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Table 1 Crystal structures of main composition phases in
Ni-based superalloy!*®

Phases Chemical Crystal structure Lattice
formula constant/nm

y Ni Face-centered cubic (A1) a=0.3616

' Ni3(ALTi) Face-centered cubic (LI;) a=0.3589

" . Body-centered a=0.3624,

7 NisNb tetragonal (D052) ¢=0.7406
a=0.5141,

0 Ni;Nb Orthorhombic(D0,) b=0.4231,
¢=0.4534
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Fig.1 IPF image of the deformed superalloy
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Fig.2 Heat treatment routes after hot deformation: (a) DDA and
(b) IDA
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Fig.3 Morphologies of ¢ phases after aging: (a) DDA/3 h; (b-c) DDA/12 h; (d) IDA/3 h; (e-f) IDA/12 h
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Fig.4 Grain microstructures in different superalloys after aging: (a) DDA/3 h; (b) DDA/12 h; (c) IDA/3 h; (d) IDA/12 h
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Fig.5 Grain microstructures in different aged superalloys after annealing: (a) DDA/3 h; (b) DDA/12 h; (c) IDA/3 h; (d) IDA/12 h
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Fig.6 Schematic diagram of the precipitation of J phases
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Fig.7 TEM morphologies of different ¢ phases in alloy: (a) short-
rod-like/granular o phases; (b) long-needle-like J phases
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Effect of Aging and Recrystallization Annealing Treatment on Forged Mixed Grain
Structure of Ni-based Superalloy

Yang Zhiming', Chen Zijian®, Lin Yongcheng?, Lou Yumin®, Huang Yijun’
(1. Sanmen Nuclear Power Co., Ltd, Taizhou 472000, China)
(2. School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)
(3. Materials Technology Institute, Zhejiang Zheneng Technology Research Institute Co., Ltd, Hangzhou 311121, China)

Abstract: In order to eliminate the mixed grain structure of forged Ni-based superalloy parts, the heat treatment process of J phase
aging+recrystallization annealing was proposed. During aging, the J phase can be precipitated directly or indirectly by the transformation
of y” phase. The alloy with precipitated J phases was annealed at high temperature and then immediately treated by water cooling. It is
found that the aging routes and aging times greatly affect the microstructure evolution during recrystallization annealing. In the aging
process, the directly-precipitated ¢ phase is mainly distributed at grain boundaries. With prolonging the aging time, some J phases are
precipitated inside the grains, and the main morphology is short-rod-like. The distribution characteristic of the indirectly-precipitated &
phase is mainly intragranular needle-like and intergranular short-rod-like. The short-rod J phase has weak interaction with dislocations
during annealing, which leads to the pinning of grain boundaries. Besides, the long-needle-like 0 phase can promote the formation of
sub-grains. That is why the indirect aging is favorable for the recrystallization nucleation. Additionally, this phenomenon can also
effectively hinder the growth of grains to avoid the abnormal growth of recrystallized grains.

Key words: Ni-based superalloy; annealing; precipitate phase; recrystallization
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