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Table 1 Composition of the alloys (w/%)

Sample  Cr Ni  Mo+W AIl+Ti B P Fe

Alloy1l 1491 403 3.90 3.26 0.013 - Bal.
Alloy2 1503 400 391 3.23 0.012 0.024 Bal.

Alloy3 15.08 40.0 3.95 3.39 0.005 0.024 Bal.
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Fig.1 Microstructures of three alloys: (a, d, g) Alloy 1, (b, e, h) Alloy 2, and (c, f, i) Alloy 3
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Fig.2 TEM images and SAED patterns of carbides: (a) MC and
(b) M25Cs
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Fig.3 SEM images of y’ phase for three alloys: (a) Alloy 1, (b) Alloy 2, and (c) Alloy 3
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Table 2 Tensile properties of three alloys tested at room temperature (RT) and 700 C

on/MPa 00.2/MPa ol% Y%
Sample
RT 700 C RT 700 C RT 700 C RT 700 C
Alloy 1 1020 710 485 490 26 39 31 43
Alloy 2 955 705 475 480 26 41 30 45
Alloy 3 996 725 510 508 22 43 26 41
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Fig.4 SEM fractographs of Alloy 1 (a, d), Alloy 2 (b, €) and Alloy 3 (c, f) after tensile rupture at room temperature
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Fig.5 SEM fractographs of Alloy 1 (a, d), Alloy 2 (b, €) and Alloy 3 (c, f) after tensile rupture at 700 ‘C
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Table 3  Stress rupture properties of three alloys tested at

700 C
425 MPa 400 MPa
Sample
t/h 1% t/h 1%
Alloy 1 54 33 237 29
Alloy 2 92 25 243 22
Alloy 3 156 25 378 27
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Fig.6 SEM images (a~c) and cross section microstructures (d~f) of Alloy 1 (a, d), Alloy 2 (b, e) and Alloy 3 (c, f) after stress rupture

tested at 700 “C/400 MPa (1: mixed crystal fracture region; 2: transgranular fracture region)
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Fig.7 SEM images of cross section microstructures of Alloy 1 (a), Alloy 2 (b), and Alloy 3 (c)
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Effects of B and P on Microstructure and Mechanical Properties of a Superalloy Used for
700 <C Advanced Ultra-Supercritical Steam Turbine

Xiao Xuan®, Yang Cheng"?, Qin Xuezhi?, Zhou Yanwen®, Guo Jianting?, Zhou Lanzhang?
(1. Shenyang Ligong University, Shenyang 110159, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(3. University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: A new Ni-Fe based wrought superalloy used for 700 <C advanced ultra-supercritical steam turbine rotor was developed. The effects
of B and P on the microstructure and mechanical properties of the alloy were investigated. The results show that the major precipitates in the
alloy are y', MC, M23Cs and M3B,. B restrains the precipitation and growth of the My3Cs, increases the binding force of grain boundaries and
blocks intergranular crack initiation. P accelerates the precipitation and growth of the M23Cs, but suppresses crack initiation and propagation in
the surface. In addition, P atom group hinders grain boundary sliding and dislocation glide. B and P play an even more significant role in
strengthening grain boundaries at 700 <C than at room temperature. They improve the strength as well as the high-temperature ductility.
However, high B content reduces the tensile strength and rupture life of the alloy, impairing the beneficial effect of P.

Key words: 700 < advanced ultra-supercritical; Ni-Fe base superalloy; B (boron); P (phosphorus); microstructure; mechanical property
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