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Effect of Al Content on Microstructure and Stress Rupture Properties

of Nickel Based Single Crystal Superalloy
SUN Yuejun', GE Yanhui®, ZHANG Jun®

(1. School of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China; 2. Zhongping Energy and
Chemicals Group, Tiangong Machinery Manufacturing Co., Lid., Pingdingshan 467000, China; 3. Institute of Mechanics, Chinese
Academy of Science., Betjing 100190, China)

Abstract: The effects of Al content on the microstructure of as-cast and heat treatment specimens were investigated. The
stress rupture of the alloy at high temperature was measured and the microstructure of stress rupture specimens was observed
by SEM, EDS, and XRD. The results show that the as-cast microstructure of the alloy is composed of coarsening v', fine ' and
v. With the increase of Al content, the more coarsening y' appears in the alloy and cannot be dissolved into vy matrix
completely during solid solution heat-treating. The observation of microstructure indicates that the micro-cracks occur mainly
at the coarsening v'/7y interface during stress rupturing measuring and extends along y'/y interface, all these are harmful to the
high temperature properties of the alloy.
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Tab.1 1Chemical composition o(f the expe’rfn)lent
alloys (wt,%)
Al Ti Ta Cr | Mo | W Hf C Ni
S1 7.5 1.0 | 20 | 60 | 3.5 | 2.0 | 0.5 |0.015| Bal.
S2 8.5 1.0 20 | 60 | 35| 2.0 | 0.5 [0.015| Bal.
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Fig.] As-cast microstructure of S1 alloy
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Fig.3 Selected-area bright field in the S1 alloy
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Fig.2 XRD analysis of SI alloy
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Fig.4 As-cast microstructure of S2 alloy
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Fig.5 Solid-solution microstructure of
S2 alloy at different temperature
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281 S2 vy ( %) o ; Al ,
Tab.2 Element content in y and ' of different alloys , ,
after heat-treatment (wt,% ) Y ’ v/ ’
Al Ti Mo w Ta Cr Hf Ni © 7(b)
s1 Y 480 | 0.71 | 7.04 | 1.81 | 1.89 |18.44| 0.95 | 64.36 s v/
v [13.86] 1.42 | 2.76 | 225 | 2.72 | 5.38 | 1.01 |70.60 v' R v' R
© Y 7.27 | 1.36 | 6.19 | 2.83 | 1.34 | 18.96| 1.18 |60.87 v v' ,
v [13.79] 1.61 | 2.13 | 1.54 | 2.19 | 5.61 | 1.01 |72.11 ' i v/y' ,
3 1050°C.167MPa y' , ' )
Tab.3 Properties of stress rupturing at 1050 °C
and 167 MPa 3
/h 8(%) <001>/(°)
S1 40.48 14 3 (1) 7.5%Al  8.5%Al
S2 21.29 17 4 Y. v v , Al
Al 75%S1 ) 8.5%(S2 .Y : °
) 40.48 h 21.29h, @
7@ Sl 1050 °C 168 MPa Yoo
) ’ , 3) ,
¥ vy, ¥ Y/ Y/ o Al
,y ) ¥ 1050 °C 168 MPa o
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