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Table 1  Chemical composition of GY200 alloy (ω/%) 

C Cr Al Ti Co B Zr Mo W Ni 

0.044 19.35 1.51 2.93 13.66 0.0075 0.041 3.47 2.09 Bal. 
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ª 1  700 �NOPQPRE&;_` 

Fig.1  Property of alloy after aging at 700 �: (a) strength, 

ductility and (b) impact absorbing energy, hardness 
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ª 2  750 �NOPQPRE&;_` 

Fig.2  Property of alloy after aging at 750 �: (a) strength, 

ductility and (b) impact absorbing energy, hardness 
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ª 3  GY200E&PQ²p³]^c EDS`´ 

Fig.3  Microstructures (a, b) and EDS spectra (c, d) of GY200 alloy before aging: (a) metallographic microscopy, 

(b) SEM microscopy, (c) region A amplification, and (d) region B amplification in Fig.3b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ª 4  700 µPQNOPRn GY200E&;GHW¶]^ 

Fig.4  SEM images of GY200 alloy after aging at 700 � for different time: (a) 1000 h, (b) 3000 h, (c) 5000 h, and (d) 10 000 h 
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ª 5  750 µPQNOPRn GY200E&;GHW¶]^ 

Fig.5  SEM images of GY200 alloy after aging at 750 � for 

different time: (a) 3000 h and (b) 5000 h 
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Fig.6  Thermodynamic calculated mass fraction of precipitated 

phase at different temperatures (a) and precipitated phase 

with different W contents at 700 µ (b) 

 

 

 

 

 

 

 

 

 

 

 

ª 7  aIb XRDª´ 

Fig.7  XRD patterns of carbides 

 

jk��M

6

C ²z¹G�å#Á� W ÄK Waspaloy

tu�# Mo ï��2q4 W #4�¬Y� 2%�+

` Mo #4�¬Y� 1%�±34# W ~�� γ a7

��Ç�#It�Î%.H Mo� CYZ#yz��

¨°W�Mo,CYZ�\��®« Mo

6

CE< 

� 88¡
6
�Ï��¹G�#Î�<E��/

8G�700,750 �
6ï��
6
�M° 3000 h� 

20 µm 

a 

b 

500     700     900     1100    1300 

Temperature/µ 

a 

1.0

0.8

0.6

0.4

0.2

0.0

P
h

a
s
e
 
C

o
n

t
e
n

t
,
 
ω

/
%

 

MC 

Matrix 

r′ phase 

MU phase 

Liquid 

M

23

C

6

 

0      2      4      6      8      10 

Content of Tungsten, ω/% 

1.0

0.8

0.6

0.4

0.2

0.0

P
h

a
s
e
 
C

o
n

t
e
n

t
,
 
ω

/
%

 

Matrix 

r′ phase 

M

23

C

6

 

MU phase 

Sigma phase 

b 

20 40 60 80 100

�

��

�

�

��

�

�

��

�

�

��

�

�

��

�

�

��

�

�

��

�

�

��

�

750 �/5000 h

�

��

�

�

��

�

 

 

I
n
t
e
n
s
i
t
y
/
a
.
u
.

�

��

�

M

23

C

6

TiC

700 � /10 000 h

2θ/(°) 



� 4�                      ������		
��
���� GY200������������                   �1285� 

 

 

 

 

 

 

 

 

 

 

 

� 8   !"#	
$�%&'() 

Fig.8  Carbides content after aging at different temperatures 
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Fig.9  Degeneration reaction of MC phase 
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Fig.10  Morphologies of γ′ after aging at 700 .: (a) before aging, (b) 1000 h, (c) 3000 h, (d) 5000 h, and (e) 10 000 h 
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Fig.11  Morphologies of γ′ after aging at 750 . for 3000 h (a) 

and 5000 h (b) 
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Fig.12  Content (a) and LSW coarsening kinetics (b) of γ′ phase 

after aging 
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Effect of Long-Time Aging on Microstructure and Property Evolution 

of GY200 Nickel Base Alloy for Steam Turbine Blades 
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Abstract: The precipitates in GY200 equilibrium conditions were calculated by thermal-calc thermodynamic software. The microstructure, 

performance, carbides and γ' phase evolution of GY200 nickel base alloy for the blades of an advanced super supercritical power station at 

700 and 750 °C with different aging time were studied by metallography, scanning, and chemical phase analysis. The results show that the 

strength increases significantly after aging, and the impact performance decreases slightly. The carbides mainly consist of M

23

C

6

 and MC 

phases. M

6

C can not precipitate from matrix when replacing of 1% Mo in Waspaloy by 2% W. The content of M

23

C

6

 phase increases with 

the increase of aging time, and the carbides separate out as chains and lamellae in the grain boundary. The amount of MC phase begins to 

decrease after aging for 3000 h. The amount of γ' phase increases after aging at 700 °C for 3000 h, stabilizes after 5000 h, and remains 

basically unchanged at 750 °C. The γ′ phase has good thermal stability at 700 °C with a low coarsening rate. The coarsening rate at 750 °C 

is higher and the diameter of γ′ is about 100 nm after aging for 5000 h. 

Key words: advanced super supercritical; GY200 nickel base alloy; blade; γ′ phase; coarsening rate 
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