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  1  GH4169B<=?@A¡¢£_ EBSD  

Fig.1  EBSD maps of GH4169 alloy after solution treatment (a) and 

different hot deformation: (b) 10%, (c) 30%, and (d) 50% 
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  2  BW δXYZ[\sEFyz@¦U§ 

Fig.2  Variations of volume fraction of δ phase vs aging 

temperature 

 

 

 

 

 

 

 

 

 

 

  3  EFyz{ 900 |E GH4169B_ SEM ¨ 

Fig.3  SEM image of GH4169 alloy aged at 900 | 
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  4  ©ª NbPQ��« 920 |EF¡_ SEM ¨ 

Fig.4  SEM images of specimens with different Nb contents aged at 920 |: (a) 5.50%, (b) 5.38%, and (c) 5.23% 
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  5  « 960 |u¬ 120 min¡ δX_ SEM ¨ 

Fig.5  SEM images of specimens treated at 960 | for 120 min: (a) solution treated, (b) 10% deformation, 

(c) 30% deformation, and (d) 50% deformation 

 

 

 

 

 

 

 

 

 

 

 

  6  @A 30%��e 960 |u¬ 60 min¡_ EBSD ¨ 

Fig.6  EBSD map of specimen deformed to 30% and aged at 

960 | for 120 min 
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  7  δXefUTgA�®  

Fig.7  Schematic diagram for nucleation of δ phases 

at crooked boundary 
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� 8  δ�����
�������� SEM�� 

Fig.8  Schematic diagrams (a, c, e) and SEM images (b, d, f) for the precipitation of δ phases besides twin grain boundary (a, b), 

low curvature grain boundary (c, d), and high curvature grain boundary (e, f) 
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Abstract: GH4169 alloys which were solution treated and deformed at high temperature were conducted on aging treatment to investigate 

the morphology and precipitation mechanisms of δ phases. The results show that the volume fraction of δ phases increases with the 

increase of Nb element content. The peak temperature for δ phases precipitation is 920 C which is slightly influenced by the content of 

Nb element. The nucleation rate and volume fraction of δ phases increase with the decreasing of average grain size. Otherwise, the size of δ 

phases decreases with the decrease of average grain size. Low angle grain boundaries within grains promote the precipitation of δ phases 

intergranular. The critical barrier and critical radius decreases with the decrease of the radius of curvature. Otherwise, the nucleation rate of 

δ phases increases with the decreasing of curvature. The distribution morphologies of δ phases precipitated at grain boundary are similar to 

needles, sawteeth and fish tails.  

Key words: GH4169 alloy; δ phase morphology; grain boundary curvature 
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