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Tritium permeation mechanism in fusion reactor fuel systems

One of the critical issues in the fusion reactor fuel system is tritium permeation through structural materials. Tritium
permeates fast through metal walls at elevated temperature, resulting in a crucial fuel loss and radiological hazard
for the environment. Moreover, hydrogen dissolves in most metals with forming metal hydrides, leading to a degradation
of mechanical properties of metal structural materials, as it is called hydrogen embrittlement. A promising solution to
reduce tritium permeation to an acceptable level is to coat a thin film as a tritium permeation barrier (TPB). TPBs have
been studied using ceramic coatings over several decades in the fusion reactor engineering research field. However, no
appropriate coating materials or fabrication methods for practical applications have been determined. Our efforts have been
dedicated to investigating hydrogen isotope permeation behaviors in TPBs using mainly metal oxide coatings for a decade.
The hydrogen isotope permeation mechanism was elucidated, leading to the world's highest permeation reduction factor at
elevated temperatures. The development of coating process toward plant-scale fabrication has also progressed using liquid
phase methods. A multilayer structure has been recently investigated to make TPBs which have multiple functions: adhesion
to structural materials in a wide operational temperature range, compatibility with corrosive materials, etc. Irradiation effects
on tritium permeation in TPBs have been also studied using heavy-ions and a y-ray source. In this presentation, achievements
and current challenges for the research and development of TPBs are introduced.
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