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Abstract: Additive manufacturing (3D printing) is a promising route to repair damaged Ni-based superalloy single crystal
blades. This technology is featured by steep temperature gradient and high cooling rate. The characteristics favor the direc-
tional growth of dendrites and realise microstructure refinement. However, additive manufacturing process also produce high
residual stress and high microstructural defect density, which will trigger disastrous recrystallization and cracking in the sub-
sequent heat treatment and/or high temperature service process. Therefore, customized heat treatment is demanded for the
3D-printing repaired Ni-based superalloy single crystals. The standard heat treatment of superalloy generally consists of the
steps of super-solvus solution and aging. Considering the unique microstructure of as-printed single crystal superalloys, the
strategies of rafting-enabled recovery and sub-solvus solutionizing are demonstrated in this work , which effectively prevent re-
crystallization and stray grain growth, reduce dislocation density, release stress, and optimize y’ morphology and volume
fraction. Our study paves the way for the 3D-printing repair of damaged Ni-based superalloy single crystal turbine blades.

Key words ; single-crystal Ni-based superalloys; additive manufacturing; heat treatment; recovery; sub-solvus solution-
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Fig. 1 Profile display of turbine blades with polycrystal ( PX) , directional crystal (DS) and single crystal (SX) structure (a) , mechanical property

comparison between PX/DS/SX Ni-based superalloys (b), schematic diagram of additive manufacturing repair process (c)
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Fig. 2 Microstructure of the electron-beam-melted DD407 superalloy: (a) metallographic structure of FZ, HAZ and BM; (b, ¢) dendrite structure of

BM and FZ; (d~f) different y’ morphologies in the FZ, HAZ and BM; (g) elemental distributions within the FZ; (h) inverse pole figure

along the building direction of the electron-beam-melted sample; (i, j) inverse pole figure along the building direction and misorientation analy-

sis of the recrystallized sample after standard solution heat treatment
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Fig. 3 Microstructure evolution of the electron-beam-melted DD407 superalloy sample after recovery annealing and standard solution heat treat-

ment; (a) the morphology of the y' particles in the fusion zone, heat-affected zone, and base material zone after rafting-enabled recovery

heat treatment; (b) the morphology of the ¥’ phase in the fusion zone, heat-affected zone, and base material zone after subsequent solu-

tion+aging treatment; (c~e) SEM image, IPF-Y and KAM maps show that the new heat treatment successfully inhibits recrystallization

and eliminates residual stress/strain
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Fig. 4 Microstructure recovery of the electron-beam-melted DD407 superalloy by sub-solvus solutionizing: (a) electron-beam-melted sam-

ple with a few stray grains on the top; (b) recovery + super-solvus solutionizing leads to larger strain grains; (c¢) sub-solvus soluti-

onizing suppress recrystallization and growth of stray grain; (d) elemental distributions after sub-solvus solutionizing; (e, f) ¥’ dis-

tributions after sub-solvus solutionizing (left) and sub-solvus solutionizing+aging (right) in the FZ, HAZ and BM
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