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/extreme conditions of future
 Nuclear Fusion Power Reactors

Materials within reactor are exposed to a combination
of high temperatures and intense radiation. Developing
materials capable of withstanding these hard
conditions for long periods is a fundamental objective
for the nuclear industry.

To accomplish this objective, the physical laws that
explain the behaviour of reactor materials have to be
derived using mathematical models.

In addition, the use of simulation algorithms based on
the finite element method (FEM) makes it possible to
analyze different configurations quickly and cost-
effectively.

" Beryllium and virtual materials

Beryllium is essential for constructing fusion reactor walls, acting as a final barrier

during fuel loss incidents. Its unique, grainy structure makes it particularly brittle in
~certain orientations, raising concerns about its use in fusion reactors despite the lack
~ of suitable alternatives.

~ Crystal plasticity models are being developed in
Oxford to simulate these grain structures under
different temperature and radiation conditions.

- These models provide insight into fracture and
deformation in many materials (copper, beryllium,
zirconium ...). This research is essential to help
UKAEA find potential alternatives.
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~ Silicon Carbide (SiC)

Silicon Carbide (SiC) supports the lithium for fusion fuel production, but
radiation and temperature can cause dangerous cracks. We minimized
crack propagation by inserting SiC fibers with a carbon barrier, which
prevents fiber breakage and slows crack expansion. Our work focused on
optimizing the barrier thickness and identifying the supported strength
through fiber push-out experiments and analytical FEM models.
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" Tungsten Fiber reinforced

Finding a material that can withstands up to 3,500°C and rapid cooling in
the power/heat exhaust systems of the reactor is a major challenge for

- Fusion.

Tungsten is one of the main candidate materials. Forschungszentrum

- Julich (Germany) has developped an innovative technique to enhance its

toughness 10 times by introducing plastically deformed tungsten fibers
into the material.

During my stay, | have studied how the reinforcement provided by the
introduction of fibers scales with size.
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