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Microstructure evolution behavior of
DD6 single crystal superalloy at different using temperatures

SHI Zhen-xue, LIU Shi-zhong, XIONG Ji-chun, LI Jia-rong

(Science and Technology on Advanced High Temperature Structural Materials Laboratory,

Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The second generation single crystal superalloy DD6 after standard heat treatment was heat-treated at 1100,
1150, 1200, 1250, 1300 and 1320 C for 1 h, respectively, and was then air cooled. The microstructures of the alloy
heat-treated at different temperatures were investigated by SEM. The microstructure evolution mechanism of the alloy
was estimat using JMatPro software and DSC. The results show that the size of y’' phase slightly increases after DD6
super alloy heat-treatment at 1100, 1150 and 1200 “C. The size of ' phase increases apparently and its size distribution is
very uneven after heat treatment at 1250 ‘C. The small part of ' phase has serrated y'/y phase surface as a result of
incomplete solution and the irregular small y’ phase is major after heat-treatment at 1300 ‘C. While the irregular small '
phase precipitates again, followed complete solution after heat-treatment at 1320 ‘C. The size, shape and volume fraction
of y' phase vary with the heat treatment temperatures because it grows, dissolves or precipitates again. The volume
fraction of y’ phase decreases to different degrees after heat-treatment at different temperatures except 1100 ‘C. There is
no fine second §’ phase in the y matrix channel of the alloy after standard heat-treatment and heat-treatment at 1320 C.
But the fine second y’' phase precipitates in the y matrix channel after heat-treatment at temperature range of
1100—-1300 °C. Different microstructures are obtained after heat-treatment at different temperatures, which indicates that
the using temperature has obvious effect on the microstructure of the alloy.
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Table 1 Nominal chemical compositions of DD6 alloy (mass
fraction, %)
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Fig. 1 SEM images of DDG6 alloys after standard heat

treatment: (a), (b) Low magnification; (c) High magnification
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Table 2 Microstructure characteristics of DD6 alloy after heat treatment at different temperatures

Primary y' Volume fraction of Morphology of Secondary y' phase Space of y matrix
Temperature/C ) ) ) )
phase size/um  primary y’' phase/% primary y' phase size/nm channel/nm
1100 0.45 62 Cubic 18 49
1150 0.47 58 Cubic 23 52
1200 0.48 53 Cubic 38 65
Irregular cubic, most with
1250 0.68 55 i 20 49
serrated y/y’ interface
Irregular cubic, small part with
1300 0.26 56 ) 20 35
serrated y/y’ interface
1320 0.21 57 Irregular cubic None 20
Standard Cubic
0.43 61 None 51

heat-treatment
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Fig. 2 Microstructures of DD6 alloy after heat-treatment at different temperatures: (al), (a2), (a3) 1100°C; (bl), (b2), (b3) 1150 C;
(c1), (c2), (c3) 1200°C; (d1), (d2), (d3) 1250 C; (el), (€2), (€3) 1300°C; (1), (f2), (f3) 1320 C
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Fig. 3  Calculated content of precipitation phases with

temperature for DD6 alloy
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Fig. 4 DSC curve of DD6 alloy
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