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2400 h;980 “C I %% 100.200.400.600 F1 800 h.

AR JEL I R AL - 900 'C-980 C IR FF , 7 900 °C I &%

F1 DZ4N EEMUFER S
Table 1 Chemical composition of DZ411 superalloy (wt%)

Cr Co Ti Al w Mo Ta Ni

13.63  9.51 476 343 4.03 142 2.77 Bal.

K1 Dz411 & &R aH A2 OM 5 SEM iU
Fig.1 OM (a) and SEM (b) images of the as-cast DZ411 superalloy
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Fig.2 Morphologies of y' phase after isothermal aging at 900 °C for 200 (a), 500 (b), and 2400 h (c) and at 980 °C for 200 (d), 400 (e), and

800 h ()
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Fig.3 Evolution of equivalent diameter (a) and FR (b) of y’ phase with aging time during isothermal aging
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Fig.4 Temperature-normalized curve of isothermal aging data
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Fig.5 Morphologies of y' phase after sequential variable-temperature aging at 900 °C-980 °C (a—c) and 980 °C-900 °C (d—f) for 5 308 (a, d),
7762 (b, e), and 10 616 h (c, f)
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Fig.6 Evolution of equivalent diameter (a) and FR (b) of y’ phase with aging time during non-isothermal aging
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Fig.7 Equivalent diameter distributions of y' phase after isothermal and non-isothermal aging for 2 454 (a), 2 854 (b), 5 308 (c), 7 762 (d),
10 162 h (e), and 10 616 h (f)
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Fig.8 Morphologies of y’ phase after sequential aging at 980 °C-900 °C (a) and subsequent re-aging at 980 °C (b)
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Fig.9 Temperature-normalized curves of isothermal and non-

isothermal aging data
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Fig.10 Variation of FR of y' phase with equivalent time after

isothermal and non-isothermal aging
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Fig.11 Typical asymmetric diffraction peaks in (200) plane after non-
isothermal aging: (a) 900 °C-980 °C, 5308 h and (b) 980 °C
-900 °C, 5308 h
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Influence of Variable Temperature Aging on the Microstructure of
Nickel-Based Superalloys

Fu Shengyang', Cao Tieshan', Wang Wei’, Chi Qingxin’, Cheng Conggian', Zhao Jie'
(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)
(2. Shenyang Aeroengine Research Institute, Shenyang 110066, China)

Abstract: Nickel-based alloys undergo complex temperature variations during actual service. Thermal fluctuations may alter elemental diffusion
pathways and rates, thereby affecting microstructural homogeneity. Current long-term aging studies predominantly focus on isothermal conditions,
while microstructural evolution and performance degradation under non-isothermal aging remain inadequately explored. This study aims to
investigate the differences in y' phase evolution between isothermal and non-isothermal aging in nickel-based alloys, elucidate the influence of
variable temperature sequences on microstructural characteristics, and establish quantitative relationships among microstructure, aging time, and
temperature, including equivalent time calculations. The results reveal that the growth kinetics of y’ phase size in DZ411 alloy under both non-
isothermal and isothermal aging follows an identical time-temperature function: the cube of phase diameter exhibits a linear dependence on aging
time and temperature, with Feret ratio (FR) fluctuating within comparable ranges. Furthermore, variable temperature sequences systematically
govern y' phase dimensions. Microstructural observations demonstrate that sequential aging from 900 °C to 980 °C produces larger y’ phases than
the reverse sequence (980 °C-900 °C). Quantitative analysis confirms that the average equivalent diameter (D) for the 900 °C-980 °C sequence is
719 nm, which is larger than that for the 980 °C-900 °C sequence (665 nm). Additionally, variable temperature sequences regulate y’ phase
morphology: rounded rectangular particles dominate in the 900 °C-980 °C sequence, while near-spherical shapes prevail in the 980 °C-900 °C
sequence, supported by distinct FR values (1.411 vs. 1.379).

Key words: nickel-based alloy; variable temperature aging; y’ phase; quantitative analysis

Corresponding author: Zhao Jie, Ph. D., Professor, School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024,
Tel: 0086-411-84709076, E-mail: jiezhao@dlut.edu.cn



