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Primary creep of single crystal superalloys at

intermediate temperature
—An important factor of turbine blade extension

ZHENG Yunmrrong, YANG Su-ling, RUAN Zhong-ci
(Beijing Institute of Aeronautical Materials, Beijing 10095, China)

Abstract: The single crystal Nt base superalloys were widely used for manufacturing advance gas turbine blades,
but the ignored weakness of these alloys to date is that the extent of primary creep at intermediate temperature is
much higher than that at high temperature. Moreover, compared with high temperature creep, the primary creep
strain at intermediate temperature is extraordinary sensitive to changes in the orientated deviation, composition and
the heattreated microstructure. Although the high-density dislocations introduced by pre creep treatment can re
strict the intermediate temperature creep, it is difficult for application in practice. As single crystal alloys are select-
ed as manufacturing turbine blades, it is considered that the resistance to deformation of the second or the third gen-
eration single crystal superalloys at intermediate temperature is inferior to first generation alloys and the excessive
extension of blade root could take place at the service environment of intermediate temperature and high stress.
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Table 1 Effects of [ 001] orientation on
creep behavior of PWA 1484 single crystal
alloy at 816 'C, 621 MPa' "

. Aging Aging Deviation  Time Time
Specimen ;

N temperature/  time/  angle from to to

o C h [001]/(°) 1%/h 2%/h
AH 816 8 1.4 83.0 184.7
BH 816 8 3.3 31.3 125.4
CH 816 8 4.3 20.5 115.0
DH 816 8 7.1 18.3 136.0
AL 704 24 1.0 2.5 59.0
BL 704 24 4.8 2.1 10.9
CL 704 24 8.6 1.7 3.7
DL 704 24 7.1 0.9 1.2
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Table 2 Creep properties of single crystal
alloys at 750 C, 750 MPa

Primary Final Rupture
Alloy strain/ % strain/ % life/ h
TMS82 4.0 11.0 427.0
CMSX-4 6.3 23.3 410.0
CMSX-10 6.5 22.4 411.0
TMS 75 22.5 36.0 17.2
40
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Fig. 5 Creep curves of several alloys

at 750 ‘C, 750 M Pa'”
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Table 3 Effects of temperature and stress on creep properties of

CM SX-4 single crystal alloy with [ 001] orientation

Specimen T emperature/ Stress/ Primary Final Rupture Activation energy/
No. C MPa strain/ % strain/ % life/ h (kJ * mol™ 1)
A-1 750 750 6.3 23.3 410 230
A-2 750 650 4.3 7.9 28040 296
A-3 750 550 0.8 0.73 665" 546
B-1 850 750 2.9 20.3 10 -

B-2 850 650 2.0 20.5 82 -
B-3 850 550 0.5 17. 68 517 -

1) Test interrupted before failure.
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