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Development of a Nickel-base Single Crystal Superalloy

Synopsis :

Takehiro OHNO and Rikizo WATANABE

In order to improve oxidation resistance and creep-rupture strength of SC-83, a single crystal superalloy
for gas-turbine blades, which has been developed by an alloy-designing method and possesses much higher
temperature capability than conventional single crystal alloys, the effects of the addition of Hf and Co and

the increase of “Solubility Index” were investigated.

The optimum solubility index value was 1.5 and the addition of small amounts of Hf and Co increased
oxidation resistance greatly and creep rupture strength slightly.

The finally developed alloy SC-83K which contains 0.1% Hf and 1% Co has much higher creep rupture
strength than conventional alloys as well as good structural stability and oxidation resistance.

Key words : superalloy ; alloying element ;
resistance.
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Table 1. Chemical compositions and solution treatment temperatures of experimental alloys.

Chemical composition (mass% ) S. T.

Alloy No. | Heat No. | S. T Temp.
C Si Mn P S Ni Cr w Mo Al Ta Fe Hf Co (°C)

R

SC-83 RV795 1.50 | 0.001 <0.01 <0.01 ¢.001 0.001 Bal. 6.55 7.08 4.38 5.20 7.49 0.05 — — 1330
SC-83A RV416 1.60 | 0.002 0.03 <0.01 0.001 0.001 Bal 6.39 7.53 4.51 4,68 7.87 0.03 — — 1330
SC-83D | RvV984 | 1.55 [0.001 0.01 <0.01 0.001 0.001 Bal. 6.52 7.48 4.42 4.80 7.46 0.06 0.11 — | 1320
SC-83E RV985 1.55 | 0.001 0.01 <0.01 0.001 0.001 Bal 6.27 7.48 4.40 4,87 7.52  0.05 0.10 0.9 1320
SC-83F RV986 1.55 | 0.003 0.01 <0.01 0.00t 0.001 Bal 6.27 7.43 4.42 4.8 7.32 0.06 0.21 0.96 1310
SC-83G RV987 1.55 [0.002 <0.01 <0.01 0.001 0.001 Bal 6.20 7.43 4.39 4.8 7.59 0.05 0.10 2.02 1320
SC-83C RV601 1.50 | 0.002 0.01 <0.01 0.001 0.001 Bal 6.15 7.30 4.32 4.9 7.25 0.06 - 5.48 1330
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Photo. 1. SEM micrographs of creep-ruptured test pieces.
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Table 2. Nominal chemical composition of

SC-83K.
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Table 4. Heat treatment conditions of SC-83K
and conventional superalloys.

Solution
treatment

1320°CX4 h, AC

Alloy (Heat No.) Aging treatment

SC-83K (Y0580) 1080°CX5h, AC+870°C% 20 h, AC

NASAIR100 1320°CX4 h, AC| 980°CX5h, AC+870°CX20 h, AC
CMSX-2 1316°CX4 h, AC| 980°CX5h, AC+870°CX 20 h, AC
CMSX-3 1302°CX4 h, AC| 980°CX5h, AC+870°CX20 h, AC
CMSX-4 1290°CX8h, AC| 980°CX5h, AC+870°CX20 h, AC

Table 3. Chemical compositions of SC-83K and conventional single crystal superalloys (mass% ).

Alloy (Heat No.) C Si Mn 3 S Ni Cr w Mo Co Al Ti Ta Hf Re
SC-83K (Y0580) | 0.002 <0.01 <0.01 0.002 0.001 Bal. 6.23 7.44 4.3¢ 0.98 5.06 —  7.35 008 —
NASAIR100 0.002 0.0l <0.01 0.001 0.001 Bal. 9.11 10.47 1.01 —  5.908 1.21 337 — —
CMSX-2 0.004 0.02 <0.01 0.001 0.002 Bal. 7.73 8.18 0.59 4.58 6.04 1.04 6.15 — —
CMSX-3 0.003 <0.01 <0.01 0.001 0.001 Bal. 7.51 7.78  0.58 4.68 5.9 1.02 595 0.10 —
CMSX-4 0.003 0.03 <0.01 0.001 0.001 Bal 6.2 5.98 0.60 9.65 558 1.01 661 008 2.90
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P=1.8(T+273) (20+log rupture life) X107

Fig. 3. Larson-Miller parameter curves of
some single crystal and columnar-grained
superalloys.
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Fig. 5. Tensile properties of SC-83K.
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Fig. 6. Low cycle fatigue
Number of cycles to failure, Nf. strength of SC-83 K.
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Photo. 2. SEM micrographs of
SC-83K as heat-treated and
after held ‘at various tempera-
tures for 1000 h. ‘
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Fig. 7. Tensile properties of SC-83 K after holding at each temperature.
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Fig. 8. Oxidation resistance of some single

Cycles

crystal superalloys.
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Fig. 9. Hot corrosion resistance of some single
crystal superalloys.
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Table 6. Physical properties of SC-83K.

8.86 g/cm®
1362~1400°C
1392~1343°C

Temperature (°C) 20 100 200 300 400 500 600 700 800 900 1000 1100
cal/g*® 0.091 0.088 0.096 0.095 0.097 0.098 0.099 0.101 0.110 0.117 0.123 0.137
J/kg K 381 368 402 398 406 410 414 423 460 490 515 573
4. Thermal conductivity

Temperature (°C) 20 100 200 300 400 500 600 700 800 900 1000 1100

cal/em*s’C 0.018 0.019 0.023 0.024 0.027 0.030 0.036 0.036 0.041 0.044 0.048 0.055

W/m-K 7.5 8.0 9.5 10.1 11.3 12.3 13.4 14.9 17.0 18.3 19.9 22.9
5. Mean coefficient of thermal expansion (30°C to temperature)

Temperature (°C) 100 200 300 400 500 600 700 800 900 1000

x1078/°C 1 11.4 11.8 12.1 12.5 12.7 13.2 13.6 14.2 14.9
6. Dynamic medulus of elasticity (<001> direction)

Temperature (°C) 20 700 800 900 1000

GPa 130 110 100 90 80
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