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¼ 1  γ′Nr�7r½�¾un@ 

Fig.1  Relationships between morphology and shape factor 

of γ′ phase 
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Fig.2  Differential scanning calorimeter curve of the alloy 
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Fig.3  Microstructures of the samples at different cooling rates of 4.3 Å·s
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¼ 4  �Â<k}L� γ'Nij5t¼ 

Fig.4  γ' phase size distribution plots of the alloys at different cooling rates of 4.3 ·s�
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¼ 5  :;<=U(V γ'NYZ[6\&r�Æ�/Ç¼ 

Fig.5  Schematic illustration of γ' multiple generations precipita- 

tion and morphological instability during continuous cooling: 

(a) first nucleation burst, (b) growth of γ', (c) morphology 

instability of γ' and second generation precipitation, and  

(d) third generation precipitation  
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Fig.6  Microstructures of the alloys after 16 h (a), 24 h (b), 48 h (c), and 100 h (d) of aging at 815 � 
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� 7  ����������� γ'!"#$%&'(�)* 

Fig.7  Effect of aging time on hardness, secondary γ' phase size 

and shape factor for the alloys 
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Precipitation Kinetics and Coarsening Behavior of Multimodal γ′ 

Microstructure in High Performance Ni-Base PM Superalloy 

 

Zhang Ming, Liu Guoquan, Wang Hao, Huang Hailiang, Hu Benfu 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: Differential scanning calorimetry (DSC) and thermal simulation continuous cooling experiments were used to study the behavior 

and microstructure of γ′ multi-generations precipitation during the continuous cooling process in the third generation high performance PM 

superalloy. The linear regression method was used to get the quantitative relationship between the average sizes of secondary γ′ and cooling 

rates, and the formation kinetics and mechanism of multimodal size distribution of γ′ precipitates on the γ matrix were analyzed and 

discussed. The results show that the alloy can obtain a multimodal size distribution of γ′ precipitates at cooling rates less than 1.4 ºC/s

-1

. 

The multi-generations precipitation is closely related to the cooling rates. The slow cooling is the dominant reason for the multimodal size 

distribution of γ′ precipitates. Results of long-term aging of the alloy with γ′ multimodal size distribution show that reverse coarsening 

phenomenon occurs due to the unstable morphology of the large-size secondary γ′, i.e., the average size of γ′ precipitates decreases with the 

increase of aging time. This reverse coarsening effect increases the strength of the alloy, and increases the long-term stability of the 

microstructure of the alloy. The conditions and reasons for the reverse coarsening of γ′ were also discussed. This work will provide a 

theoretical basis for the further research and development of new high performance PM superalloys.  

Key words: PM superalloy; γ′ phase; multiple generations precipitation; reverse coarsening effect  
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