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Abstract: The influence of Ti microalloying on the microstructure and mechanical properties of a novel Fe-Ni-based super-
alloy GH1059 with high-strength, high-toughness and long-life for fast reactors was investigated using SEM, EBSD, and
TEM. The results showed that the addition of Ti significantly increased the amount of Ti-rich MC carbides, which precipi-
tated in a finer and more dispersed manner, while effectively suppressing the formation of M,,C, carbides at grain boundar-
ies (GBs). With increasing Ti content, the average grain size of the alloy gradually decreased, while the fraction of low-3
coincidence site lattice (CSL) boundaries remained largely unchanged. The results of 750 °C tensile and room temperature
impact properties showed that Ti microalloying can simultaneously improve both strength and toughness. The tensile frac-
ture mode was a mixed-mode fracture, and the deformed microstructure was mainly composed of dislocation cells and sub-
grains. The improvement in mechanical properties were primarily attributed to solid-solution strengthening by Ti atoms,
precipitation strengthening from TiC, grain refinement, and enhanced GB bonding force.
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Calculation results of thermodynamic equilibrium phase diagram: (a) 56Ti, (b) 120Ti, (c¢) 240Ti
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Fig. 2 The distribution of MC carbides and the morphology of grain boundaries of alloys with different Ti contents: (a) 56Ti, (b)

120Ti, (c)(d) 240Ti
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Fig. 3 EPMA element distribution mappings of MC carbides in the 240Ti alloy
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Fig. 5 Effects of Ti contents on tensile properties of solid—solution treated alloys: (a) yield strength and tensile strength, (b) elonga-

tion and reduction of area
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Fig. 6 SEM micrographs on the fracture surface and corresponding longitudinal cross—section after the 750 °C tensile test of the three

alloys: (a)(d) 56Ti, (b)(e) 120Ti, (¢)(f) 240Ti
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map, (d) recrystallization distribution map
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Fig. 8 Dislocation configurations of the three alloys after 750 °C tensile fracture: (a) 56Ti, (b) 120Ti, (c) 240Ti
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Fig. 9 Effects of Ti contents on room temperature impact properties of solid—solution treated alloys: (a) impact toughness, (b) com-

parison of yield strength versus impact toughness
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