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Fig. 1 Creep curves of alloy under different conditions at
high temperature: (a) Apply stress of 140 MPa at various
temperatures; (b) Apply different stress at 1100 C
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Fig. 2 Microstructure of alloy after fully treatment
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Fig. 3 Microstructures of alloy creep for different time at (1100 °C, 140 MPa): (a) 30 h; (b) 300 h; (c) 400 h
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Fig. 4 Microstructures of different regions of sample after crept for 467 h up to fracture at (1100 ‘C, 140 MPa): (a)

Schematic diagram of marking observed regions in sample; (b), (c), (d), (¢) SEM images of 4, B, C and D regions,
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Fig. 5 Microstructure of alloy crept for 476 h up to fracture at (1100 C, 140 MPa): (a) Dislocations shearing )’ phase;

(b) Subgrain formed in region near fracture
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Fig. 6 Initiation and propagation of crack in region near fracture after crept for 476 h at (1100 ‘C, 40 MPa): (a) Initiation of

crack; (b) Growth of crack; (c¢) Crack propagated along y/y’ phase interface
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(a) Cross slip of dislocations; (b) Decomposition of

dislocation
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LI Ying, SHU Bin. Abnormal yeld behavior and deformation

Creep behavior and damage feature of Re/Ru-containing single
crystal nickel-based superalloy at high temperature

YAN Hua-jin"?, TIAN Su-gui®, DONG Zhi-feng', ZHAO Guo-qi’, TIAN Ning®, ZHANG Shun-ke’

(1. School of Mechanical Electronic & Information Engineering, China University of Mining & Technology,
Beijing 100083, China;
2. School of Mechanical Engineering, Guizhou University of Engineering Science, Bijie 551700, China)

Abstract: The creep behavior and damage feature of a 4.5%Re/3%Ru-containing single crystal nickel-based
superalloy at high temperature were investigated of creep property measurement and microstructure observation.
The results show that the creep life of alloy at (1100 ‘C, 140 MPa) is measured as 476 h. During steady state creep
at high temperature, the deformation mechanism of alloy is dislocation slipping in y matrix and climbing over the
rafted y' phase. In the later stage of creep, the deformation mechanism of alloy is dislocations slipping in y matrix
and shearing into the rafted y’ phase. Wherein the dislocations shearing into y’ phase can cross-slip from {111} to
{100} planes to form the configuration of K-W locking + APB, which may improve the creep resistance of alloy.
The alternated slipping of a large number of (110) dislocations causes both the twisting and breaking of the
rafted y/y’ phases and the crystal rotation of y’ phase to form the sub-grain structure, which may reduce the creep
resistance of alloy. Furthermore, the alternated activation of the initiation/secondary slipping systems may promote
the initiation of cracks occurring in the rafted y/y’ interface, and the cracks are propagated along the interface
perpendicular to the stress axis until creep fracture, which is the damage and fracture mechanism of alloy in the
later stage creep at high temperature.

Key words: single crystal nickel-based superalloy; Re/Ru; microstructure; creep damage; deformation mechanism
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