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Evolution of microstructure and mechanical properties of a Ni-based

superalloy during long-term service

CHENG Shu-hao'?, ZHAO Xin-bao', GU Yue-feng', YAN Jing-Bo?, YUAN Yong?, YUE Quan-
zhao!, ZHANG Ze'

(1. Institute of Superalloys Science and Technology, School of Materials Science and Engineering,
Zhejiang University, Zhejiang 310027, China; 2. Polytechnic Institute, Zhejiang University,
Zhejiang 310027, China; 3. Xi'an Thermal Power Research Institute Co Ltd, Xi'an 710032, China)
Abstract: High-performance Ni-based wrought superalloy are important materials for the super-heater/reheater
tubes of advanced ultra-supercritical power plants where the microstructure and properties are subject to ageing
and degradation during long-term service. The microstructure and mechanical properties of HT700T superheater
tubes with different service durations were tested and analyzed in this paper. The results show that : with the
extension of service durations,_the grain size of HT700T alloy grows slightly and the grain boundary carbides
M23Cs coarsen. After 11000 h of service, spherical y' phase with uniform distribution is precipitated, and the
precipitation strengthening of y’ phase increases the microhardness. The yield strength of HT700T alloy samples at
room temperature and high temperature changes little in the initial state and 500 h after service, and the tensile
strength decreases with the extension of service durations. The precipitation intensification of y’ phase significantly
enhances the yield strength of the sample after 11000 h service, which is mainly caused by coarsening of grain

boundary carbides M23Cs with low elongation. The impact energy absorption of the test alloys at room temperature
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and high temperature decreases significantly at different service durations. The grain boundary carbides M23Cs
coarsen after a long service duration led to weak grain boundaries, resulting in lower impact energy of the alloy
samples after 11000 h service.

Key words: HT700T alloy; 700 °C advanced ultra supercritical power plants; microstructure evolution; tensile

property; impact toughness
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Fig.1 Experimental pipe (a) 0 h; (b) 500 h; (c) 11000 h; (d) sampling location
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Fig.2 Grain structure of HT700T alloys with different service durations (a) 0 h; (b) 500 h; (c) 11000 h
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Fig.3 Morphology of carbides of HT700T alloys with different service durations (a) 0 h; (b) 500 h; (c) 11000
h
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Fig.4 Morphology of HT700T alloys with 11000 h service (a) y’ distribution; (b) y’ size
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Fig.5 Tensile properties of HT700T alloys with different service durations and temperatures (a) yield strength;
(b) ultimate tensile strength; (c) elongation
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