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Table 1 Nominal chemical composition of GH4975 superalloy (wt%)
Cr Co W Mo Al Ti Nb C Ni
7.5-9.0 14.0-17.0 9.5-11.0 1.0-2.0 45-5.1 2.0-2.7 1.0-2.0 0.06-0.15 Bal.
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Fig.1 Initial microstructure of GH4975 superalloy: (a) OM image, (b) SEM image at low magnification, (c) y’ phases morphologies, (d) carbides

morphologies, (¢) M,,C, carbide diffraction spots, (f) MC carbide diffraction spots, (g) average grain size statistics, (h) element content of

M,,C, carbide, and (i) element content of MC carbide
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Fig.2 Tensile properties of GH4975 superalloys at different temperatures: (a) UTS, YS; (b) RA, El
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Fig.3 True stress-true strain curves of GH4975 superalloy at different

tensile temperatures
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Fig.4 Morphologies (a—f) and size statistics (g) of secondary y’ phase of GH4975 superalloy after tensile test at different temperatures: (a) 25 °C,

(b) 700 °C, (c) 800 °C, (d) 850 °C, (e) 1000 °C, and (f) 1100 °C
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Fig.5 Low-magnification (a, ¢) and high-magnification (b, d) TEM images of tensile samples at 25 °C (a-b) and 500 °C (c—d)
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Fig.6 TEM images of intragranular deformation morphologies of tensile samples at 800 °C: (a) SFs, (b) MTs, (c) interaction between SFs and
MTs, and (d) dislocation
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Fig.7 TEM images of intragranular deformation morphologies of tensile samples at 850 °C: (a) low-magnification SFs, (b) high-magnification

SFs, and (c) dislocation
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Fig.8 TEM images of intragranular deformation morphologies of tensile samples at 1100 °C: (a) low magnification and (b) high magnification
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Fig.9 SEM images of fracture surfaces of the sample after tensile tests at different temperatures: (a) 25 °C, (b) 500 °C, (c¢) 700 °C, (d) 800 °C,

(e) 850 °C, (f) 900 °C, (g) 1000 °C, and (h) 1100 °C
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Fig.10 SEM images of longitudinal section of tensile fracture at different temperatures: (a) 25 °C, (b) 500 °C, (c¢) 700 °C, (d) 800 °C, (e) 850 °C,
(f) 900 °C, (g) 1000 °C, and (h) 1100 °C
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Fig.11 Schematic diagram of deformation mechanism of GH4975

superalloy
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Temperature Dependence of Tensile Deformation Mechanism
of GH4975 Superalloy for Turbine Disk

Tai Wenbin'?, Zhang Rui', Wu Jingjing’, Zhou Zijian', Cui Chuanyong', Zhou Yizhou', Sun Xiaofeng'
(1. Shi Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(3. Shenyang Liming Aero-Engine Group Co. Ltd, Shenyang 110043, China)

Abstract: Tensile properties, deformation mechanism, and fracture behavior of the GH4975 superalloy were investigated using optical
microscope, scanning electron microscope, electron backscatter diffractometer, transmission electron microscope, and other advanced
characterization techniques. The results show that the deformation mechanism of the alloy transitions from strong coupling dislocation shear at
low temperatures to stacking fault and microtwin formation at intermediate temperatures. At temperatures higher than 850 °C, the dislocation
bypass mechanism is activated and gradually dominates the dislocation movement with the increase in temperature. Carbide cracking dominates
the failure of the alloy at low temperatures. As the temperature increases, the grain boundary strength decreases. Therefore, grain boundary cracks
become the primary crack sources. At temperatures above 800 °C, the reduction in grain boundary strength and the activation of the dislocation
bypass mechanism are the primary reasons for the rapid decline in alloy strength.

Key words: GH4975 superalloy; tensile properties; deformation mechanism; fracture behavior

Corresponding author: Zhang Rui, Associate Professor, Shi Changxu Innovation Center for Advanced Materials, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, P. R. China, E-mail: rzhang@imr.ac.cn; Cui Chuanyong, Professor, Shi Changxu Innovation
Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, P. R. China, E-mail: chycui@

imr.ac.cn



