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Abstract: The material properties of gas turbine components change during the daily start/stop thermal cycle because
of exposure to the hot combustion gas. Recently, single-crystal Ni-based superalloys have been used to manufacture
many hot-gas components for gas turbines. However, the user needs to depend on the manufacturer for maintenance
issues because of the lack of data required for predicting blade life and material degradation. In this study, we
investigate the time-dependent degradation of first-stage blades at various operating facilities to collect the basic data
for life assessment and damage analysis. The blade material is a single-crystal Ni-based superalloy, CMSX-4, and the
EOH (equivalent operating hours) are 25,000 and 52,000, respectively. We prepared the test specimen directly from
used blades and carried out mechanical tests and microstructural observations
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Table 1 Chemical composition of CMSX-4(wt.%)

Al | Si Zr | Mo | Ti Cr | Co | Hf | Ta | W | Re
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Fig. 1 Macroscopic view of the used blades
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Fig. 3 Preparation of specimen (a) Blade cutting
(b) Specimen machining
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Fig. 6 Cross sectional view of airfoil
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Fig. 7 SEM microstructure of Root and Airfoil(X10,000)
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Table 2 Tensile Strength(MPa)

No. Root 24,000EOH | 52,000EOH
1 922.4 958.4 911.3
2 886.5 977.8 926.4
3 902.2 969.3 967.3
4 890.2 958.2 955.5
5 - 955.3 926.3
6 - 981.2 959.2
7 - 981.5 955.6
8 - 979.0 916.3
AVG. 900 970 940

Table 3 Rupture Time at 982 C, 344MPa(hour)

No. Root 24,000EOH | 52,000EOH
1 29.4 56.1 423
2 32.9 39.5 54.6
3 38.9 48.1 58.8
4 41.6 56.0 45.6
5 - 63.3 79.0
6 - 80.0 63.5
7 - 543 66.2
8 - 67.5 52.5
AVG. 36 58 58

™ 25 DDDEOH
¥ 52,000EQH

Fig. 8 Microhardness of Airfoil
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Fig. 9 Optical micrographs (a) Pore distribution and
(b) Grain boundary in root, Pore Distribution in
(c) Airfoil (25,000) and (d) Airfoil(52,000)
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Table 4 Chemical composition of bond coat(wt. %)

24,000EOH 52,000EOH
T

LE PS TE LE PS TE
Al 5.38 6.44 6.79 5.38 6.76 6.04
Cr 19.31| 2582 21.59) 1931 25.64| 24.57
Co 1.28 0.46 0.91 1.28 0.79 1.08
Ni 74.02) 67.29| 70.71) 74.02| 66.81| 68.32

25, 000EGH 52, 000ESH

Fig. 10 Cracks in coating
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Fig. 11 Cracks in leading edge
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