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Abstract: Recrystallization in directionally solidified columnar grain or single—crystal alloys
significantly degraded alloy performance by introducing recrystallized grain boundaries perpendicular
to the stress direction. Accordingly, recrystallization represented a critical concern during the
manufacturing of aero-engine and gas—turbine blades. Service-exposed directionally columnar grained
blades were examined, and stresses induced at different production stages of blades were simulated to
investigate recrystallization behavior during subsequent normal-service or slightly-over-temperature
service conditions. The results showed that recrystallization occurred near the fillet between the blade
airfoil and shroud, with a relatively large affected zone. Based on the size and number of recrystallized
grains, recrystallized regions were categorized into two types: one consisted of one or several large
recrystallized grains, while the other comprised numerous fine recrystallized grains. Analytical results

showed that recrystallization had already formed inside the blades before service. Simulation results of
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directional solidification, machining and service processes for the alloy demonstrated that collisions

during machining and handling, as well as uneven loading and excessive deformation during

straightening, would cause plastic deformation of blades and further induce recrystallization during

subsequent high-temperature heat treatment.

Key words: directionally solidified columnar superalloy; recrystallization; grain; high-

temperature heat treatment
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Table 1 Chemical Composition of Directionally Solidified Columnar Grained Blades (Mass Fraction) %
C Cr Co W Mo Al Ti Ni
0.13 9.50 5.70 5.40 3.90 6. 00 1.90 Bal.
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Fig. 1 Heat—treatment Process Diagram
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Fig. 2 Macro-morphology of Recrystallized Grains in Directionally Solidified Columnar Grained Blades
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Fig. 3 Optical Morphology of Recrystallized Grains in Directionally Solidified Columnar Grained Blades
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Fig. 4 Micro-morphology of Recrystallization in Directionally Columnar Grained Blades
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Fig. 5 Macro-morphology of Specimens under

Slightly-over-temperature Service without Stress
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Fig. 6 Morphology of Specimens with Stress Induced by Simulated Sand-blasting Cleaning
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Fig. 7 Morphology of Specimens with Strain Induced by Simulated Collision during Manufacturing
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Fig. 8 Macro-morphology of Specimens with Plastic Strain Induced During Simulated Assembly
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Fig. 10 Macroscopic Morphology of Specimens with Plastic Deformation Induced by Simulated Shaping
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