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uclear power is a kind of clean energy which can effectively solve the energy and environmental problems and has been widely developed in

the world. Commercial reactors include the Generation Il and Generation Il thermal neutron reactors, which have problems such as low utili-
zation rate of uranium resources, continuous accumulation of radioactive waste and potential nuclear safety. The Generation [V energy system
with higher safety and economy becomes a research hot-spot. The lead-cooled fast reactor using lead or lead-based alloys as the main coolant is
considered to be one of the most promising Generation IV reactors, as liquid lead and its alloys have excellent thermal and nuclear physical pro-
perties. Liquid lead is also used as target material and coolant in the accelerator driven sub-critical system and considered to be one of the most
promising energy exchange media for solar thermal systems.

Lead based coolant has high melting point and can operate at rather high temperature. It has obvious advantages in power generation efficien-
cy, while the harsh service environment, such as high operation temperature, strong irradiation intensity, requires new grade high performance
structural materials. Especially, most of alloys in liquid lead will suffer to significant corrosion problems due to the selective dissolution of alloying
elements. The compat bility of structural materials with liquid lead is a main bottleneck for the engineering application of lead cooled energy sys-
tems. Corrosion in the lead-based coolant, includes dissolution of materials, transport between solid and liquid phases and reaction between cor-
rosion products and impurities, which is a complex process. The factors influencing corrosion behavior include the material feature and external
factors, such as the type of materials, microstructure, chemical composition and surface state, as well as the type of coolant, temperature, oxy-
gen concentration, flow rate and corrosion time. The research on the compatibility between structural materials and liquid metals becomes the key
issue for the engineering application of lead cooled energy systems.

In this paper, the main problem of restricting the development of structural materials for lead-cooled energy systems is summarized, focused on
the relationship between material composition and microstructure characteristics and their dissolution and oxidation behavior in liquid lead. The
progress of the development of metal and non-metallic corrosion inhibitors; the compatibility between stainless steel and liquid lead, especially,
the development of oxide dispersion strengthened ( ODS) steels, alumina formed austenitic ( AFA) steels and FeCrAl alloys application for liquid
lead cooled systems are summarized and prospected. The factors affecting corrosion behavior and the related mechanism are also summarized,
and the effect and movement mode of typical elements on the oxide layer during the corrosion process are analyzed, which provides a reference
for the development of key structural materials promising for application in lead cooled energy systems.

Key words lead cooled, dissolution and oxidation, oxide dispersion strengthened steels, alumina-forming austenitic steel, FeCrAl alloys, cor-
rosion resistance
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Fig. 1 Solubility of Fe, Cr and Ni in liquid Pb (solid lines) and Pb-Bi
(dashed lines) following the equations reported!"]
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Fig. 5 Multi-layered oxide scale on EP-823 steel exposed to oxygen-rich
static liquid LBE for ~5 016 h at 490 °C. The oxide scale consists of magne-
tite (marked as A), FeCr-spinel and a rather thick 10Z ( together marked as
B). The Fe, Cr, O and Si maps of the area inside the red frame show the ab-

sence of Si from the magnetite layer'*!
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