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Table 1  Chemical composition of the tested alloy (ω/%) 

C Si Cr Al Ti Mo Mn Ni 

0.026 0.36 19.89 1.18 1.60 10.05 0.4 Bal. 
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Table 2  Mechanical properties of the tested alloy during thermal exposure at 700 �

��

� 

Strength at RT/MPa Plasticity at RT/%  Strength at HT/MPa 

Plasticity at 

HT/% 

Aging 

time/h 

R

m

/R

p0.2

 A/Z  R

m

 /R

p0.2

 A/Z 

Hardness, 

HB/MPa 

Impact energy/J 

0 1091/655 30/27  960/590 39/36 2970 36 

100 1107/686 24/22  970/590 30/24.5 3040 20 

500 1094/677 27.5/24  935/600 34.5/31 2942.5 24 

1000 1104/705 22/22  995/625 31.5/32 3115 18 

2000 1097/696 21.5/21  955/590 29.5/29 3205 16 

5000 1107/691 21.5/19  950/610 29/25.5 3086 10 

10000 1053/695 13/12  990/660 14/16 3657.5 4.0 

* RTyroom temperature�HTyhigh temperature (700 1) 
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Fig.1  Impact fracture morphologies of alloy after 10 000 h aging 

200 µm 

  

16 µm 
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Fig.2  Microstructures of alloy during thermal exposure: (a) 100 h, (b) 500 h, (c) 2000 h, (d) 5000 h, and (e) 10 000 h; (f) EDS spectrum  

of carbides on grain boundary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

³ 3  T�kl�¾¿¸¹Z[ EDS©k 

Fig.3  Microstructure (a) and EDS analysis (b, c) of intercrystalline precipitated phase: (b) position 1 in Fig.3a;                   

(c) position 2 in Fig.3a; (d) sketch of morphology observation of lamellar precipitate phase 
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Fig.4  Microstructures of γ′ phase during thermal exposure: (a) 100 h, (b) 2000 h, (c) 5000 h, and (d) 10 000 h 
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Fig.5  XRD patterns of carbides during long-term aging: (a) 0 h, (b) 2000 h, (c) 5000 h, and (d) 10 000 h 

 

� 3  ������� M

6

C 	 M

12

C 
����� 
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Fig.6  Quantitative analysis of carbides during long-term aging  

at 700 � 
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Table 4  Results of γ′ phase particle size and chemical quantitative analysis in the process of aging 
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Fig.7  Change of particle size distribution of γ' phase in the 

process of long-term aging: (a) 5000 h and (b) 10 000 h 
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Fig.8  Model of coarsening of adjacent γ′ particles by 

coalescence way 
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Abstract�

��

�Microstructure and mechanical properties evolution were investigated for a superalloy USC 141 under aging for 10 000 h at 700 

o

C. The results show that both of the strengths of the alloy tested at room temperature and 700 

o

C are maintained at high level during 

long-term aging; while the coarsening behavior of carbides along grain boundary, which transforms in a shape of chain gradually, 

decreases plasticity and toughness of the alloy. During the process of long-term aging, the precipitation of M

23

C

6

 presents a trend of slow 

increasing. Whereas the evolution of M

6

C type carbide in this alloy consists of three stages. The first stage could be marked as the 

continuum transformation of M

6

C to M

12

C, which is induced by the diffusion of Mo and Ni. At the second stage, the type and 

precipitations of carbides change little. At the third stage, M

12

C carbides further coarsen afterwards by the diffusion of Mo, and M

12

C 

inside grains present a shape of plate. The microstructure evolution of γ′ precipitates could be divided into three stages as well. The 

formation and initial fast growth of γ′ result from the diffusion of Cr, and the γ′ particles are distributed finely during the first stage. At the 

second stage, the mean size and precipitation of γ′ increase slowly. The last stage is marked by the coarsening behavior of γ′, mainly 

resulting from the coalescence of adjacent γ′ particles, and finally exhibits higher dispersion level of particle size distribution. 
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