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Table 1 Nominal composition of the experimental single-crystal

superalloys (w/%)

*R2 3MASETEEZFHTHRAMLEE
Table 2 Stress rupture property of three alloys at different

stresses and temperatures

Alloy Cr Co Mo W Ta Hf Al Ru Re Ni
Wz50-01 35 6 04 65 7 01 56 6.4 Bal.
Wz50-02 35 6 28 65 7 0.1 56 6.4 Bal.
Wz50-03 35 6 04 65 7 01 56 6.7 Bal.

WZ50-01 1100 130 703.31 17 46
WZ50-01 1100 130 516.66 19 44
WZ50-01 1150 130 71.82 18 51
WZ50-01 1150 130 68.85 25 51
WZ50-02 1120 130 63.21 27 54
WZ50-02 1120 130 76 36 57
WZ50-02 1150 130 22.7

WZ50-03 980 300 316.64 39 47
WZ50-03 1100 130 1408.36 14 39
WZz50-03 1120 130 697.56 17 42
WZz50-03 1120 137 435.49 18 43
2 FHR59H
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Table 3 Partition coefficients of the alloying elements between dendrites and interdendrites (K)
Alloy Parameter Al Cr Co Mo Ru Ta W Re

Dendrite 4.577 3.839 6.605 0.227 5.441 6.374 6.907 10.106

Wz50-01 Inter-dendrite 6.156 2.619 5.566 0.151 4.444 9.678 4.018 3.448
K 0.34 -0.32 -0.16 -0.34 -0.18 0.52 -0.42 —-0.66

Dendrite 4.066 4.055 6.963 3.125 5.677 6.737 6.406 9.329

WZz50-02 Inter-dendrite 7.062 1.497 4.428 1.013 3.741 13.233 2.400 1.052
K 0.74 -0.63 —-0.36 —-0.68 -0.34 0.96 -0.63 -0.89

Dendrite 4.496 3.688 6.495 0.166 5.313 7.578 5.771 8.402

WZz50-03 Inter-dendrite 6.668 1.977 4.823 0.097 3.962 12.046 3.103 1.888
K 0.48 -0.46 -0.26 -0.42 -0.25 0.59 -0.46 -0.78

x4 BENRET yEBRSDECL
Table 4 Partition coefficients between the y» and y’ phases
(k')

Alloy Al Cr Co Mo Ru Ta W  Re

Wz50-01 0.65 150 1.31 1.09 142 0.73 093 1.62

Wz50-02 059 173 141 130 140 0.64 1.05 220

Wz50-03 0.62 164 135 036 136 0.69 091 1.80
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Fig.1 Morphologies of y’ phase of WZ50-01 (al-a4), WZ50-02 (b1-b4) and WZ50-03 (c1-c4) alloys exposed at 1100 C for different

time: (al-c1) 0 h, (a2-c2) 200 h, (a3-c3) 500 h, and (a4-c4) 1000 h
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Fig.2 Size (a) and coarsening rate (b) of y’ phase during long-term thermal exposure
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*5 IMASELTENKHFERT Feret Ratio
Table 5 Feret Ratio of the y’ phase of three alloys exposed
for different time
Exposure time/h 0 200 500 1000

Wz50-01 1443019 2.52#1.25 2.45+1.22 2.21+.02
WZ50-02 1.7240.43 2.0940.96 2.0840.87 2.0640.45
WZ50-03 1.4240.15 2.35#1.26 2.1640.90 2.1740.80
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Fig.3 SEM image and EDS element mappings of WZ50-02 after heat treatment
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Fig.4 Cooling curves of WZ50-02 calculated by JmatPro: the volume fraction of all phases (a) and x phase (b) during WZ50-02
solidification
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Fig.5 TCP precipitation of WZ50-01 (al-a3), WZ50-02 (b1-b3), and WZ50-03 (c1-c3) alloys exposed at 1100 °C for different time:
(al-c1) 200 h, (a2-c2) 500 h, and (a3-c3) 1000 h
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Fig.6 SEM image and EDS element mappings of WZ50-01 (a), WZ50-02 (b), and WZ50-03 (c) alloys exposed at 1100 °C for 1000 h
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Fig.8 Equilibrium phase diagrams of WZ50-01 (a), WZ50-02 (b), and WZ50-03 (c) alloys calculated by JmatPro
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Effects of Mo and Re on the Microstructural Stability of a Novel Single Crystal
Superalloys Containing Ru

Cui Jinyan®, Zhang Jianting'?, Yao Jian', Wang Chong®, Guo Jianzheng"?
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Three novel nickel-based single crystal superalloys containing 0.4%Mo0-6.4%Re, 2.8%Mo0-6.4%Re and 0.4%Mo-6.7%Re, in
nominal composition were prepared. The element concentrations of alloys after SHT (standard heat treatment) were measured, y’ phase
evolution and topological close-packed phase (TCP) precipitation of the alloys thermal exposed at 1100 °C up to 1000 h were analyzed.
The slight increment of Re and the increase of Mo content obviously facilitate the segregation of elements between dendrite and
interdendrite, and between y and y’ phase. The coarsening rate of the y’ phase during thermal exposure reduces due to the segregation of
low-diffusion elements such as Re in the dendrite core and the y phase. The slight increase of Re promotes the precipitation of P phase but
inhibites the growth rate of P phase, because the nucleation of the P phase is promoted by the segregation of the P phase forming elements
Re, W and Ru in the dendrite core. However, the growth rate is inhibited because of contaction and intersection of precipitated P in large
amount. The large increase of Mo content makes both x phase and P phase exist during the long-term thermal exposure at 1100 °C. The u
phase preferentially precipitates with a large number and a large size, while the precipitation of the P phase is delayed with smaller
number and size. Mo promotes the segregation of the main constituent elements of x phase, Re, W, and Mo in the dendrite core, especially
the increase of Mo content, which promotes the preferential precipitation of x phase. With the consumption of x phase forming elements,
and the presence of P phase is more stable at 1100 <C, P phase precipitates subsequently.
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