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Fig.l Recrystallization microstructures of as-cast 4777DS alloy after complete heat treatment at different temperatures: (a) 1260 °C,
(b) 1150 °C, and (c) 1100 °C



%7 TRIRTCSE: PR T Z00) R 1) R il 7 <6 4777DS FEEE S I RZ IR * 1835«

Band contrast
188

g || ZO

Grain boundaries
210"
=10

P2 A [ B [ VA A B 25 4777DS & 4 P 45 i W41 40 EBSD i A
Fig.2 Recrystallization microstructures (a—c) and EBSD images (d—e) of as-cast 4777DS alloy after solid solution heat treatment at different
temperatures: (a) 1075 °C, (b, d) 1055 °C, and (c, e) 1050 °C
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Fig.3 EBSD images of recrystallization of 4777DS alloy after solid solution treatment at 1260 °C for different time: (a) 10 min, (b) 1 h, (c) 2 h,

and (d)4 h
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Fig.4 Microstructures of recrystallization of solid-solution-treated 4777DS alloy after complete heat treatment and solid solution
heat treatment: (a) 1260 °C, (b) 1150 °C, (c) 1100 °C, and (d) 1075 °C/2 h
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Effect of Heat Treatment Process on Recrystallization of Directional-Solidified
Superalloy 4777DS

Zhang Qiongyuan'**, Zhang Ziyue’, Yang Atao"*, Lv Mengxue’, He Qungong'*, Yao Zhihao®, Wang Haiyang'*,
Dong Jianxin’
(1. State Key Laboratory of Clean and Efficient Turbomachinery Power Equipment, Deyang 618000, China)
(2. School of Materials Sciences and Engineering, Tsinghua University, Beijing 100084, China)
(3. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(4. Dongfang Electric Corporation Dongfang Turbine Co., Ltd, Deyang 618000, China)

Abstract: The effects of different heat treatment processes, alloy states, and stress relief annealing processes on recrystallization defects in
4777DS superalloy were studied using SEM and EBSD. SEM observation shows that the y’ phase near the surface of the sandblasted sample
undergoes deformation, changing from an initial butterfly shape to a long strip distribution on the alloy surface. The observation of
recrystallization of the alloy after insulation at different heat treatment temperatures shows that the temperature at which recrystallization occurs is
1055 °C. When the heat treatment temperature is higher than the dissolution temperature of the y’ phase, recrystallization presents an equiaxed
morphology, while when the heat treatment temperature is lower than the dissolution temperature of the )’ phase, it presents a cellular
recrystallization morphology. With the prolongation of heat treatment time, the proportion of large angle grain boundaries decreases, and the
resulting annealing twins help to reduce distortion energy. A comparison of recrystallization behavior under different initial alloy states reveals that
the as-cast alloy exhibits the highest tendency for recrystallization. In line with practical engineering requirements, a shorter annealing time can
effectively reduce the recrystallization degree of alloys.

Key words: directional solidification; superalloy; recrystallization; heat treatment; alloy state
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