
Materials for the Plasma-Facing Components of Steady State Stellarators

H. Bolt, J. Boscary, H. Greuner, P. Grigull, H. Maier, B. Streibl

Max-Planck-Institut für Plasmaphysik, Euratom Association
Garching/Greifswald, Germany

The specific advantage of current-free stellarators is their inherent capability for full
steady-state operation. This will lead to long discharges and the corresponding stationary
plasma exposure of the plasma-facing materials. Further to this, the absence of disruptions
relaxes the requirements to the plasma-facing materials in terms of thermal shock stability,
although ELM activity occurs also in stellarators and leads to fast transient surface loads on
the ms-time scale.

Another aspect regarding the plasma-material interactions in stellarators is the
sensitivity to impurity accumulation in the core plasma. Thus, it is preferred to apply low-Z
materials until operation scenarios are established which do not lead to this accumulation
process. In the case of high-Z materials impurity accumulation will lead to a radiative plasma
collapse.

For the stellarator W7-X low-Z plasma-facing materials have been selected to protect
the divertor and the wall surfaces. Due to the stationary operation, the plasma-facing materials
have to be bonded or clamped to actively water-cooled substrates to remove the incident heat
fluxes.
The following materials have been selected to fulfil the operational requirements:
1. A three directionally carbon fibre reinforced carbon composite (CFC) with very high
thermal conductivity bonded to a water cooled CuCrZr heat sink for the divertor which will be
exposed to heat fluxes up to 10MW/m2.
2. Isotropic fine grain graphite tiles mechanically clamped to a CuCrZr heat sink which is
brazed to a stainless steel cooling tube for the areas of moderate heat fluxes up to 0.5 MW/m2

(baffles, inner wall).
3. Thick boron carbide coating on water cooled steel panels for the outer wall surfaces with
low heat fluxes up to 0.2 MW/m2. This coating would be applied on most surfaces only after
the initial operation.
In the presentation the properties of these materials will be discussed with a view to the
plasma-wall interaction in W7-X.

In fusion reactors, stellarators as well as tokamaks, the situation is likely to be
different. The long operation times of several years between refurbishment shut downs and
the low neutron irradiation resistance will most likely prevent the use of low-Z materials.
Tungsten as a main candidate high-Z material is presently being intensely investigated. The
properties of tungsten coatings and of massive tungsten as well as the related component
technology will be discussed in the presentation.


