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Table 1 Chemical composition of experimental alloys with
different Mo contents (Wt%)

Alloy Cr Mo Co Al Ti C B Ni
8Mo 219 80 121 1.2 04 0.064 0.003 Bal
8.5Mo 220 85 121 1.2 04 0.063 0.003 Bal
9Mo 220 9.0 121 1.3 04 0.060 0.004 Bal.
9.3Mo 219 93 121 13 04 0.064 0.003 Bal
9.6Mo 219 96 120 13 0.5 0.067 0.004 Bal

Temperatrue/°C

8.08284868.89.09.2949.69.8
Mo Content/wt%
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Fig.1 Precipitation temperature (a) and max mass fraction (b) of carbides of Inconel617 alloy as a function of the Mo content
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Fig.2 Microstructures of Inconel617 alloys after solid-solution heat treatment with different Mo contents: (a) 8Mo, (b) 8.5Mo, (¢) 9Mo,

(d) 9.3Mo, and (e) 9.6Mo
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Fig.3 TEM images and corresponding SAED patters (a—c) and EDS spectra (d—f) of M,C (a, d), block M,,C, (b, e), and granular M,,C, (c, f)

carbides of 9.6Mo (a—b, d—e), and 9Mo (c, f) alloys
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Fig.4 Area fraction of M,,C, and M,C carbides of Inconel617 alloys
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Table 2 Tensile properties of Inconel617 alloys with different Mo
contents at 750 °C

Alloy R/MPa R, /MPa A1% ZI%
8Mo 458 167 81.5 65.5
8.5Mo 463 176 88.3 66.5
9Mo 484 181 115.5 74.5
9.3Mo 488 189 104 69.5
9.6Mo 574 303 513 44.8
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Fig.5 Engineering stress-engineering strain curves of Inconel617

alloys after tensile test with different Mo contents at 750 °C
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Table 3 Chemical composition of y matrix in experimental alloys
with different Mo contents (wt%)

Alloy Cr Mo Co Ni C
&Mo 225 7.6 13.0 56.6 0.5
8.5Mo 225 8.3 13.0 56.3 0.5
9Mo 223 8.4 13.7 56.2 0.5
9.3Mo 22.8 9.3 13.0 56.3 0.4
9.6Mo 22.6 10.0 15.0 52.0 0.5
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Fig.6 Influence of Mo on solid-solution strengthening effect
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Fig.7 Tensile fracture morphologies (a, d), longitudinal microstructures (b, ¢), and KAM maps (c, f) of 9Mo and 9.6Mo tessile specimens at

750 °C
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Fig.8 Effect of granular M,,C, carbide (a) and blocky M,,C and M.C

carbides (b) on fracture behavior of Inconel617 alloy
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Effect of Mo Content on Carbides at GBs and High-Temperature Tensile Properties
of Inconel617 Alloy

Liu Yuxuan'?, Ou Meigiong*’, Ma Jing*, Gao Ming**, Chen Lingzhi*, Hao Xianchao*’, Ma Yingche**
qiong g g g g
(1. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(2. CAS Key Laboratory of Nuclear Materials and Safety Assessment, Chinese Academy of Sciences, Shenyang 110016, China)
(3. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(4. China Nuclear Power Engineering Co., Ltd, Beijing 100840, China)

Abstract: Inconel617 alloy has significant application potential in Generation IV nuclear energy systems. The effects of Mo content on carbide
precipitation at grain boundaries (GBs) and high-temperature tensile properties of Inconel617 alloy were studied by mechanical testing and
advanced techniques such as scanning electron microscope, transmission electron microscope, and electron backscatter diffractometer. The results
show that there are only fine granular M,,C, carbide at GBs when the Mo content ranges from 8wt% to 9wt%. However, as Mo content increases
from 9.3wt% to 9.6wt%, massive M,,C, and M,C carbides could be predominantly observed at GBs. As Mo content increases from 8.0wt% to
9.6wt%, the elongation increases initially and then decreases, and the alloys with the Mo content of 8.5wt%—9.3wt% achieve optimal strength-
ductility balance. The fractographic analysis reveals that the precipitation of granular M,,C, at GBs effectively strengthens grain boundaries,
resulting in the transgranular fracture features on the high-temperature tensile fracture surface. When massive M,,C, and M,C carbides precipitate
at GBs, the initiation of intergranular crack is promoted and the intergranular fracture features are observed on the high-temperature tensile
fracture surface. The Mo content of Inconel617 alloy for high-temperature components in Generation IV nuclear systems cannot exceed 9.3wt%
and it should be controlled with in the range of 8.5wt%-9wt%
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