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Fig.1 Microstructures of nickel-based wrought superalloy with different coarse grain volume fractions: (a) 0%, (b) 5%, (¢) 15%, (d) 25%,
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Fig.2 High-temperature creep rupture testing specimen (a) and observation areas for fracture surface and microstructure after the rupture test (b)
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Fig.3 High-temperature tensile properties and rupture performance of mixed-grain structure specimens: (a) tensile property and (b) creep rupture

time and stress
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Fig.4 Fracture morphologies of superalloy with different coarse grain volume fractions after creep rupture test: (a, a,) 0%, (b,,b,) 15%,
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Study on Influence and Mechanisms of Mixed-Grain Structures on the Rupture Creep
Properties of Nickel-Based Wrought Superalloys

Ren Junyu', Zhao Zhanglong', Zhai Xueting’, Wan Zhipeng’, Zhu Wenxuan’, Lai Yunjin*, Ma Kuan*, Wang Tao’
(1. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Science and Technology on Advanced High Temperature Structural Materials Laboratory, Beijing Institute of Aeronautical Materials,
AECC, Beijing 100095, China)
(3. Beijing Feihang Jiexun Materials Co., Ltd, Beijing 100100, China)
(4. Sino-Euro Materials Technologies of Xi’an Co., Ltd, Xi’an 710018, China)

Abstract: Through controlling forging and heat treatment processes of nickel-based wrought superalloy, the microstructures with coarse grain
volume fractions ranging continuously from 0% to 100% were prepared, and the stress rupture properties of different mixed-grain structures were
tested under the condition of 730 °C/530 MPa to explore the influence regularity and mechanism of mixed-grain structures on the stress rupture
properties. The research results show that the mixed-grain structures with coarse grain volume fractions from 0% to 100% exhibit significantly
different stress rupture properties. The mixed-grains structure with coarse grain volume fraction of 15% presents the shortest stress rupture life,
while the coarse-grained structure with coarse grain volume fraction of 100% possesses the longest stress rupture life. The high-temperature stress
rupture fracture surfaces of the mixed-grain structure specimens with low coarse grain volume fraction from 0% to 15% show typical ductile
fracture characteristics, whereas those of the specimens with high coarse grain volume fraction from 50% to 100% present intergranular fracture
characteristics. The high-temperature stress rupture deformation mechanisms of all mixed-grain structure specimens take the form of intragranular
deformation governed by dislocation motion and grain boundary sliding. However, with the increase in coarse grain volume fraction, the high-
temperature stress rupture properties of the superalloy are improved as the strong textures on the {111} crystal planes is changed, the internal
dislocation distribution in coarse and fine grains is inhomogeneous, and the tendencies of stress concentration and cavity nucleation induced by
dislocation pile-up and grain boundary sliding are significantly changed.

Key words: nickel-based superalloy; mixed-grain structure; high-temperature rupture properties; rupture creep deformation behavior
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