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Table 1 Chemical composition of the experimental alloy (/%)

Al Ti Cr Co Mo W Ni

2.48 499 1599 15.02 298 1.17 Bal.
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Strain rate: 0.5 s™

Temperature: 1060, 1170 C
Logarithmic strain: 0.36, 0.60, 0.92
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Fig.1 Schematic and parameters of the hot compression test
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Fig.2 As-homogenized microstructures of the experimental alloy: (a, b) OM images of original grains; (c, d) SEM images of y’

morphologies
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Fig.3 True stress-logarithmic strain curves and sample appearances of the as-homogenized alloy deformed at 1060 and 1170 C with a

strain rate of 0.5 s™* to logarithmic strains of 0.36 (a), 0.60 (b) and 0.92 (c)
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Fig.4 Microstructures in large deformation zones (a-c) and cracking characteristics (d-f) of the as-homogenized alloy deformed at
1060 °C to logarithmic strains of 0.36 (a, d), 0.60 (b, e) and 0.92 (c, f)
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Fig.5 Dynamic recrystallization occurred near the cracks (a, ¢) and along the original grain boundaries (b, d) of the as-homogenized

alloy deformed at 1060 “C to logarithmic strains of 0.36 (a, b) and 0.60 (c, d)
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Table 2 Average sizes (d) and area fractions (Ar) of the DRX grains and primary y' in large deformation zones of the as-homogenized

alloy deformed at 1060 and 1170 C to different logarithmic strains

5 A . DRX grains Primary y'
Temperature/'C Logarithmic strain Wpm A 1% Wum A 1%
1060 0.36 1.20+0.65 - 0.3840.17 28.10+2.16
0.60 1.10+0.48 - 0.48+0.25 29.33+3.08
0.36 20.22+7.84 2.23+0.36 - -
1170 0.60 21.25+10.39 13.87+2.42 - -

0.92 21.18+9.92 21.33+3.95 - -
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Fig.6 Microstructure of the as-homogenized alloy deformed at

1060 °C to a logarithmic strain of 0.36
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Fig.7 Microstructures in large deformation zones of the as-homogenized alloy deformed at 1170 C to logarithmic strain of 0.36 (a),

0.60 (b) and 0.92 (c)
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Fig.8 Microstructures and cracking characteristics of the as-homogenized alloy deformed at 1170 C to a logarithmic strain of 0.92:

(a) OM image of cracks, (b) SEM image of DRX grains near the crack, (¢) SEM image of DRX grains in the large deformation

zone, and (d) nano reprecipitated y"at a higher magnification
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Hot Deformation Behavior of a Nickel-Base Superalloy with High Al and Ti Contents
in Dual-Phase and Single-Phase Ranges

Zhao Guangdi, Wu Jinjiang
(University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: The severe deterioration of thermal plasticity for nickel-base wrought superalloys with high Al and Ti contents during cogging
has become the bottleneck for their wide application, and their thermal plasticity can be significantly affected by the y’ precipitation.
However, previous studies about the role of y’ in hot deformation behaviors of such alloys did not consider the interference of grain
boundary strengthening elements. In this research, a high Al+Ti nickel-base superalloy ingot without adding grain boundary strengthening
elements C, B and Zr was prepared and fully homogenized. Afterwards, the hot deformation behaviors of this as-homogenized ingot at
1060 T (y/y’ dual-phase range) and 1170 <C (y single-phase range) were investigated. The results show that, the deformation resistance in
y single-phase range is much lower than that in y/y’ dual-phase range, and the plasticity of y single-phase range is much better. Interestingly,
in y single-phase range a typical yield drop phenomenon appears, while no such phenomenon appears in y/y’ dual-phase range. This may be
because the release of more Al and Ti solutes in y single-phase range hinders the movement of dynamic dislocations and finally locks them.
Both the y single-phase and y/y’ dual-phase ranges show intergranular cracking, which indicates that initial grain boundaries are the
weakest link in hot working process of such alloys. When the logarithmic strain reaches 0.36, discontinuous dynamic recrystallization
(DDRX) has occurred in both the y single-phase and y/y’ dual-phase ranges, and with the increase of strain the number of DRX grains
increases significantly, but the DRX grain size has no obvious change. Owing to the pinning effect of y’ to grain boundaries, the DRX
grain size in y single-phase range is much greater than that in the y/y’" dual phase range, but the number density of DRX grains in the y
single-phase range is much smaller. The main reason for the lower deformation resistance and better thermal plasticity in the y
single-phase range is that the rapid growth of DRX grains can reduce the dislocation density near the initial grain boundary rapidly.

Key words: nickel-base superalloy; hot deformation; dynamic recrystallization; y’ phase

Corresponding author: Zhao Guangdi, Ph. D., Associate Professor, School of Materials and Metallurgy, University of Science and

Technology Liaoning, Anshan 114051, P. R. China, Tel: 0086-412-5929381, E-mail: gdzhaol2s@alum.imr.ac.cn



