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Table 1 Nominal composition of four kinds of alloys (wt%)
Alloy Nb Cr Co w Mo Ta Hf Zr Al Ti B C \% Re, Ru Ni

DZz417G 0 9 10 0 3 0 0 0 53 4.4 0.018 0.18 0.75 0-4(0.1) Bal.
DZz404 0 9.5 5.8 5.5 3.8 0 0 0.02 6 1.9 0.018 0.13 0 0-4(0.1) Bal.
DZ406 0 6.8 12 5 1.5 6.3 1.5 0.25 6 0 0.015 0.12 0-4(0.1) Bal.

AS 0.7 6 54 2.2 5 4.4 0 0 6.7 0.013 0.3 0 0-4(0.1) Bal.
®, R
x by * [’ X *Phase content (Vy,\ pr) \\
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Fig.1 Flow chart of data collection
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Fig.2 Effects of Re and Ru contents on creep life
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Fig.3 Effects of Re and Ru contents on yield strength at 900 °C (a) and room temperature (b)
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Table 2 Number of valence electrons (/V) and atomic volume (V)

of each alloying element

Element N V/em®-mol”
Ni 10 6.59
Al 3 10
Ti 4 10.65
Ta 5 10.9
Nb 5 10.87
Cr 6 7.23
Co 9 6.7
Re 7 8.85
Ru 8 8.3
B 3 4.6
C 4 4.58
Hf 4 13.6
Mo 6 9.4
W 6 9.53
Zr 4 14.1
A% 5 8.78
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Fig.6 Influences of elements Re and Ru on stacking fault energy (a) and antiphase boundary energy of y’ phase (b)
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Table 3 Composition of selected alloys (wt%)

Alloy Co Cr w Mo Re Ru Al Ta Hf Nb Ni
SCl1111 7.1 3.6 5.4 1 44 2.6 6 7.9 0.1 0 Bal.
SC1112 6.9 3.5 5.4 1 4 4 6 8 0.1 0 Bal.

2.5Ru 11.7 3.9 6.1 0.85 5 25 6.2 8.5 0.15 0 Bal.

3.5Ru 12.1 4.1 6 0.95 5 35 6.2 8.5 0.08 0 Bal.
DMD4 7.65 3.02 5.75 0 6.1 0 5.4 6.78 1.12 0.35 Bal.
DMD4R4 7.62 3 5.74 0 6.08 3.2 5.5 6.45 1.11 0.34 Bal.
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Table 4 Creep life and stacking fault energy of selected alloys

under different conditions

. Test condition Creep SFE/ APBE/
0
Y (°C/MPa) life/h mJ-m? mJ-m’?
SCI1111 263.3 260 208
1100/140
SCI1112 282.1 256 199
2.5Ru 88.92 226 189
1140/137
3.5Ru 144.9 217 181
DMD4 354 295 229
1100/90
DMD4R4 655 273 206
DMD4 136 263 229
982/240
DMD4R4 266 242 207
_ eff
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Table 5 Pre-exponential factor Di™ and self-diffusion activation

energy 0™V of each solute i in Ni

Element DiN/m?-s™ O™N/kJ-mol”
Cr 5.2x10™ 289
Co 1.8x10™ 281
Mo 1.15%x10* 281
Re 8.2x107 255
w 8.0x10°° 264
Ta 2.0x10° 251
Ti 4.1x10* 275
Al 4.3x10"* 272
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Fig.7 Effect of elements Re and Ru on effective diffusion coefficient

of matrix
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Interaction of Elements Re and Ru in Nickel-Based Superalloys Assisted
by High-Throughput Calculations

Wau Jiaqi, Lian Lixian, Li Wenjing, Liu Ying
(College of Materials Science and Engineering, Sichuan University, Chengdu 610065, China)

Abstract: To investigate the complex interaction mechanism between elements Re and Ru, a dataset containing composition, microstructural
parameters, kinetic parameters, physical parameters and macroscopic properties with the aid of high-throughput calculations were established,
which effectively reduces the experimental cost and time. Results show that the addition of Re and Ru improves the creep life of the alloys by
lowering the effective diffusion coefficient and stacking dislocation energy. The addition of the element Ru reduces the stacking dislocation energy
and the antiphase domain energy, which in combination with the solid solution strengthening of Ru together affect the yield strength of the alloys,
resulting in no significant change in the yield strength. At the same time, the four alloy systems were studied, element Re significantly promotes
the tcp phase precipitation, while element Ru does not inhibit or promote the tcp phase precipitation. The element distribution behavior and the
phase stability structure diagram of nickel-based superalloy was analyzed whether Ru inhibited or promoted the tcp phase precipitation.
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