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Alloy Design and Material Properties of Ni-based Superalloy with Low Thermal Expansion for Steam Turbine

Ryuichi Y AMAMOTO, Yoshikuni KADOYA, Hisataka KAwAl, Ryotaro MAGOSHI,
Shigeki UETA, Toshiharu NoODA and Susumu ISOBE

Synopsis : Advanced 700°C class steam turbines require austenitic alloys to replace conventional ferritic 12Cr steels poor at creep strength and oxida-

tion resistance above 650°C. The austenitic alloys, however, possess a higher thermal expansion coefficient than ferritic 12Cr steels. There-

fore, Ni-based superalloys were tailored to reduce their coefficients to the level of 12Cr steels. A regression analysis of commercial superal-

loys proves that Ti, Mo and Al decrease the coefficient quantitatively in this order, while Cr increases it so significantly that Cr should be lim-
ited to 12 mass% to secure oxidation resistance. The newly designed Ni-18Mo—12Cr-1.1Ti—0.9Al alloy is strengthened by ¥’ [Niy(AL Ti)]
and also A,B [Ni,(Mo, Cr)] phase precipitates. It bears a RT/700°C mean expansion coefficient equivalent to that of 12Cr steels and far lower
than that of low-alloyed heat resistant steels. It surpasses a current turbine alloy, Refractaloy 26, in tensile strength at RT to 700°C and SCC
life in 330°C deaerated pure water. Its creep rupture life at 700°C is equivalent to that of Refractaloy 26.

Key words : Ni-based superalloy; low thermal expansion; alloy design; precipitation hardening.
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Fig. 1. The effect of Fe content on the mean coefficients of
Ni-based superalloys.
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Fig. 2. Obtained factors to calculate the mean coefficients, A, from alloy composition.
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Table 1. Chemical compositions (mass%) and mean CTE of the preliminary alloys.

] ] CTE (10°/°C to 700°C)
Experimental Ni Mo W Al Ti Cr
Predicted Measured
D-31 Bal. 8.1 132 0.54 39 123 124 12.5
D-4 Bal. 74 141 0.45 41 122 12.4 126
D-52 Bal. 76 139 15 32 107 124 125
D-62 Bal. 8.0 136 18 30 9.2 123 125
Table 2. Chemical compositions of designed alloys and 6 T T T T T
Refractaloy 26 (mass%). Ni-Cr-Mo-Al-Ti alloys
Alloy Ni Cr Mo Al T Co Fe 5k 4
- precipitation of
LTA Bal. | 121 | 179 | 122 | 160 LTA1| A,B phaseat650C
LTAS Bal. | 120 | 182 | 092 | 1.14 L 4 A precipitation of ¥’
LTAB Bal | 120 | 182 | 086 | 086 ) i - ""“;\ at 650~800C
o LTA7 :
LTA7 Ba. | 120 | 200 | 093 | 1.15 g LTAS|. ;
LTA8 Bal. | 120 | 200 | 068 | 086 = 3} S i
LTA9 Bal. | 120 | 199 | 053 | 070 &= LTA6 |LTA8 I Tl 3
LTA10 Bal 100 | 220 | 030 | 041 * LTAIL
: ; : i i < 2} LTA9 Rt
LTAN Bal. | 104 | 220 | 062 | 080
Refractaloy26 | 38 | 18 | 32 | 02 | 26 | 20 | Bal *
1 Mark Cr. mass% LTA10
* 10
= N - \ non 12
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Fig. 3. Al+Ti and Mo contents in the designed alloys.
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Fig. 4. The effect of aging temperatures on hardness.
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Fig. 5. Hardening in the single and the double aging.
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Fig. 6. Microstructures of LTES700 double-aged. (a) Optical microscope, (b) TEM (B=001).
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Fig. 8. RT and high temperature tensile properties of LTES700 and Refractaloy 26.
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