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Creep behavior of Re-free nickel-based single crystal superalloy at
intermediate temperature

TIAN Su-gui, XUE Yong-chao, ZENG Zheng, SHU De-long, GUO Zhong-ge, XIE Jun

(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: By means of creep property measurement at intermediate temperature, microstructure observation and contrast
analysis of dislocation configuration, the creep behavior and deformation mechanism of Re-free nickel-based single
crystal superalloy at intermediate temperature were investigated. The results show that the alloy displays a better creep
resistance and long creep life at 760 “C, 750 MPa. During creep at intermediate temperature, the coarsening of the cubical
y" phase occurs, and no rafting transformation of y’ phase is detected. The deformation mechanism of the superalloy
during initial creep is the slipping of (1/2)(110) dislocations with single oriented, double oriented and cross-slipping
features activated on the octahedral systems in the y matrix channels. The strain of the alloy increases as the creep enters
latter stage, the deformation mechanism of the superalloy is that (110) dislocations slipping in the y matrix and shearing
enter into the cubical y' phase. Thereinto, the twisting of dislocations in the matrix occurs, and some (110)
super-dislocations shearing into y’ phase may be decomposed to form the configuration of (112) super-Shockleys
particles and the stacking faults, which may hinder the cross-slipping of dislocations, improve the creep resistance of the
superalloy and make the superalloy having the better creep resistance.
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Fig. 1 Creep curves of single crystal alloy at 760 ‘C and

750 MPa
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Fig. 2 Microstructure of alloy after fully heat treatment
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Fig. 3 Morphologies in different regions of alloy crept at 760 ‘C and 750 MPa for 244 h up to fracture: (a) Schematic diagram of
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Fig. 4 Dislocations configuration in y matrix of alloy crept at
750 MPa and 760 ‘C for different times: (a) 150 h, single
orientated slipping of dislocations in matrix; (b) 244 h,
cross-slipping and double orientated slipping of dislocations

activated in ymatrix
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Fig. 5 Microstructures of alloy crept at 760 ‘C, 750 MPa for
244 h up to fracture
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