Operation of high power liquid metal spallation targets: 

A challenge for structural materials
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High power liquid metal spallation targets produce intense fluxes of neutrons which can be used either for neutron scattering experiments or to drive subcritical nuclear reactors (the so called ADS: Accelerator Driven Systems) dedicated to the transmutation of radioactive wastes. Several projects aiming at developping such neutron sources are currently underway in different countries worldwide. In the present seminar, we will focus primarily on one example, the MEGAPIE target, a 1 MW liquid Pb-Bi target which was successfully irradiated at PSI from August to December 2006, a first-of-its-kind experiment. However, we will also mention the SNS (the US Spallation Neutron Source, located at ORNL) which is in the startup phase for full power operation. 


After having briefly described the proton accelerator system at PSI and the characteristics of MEGAPIE, we will present the reasons for the choice of the main structural materials of the target. We then show that these structural materials and in particular the material of the “beam window”, are subjected to very severe operating conditions and we review the different causes of damage, possibly acting synergistically: corrosion/erosion by the liquid metal, irradiation embrittlement by energetic protons and neutrons, Liquid Metal Embrittlement (LME)/Liquid Metal Accelerated Damage (LMAD). Moreover, in the case of  the pulsed source SNS, whereas MEGAPIE is a continuous one, a specific phenomenon may occur : cavitation erosion by bubble collapse on the target walls. We will then present and discuss the results of a number of experiments designed such as to address the materials issues.


In the final part of this presentation, a brief account of the irradiation phase of MEGAPIE will be given, followed by a description of the planned Post Irradiation Experiments (PIE) which will be a unique opportunity for obtaining data on materials behaviour under the prototypic operating conditions of liquid metal spallation sources.
