 4 Microstructure characterization near the crack of GH4151 bar: (a) OM, (b) (¢) SEM macrostructure images, (d)(e)(f)(g)

(h) (i) locally enlarged images of different regions
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Fig. 5 Characterization of cracking causes for GH4151 bar: (a)(b)(c) EBSD+EDS, (d)(e)(f) SEM
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Fig. 6 Microstructure characterization for the mixed grain zone of GH4151 bar: (a) SEM, (b)(c) EBSD
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Fig. 8 Grain growth curve of GH4151 alloy: (a) grain size variation with temperature, (b) grain size variation with time
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