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Fig. 1 Creep curves of 6%Re/5%Ru-containing alloy at various conditions: (a) Dendrite morphology on (001) plane; (b) y’

phase in dendrite region; (c) y' phase in inter-dendrite region
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Fig. 2 Creep curves of 6%Re/5%Ru single crystal
nickel-based superalloy under various conditions: (a)
Applied various stresses at 1170 ‘C; (b) Under various

temperatures at 120 MPa
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Fig. 3 Relationships between strain rate in middle creep
period and applied temperatures and stresses: (a) Strain

rates and temperatures; (b) Strain rates and applied stresses
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Fig. 4 Morphology of 6.0%Re/5.0%Ru single crystal
nickel-based superalloy on (001) plane after fully heat

treated
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Fig. 5 Microstructures of 6%Re/5%Ru single crystal nickel-based superalloy crept for 35 h at various temperatures and 120
MPa: (a) Creptat 1160 ‘C, B=[100]; (b) Crept at 1170 ‘C, B=[100]; (c) Crept at 1180 C, B=[100]
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Fig. 6 Morphology of single crystal nickel-based superalloy
creeping 120 h at (1160 ‘C, 120 MPa)
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Fig. 7 Dislocation networks in interface of rafted y’/y phases after crept up to fracture at (1160 ‘C, 120 MPa): (a) g=002;

(b) g=022; (c) g=111
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Fig. 8 Morphologies of single crystal nickel-based
superalloy crept up to fracture under applied stress of 120
MPa at 1160 “C: (a) Dislocations on {100} plane; (b) Alternated

sliding of dislocations
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Creep behavior and effect factors of 6%Re/5%Ru single crystal
nickel-based superalloy at ultra-high temperature

ZHAO Guo-qi"? TIAN Su-gui"?, LIU Li-rong', TIAN Ning’

(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. School of Mechanical Engineering, Guizhou University of Engineering Science, Bijie 551700, China)

Abstract: Through the creep properties test and microstructure observation of a 6%Re/5%Ru single crystal
nickel-based superalloy, the ultra-high temperature creep behavior and influencing factors of the alloy were studied.
The results show that the creep life of the alloy at (1160 ‘C, 120 MPa) is 206 h. The deformation features of alloy
in the middle creep period is large number of dislocations sliding in y matrix and climbing over y’ phase, the
refractory elements dissolving in y matrix may increase the resistance of dislocation movement. During creep at
ultra-high temperature, the y’ phase dissolves as the temperature increases, which can reduce the size of the rafted y’
phase and increase the rate of dislocations climbing over the rafted y’ phase. Especially, when the temperature is
higher than 1170 °C, the applied temperature sensitivity of the alloy diminishes the size of the rafted y’ phase and
increases the strain rate, which is the main reason for drastically reducing creep life of the alloy. In the later creep
period, the dislocations can shear into y’ phase from the damaging region of dislocation networks. The K—W locks
can be formed by the cross-slip of dislocations from the {111} plane to the {100} plane, which can inhibit the slip
and cross-slip of dislocations. The larger effective stress in the necking area can activate the double orientations
sliding of dislocations, causing the rafted y’ phase to twist, and crack initiation and propagation in the contorted
regions until fracture, which is the mechanism of the deforming and damaging features of alloy during creep at
ultra-high temperature.

Key words: single crystal nickel-based superalloy; 6%Re/5%Ru; ultra-high temperature creep; dislocation

networks; deformation; damage; K—W locks
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