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Development of a Nickel-base Single Crystal Superalloy Containing
Molybdenum by an Alloy Designing Method

Takehiro QHNO, Rikizo WATANABE and Kohichi TANAKA

Synopsis :

A new nickle-base single crystal superslloy was developed by applying an “alloy designing” method, which
was originated by Watanabe and improved by a group of the National Research Institute of Metals (NRIM).
The typical composition range was 6-7 %Cr, 5-6 %Al, 5-8 %W, 5-8 %Ta and 4-6 %Mo (mass%). This alloy
had more stable microstructure and higher creep rupture strength than single crystal superalloys so far
developed. The basic flow of the designing was as follows. First, the composition of 7 and 7’ phases and
the volume fraction of 7’ phase were determined according to the NRIM scheme varying the combination of
molar percentages of tungsten, tantalum and molybdenum included in 7’ phase. Second, the most desirable
combination of 7 and 7’ couples were selected to maximize the summed values of ¥ and 7’ lattice constants
and minimize the misfit between ¥ and 7’ phases. Third, the stability of ¥ phase during solution heat treat-
ment was assesed by introducing a new parameter of “Solubility Limit Index”, whose value was defined by
the solubility of included elements into nickel matrix.
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Flow chart of alloy design.
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Table 1. Eutectic temperature of Ni binary
alloys and solubility of the element in each alloy.

Cr Al w Ta Mo

Eutectic temp. (°C) 1345 138 1500 1360 1315
Solubility (mol%) 50 21 17.5 15.4 27
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Fig. 2. Structural factor parameter contours in
SW, STa and SMo triangular coordinates (S. I =
1.3, YCr = 3, 7' = 65 %).
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Fig. 3. Locations of designed alloys in SW,
STa and SMo triangular coordinates. The
circled numbers correspond to the alloy num-
bers shown in Table 2.
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Fig. 4. Heat treatment windows of the
experimental alloys.

a ; SC-51 b : SC-53
¢ ; SC-55 d : SC-56
e : SC-58 f : SC-60
Photo. 1. SEM microstructures

of heat treated specimens.

Table 2. Chemical compositions of melting stocks (mass% ).
Alloy series Alloy No. | Heat No. C Si Mn P S Ni Cr w Mo Al Ta Fe
SC-51 RV350 0.002 <0.01 <0.01 0.001 0.001 Bal 6.66 11.02 4.85 6.35 — 0.07
SC-52 RV351 | 0.001 <0.01 0.01 0.001 0.001 Bal 6.83 8.30 4.82 5.89  2.79 0.04
SC-53 RV352 | 0.002 0.01 0.01 0.001 0.001 Bal 6.84 5.27 4.80 5.83 5.50 0.05
SC-54 RV570 | 0.002 <0.01 <0.01 0.001 0.001 Ba] 7.02 2.53 4.80 5.88 8.09 0.02
SC-55 RV571 | 0.002 <0.01 <0.01 0.001 0.001 Bal 7.03 —  4.77 5.39 10.27 0.32
Experimental alloy | SC-56 RV353 0.001 <0.01 <0.01 0.001 0.001 Bal 6.79 14.42 2.98 6.26 — 0.11
SC-57 RV354 | 0.001 <0.01 0.01 0.001 0.001 Bal 6.62 10.25 3.00 5.95 3.61 0.04
SC-58 RV355 | 0.001 <0.01 <0.01 0.001 0.001 Bal 6.41 7.25 2.92 577 7.07 0.03
SC-59 RV572 0.002 <0.01 <0.01 0.001 0.001 Bal 6.88 3.35 2.9 5.70 10.71 0.04
SC-60 RV573 | 0.002 <0.01 <0.01 0.001 0.001 Bal 6.82 —  2.90 5.35 14.26 0.06
SC-73 RV574 0.002 <0.01 <0.01 0.001 0.001 Bal 7.23 3.56 6.44 5.95 3.75 0.06
SC-53A RV575 | 0.002 <0.01 <0.01 0.001 0.001 Bal 6.8 5.67 508 578 6.16 0.06
Hopeful alloy SC-83 RV795 | 0.001 <0.01 <0.01 0.001 0.001 Bal 6.55 7.08 4.38 520 7.49 0.05 -
RV950 | 0.002 <0.01 <0.01 0.001 0.000 Bal 6.73 7.10 4.42 5.08 7.47 0.05
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Fig. 5. Creep rupture lives (h) of the ex-
perimental alloys at 1 040°C-206 MPa are shown in
parentheses. The circled numbers correspond to the
alloy numbers shown in Table 2. The specimen num-
bers are shown beside the alloy numbers.
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Fig. 6. Hopeful SW, STa and SMo region (shaded
area) and the location of two selected alloys (SC-53
A and SC = 83), conventional alloys (NASAIR 100
and CMSX-2) and the alloy developed by NRIM
(TMS alloys).
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Table 3. Creep rupture properties of SC-53 A,
SC-83, SC-51 and SC-55 at 1 040°C-137 MPa.
Alloy No. Heat No. Life(h) EL(%) Red.(%)
SC-53A RV575 2481.8 4.6 17.5
2403.9 5.8 16.9
SC-83 RV795 3107.2 4.8 14.4
1746.1 7.5 28.6
SC-51 RV350 116.9 19.6 58.6
SC-55 RV571 81.1 25.0 59.0

a:SC-53A b:SC-83 ¢:S8C-51 d:SC-55
Photo. 2. SEM microstructures of creep-ruptur-
ed specimens. Stress axis is vertical.
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