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The electron beam facility JUDITH is a rather versatile test facility for the simulation of high heat fluxes. One key issue is the

simulation of the material performance under short transient events. The study of melting behaviour and crack formation, which occurs

even for heat pulses below the melting threshold of the metals, is of huge importance for the qualification of materials for future nuclear

devices.

Heat load simulations at RT with a pulse length of 5 ms have been performed on beryllium (S65C), the ITER candidate material for the

first wall, at power loads of 0.5 – 2 GW/m2. Crack formation, surface roughening and melt layer motion has been studied. Similar

conditions during single and multiple shots below and above the melting threshold (~50 MW•m-2•s1/2) have been applied to tungsten.

Since its material properties are dependent on grain size and shape, 3 different grades have been tested in an as-delivered state: 1)

deformed tungsten aligned in deformation direction, which corresponds to the actual ITER specification for tungsten used in the

divertor; 2) deformed tungsten aligned perpendicular to the deformation direction; 3) sintered tungsten.

Significant differences in the crack resistance and the crack pattern of the various tungsten grades below the melting threshold have

been determined and further material degradation has been found after multiple shots. This is of importance also in regard to expected

ELM loads in ITER, in which power densities below the melting threshold are applied at a high repetition rate (~1 Hz). Crack

formation for sintered tungsten starts at ~20 MW•m-2•s1/2. The cracks are located across the loaded area and increase in number,

length and width with increasing power load. In comparison to that for deformed tungsten cracking was first detected at ~35

MW•m-2•s1/2. Whereas for tungsten aligned in deformation direction a crack pattern comparable to those of sintered tungsten was

formed, tungsten aligned perpendicular formed straight cracks following the deformation direction just outside the loaded area. In

microstructural and metallographic studies the material damage has been qualified and quantified. Doing so the material’s ability to

avoid premature material and component failure during ITER operation as well as plasma contamination by evaporating tungsten

particles even without melting, which would be comparable to carbon composites where it is called “brittle destruction”, has been

characterized.
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