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Liquid sodium is extensively used as a coolant for Fast Neutron Reactors because of its very attractive thermal, hydraulic and neutronic properties as well as for its low cost. However, sodium is characterized by its high chemical activity with regards to several elements or compounds, and to oxygen in particular. Oxygen is introduced in the various parts of the reactor, particularly during the start-up operations and latter during handling operations, even if the ingress is always limited, thanks to some very efficient procedures In the primary vessel, oxygen contributes to the corrosion phenomena and therefore to some general mass transfer of activated products from core to the coldest parts of the reactor, ie the heat exchangers; dissolution of main constitutive elements of the steel is also a main contribution to the mass transfer, even if this dissolution is much lower than with other coolants as lead alloys. The main consequence of this mass transfer is the following one : contamination of internals and components and therefore necessity to decontaminate the structures in order to reach an acceptable dosimetry in case of handling and repair operations. Some very low source of tritium is also produced in the control rods and released in the sodium ; it is also produced by ternary fissions. In case of pin rupture some fissile material and fission products like caesium can be released in liquid sodium. Many countries have chosen to apply a policy of maintaining the primary sodium at its “maximal” purity, in fact to maintain the oxygen concentration lower than 3 wppm, in normal operation.


The intermediate loops, used to transfer the nuclear heat from the primary vessel to the Steam Generators Units, can also be polluted by initial impurities like oxygen and hydrogen, present on the structural material surface as adsorbed oxygen and moisture, by products induced by the sodium-water incidental interaction and also by a continuous source of hydrogen, produced by aqueous corrosion, which permeates from water side to the sodium of the intermediate loops. The detection of a water ingress is based on the hydrogen detection; therefore, it is necessary to maintain in normal operation a very low hydrogen concentration, for a very efficient and fast detection of sodium-water interaction, namely below 0.1 wppm and often lower.


“Primary” or “intermediate” sodium must be purified, in order to reach the quality specifications, thanks to the Purification System, usually based on the use of cold trap, thanks to the oxygen and hydrogen solubilities in sodium, which are close to zero, near the sodium melting point. Several purification strategies and cold traps have been developed in the past for various applications. In this lecture we will recall the purification requirements, describe the purification systems and more particularly cold traps, design based on crystallization mechanisms and kinetics. An overview of the existing purification systems used in the world in the existing reactors but also foreseen for the on-going projects will be performed.

Other purification technologies like O gettering will be also investigated.


For the future SFR, Supercritical CO2 Brayton Cycle could be a promising option to enhance the competitiveness of the future Sodium Fast Reactors. Nevertheless an interaction of sodium with supercritical-carbon dioxide can occur in case of CO2.ingress. The purification by adapted means to eliminate potential particles, cover gas purification, will be also adressed… 

