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Table 1 Nominal composition of the alloy (/%)

Al Cr Co+W+Mo+Ta Re Hf C B Ni

3-6  8-12 22.5 2 01 0.015 0.005 Bal.

*2 BEMALERIE

Table 2 Heat treatment schemes of the alloy

Process
1270 "C/1 h+1280 C/1 h+1290 ‘C/2 h+
1300 ‘C/3 h+1310 C/ 4, 15, 30, 45 h, AC
1080, 1100, 120 C/4 h, AC
870 ‘C/32 h, AC

Heat treatment

Solution

Primary aging

Secondary aging

Note: AC-air cooling
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Fig.1 Schematic diagram of stress rupture specimen
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Fig.2 Macroscopic morphologies of as-cast alloy along transverse (a) and longitudinal (b) directions
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Fig.3 y’ morphologies of as-cast alloy: (a) dendritic core and

(b) interdendritic region

2.0F 7
1.5- ’_‘
x 1.0} —
0.5- |_‘|_‘H
0.0
Al Mo Ta Cr Co W Re
Element

K4 %o 25

Fig.4 Element segregation coefficient of as-cast alloy
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Fig.7 Morphologies of dendrite at 1310 ‘C for different homogenization time: (a) 4 h, (b) 15 h, (c) 30 h, and (d) 45 h
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Fig.8 EPMA element mappings of alloy after homogenization heat treatment at 1310 C for 45 h: (a) Re, (b) W, (c) Ta, and (d) Co
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Fig.11 Morphologies of y’ phase at different primary aging temperatures: (a) 1080 ‘C, (b) 1100 C, and (c) 1120 ‘C
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Table 3 Average size and area fraction of y’ phase at different primary aging temperatures

Primary aging temperature/'C Length/pm Width/pm Area fraction/%
1080 0.29140.056 0.235#0.040 61.46+0.78
1100 0.37140.067 0.29240.071 65.3840.97
1120 0.39740.085 0.312+40.083 56.60+1.47
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Table 4 Stress rupture properties of the alloy at different primary aging temperatures
Primary aging temperature/ 'C Test condition Rupture life/h Elongation/%
1080 185.63 10
1100 1070 ‘C/140 MPa 246.08 13
1120 174.13 9.3
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Fig.13  Stress rupture fracture morphologies of the alloy at 1070 C/140 MPa: (a-b) cross section and (c-e) vertical section
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Effect of Heat Treatment on Microstructures and Stress Rupture Properties of
Hot-Corrosion Resistant Single Crystal Superalloy

Lai Yongjun™?, Ning Likui®, Liu Yichuan®?, Liu Enze', Meng Xianglun®, Tan Zheng'?, Tong Jian®, Zheng Zhi*
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110006, China)

(3. School of Mechanical Engineering and Automation, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: The effects of heat treatment on the microstructures and rupture properties at 1070 °C/140 MPa of a hot-corrosion resistant
single crystal superalloy were investigated. The results show that long-term homogenization heat treatment significantly reduces element
segregation. With prolonging the homogenization time, the area fraction of micropores is gradually increased, the average size keeps
increasing, and the density of micropores is increased firstly and then decreased. With increasing the primary aging temperature, the size of
y' phase is enlarged gradually, and the area fraction of y’ phase is firstly increased and then decreased. The stress rupture life of the alloy is
increased firstly and then decreased with increasing the primary aging temperature. When the primary aging temperature is 1100 °C, the
size of the cubic y’ phase is about 370 nm, the squareness is better, the area fraction of the y’ phase is the largest, and the stress rupture life
is the longest. The stress rupture fracture is characterized by ductile fracture. The carbides and micropores at the sub-grain boundary are
the main crack sources to cause the stress rupture fracture of the sample.
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