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Creep behavior of third-generation single crystal superalloy
DD9 at 1100 'C/137 MPa

CHEN Qiao, L1 Jiarong™, LI Xiaopeng, YANG Wanpeng, YUE Xiaodai, LIU Shizhong,ZHAO Jingian

(Science and Technology on Advanced High Temperature Structural Materials Laboratory,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The creep behavior of the third-generation single crystal superalloy DD9 at 1100 °C/137 MPa is
investigated using high-throughput scanning electron microscopy (SEM) and transmission electron
microscopy (TEM). The results show that the average creep rupture life of the alloy under this condition is
260 h. During the creep process, the ' strengthening phase exhibits a gradual evolution from an initial
cuboidal shape to directional coarsening, rafting, and eventually to local derafting at the later stage of creep.
The composition difference between the dendrite core and the interdendritic regions is an important factor
affecting the microstructural evolution of the DD9 alloy. The dislocation evolution during creep is
characterized by initial dislocation motion mainly within the y matrix channels, the formation of dense
dislocation networks at the y/y interfaces during secondary creep, the shearing of the y' strengthening
phase by dislocation pairs during tertiary creep, and a further increase in the number of dislocations shearing
into the ' phase at the fracture stage.

Key words: third-generation single crystal superalloy; DD9; creep behavior; y’ strengthening phase;
dislocation motion
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Fig.1 Schematic diagram of creep specimen
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Fig.2 Creep strain-time curves(a) and creep strain rate-time curves(b) of DD9 alloy at 1100 °C/137 MPa
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Fig.3 Fracture morphologies(a) and longitudinal-sectional microstructures(b), (¢) of DD9 alloy after creep at 1100 °C/137 MPa
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Fig.5 Composition of y and ' phases in dendrite core and interdendritic regions at different creep stages

(a)y phase composition in dendrite core; (b)y phase composition in interdendritic region ; (c)evolution of Re content in y phase of dendrite core and

interdendritic regions at different creep stages; (d)y' phase composition in dendrite core; (e)y' phase composition in interdendritic region

K6 DD9 4 58 2 b FLF (14 12 13 2H 21
(a) Rl DX 5 (b ) A A i X Jsk
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Fig.7 Microstructures of dendrite core(1) and interdendritic regions(2) at different creep stages

(a)at creep stage Il ;(b)at creep stage [ll ; (c)at creep rupture stage, the position is approximately 3 mm away from the fracture surface
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Table 3 R values calculated based on formula (1)
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Fig.8 TEM images of dendritic core at different creep stages

(a)dense dislocation network at creep stage Il ; (b)dislocation bowing at creep stage Il ; (c)dislocation pairs at creep stage Il ;

(d)Z-shaped dislocations at creep stage Il ; (e)dislocation configuration at creep rupture stage
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Fig.9 Precipitation behavior of TCP phases in DD9 alloy at different creep stages

(a)at creep stage Il ;(b)at creep stage [ll ; (c)at creep rupture stage
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Table 4 Chemical compositions of TCP phases
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Phase Al Cr Co Ni Nb Mo Ta W Re
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Fig.10 TEM images and SAED patterns of TCP phases with different morphologies

(a)blocky phase; (b)plate-like phase
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