
24th Symposium on Fusion Technology

11 - 15 September 2006 - Palace of Culture and Science, Warsaw, Poland

TOPIC: F - Plasma Facing Components

Developments toward the use of tungsten as armour material in plasma

facing components promoted by Euratom-CEA Association (P2-F-113) 

Raphael MITTEAU(1), Jean Michel Missiaen(2), Pascal Brustolin(3)

1. Association Euratom-CEA, DSM, DRFC CEA Cadarache 13108 St Paul Lez Durance France
2. LTPCM, Grenoble 1,b 38000 Grenoble France
3. IS 1,b 99999 Yutz France

Tungsten is increasingly considered as a prime candidate armour material facing the plasma in fusion experiments (ASDEX, JET,

ITER). This material is, however, a challenge for the engineers due to its brittleness at room temperature. Its bonding to structural or

cooled substrates is a critical issue. The Euratom-CEA Association promotes the development of evolutionary techniques aiming to

produce high performance assemblies between tungsten and various substrates. These are 1) functionally graded tungsten to copper, 2)

direct electron beam welding of tungsten to Mo-alloy TZM and 3) the characterisation of tungsten coatings deposited on carbon fibre

composite by high energy deposition processes.

1) A functionally graded material eliminates the singular point which weakens the heterogeneous assembly, reducing the stresses and

allowing a better behaviour. The sintering of submicronic W-Cu powders is investigated. The green shape is processed from W-CuO

powder, which is reduced by a hydrogen flow. The compaction and sintering of layers of various compositions (10 to 30 % Cu)

produces an assembly (density of ~ 94%) with a good cohesion. However, the gradient is not effectively controlled, because of the

migration of melt copper during the sintering. Future work aims to improve the process by using spark or microwave assisted sintering.

2) Electron beam welding of Mo-alloy TZM is investigated, to produce high temperature components required by radiation cooled

PFCs. They require only mechanical properties and no vacuum sealing. The driving line is to use simple tungsten shapes to reduce the

milling cost. In spite of low weldable properties of the refractory alloys, a good bonding up to a depth of 5 mm is obtained. Hardness

measurements show that the melt area and the heat affected zone are harder than TZM, the weakest materials at 230Hv. Quench tests in

water from up to 2000°C are done without apparent crack formation.

3) Finally, characterisation techniques are developed for tungsten coating. The coatings are manufactured by MEdC-Euratom

Association using Combined Magnetron Sputtering and Ion Implantation and Thermo-ionic Vacuum Arc. The coating morphology is

characterised by an electron microscope using a focused ion beam. The adhesion between the coating and substrate is studied. The

thermal lock-in technique is investigated to develop a non destructive test allowing to check the coating homogeneity, and its adhesion

to the substrate.
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