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Development of Ni-based Single Crystal Superalloys for Power-generation Gas-turbine Blades
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: In advanced industrial gas-turbine systems, there has been a great demand for new single crystal (SC) superalloys with an excellent combina-

tion of high-temperature creep strength, hot-corrosion resistance and oxidation resistance. In this study, ten nickel-based SC superalloys were
designed with the aid of the d-electrons concept. Their chemical compositions were in the range of 1.2-1.5% Ti, 3.8-6.5% Cr, 11% Co, 0-
1.4% Mo, 6.5-7.4% Ta, 5.0-6.0% W, 3.6-5.4% Re, 5.1-5.5% Al, 0.12-0.14% Hf and balanced Ni in mass% units. A series of experiments
such as creep rupture tests, burner rig tests and cyclic oxidation tests was conducted with the heat-treated SC specimens of these alloys. All
the designed alloys were found to be superior in the creep rupture life to a second generation superalloy, CMSX-4. In the hot-corrosion resis-
tance estimated from the barner rig tests, any designed alloys were comparable or even superior to CMSX-4. The oxidation resistance was
very different amount the designed alloys, but some of them showed higher resistance than CMSX-4. Thus the SC alloys containing about
4-5 mass% Re had about 20 K higher temperature capability than CMSX-4, while exhibiting excellent hot-corrosion resistance and oxidation
resistance.

gas turbine blade; Ni-based superalloy; d-electrons concept; single-crystal; creep strength; oxidation resistance; burner rig test; hot corrosion
resistance.
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Table 1. Chemical compositions and alloying parameters of experimental alloys (mass%).

Ti Cr Co Ni Mo

Hf

Ta w Re Al

Md Bo

A 14 40 11.0 Bal. - 0.12 68 5.5 44 54 0.978 0.650
B 14 60 11.0 Bal. - 0.12 6.8 55 44 5.4 0.987 0.668
c 14 60 11.0 Bal. - 0.12 68 55 36 54 0.984 0.664
D 14 50 110 Bal. - 0.12 74 55 36 54 0.984 0.658
E 14 6.5 11.0 Bal. - 0.12 14 50 36 54 0.988 0.669
F 14 50 11.0 Bal. - 0.12 6.8 64 44 53 0.985 0.664
G 14 5.0 11.0 Bal. 05 0.12 6.5 56 44 53 0.982 0.662
H 12 40 110 Bal. 08 0.12 6.8 6.0 5.2 55 0.987 0.661
[ 1.5 40 11.2 Bal. 0.6 0.14 6.7 55 54 53 0.985 0.661

J 15 38 110 Bal. 1.4 0.14 6.7 53 54 5.1 0.988 0.667
K% 1.0 6.5 9.0 Bal. 06 0.10 6.5 6.0 3.0 5.6 0.984 0.664
L* 07 6.6 9.2 Bal. 05 1.40 3.2 85 3.0 5.7 0.983 0.664
M* - 30 120 Bal. | 20 0.10 60 6.0 50 5.7 0.97t 0.666

Table 2. Heat treatment conditions employed in this study.

Alloy Solution 1st Step aging 2nd Step aging
Alloy A 1433K.~4h, AC
Alloy B 1413K.~ 4h, AC
1573K/4h + 1583K/6h
Alloy C +1588K/12h 1144K.~20h, AC
Alloy D 1433K.~4h, AC
Alloy E
Alloy F 1573K/8h + 1583K/4h
Alloy G +1588K/8h 1433K .~ 4h, AC 1144K .~ 20h, AC
Alloy H | 1593K/12h + 1598K/12h
Aior T +1603K/24h 1393K.~4h, AC 1144K.~ 20h, AC
1573K/12h + 1583K/12h
Alloy J +1593K/24h 1433K.~4h, AC 1144K.720h, AC
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Fig. 1. SEM micrographs of round bar specimens afer

aging.
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Fig. 2. Results of tensile tests at room temperature.
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Fig. 3. Results of tensile tests at 973K.
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Fig. 4. Results of creep rupture tests.
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Fig. 10. Overview of the single-crystal model bucket
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Fig. 13. Creep rupture strengths of alloy-B, alloy-F and the
reference alloys.
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(a)Alloy B (b)Alloy F
Fig. 14. SEM micrographs and semi-quantitative EDX

analyses of surface scale taken from the cross sec-
tion of alloy-B and alloy-F after the oxidation test
(1313K-3600h)
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Fig. 15. SEM micrographs and semi-quantitative EDX

analyses of surface scale taken from the cross sec-
tion of alloy-B and alloy-F after the burner rig
test.
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