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Development of a New Ni-Based Cast Superalloy with Low Density

and High Temperature Capability for Turbine Wheel Application

Yoshinori SUMI, Yutaro OKI, Kyohei YOKOTA and Yoshihiko KOYANAGI

Synopsis

Recently, as exhaust emission regulations have become stricter, higher fuel efficiency and cleaner exhaust gas in internal
combustion engines have been required. To improve combustion efficiency, exhaust gas temperature is increasing, therefore

higher temperature resistance is required for components in exhaust systems, especially for turbine wheels in turbochargers.
IN100 appears to be an attractive candidate as it has high temperature properties with low density, however it has low castability
due to poor ductility at high temperature. In this study, the balance of Al and Ti composition was optimized from the base alloy
INI100 to improve the high temperature ductility by expanding the y single phase region below the solidification temperature,
while obtaining the high temperature strength by maintaining the volume fraction of y' phase equivalent to IN100 around

1000 °C. Furthermore, the high temperature creep rupture life increased by adding a small amount of Ta. The alloy developed in
this study has high castability, low density and high specific strength at high temperature.
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Table 1. Chemical compositions of alloys in this study.

Alloy Chemical compositions (wt%) Ti+Al+Ta| Ti/Al
designation| Ni | C | Cr | Co [Mo | W | V | Zr | B | Ti | Al | Nb | Ta | (at%) |(at%)
IN100 Bal. | 0.15| 9.5 15 3.0 1.0 | 0.05 |0.015| 4.8 5.6 16.5 0.48
Alloy 1 Bal. | 0.15| 9.5 15 3.0 1.0 | 0.05 |0.015| 4.0 | 6.0 16.5 | 0.38
Alloy 2 Bal. | 0.15| 9.5 15 3.0 1.0 | 0.05 |0.015| 2.3 | 7.0 16.5 0.19
Alloy 3 Bal. | 0.15| 9.5 15 3.0 1.0 | 0.05 |0.015| 4.3 | 5.0 15.0 | 0.48
Alloy 4 Bal. | 0.15| 9.5 15 3.0 1.0 | 0.05 |0.015| 3.7 | 4.3 13.0 0.48
Alloy 5 Bal. | 0.15| 9.5 15 3.0 1.0 | 0.05 |0.015| 2.3 7.0 0.5 16.7 0.19
Alloy 6 Bal. | 0.15| 9.5 15 3.0 1.0 | 0.05 |0.015| 2.3 7.0 1.0 16.9 0.19
IN713C Bal. | 0.12 | 12,5 4.0 0.10 {0.012| 0.7 | 6.0 1.8 13.0 0.07
MarM246 | Bal. | 0.15 | 9.0 10 2.5 10 0.05 |0.015| 1.5 5.5 1.5 14.3 0.15
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on liquidus, solidus and y’solvus temperature
calculated by Thermo-Calc.
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Fig. 3. OM images of (a) IN100, (b) Alloy 1, (c) Alloy 2,
(d) Alloy 3 and (e) Alloy 4 in as-cast condition.
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Fig. 5. Secondary electron images of (a) IN100, (b)
Alloy 1, (c) Alloy 2, (d) Alloy 3 and (e) Alloy 4
in as-cast condition.
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Fig. 8. Influence of Ta addition to Alloy 2 on 0.2 % proof
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Table 2. Comparison of density

Alloy designation Density (g/cm®)
IN713C 7.91
Alloy 5 7.75
MarM246 8.50
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Fig. 10. Comparison of specific 0.2 % proof stress and
specific tensile strength at 900 °C.
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Fig. 12. Mass gain in continuous oxidation test.
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Fig. 13. Tensile strength of weld joints between turbine
wheel and alloy steel shaft.
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