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Effects of the Transition Metals Zirconium and Iron on
Hydrogen and Helium Behavior in Tungsten

ZHANG Zheng!, ZHAO Qiang™', LI Yang!, ZHANG Hao!, FU Jingpin!, OUYANG Xiaoping!'%?
(1. Beijing Key Laboratory of Passive Safety Technology for Nuclear Energy, School of Nuclear Science and Engineering,
North China Electric Power University, Beijing 102206, China;
2. Northwest Institute of Nuclear Technology, Xi’an 710024, China;
3. School of Materials Science and Engineering, Xiangtan University, Xiangtan 411105, Hunan, China)

Abstract: Tungsten was widely considered as a highly promising candidate of plasma facing material, while
the presence of hydrogen and helium has an adverse effect on the performance of the tungsten. The effects of
transition metals (zirconium, iron) on the behavior of hydrogen and helium in tungsten were investigated by
using the first-principles calculation method. The results show that doping of zirconium and iron decreases the
mechanical strength of tungsten a little, but they increase the ductility of tungsten; zirconium and iron can’t
change the best occupied site of hydrogen and helium in tungsten, but they have some effect on the stability of
the point defects formed by hydrogen and helium in tungsten; there'is the best attraction radius between the
transition metals (zirconium, iron) and hydrogen or helium in tungsten; there is an attractive interaction between
iron and helium in a short distance (<3.626 A), but a repulsion interaction in a long distance (>3.626 A). An
attractive interaction exists between zirconium and helium or hydrogen in tungsten whatever the distance is; the
hydrogen that in tungsten has an electrophilic nature, while the helium has opposite features. The attraction
interaction between zirconium and hydrogen or helium in tungsten is stronger than that of iron. Our works in
this paper might provide a theory guide for the selection and preparation of the tungsten based alloy that is used
as the plasma facing materials.

Key words: transition metal; plasma facing material; tungsten; zirconium; first-principle
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