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Effects of Mo on microstructure and stress-rupture property of
Ni-based single crystal superalloys
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Abstract: The effects of Mo on the microstructural stability and stress-rupture property were investigated in two
experimental Ni-based single crystal superalloys when adding 1.5% Mo (mass fraction) into the Mo-free baseline alloy.
The heat treatment results indicate that the intermediate y’ precipitates in the dendrite core of the Mo-free alloy do not
change in morphology and only become coarsening after (1 100 , 2 000 h) heat treatment. Mo addition increases the
content of Re, Mo and Cr in the y phase. As a result, the lattice misfit is enlarged and y’ precipitates become more
cuboidal, the time of forming the rafting structure is significantly enhanced and occurs at about 200 h. Meanwhile, the
TCP phases precipitate after 700 h in the Mo-free alloy while TCP phases are observed only after 100 h in the
Mo-containing alloy. Mo addition promotes the formation of TCP phases significantly, which are identified as the o and P
phases and enriched in Re, W, Cr and Mo. The investigation of stress-rupture properties at 1 100 and 140 MPa
indicates that Mo addition shortens the stress-rupture life of the baseline alloy due to the precipitation of large amount of
TCP phases, although Mo addition increases the volume fraction of the y’ phase and enlarges the lattice misfit with a good
rafting microstructure.
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Fig.1 Typical microstructures in dendrite core of two investigated alloys after heat-treating at 1 100 for different times:
(a) USTB-F7, 8 h; (b) USTB-F9, 8 h; (c) USTB-F7, 50 h; (d) USTB-F9, 50 h; (e) USTB-F7, 200 h; (f) USTB-F9, 100 h;
(g) USTB-F7, 700 h; (h) USTB-F9, 200 h; (i) USTB-F7, 2 000 h; (j) USTB-F9, 350 h
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Table 2 Elemental partitioning ratio in dendrite core of two

investigated alloys after stress-rupture testing

Alloy Al Ta W Co Re Cr Mo
USTB-F7 0.50 0.38 1.60 1.82 7.29 275 -
USTB-F9 0.49 0.33 1.69 1.98 12.02 3.84 3.44
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Fig.3 XRD pattern of extracted precipitates in USTB-F9
alloy after heat-treating at 1 100  for 400 h
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Fig.4 TEM images(a, b) and indexed SAD patterns(c, d) of TCP phases in USTB-F9 alloy after heat-treating at 1 100  for 400 h:
(a), (c) o phase; (b), (d) P phase
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Fig.5 Typical microstructures in dendrite core of USTB-F7 (a)
and USTB-F9 (b) alloys after aging treatment at (1 140
8h)+(870 ,16h)
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Table 5 Stress-rupture life of investigated alloys at 1 100
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Fig.6 Sectional microstructures of (010) plane at 15 mm

away from fracture surface of USTB-F7 (a) and USTB-F9 (b)

alloys after stress-rupture testing
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