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Microstructure evolution and element-diffusion mobility of
DZ125 nickel-based superalloy during creep
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(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: By means of creep-curve measurements and microstructure observations, combined with the calculation of
element-diffusion mobility, the microstructure-evolution regularity of DZ125 nickel-based superalloy during creep at
1 040 was investigated. The results show that, during high-temperature creep, inhomogeneous microstructure
evolution occurs in the interdendrite and dendrite arm regions. The coarser rafted y' phase appears in the interdendrite
regions, the fine rafted y’ phase with the mesh-like N-type structure on (001) plane forms in the dendrite arm regions, and
the y matrix phase fills continuously between the mesh-like rafted y' phase to ensure the better plasticity of the alloy.
During creep at (1 040 , 137 MPa), the cuboidal ' phase in the dendrite arm region transforms into the rafted structure
after being crept for 3 h. As the applied stress decreases, the rafted time of y’ phase prolongs. Thereinto, the bigger
diffusion mobilities of elements Al and Ta are the main reason for the alloy occurring rapidly microstructure evolution.
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Table 1 Chemical compositions of DZ125 superalloy (mass
fraction, %)

Cr Co \\% 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.
2
2.1
SEM
1 1(a)

1

Fig. 1 Microstructures in local region of alloy after fully heat treatment: (a) Dendritic morphology on (100) plane; (b) Magnified

morphology in dendritic/interdendritic region; (c) Fine cubical y' phase in dendritic region; (d) Coarser cubical y' phase in

interdendritic region
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Fig.2 Creep curve of alloy at 1 040  and 137 MPa 0.8 um

3 1 040

Fig. 3 Microstructures of alloy crept at 1 040

137 MPa

and 137MPa for different times: (a) 1 h; (b) 2 h; (¢) 2.5h; (d) 3 h
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Fig. 4 Dependence of rafted time of y' phase in DZ125 alloy Fig. 5 Microstructure in dendritic/interdendritic regions for

on applied stress at 1 040 alloy crept at 1 040  and 137 MPa for 40 h
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Fig. 6 Morphologies of rafted y’ phase in different crystal planes of alloy crept at (137 MPa, 1 040
diagram of cubic cell subjected to applied stress; (b), (¢), (d) Corresponding to morphologies of y’ rafted phase in (001), (100) and

) for 40 h: (a) Schematic

(010) planes, respectively
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Fig. 7 Schematic diagram of y' phase in [001] orientation 1 @ 1 040
single crystal nickel-base superalloy at different states in 3-D (M) 3
space: (a) Before creep, cubical y’ phase embedded coherently 3
in y matrix; (b) After creep, mesh-like rafted y' phase formed in Mo W
alloy Co Ti
2 1 040 40 h Yoy
Table 2 Chemical compositions of y" and y phases in alloy after crept atl 040  for 40 h
Mass fraction/%
Phase
Al Ta Cr Mo W Co Ti
y 6.45+0.8 3.2+0.5 2.05+0.2 0.1£0.1 5.85+0.2 4.65+0.2 1.9+0.3
y 1.4+0.3 0.9+0.2 10.6+2.2 0.9+0.2 5.65+0.2 7.15£1.5 0.4+0.1
y'ly 4.61 3.56 0.19 0.11 1.04 0.65 4.75
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Table 3 Diffusion activation energy and mobility of alloying y
elements at 1 040 4
Element Diffusion activation energy M; 7'
Al ~18260.93 4.88>107* Y
Ta —13 447.69 3.14><107* 4
Cr —36 354.09 2.56><107
Mo —5741.15 1.55%107* Al Ta
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Fig. 8 Schematic diagrams of y'/y interface motion during creep: (a) Selected area; (b) Magnification of selected area; (c) Direction

of interface motion marked by arrows
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