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O: Vacancy; X: Interstitial atom; @: Cascade collision zone;
< i <R,>: Average radius of depleted atom zone;

‘4 <R>: Distance between interstitial astom and displaced cascade center;
‘& " R: Recombination between cascades; C: Clustering reaction between cascades;

G: Small interstitial atom slide to depleted atom zone in circumferential direction;

EI: Escaped interstitial atoms and vacancies; EV: Escaped vacancies

BT NS T 7 [ v R oL R ) O 5

Fig.1 Schematic diagram of collision process of incident particles in a solid™
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Table 1 Crystal data for o, y and Re(Mo)"*

Phase o X Re(Mo)
Structural type D85(Cr6Fe7) Al12(a-Mn) A3(Mg)
Space group P42/mnm [-43m P63/mmc
Lattice parameter/nm a=0.9570 a=0.9584 a=0.2766
Volume/nm® 0.455 54 0.880 32 0.029 58
Molar mass/g-mol”' 468.34 9626.22 181.69
Density/g-cm 17.08 18.16 20.41
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Fig.2 Micrographs of recrystallized Mo-Re alloys irradiated at 1072 K up to 18 dpal"”

K3 700 "C K 400 keV Fe #@HE Mo-5Re 454z 1 L5 FAs AL I TEM HE F
Fig.3 Bright field TEM images of dislocation loop evolutions in the Mo-5Re alloy irradiated by 400 keV Fe" at 700 °C with irradiation doses of
0.15 dpa (a), 0.41 dpa (b), 0.67 dpa (c), 1.06 dpa (d), 1.58 dpa (), and 2.11 dpa (H)*"!
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Table 2 Tensile properties of Mo-Re alloys before and after irradiation
Material Test temperature/K State o /MPa o /MPa &l% Test reactor Ref.
Annealed 303 503 30.0
1073 Irradiation (0.72 dpa) 772/862 1130/1180 13.4/12.6
Irradiation (1.46 dpa) 1264 1602 5.2
Mo-41Re Annealed 275 393 39.0
1223
Irradiation (0.67 dpa) 765/790 1019/987 12.2/16.3
Annealed 228 275 50.5
1373 ioh fl
Irradiation (0.66 dpa) 575 754 75 High flux
isotope [14]
Annealed 270 510 25.0 reactor
1073 Irradiation (0.72 dpa) 1370/1030 1720/1480 8.3/9.1
Irradiation (1.46 dpa) 920/- 1304/1081 11.0/-
Mo-47.5Re Annealed 300 464 29.6
1223
Irradiation (0.67 dpa) 1180 1500 43
Annealed 223 326 62.9
1373
Irradiation (0.66 dpa) 526 896 44
Mo-1Re 573-973 Stress-relieved - 400-600 >10%
Mo-5Re 723-823 Irradiation (5 dpa) - 100-200 0
BOR-60
Mo-9Re 1033-1073 Irradiation (5—-10 dpa) - 300-700 2-3
Mo-120Re 1033-1073 Irradiation (5-10 dpa) - 300-700 2-3
Mo . [15]
Stress-relieved 400-850 5-23
Mo-5Re
Mo-13Re SM-2
Mo-47Re o
373-603 Irradiation (0.5-2 dpa) - 400-1100 04
Mo-ZrC
Mo-Re-HfC
Mo-16Re . o 240 (Mo-14Re)
High temperature Recrystallization 20-30 20-30
Mo-21Re 420 (Mo-14Re)
Mo-32Re
SM [52]
Mo-44Re Irradiation 960 (Mo-14Re)
1023-1073 " o - -
Mo-50Re (5.5x107-7.3x10" cm™) 1250 (Mo-14Re)
EB welds
575 706 7
295 Unirradiation
798 927 10.2
Mo-5Re 295 Irradiation (320 K/0.16 dpa) - 1425 0.29 DR-3 [12]
373 Unirradiation 920 934 1.02
373 Irradiation (320 K/0.16 dpa) - 1239 0.32
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Table 3 Density decrement measured in Mo-41Re alloy®
T/°C Fluence® Fe/dpa Mo/dpa Density decrement
Annealed/% Cold-worked/%

471 8.45 322 28 2.26 0.06
471 11.8 43.7 38 -0.28 -0.25
420 12.3 47.2 41 0.33 -0.08
420 27.6 110.8 96 0.11 0.28
569 10.6 40.8 35 0.72 1.14
569 16.9 65.8 57 0.82 0.12
645 10.6 40.8 35 0.66 0.043
645 16.9 65.8 57 1.41 0.15
730 10.6 40.8 35 1.45 0.47
730 15.9 61.5 53 0.07 -0.49

* Fluences quoted in units of 10* n/cm’, E>0.1 MeV
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Research Progress on Irradiation Damage Behavior of Molybdenum-Rhenium Alloys for
Nuclear Reactors

Chang Tian, Lin Xiaohui, Zhang Weiwei, Xin Tian, Xue Jianrong, Liang Jing, Gao Xuanqiao, Zhang Wen
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The structural materials of space nuclear reactors need to withstand extreme service environments such as high temperature and high-
flux neutron irradiation, and their performance greatly affects the safety and economy of reactor operation. This paper focuses on the irradiation
damage behavior of Mo-Re alloys used in space nuclear reactors, reviews irradiation damage effects, microstructure evolution caused by
irradiation, and degradation of service performance. It provides a theoretical basis for the microstructure optimization, performance prediction,
and service life evaluation of Mo-Re alloys as reactor materials.
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