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Fig. 1 True stress—true strain curves of nickel-base powder superalloy at different temperatures: (a) 1050 C; (b) 1075 C;

(c) 1100 °C; (d) 1125 C; (e) 1150 'C
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Fig. 7 Comparison of experimental and predicted flow curves at different compression temperatures: (a) 1050 C ; (b)

1075 °C; (c) 1100 C; (d) 1125 C; (e) 1150 °C
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Thermal deformation behavior of a new extruded
nickel-base powder superalloy

REN Shuai, ZHANG Hua, YU Zi-chao, LIU Wei, LIU Zhi-ling, ZHOU Xin, HUANG Hai-liang,
ZHANG Shang-zhou, ZHU Li-long, JIANG Liang

(Institute for Advanced Studies in Precision Materials, Yantai University, Yantai 264010, China)

Abstract: Nickel-based powder superalloys have high deformation resistance, poor thermoplasticity, narrow hot
working window, and are prone to crack and flow instability during hot working. In this paper, thermal
compression experiments were carried out on the extruded novel nickel-base powder superalloy by Gleeble—3500
thermal simulator, where the compression temperature was 1050—1150 “C, the strain rate was 0.001-1 s™ and the
true strain was 0.69. Based on the hyperbolic sinusoidal Arrhenius function, the thermal activation energy Q was
calculated and the constitutive equation was built, then the stress-strain curve and constitutive equation were
modified by combining friction, temperature change and strain compensation by polynomial fitting. The energy
dissipation diagrams and hot processing maps were plotted to determine the suitable thermal processing
temperature and strain rate. The results show that the thermal activation energy Q is 536.36 kJ/mol, and the alloy
has good processing performances at the deformation temperature ranging from 1075 ‘C to 1150 ‘C and the strain
rate ranging from 107 s7! to 107 s7!, but the grain microstructure is coarse and the y’ phase dissolves into the
matrix at the strain rate of 0.001 s™".

Key words: extruded nickel-base powder superalloy; thermal deformation behavior; constitutive equation; stress—

strain curve correction; hot processing map
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