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Table1 Material selection and service conditions of components used in LFR™
Operating " Maximum Maximum flow Maximum Maximum Maximum
. emperature under . S .
Component Material temperature acci rate of radiation irradiation mechanical
. ident 1 1
range/C s coolant/m s damage/dpa a dose/dpa load/MPa
condition/C
Reactor vessel 316L 380-430 440 0.1 <10°® 0.0002 109
Internal container 316L 380-480 470 0.2 0.1 2.1
Diagrid 316L 380-400 400 0.4 0.006 0.13
Steam generator T91 380-480 470 0.6 <10°® 0.0001
Pump Maxthal 380-480 470 10 <10°® 0.0001
Fuel cladding T91 380-550 480 1 - -100 13
Dummy To1 380-480 470 0.01 - -100
component
Fuel adding
equipment 316L 380-480 440 0.2 0.02 0.3
DHR interchanger T91 380-430 440 0.2 <10® 0.0001
Purification system 316L 380-480 440 0.3 <10° 0.0001
Target structure To1 380-550 1 90 -100
material
Target pump Maxthal 380-520 7 30 -100
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Fig.1 Cross-section back-scattered electron image of the oxide scale
formed on ferrite/martensite steel after being exposed in

oxygen saturated LBE at 550 ‘C for 2000 h{®!
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Fig.2 Micro-topography of liquid metal embrittlement™: (a) transverse cut view of a crack arrest area; (b) fracture morphology of brittle failure

of materials
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Table 2 Solubility of main elements of structural materials in LBE!

Element Temperature/’C Solubility/ug g©  Equation
Fe 500 2.3
Ni 500 25000 5.70-1000/T
Cr 500 11.0 3.98-2280/T
Co 500 50.3 5.30-2834/T
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K3 Fe-14Cr-2Mn-20Ni-0.5Cu-3Al fll Fe-14Cr-5Mn-12Ni-3Cu-2.5A1 4 4:7F 500 Ci4s LBE H 3K 10 000 h J5 4% SEM &/
Fig.3 SEM images of the cross section of Fe-14Cr-2Mn-20Ni-0.5Cu-3Al (ai, a2) and Fe-14Cr-5Mn-12Ni-3Cu-2.5Al (bs, b,) alloys after test at

500 °C in static LBE for 10 000 h®: (a;, by) overall cross-sectional view; (a,, b2) detailed view of oxide layer and suboxide layer
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Challenges and Solutions to the Application of Lead-Bismuth Eutectic Alloy Coolant

He Mingyu®, Kang Hongjun®?, Lu Songtao?, Yao Zhongping?, Qin Wei', Wu Xiaohong®
(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)
(2. School of Chemical Engineering and Chemistry, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Lead-bismuth eutectic (LBE) alloy has a wide application prospect in the nuclear fields because of its excellent characteristics such as
low chemical activity, excellent thermal properties and radiation resistance. It is the first preferred material for the coolant of the fourth generation
nuclear energy system lead-cooled fast reactor (LFR). However, the densified liquid LBE with high temperature and turbulent flow rate will cause
serious corrosion to the structural materials of the reactor, threatening its service safety. Thereby, a comprehensive understanding and analysis of
the challenges faced by the application of LBE is of great significance not only for solving the key scientific and practical engineering problems of
the compatibility between LBE and structural materials, but also for the sustainable development of nuclear energy. This work briefly introduces
the characteristics of LBE coolant, systematically reviews the research status of the LBE corrosion mechanisms and influencing factors in recent
years. The basic principles, protection mechanisms and the latest research progress of three main solutions, including controlling dissolved oxygen
concentration, modification of structural materials and surface protective coating technology, are comprehensively analyzed. Finally, the main
problems and shortcomings in the current research are summarized, and the future development prospect is discussed.
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