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PhD Work: Advancement of understanding of irradiation

effects on the corrosion of m
molten chloride salt

odel Ni-based alloys in a

For Molten Salt Reactors (MSRs), the choice of structural materials remains a major challenge,

particularly with regard to their resistance to cor

rosion resistance at high temperature and under

irradiation. Corrosion mechanisms in a molten chloride environment under irradiation are complex and

of great interest to the scientific community. While
[1-5], under certain conditions, the possibility of part

irradiation generally accelerates corrosion kinetics
ial healing by irradiation was suggested [6-8].

This PhD work is conducted within the framework of the French Innovative System for Actinides
Conversion project and focuses on investigating the coupling mechanisms between molten salt
corrosion and irradiation. A methodology to experimentally study the effect of pre-irradiation on molten

salt corrosion has been developed. It was used in
followed by corrosion, that have been carried out

studies of corrosion, irradiation, and pre-irradiation
on model nickel-based alloys (Ni10Cr, Ni1OFe, and

Ni10OMo, Ni10CrlOMo %at.) in order to study the specific effects of each alloying element.

Corrosion campaigns have
revealed that each of these
elements is associated with

a different corrosion Ni10Cr

NilOMo Ni10CrlOMo Ni1OFe Ni1Fe1OMo

morphology and that these
effects accumulate.
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Internship Work: Hardness caracterization of gradient
annealed tungsten samples

The ITER project requires the development of new technologies. Here, we will focus on one of
them: the divertor. The divertor, located in the lower part of the tokamak’s vacuum chamber, is the
component subjected to the highest thermal stress. This is because it is in direct contact with the
particle fluxes from the plasma. It has a dual role: it must allow for the extraction of a material flux
(particles) and a thermal flux. On ITER, the expected heat fluxes range from 5 to 10 MW/m? in steady
state [1]. At the IRFM, the WEST tokamak was developed to qualify and study the behavior of
components when exposed to ITER divertor plasmas in a tokamak environment, as well as the impact
of using these components on plasma stability. The ITER-like divertor is an assembly of PFUs (Plasma
Facing Units) composed mainly of tungsten, which is being tested and developed using WEST at the
IRFM.

The aim of the internship was to develop the hardness component of a new method for
characterizing the recrystallisation kinetics of tungsten at high temperatures. The method involves the
inhomogeneous annealing of a tungsten rod. The rod is subjected to a temperature gradient caused
by heating one of its ends with a laser, which consequently creates a gradient in the rate of tungsten
recrystallisation along the rod [2] (figure 1).

Hardness measurements along the bar enable the rapid generation of around a hundred triplets of
time, temperature and recrystallisation rate, which are linearly correlated with the local hardness
measurement (figures 1 and 2). This then allows the use of JMAK-type models to effectively study the
recrystallisation kinetics of tungsten [2] (figure 3).
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