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Table 1  Nominal composition of three alloys (ω/%)

No. Cr Co W Mo Al Ti Ta Ni Ti/Al ratio

1 6 5 8 2 5 2 6 Bal. 0.4

2 6 5 8 2 5.56 1 6 Bal. 0.18

3 6 5 8 2 6.18 0 6 Bal. 0
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¢ 1  3JN1Ijk�LQR 

Fig.1  As-cast dendrite structure of three alloys: (a) alloy 1, 

(b) alloy 2, and (c) alloy 3 
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Fig.2  DTA curves for three alloys 
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Fig.3  γ

 

′ morphologies after heat treatment for three alloys: 

(a) alloy 1, (b) alloy 2, and (c) alloy 3 
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Table 2  Partition ratio of alloy elements in γ

 

′ and γ phases 

Element 

Alloy 1 

(Ti/Al=0.4) 

Alloy 2 

(Ti/Al=0.18) 

Alloy 3 

(Ti/Al=0) 

Al 5.36 3.55 1.95 

Ti 15.33 2.87 -- 

Cr 0.13 0.14 0.25 

Co 0.38 0.39 0.48 

Ni 1.28 1.17 1.11 

Ta 2.68 2.83 1.77 

W 0.50 0.65 0.85 

Mo 0.32 0.40 0.62 

I��C�óô Ti/Al Dõº���� \å
�	

nvD���DU 1! 

Ër¿¨ Watanabe BXÇÈw4¥¦oÈ_"

	����	γ

 

′� γ 6tEolnmq¢
�nlat%q

	;�FG��9 

a

γ

 H0.3524+0.013C

Cr

+0.0024C

Co

+ 

0.0421(C

Mo

+C

W

)+ 0.0183C

Al

+0.036C

Ti

 

a

γ′

= 0.3567+0.0156C′

Ti

+0.0372(C′

Nb

+C′

Ta

)+ 

0.0248 (C′

Mo

+C′

W

) 

δH(a

γ′

–a

γ

)/2a

γ

 

æçùuvxl%q7� 3Pð9 

 

� �  3 ���
��� 

Table 3  Misfit of three alloys (%) 

Alloy 1 Alloy 2 Alloy 3 

–0.482 –0.51 –0.521 
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Table 4  Stress rupture data of three alloys 

at 1010 �

��

�, 248 MPa 

alloys Ti/Al ratio Mean creep life/h Elongation/% 

1 0.4 57.73 29.78 

2 0.18 31.28 25.31 

3 0 21.99 31.86 
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Fig.4  Rafting microstructures of three alloys after stress rupture 

tests: (a) alloy 1, (b) alloy 2, and (c) alloy 3 
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Abstract: The microstructure and stress rupture properties of three experimental single crystal nickel superalloys with different Ti/Al 

ratios were investigated. The microstructure as-cast state and after heat treatment was analyzed by OPM and SEM. Partition ratio of alloy 

element in two phase and misfit degree were measured and analyzed by TEM with EDS. The results show that with increasing of Ti/Al 

ratio, the amount of γ-γ

 

′ eutectic in interdendrtic region as-cast state increases slightly, the size of γ

 

′ phase in heat treated state decreases a 

little and the morphology turns regular and the misfit decreases. The change of Ti/Al ratio has no obvious effect on the transformation 

temperatures. The stress rupture life is improved gradually with increasing of Ti/Al ratio. 

Key words: single crystal superalloy; microstructure; stress rupture property; Ti/Al ratio  
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