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Table 1 Chemical composition of the substrate and
powder (w/%)

Cr Co W Mo Ta Al Hf Re B C Y Ni

Substrate 6.997.785.23 1.846.80 6.30 0.12 3.020.0030.058 0.01 Bal.
Powder 6.847.795.321.816.866.16 0.13 2.870.0030.049<0.01 Bal.
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Table 2 Parameters of the laser solid forming (LSF) process

Laser Spot Velocity/ Powder feed Overlap/
power/W diameter/mm mms' rate/g-min™ %
400~800 0.8 10~15 2~3 45
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Fig.1 Cross-section microstructure of the as-deposited LSF sample at different positions: (a) bottom, (b) middle, and (c) top
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Fig.2 SEM microstructures of the as-deposited LSF sample at
different positions: (a) bottom and (b) middle
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Fig.3 TEM morphology (a) and corresponding SAED pattern (b)

of the MC carbide in the as-deposited sample
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Fig.4 SEM images of as-deposited LSF sample at different
positions: (a) bottom and (b) middle
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Fig.5 TEM morphology (a) and corresponding SAED pattern (b)

of y’ precipitates in the as-deposited LSF sample
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Fig.6 Dislocation configurations of the as-deposited LSF sample
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Fig.7 Graphs of as-deposited (a) and heat treated (b) LSF

samples
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Fig.8 OM microstructures of recrystallized regions in the heat
treated LSF sample: (a, b) thick grain, (c) twin, and (d) micro

cracks
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Fig.9 SEM microstructures of cracks in heat treated LSF sample
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Microstructures of Nickel-base Single-Crystal Superalloy Prepared
by Laser Solid Forming

Liang Jingjing, Yang Yanhong, Zhou Yizhou, Li Jinguo, Wang Liang, Jin Tao, Sun Xiaofeng
(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Single-crystal superalloys have been commonly used in modern advanced aero engines to produce high-pressure
high-temperature turbine blades. In order to extend the lifetime of single-crystal turbine blades, repair of cracked and worn ones is of great
interest. Laser Solid Forming (LSF) is a prospective technology that can be used to repair single-crystal blades. In this study, the
microstructure of the as-deposited and heat-treated LSF single-crystal superalloy has been characterized through optical microscopy (OM),
scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The as-deposited LSF sample shows a directionally
solidified columnar dendrites growing almost parallel to the building direction. Between the dendrites, nearly round microporosity and
blocky MC carbide particles are dispersed uniformly. TEM results indicate that many nano y’ particles precipitate in y matrix. In addition,
during LSF deposition process, stress is formed, which generates plenty of dislocations. During heat treatment, the LSF sample
experiences full recrystallization. The recrystallization grains are in different sizes, and twins are found in some recrystallized grains.
Because the residual stress is fully released during heat treatment, the size and shape of ' precipitates in the recrystallized and
un-recrystallized regions are similar to those in conventionally cast samples.

Key words: laser solid forming; single crystal superalloy; heat treatment; recrystallization
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