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1) (1180, 2 h)+(1230 “C, 4 h, AC)+(1100 °C, 4 h,
AC)+(870 'C, 20 h, AC);

2) (1180 “C, 2 h)+(1260 ‘C, 4 h, AC)+(1100 °C, 4 h,
AC)+(870 °C, 20 h, AC).
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Table 1 Chemical compositions of superalloy (mass

fraction, %)

Cr Co W Mo Al Ti

8.68 9.80 7.08 2.12 5.24 0.94

Ta Hf B C Ni

3.68 1.52 0.012 0.09 Bal.
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Fig. 1 Dendrite morphology and microstructure of alloy on
(001) plane: (a) Dendrite morphology; (b) Carbides configuration
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Fig. 2 Microstructures in different regions of alloy after solution
treated at 1230 C: (a) Network-like carbide; (b) Bulky-like

carbide located in inter-dendrite region
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Fig. 3 Microstructures of alloy after heat treated at different regimes at higher temperature: (a) Homogenizing treatment; (b)

Solution at 1260 ‘C for 2 h plus aging; (c¢) Solution at 1260 ‘C for 4 h plus aging
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Fig. 4 Creep curves of alloy heat treated by different regimes
under conditions of 780 ‘C and 700 MPa
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Fig. 5 Creep curves of alloy under various conditions:
(a) Applied stress of 700 MPa at different temperatures;

(b) Applied various stresses at 780 ‘C
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Fig. 6 Dependence of strain rates on applied temperatures and

stresses during steady state creep of alloy: (a) Strain rates and

temperature; (b) Strain rate and applied stress
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Fig. 7 Carbides configuration and SAD patterns in different
stated alloys after crept up to fracture: (a) Bulky-like MC-type
carbide in alloy treated by technology 1; (b) Particle-like
carbide along boundary of alloy treated by technology 2
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Fig. 8 After heat treated by technology 1, surface morphology of sample crept for different times at 780 “C and 700 MPa: (a) Crept

for 80 h; (b) Crept for 80 h; (c) Crept for 127 h up to fracture
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Fig. 9 Surface morphology of sample crept for different times at 780°C and 700 MPa: (a) Crept for 280 h; (b) Crept for 280 h;

(c) Crept for 339 h up to fracture
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Configuration evolution of carbides and its influence on
creep property of nickel-based superalloy

TIAN Ning', TIAN Su-gui®?, YU Hui-chen®, ZHAO Guo-qi', YAN Hua-jin', MENG Xian-lin"?

(1. School of Mechanical Engineering, Guizhou University of Engineering Science, Bijie 551700, China;
2. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110178, China;
3. Aviation Key Laboratory of Science and Technology on Materials Testing and Evaluation,

AVIC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: By means of heat treatment at different regimes, creep properties measurements and microstructure
observations, an investigation has been made into the influence of solution temperature on the carbides configuration
evolution and creep properties of a directionally solidified nickel-based superalloy. The results show that the thicker
bulk-like MC-type carbide is distributed in the as-cast DZ125 superalloy. And the decomposition and configuration
evolution of the MC-type carbide occur gradually, during heat treatment, to transform into the particle-like M,;Cy-type
carbides. As the solution temperature enhances and time prolongs, the probability of the MC-type carbide occurring
decomposition and morphology evolution increase, which may promote significant amount of particle-like M,;Cg-type
carbide precipitating along the grain boundary of alloy. Compared with the alloy solution treated by lower temperature,
the alloy solution treated at higher temperature displays a better creep resistance at a temperature near 780 ‘C. Wherein,
the fine ¢’ precipitates embedded coherent in the matrix phase are homogeneously distributed in the dendrite/
inter-dendrite regions, and some M,3Cq-type carbide particles along the grain boundaries may restrain the slipping of
boundary, which is thought to be the main reasons of alloy having better creep resistance. At the latter stage of creep at a
temperature near 780 ‘C, the bigger shearing stress applying in the boundaries at about 45° angles relative to the stress
axis results in the initiation and propagation of the micro-cracks along the ones up to fracture, which is thought to be
fracture mechanism of the alloy during creep.

Key words: directional solidification nickel-based alloy; solution temperature; microstructure; carbide; creep; initiation

and propagation of crack
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