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Table 1 Chemical composition of Ni-based superalloy (wt.%)
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Fig.1 Schematic diagram of heat treatment processes
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Fig.2 Geometry of the tensile specimens(mm)
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Fig.3 BSE images: (a)AC; (c)FC-5-800; (e)FC-1-800 and IPF images:
(b)AC; (d)FC-5-800; ()FC-1-800 of samples with different cooling

treatments
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Fig.4 Geometric parameters of serrated grain boundaries of samples
with different slow cooling processes: (a)Schematic BSE image of
amplitude and wavelength measurements; (b)Statistical results of

amplitude; (c)Statistical results of wavelength

5 R S LT ARFAE AR T F Y5 T SR AL B8 AR AT
HAIERBISM, 9 T IR NFRMRAS [R]VA #3323 0] i S8
IS, %} FC-5-800 A FC-1-800 FE i i A v AH
BRI HEAT B S 082, SE G 5 B, it
AR T A RIRBUEN . A EE S C/min B,
i ALy AR 2 DA HOR BOAOIRIE & b AN &
ST, RFAEBE 5 pm, #1557 2HEIRRES,
W DA RN BOR BAROIR yr AH TR B i 25 i & SR bR id

SGB-1. ZZAHER N 1 C/min K, FAALH v MHIE
DABRARHT H TR IR B B ORI TR ZY, y AHAEK
73 TA) KBRS 2E B, A5 4 SR I T RO IR IR i S i
BRIy A TR AL B T 40 S B 25 il o b i
SGB-2. & A HE AR MBEAC, M v MRS
Fa, RSFE—DHA, TR PRI AT TE K25 i
At o

K5 ARZA TEEmMMT v M HeREL SE BfR: (a)FC-5-
800; (b)FC-1-800

Fig.5 SE images showing the precipitation of Y’ phase at grain
boundaries of samples with different slow cooling treatments: (a)FC-
5-800; (b)FC-1-800
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Fig.6 EDS line scan results near the grain boundary of samples with

different slow cooling processes: (a)FC-5-800; (b)FC-1-800
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Table 2 Tensile properties at 650 °C of samples with different cooling

2 8 8

¥' Area fraction (%)

S

treatments
B 7 ANEARH TSNy AT ARG SE B (2)AC: Yield Strength Ultimate Tensile Elongation
(b)FC-5-800; (¢)FC-1-800 PR (MPa) Strength (MPa) %)
Fig.7 SE images showing the precipitation of Y’ phase inside grains of AC 946 947 1.0
samples with different cooling treatments: (a)AC; (b)FC-5-800; FC-5-1000 671 762 5.0
(c)FC-1-800 FC-5-800 596 821 6.7
FC-1-1000 644 770 5.3

FC-1-800 520 840 8.5
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Fig.9 Stress-strain curves at 650 °C of samples with different cooling

treatment
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Fig.10 SE images showing the tensile fractures at 650 °C of samples
with different cooling treatments: (a)AC; (b)FC-5-1000; (c)FC-5-800;
(d)FC-1-1000; (e)FC-1-800
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Fig.11 Schematic diagram of the formation mechanism of the type

SGB-1 serrated grain boundary: (a)Nucleation of ¥’ phase; (b)Growth
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Fig.12 Schematic diagram of the formation mechanism of the type
SGB-2 serrated grain boundary: (a)Nucleation of y' phase; (b)Growth
of y' phase
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Effect of Heat Treatment on the Evolution of Serrated Grain Boundaries and
Tensile Properties of a Casting Ni-based Superalloy
Wang Jiahui !, Zhao Xinbao !, Wang Changshuai >*, Gong Xiufang >3, Dong Na*, Yue Quanzhao !, Gu Yuefeng !, Zhang Ze'!
(1. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310058, Zhejiang, China)
(2. State Key Laboratory of Clean and Efficient Turbomachinery Power Equipment, Deyang 618000, Sichuan, China)
(3. Dongfang Electric Corporation Dongfang Turbine Co., Ltd., Deyang 618000, Sichuan, China)
(4. Dongfang Electric (Hangzhou) Innovation Institute Co., Ltd., Hangzhou 310000, Zhejiang, China)
Abstract: This work investigated the mitigation of intermediate temperature embrittlement in casting Ni-based superalloys for gas turbine blades.
By tailoring the post-solution cooling rate and water quenching termination temperature, we analyzed the impact of the synergistic evolution
between Y’ phase precipitation and grain boundary (GB) geometry on 650 °C tensile performance. It was found that lower cooling rates and
quenching termination temperatures promote intragranular ¥’ phase coarsening and a transition from planar to serrated GB morphologies. A cooling
rate of 5 °C/min led to SGB-1 type serrated GBs via strong y’ phase pinning, while 1 °C/min resulted in SGB-2 type serrated GBs through the
synergistic migration of coarse Y’ phases and GBs. Although yield strength at 650 °C decreased with reduced cooling rates, ductility was
significantly enhanced, with the SGB-2 sample achieving an elongation of 8.5%. The brittleness observed in air-cooled samples was attributed to a
mismatch between strong grain interiors and weak grain boundaries. In contrast, slow-cooled samples effectively alleviated this brittleness by
sacrificing some intragranular strength in favor of GB strengthening through serration, creating a beneficial "strong GB—weak grain interior"
balance.

Key words: Casting Ni-based superalloy; Grain boundary engineering; Cooling rate; Serrated grain boundary; Intermediate-temperature brittleness
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