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Fig.1 SEM microstructure of alloys by two heat treatment regimes: (a—b) A-1 and (c—d) A-2
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2 GEYIFASEE A-1 TZJR1E 1093 CHRHART AL 500 h J5 14 8o 4 21
Fig.2 SEM images of the alloy after heat treatment regime A-1 followed by long-term aging at 1093 °C for 500 h: (a) dendrite stem and

(b) interdendrite

K3 2 WA EL T2 A-2 T 2J51E 1093 CHIII 2 500 h J5 #1646 SEM A2
Fig.3 SEM images of the alloy after the heat treatment regime A-2 followed by long-term aging at 1093 °C for 500 h: (a) dendrite stem and

(b) interdendrite
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Fig.4 SEM images of alloys after solution treatment regime B: (a) B-1, (b) B-2, (c) B-3, and (d) B-4
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Fig.5 Results of creep rupture life test at 1070 °C, 160 MPa after

heat treatment regime B
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Fig.6  Fracture morphologies of the samples by lasting test at 1070 °C, 160 MPa after heat treatment regime B: (a) B-1, (b) B-2, and (c) B-4
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SEM images (a—b) and EDS mappings (c) of TCP phase in the process of creep rupture test
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Fig.8 SEM images of the fracture of the specimen with different solution time and the corresponding DSC component analyses of the crack

source: (a, e) B-1, (b, f) B-2, (c, g) B-3, and (d, h) B-4
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Fig.9 SEM images of the creep rupture fracture in the samples after heat treatment regime A: (a-b) A-1 and (c—d) A-2
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Effect of Solution Treatment on Creep Rupture Properties After Long-Term Aging of
Nickel-Based Single Crystal Superalloy

Wang Nan'?, Liu Jide?, Zhu Chongwei’, Zhang Zhipeng®, Xu Wei', Li Jinguo®
(1. The State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110016, China)

(2. Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The effects of solution time and long-term aging on microstructure evolution and mechanical properties of a traditional nickel-based
single crystal superalloy under different heat treatment conditions were studied. The results demonstrate that the best heat treatment regime is
1310 °C/4 h (AC)+1130 °C/4 h (AC)+899 °C/16 h (AC). After the solution treatment, the precipitation of adverse phase of TCP has been avoided
and thus the preferable microstructure is obtained with small size and high degree of cubic of strengthening y' phase. The difference in creep
rupture life and elongation is slight under different heat treatment regimes. During the deformation, the brittle TCP phase is broken first,
demonstrating that it is not the crack initiation. However, the weak carbide/matrix interface in inter-dendrites is the source of cracks.

Key words: nickel-based single crystal superalloy; long-time aging; heat treatment regime; microstructure; durational properties

Corresponding author: Liu Jide, Ph. D., Professor, Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese

Academy of Sciences, Shenyang 110016, P. R. China, Tel: 0086-24-23971787, E-mail: jdliu@imr.ac.cn


https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKu87-SJxoEJu6LL9TJzd50lu0ujjnTJJJdOMLuANqhtIJbBfKkri0x5ZYm_0m29Ehz7jqbRCZK_A&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKgchrJ08w1e7_IFawAif0myRmqugFfVmS7mfAZ2fJz3TI_p46wLBXLsLYXshbS3YrDWNBk69-YjF&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=3uoqIhG8C45S0n9fL2suRadTyEVl2pW9UrhTDCdPD65DDdcaVoG_eun7HEuWCq2s2TfhTANj8aBGaeOcfpW_mb_zTLSVKcyP&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=3uoqIhG8C45S0n9fL2suRadTyEVl2pW9UrhTDCdPD65DDdcaVoG_eun7HEuWCq2s2TfhTANj8aBGaeOcfpW_mb_zTLSVKcyP&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=LeQIq0pPraN7z56UFBXYmtubfRyhFP7QvivC5DwPczyxKsYncHHs7_w8NBnGDGuxH2CPH50z9Ak_uzckPmhVjl5CtmVUoLbo&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=LeQIq0pPraN7z56UFBXYmtubfRyhFP7QvivC5DwPczyxKsYncHHs7_w8NBnGDGuxH2CPH50z9Ak_uzckPmhVjl5CtmVUoLbo&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=3uoqIhG8C447WN1SO36whLpCgh0R0Z-iTEMuTidDzndci_h58Y6ouaN1LRAd-e_TrdmKiSnIy_RrD9j_E6EP6gjpCtxGn7xC&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=3uoqIhG8C447WN1SO36whLpCgh0R0Z-iTEMuTidDzndci_h58Y6ouaN1LRAd-e_TrdmKiSnIy_RrD9j_E6EP6gjpCtxGn7xC&uniplatform=NZKPT
https://webvpn.neu.edu.cn/https/62304135386136393339346365373340bbefb77189cb4dd4bc166e67/kcms2/article/abstract?v=3uoqIhG8C447WN1SO36whNHQvLEhcOy4v9J5uF5OhrnQEpjv_r9Smna4I3md5Z22_WsDsnmonkeNlWXoL5JjNx5OEVmeKnmF&uniplatform=NZKPT
mailto:jdliu@imr.ac.cn

