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In DEMO the structural and functional materials of the in-vessel components will

be exposed to a very intense flux of fusion neutrons with energies up to 14 MeV creating

displacement cascades and gaseous transmutation products. Point defects and

transmutations will induce new microstructures leading to changes in mechanical and

physical properties such as hardening, swelling, loss of fracture toughness and creep

strength. The kinetics of microstructural evolution depends on time, temperature and

defect production rates.

The structural materials to be used in DEMO should have very special properties:

high radiation resistance up to the dose of 100 dpa, low residual activation, high creep

strength and good compatibility with the cooling media in as wide a temperature

operational window as possible for the achievement of high thermal efficiency. The most

promising materials are: Reduced Activation Ferritic Martensitic (RAFM) steels (Eurofer

and F82H), Oxide Dispersion Strengthened (ODS) RAFM and RAF steels, SiC fibres

reinforced SiC matrix composites (SiCf/SiC), tungsten (W) and W-alloys. Each of these

materials has its advantages and drawbacks and will be best used under certain conditions.

Presently the best studied group of materials are the RAFM steels. They require the

smallest extrapolation for use in DEMO but also offer the lowest upper temperature limit

of operation (550°C) and thus the lowest thermal efficiency. The other materials foreseen

for more advanced breeder blanket and divertor concepts require intense fundamental

R&D and testing before their acceptance, whereas the so-called Test Blanket Modules

(TBMs) will be constructed using RAFM steel and tested in ITER.

Validation of the DEMO structural materials will be done in IFMIF, the

International Fusion Materials Irradiation Facility, which will produce neutron damage

and transmutation products very similar to those characterising a fusion device and will

allow accelerated testing with damage rates up to 40 dpa/fpy in a limited volume.

Recent advances in multiscale materials modelling have significantly improved

the understanding of the processes leading from the atomistic defects to the changes of

macroscopic properties. In future modelling will become an important tool for correlating

experimental results achieved under different irradiation conditions (material testing

reactors, fast reactors, accelerators, etc.), optimisation of the IFMIF test matrix and

extrapolation to DEMO relevant operation parameters.

This paper will describe the most promising structural materials with focus on

Eurofer, present recently obtained results, simulations and testing, and will also address

open material aspects on the path to DEMO.
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