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Table 1 Chemical compositions of superalloys (w/%)
Al Ta Cr Mo w Co Ni

Alloy 1 6.0 45 7.0 3.5 9.0 5.5 Bal
Alloy 2 6.0 7.0 6.5 6.5 4.0 4.0 Bal

At.om1c 0.143 0.147 0.128 0.140 0.141 0.126 0.125
radius/nm
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Fig.1 Morphology of y' phase in the alloy at different states: (a)

full heat treated and (b) after crept for 10 h under the
applied stress of 137 MPa at 1040 'C
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Fig.2 Relationship between the rafted time of jp’ phase and

applied stresses at 1040 C
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Table 2 Chemical composition of " and y phases in alloys (mol %)
Al Ta Mo W Co Ni
Allov 1 y' 11.1+£0.3 2.54+0.4 4.13+£0.3 0.77+0.2 2.4+0.4 2.9+0.3 Bal.
v y 4.9+0.2 0.94+0.3 16.9+0.5 2.96+0.3 3.8+0.4 9.1£0.4 Bal.
crept for 120 h
y'ly 2.27 2.7 0.24 0.26 0.64 0.32
Alloy 2 y' 14.2+0.5 4.19+0.2 3.0+0.5 2.29+0.5 1.3+£0.2 2.1+0.5 Bal.
Y >
Y y 4.44+0.5 1.10+0.2 16.4+0.5 6.36+0.2 2.0+£0.3 5.2+0.2 Bal.
crept for 711 h
y'ly 3.2 3.8 0.18 0.36 0.66 0.41
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Table 3 Mobility of the elements diffusion in alloys (M;)

M; Al Ta Mo Co A\
Alloyl 2.11x10* 427%10° 1.43x10™ 1.15X 10 1.75%x10° 1.76 X107
Alloy2 1.86X10™ 3.23X 107 9.27X 107 1.13X 107 1.58X 107 8.92X 10
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Directional Diffusion and Influencing Factors of Elements during Creep of Nickel-Base
Single Crystal Superalloys

Yu Xingful’z, Tian Suguil, Lu Xudongl, Li Tangl, Xia Dan', Cui Shusen?
(1. Shenyang University of Technology, Shenyang 110023, China)
(2. AVICI Shenyang Liming Aero-Engine (Group) Corporation LTD, Shenyang 110043, China)

Abstract: By means of calculating the elements diffusion mobility and y’-phase directional coarsening rate of Ni-Cr-Co-W-Mo-Al-Ta
single crystal superalloys with different compositions, the effect of element reaction on the rate of element diffusion and p’-phase
directional coarsening was studied. Results show that during the y'-phase directional coarsening period, the rafted rate of y’-phase changes
with composition and stress, and the rafted time is decreased with the stress increasing. The driving force of the elements diffusion and
y'-phase directional coarsening during tensile creep are related to the applied stress and elastic modulus. Element reaction has effect on the
diffusion rate of Al. As the total content of Ta+Mo and the ratio of Ta/W increased, the diffusion activation energy of Al is increased and
diffusion rate decreased, and the rafted time of y’-phase is elongated. In the diffusion field of y’-phase directional coarsening, the formation
of y’-order phase is attributed to the concentration of the atoms Al and Ta, which is a spontaneous process of the decreased free energy.
The Al, Ta atoms with bigger radius are diffused to {100} planes to form the stable arranging order and the linking bond of the atoms with
different kinds, which is a main reason of y’-order phase formation with L/, structure.

Key words: nickel-base single crystal superalloys; creep; y'-phase directional coarsening; elements interaction; diffusion mobility
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