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Fig. 1 Schematics of pure Mo, Mo-5Re and Mo-14Re computational
boxes. The light green balls represent Mo atoms and the dark green
balls represent Re atoms
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Fig. 2 Schematic of molecular dynamics simulation model for cascade
simulations
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Fig. 3 Stress-strain curves of pure Mo, Mo-5Re, and Mo-14Re before and after cascade under tensile simulation at 300K and 1073 K with strain

rate 0of 0.001 ps™
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Fig. 4 Phase distribution of pure Mo, Mo-5Re and Mo-14Re under

stretching at 300 K with strain rate of 0.001 ps™': (a) the initial
structure, (b) structure under € = 6 %, (c) structure under € = 7 %. The
blue and white balls represent that they are in the states of BCC

structure and defects, respectively
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Fig. 5 Spatial distribution of activated slip systems under the tensile
strain of 7% in pure Mo, Mo-5Re, and Mo-14Re at 300 K with a

strain rate of 0.001 ps™*

2.2 (UBBEIRIGER SHES

BT 2.1 WESLAERY, AT =R R AT
TR GRS, e AL ) \AN V& AL ) Mo JEFAE
N PKA, fERWEFRG], ANSFRER S HETE A 1 keV F
10 keV, XFRHFREEIAS] 0.25 MeV, IR E#HI1E
1073 K, 20 BIFELLAT )\IRER, i el 4 i Ja s 2
R fE s E N 6 Fis .

50

—=— 10keV pure-Mo
—e— 10keV Mo-5Re
~—— 10keV Mo-14Re
—v— lkeV pure-Mo
—+— lkeV Mo-5Re
—<—1keV Mo-14Rg

3] (8] S
(e e )
T

Survived Frenkel Pairs

—
()

01 2 3 4 5 6 7 8 9

Number of cascades

Kl 6 KA TRAT I 648 s AR X R e it
Fig. 6 Statistical results of survived Frenkel Pairs of after-cascade
models
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Fig. 7 Defects distribution in Mo-14Re alloy after cascade simulations under tensile simulation. The green, red and white balls represent that

they are in the states of FCC structure, HCP structure and defect structure, respectively
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Molecular Dynamics Study on the Effects of Displacement Cascades on the Mechanical
Properties of Molybdenum-Rhenium Single-Crystal Solid Solution Alloys
Wang Xiaotong', Dong Yibin?, Li Weiyi®, Li Qingyu!, Zhu Mingdong', Dong Yuanyuan', Yan Dapeng', Gao Ning?
(1 Nuclear Power Institute of China, Sichuan Chengdu,610213, China)
(2 Institute of Frontier and Interdisciplinary Science and Key Laboratory of Particle Physics and Particle Irradiation (MOE), Shandong University,
Shandong Qingdao, 266237, China)
(3 Rocket Force University of Engineering, Shanxi Xi’an, 710025, China)

Abstract: Due to their high melting points, excellent high-temperature mechanical properties, and radiation resistance, molybdenum-rhenium
(Mo-Re) alloys have been considered as primary candidates for fuel cladding and core structural materials used in advanced nuclear reactors. In
this study, molecular dynamics simulations were employed to systematically investigate the effects of displacement cascades on the mechanical
properties of Mo-Re single-crystal solid-solution alloys with different Re contents (5% and 14%), using pure Mo single crystals as a benchmark.
The results indicate that increasing the Re content could activate more slip systems within the Mo-Re single-crystal solid-solution alloys under
tensile stress, thereby effectively enhancing their plasticity. Results further indicated that displacement cascades could significantly degrade both
the tensile strength and plasticity of the Mo-Re alloys. The underlying physical mechanism may be from the defects introduced by the cascades,
which can induce localized stress concentrations and energy perturbations, resulting in a reduction in the critical stress required to activate slip
systems, thereby accelerating material yielding and decreasing the uniform elongation of the single-crystal solid-solution alloys. Therefore, the
results of this study elucidate the influence of displacement cascades on the tensile mechanical properties of Mo-Re single-crystal solid-solution
alloys, as well as the underlying atomic-scale mechanisms, providing valuable scientific insights for the design and selection of materials for
advanced nuclear reactors.

Key words: Mo-Re alloy, single-crystal solid solution, displacement cascade, stress-strain, molecular dynamics
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