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Table 1  Chemical composition of K416 alloy with various Al 

contents (ω/%) 

Alloy C Cr Co W Al Ti Nb Hf Ni 

1 0.11 4.88 7.00 16.01 5.60 0.99 1.80 0.98 Bal. 

2 0.10 4.82 6.98 15.83 5.91 0.98 1.80 1.00 Bal. 

3 0.10 4.85 7.01 15.78 6.20 0.99 1.81 0.98 Bal. 
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Fig.1  Sketch of the stress rupture and room temperature tensile 

specimen for K416 alloy 
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� 2  #$ Al%& K416+,1 975 2/240 MPa345'67
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Fig.2  Stress rupture life (a) of as-cast K416 specimens with 

various Al contents at 975 2/240 MPa and microhardness 

of matrix (b) 
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� 3  (§ K416+,¨n_` 

Fig.3  Typical microstructures of as-cast K416 alloy: (a) grain and dendrite microstructure, (b) MC carbides along grain boundary, (c) γ′ 

phase in the dendritic core, and (d) γ′ phase in the interdendritic region 
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� 4  #$ Al%& K416+, γ/γ′xyl:©ªrsl¨n�� 

Fig.4  Typical morphologies of γ/γ′ eutectics (a, c, e) and blocky precipitates (b, d, f) of as-cast K416 alloy with various Al contents: 

(a, b) Alloy 1, (c, d) Alloy 2, and (e, f) Alloy 3 
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Table 2  Area fraction of γ/γ′ eutectics and blocky phases of as- 

cast K416 alloy with various Al contents (%) 

Alloy γ/γ′ eutectic Blocky phase 

1 12.6±1.7 0.08±0.03 

2 17.7±0.3 1.3±0.1 

3 21.8±3.2 2.1±0.1 
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� 5  #$ Al%& K416+,l«¬­' X®¯°®�± 

Fig.5  X-ray diffraction patterns of the extracted precipitates in as-cast K416 alloy with various Al contents: 

(a) Alloy 1, (b) Alloy 2, and (c) Alloy 3 
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Element C Cr Co W Al Ti Nb Hf Ni 
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White (α-W) - 0.74 - 97.48 - - - - 1.78 
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Fig.6  Typical fracture morphologies of as-cast K416 alloy with various Al contents after stress rupture tests at 975 2/240 MPa: 

(a~c) Alloy 1, (d) Alloy 2, and (e) Alloy 3 
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� 7  � Al�	 K416��! 975 "/240 MPa#$%��&'(�&)*+,'-./ 

Fig.7  Crack morphologies on longitudinal section close to the fracture surfaces of as-cast K416 alloy with various Al contents after stress 

rupture tests at 975 "/240 MPa: (a, b) Alloy 1, (c) Alloy 2, and (d) Alloy 3 
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20 µm 
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20 µm 
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GPa
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Influence of Al Content on Microstructure and Stress Rupture Property 

of Cast Superalloy with High W Content 

 

Wu Jiantao, Yuan Xiaofei, Song Shengyu, Chen Xingfu, Li Wei 

(Gaona Aero Material Co., Ltd, Beijing 100081, China) 

 

Abstract: Stress rupture tests at 975 °C/240 MPa and microhardness measurements at room temperature in high W cast superalloy K416 

with various Al contents were conducted. The results show that the stress rupture life and microhardness decreases gradually with 

increasing the content of Al, the stress rupture life of specimens with medium and high levels of Al content are lower than the values in 

standard. Microstructural characterization indicates that little M

6

C carbides and α-W phase are observed when the Al content is 5.60wt%. 

The area fraction of M

6

C carbides and α-W phase increases from 0.08% to 2.1% with increasing the Al content from 5.60wt% to 6.20wt%. 

Meanwhile, the area fraction of γ/γ′ eutectics increases from 12.6% to 21.8%. The increase of Al content shows little effect on the sizes and 

morphologies of grains, dendrites, MC carbides and γ′ phase. The precipitation of brittle M

6

C carbides with high amounts and the depletion 

of solid solution strengthening element (W) are responsible for the diminishing of stress rupture property. In addition, the stress rupture 

mechanisms of K416 alloy with various Al contents were also discussed. 

Key words: high W cast superalloy; Al content; stress rupture property; microstructure 
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