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Precipitation behavior of TCP phase and its influence on stress rupture
property of single crystal nickel-based superalloys

TIAN Su-gui, QIAN Ben-jiang, LI Tang, YU Li-li, WANG Ming-gang

(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: By means of measurement of the stress rupture property and microstructure observation, an investigation was
made on the features of TCP phase precipitated and the influence of element Re and TCP phase on the stress rupture
property of the single crystal nickel-based superalloys. The results show that during aging, TCP phase is precipitated
along the <110> orientation on {111} planes in the form of the slice-like structure. Thereinto, TCP phase displays a
strip-like morphology, arranging in the upright each other on the {100} planes, or arranging at an angle of 60° each other
on the {111} planes, and the TCP phase is identified as 4 phase. The u phase precipitated in the free-Re alloy is shorter in
size, and no feature of the spheroidization is detected during the aging. But the x phase precipitated in the 4.5%Re alloy
displays a longer size, and the coarsening occurs as the aged time prolongs, and then p phase is gradually transformed
into the sphere-like morphology. The precipitated TCP phase may obvious decrease the creep resistance and stress rupture
lifetimes of the superalloys due to the consumption of the refractory elements. Thereinto, the stress concentration is easily
generated in the regions near the strip-like 4 phase in the free-Re alloy, and promotes the initiation and propagation of the
cracks during creeping, which is a maim reason reducing the stress rupture lifetimes of the alloy a great extent. And the
stress concentration is not easily generated in the regions near the sphere-like # phase in 4.5%Re alloy, which is a main
reason reducing the stress rupture lifetimes of the alloy a small extent.
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Table 1 Chemical composition of single crystal nickel-based

superalloys (mass fraction, %)

AlloyNo. Cr Co Mo Al Ta W Re Ni TCP
1 6.0 4.0 60 50 40 0 Bal No
2 6.0 4.0 60 50 6.0 O Bal Yes
3 6.0 4.0 6.0 50 4.0 42 Bal No
4 6.0 4.0 55 50 4.0 45 Bal. Yes

Note: The element Mo content in the alloys cannot be published.
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Bl1 6%W &4 1040 CH4L 200 h (¥ 2141
Fig.1 Microstructures of 6%W alloy after being aged at 1 040 ‘C for 200 h: (a) Strip-like TCP phases precipitated along <<110>
orientations on (100) plane; (b) Slice-like TCP phases precipitated along {111} crystal planes as marked with A and B

Fig.2 Morphology of 4.5% Re alloys after being aged at 1 100 C for 150 h: (a) Strip-like TCP phases precipitated along <<110>
orientations on (100) plane; (b) Strip-like TCP phases precipitated at angle of 60° each other on {111} planes

(1011),

(1109),

(0118), (311),

B3 TCP MIMTEEMATH B A
Fig.3 Morphology and diffraction spots of TCP phases: (a) Morphology of strip-like x phases; (b) Diffraction spots and exponent
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Fig.4 Microstructures of 6%W alloys after being aged at 1 040 C for different times: (a) Finer strip-like u phases precipitated after

being aged for 50 h; (b) After being aged for 300 h, significant amount of strip-like 4 phases precipitated and arranged at angle of

120° each other on {111} planes

- |
5 4.5%Re A 44 1100 CHIRASH ) )F i B4R

Fig.5 Microstructures of 4.5%Re alloys after being aged at 1 100 ‘C for different times: (a) Strip-like u phases precipitated after

being aged for 50 h; (b) Some of u phases precipitated after being aged for 150 h, a few grooves appeared in strip-like # phases, a

few u phases dissolved up to abruption as marked with arrow; (c) After being aged for 300 h, morphology of u phases spherfied as

marked with arrow
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Table 2 Stress rupture lifetimes and morphology of TCP phases for alloys under different conditions

Alloy No. w(Re)/% w(W)/% Temperature/'C Stress/MPa Lifetime/h  TCP Spheroidization
1 0 4.0 980 200 395 No -
2 0 6.0 980 200 123 Yes No
3 42 4.0 1080 137 140 No -
4 4.5 4.0 1080 137 96 Yes Yes

6 ANFEEGTE 980 'C, 200 MPa 4% 4 T i A8 A ] I 1) /5 1) S A 2H 21
Fig.6 Microstructures of alloys crept at 980 ‘C and 200 MPa for different time: (a) 4%W alloy crept for 123 h; (b) 6%W alloy crept

for 123 h, precipitated TCP phase marked with arrow
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Fig.7 Microstructure of 6%W alloy crept at 980 ‘C and 200
MPa for 123 h up to fracture
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Fig.8 Microstructures of alloys after being endured up to
fracture at 1 080 C and 137 MPa: (a) 4.2% Re alloy; (b)
4.5% Re alloy
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Fig.9 Relationships between AG, " and mass fractions of Re
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