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Context
Li-ion batteries have become essential thanks to their high energy density, their lifespan and their low selfdischarge which enable them to develop numerous applications. Understanding and controlling their
ageing, i.e. the irreversible deterioration of their performance, is a key point in the implementation of these
applications.
Some Li-ion cells exhibit a slow, linear and predictable capacity degradation but then reach a turning point
sometimes called the “knee-point”, after which the degradation accelerates rapidly until the cell's End-ofLife. The knee point is the transition point which marks a sudden change of the slope in the ageing curve
which is mainly due to a change of the dominant ageing mechanism. The cause and timing of this
phenomenon is not well understood and has important implications to the way we estimate battery lifetime
and ensure the safety of installations.
The use of optical sensors directly inside the cells opens the door to previously inaccessible chemical and
mechanical characterisations. Optical fibre Bragg grating sensors (FBGs) can produce a temperature map
inside of the battery by optical interrogation (wavelength shift of the emitted signal) all along the fibre, in
addition to the evolution of the pressure/strain/compression during cycling, with high sensitivity and space
resolution. By using pairs of FBGs, it is then possible to monitor stress and temperature over various
operational and safety-critical scenarios. In-situ IR spectroscopy using fibre optic evanescent wave sensors
can provide chemical information on the transformation and degradation of electrodes and electrolyte
materials as well as on the cell Li inventory. For example, the use of chalcogenides glass fibres, capable of
transmitting light in the IR range, can reveal the appearance and disappearance of chemical species during
battery cycling using infrared spectroscopy. This type of "medical follow-up" of the battery should provide
very valuable information which can help us elucidate the mechanisms leading to the knee-point and enable
new protocols to be drawn up to postpone or prevent this rapid loss of capacity.
Description of the thesis topic
The objective of the thesis is to use optical sensors to study and understand the mechanisms leading to the
appearance of a knee-point in the lifetime of large format batteries for stationary storage applications
(storage of wind and solar production, frequency regulation, peak shaving …). Monitoring the physical and
chemical parameters at the heart of the cell will help us understand the degradation mechanisms leading
to the knee point and how to mitigate them. The study will take place in several stages:
- Preparation, instrumentation and monitoring of cells made from electrode materials and electrolyte used
in commercial cells.
- Preparation, instrumentation and monitoring of laboratory cells (made from new electrode materials)
reproducing the characteristics of the cells and the solicitation used in real stationary applications.
- Instrumentation and monitoring of medium and large format commercial cells.
For each step, key parameters will be tracked and analysed to understand the evolution of the physical and
chemical state of heath of the cell. Machine learning techniques could be used to optimize data tracking

and analysis. In parallel, the electrode materials can be analysed separately by physico-chemical
characterization techniques (SEM, DRX, XPS, ICP, etc.) or electrochemical characterisation. Pre-aged and
cells subjected to accelerated ageing under strong constraints will also be used. Several cell chemistries
(LFP/Gr, NMC/Gr, etc.) and battery solicitation will be compared. A large part of the manipulations will be
done in a glove box.
The PhD student will be employed by EDF R&D under a 3 year contract co-financed by the ANRT under a
CIFRE grant, and will work both at the College de France in Paris and EDF Lab Renardières in Moret-sur
Loing.
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Sought profile
Master 2 or equivalent in material sciences/physical chemistry of materials, with a strong motivation for
scientific research and laboratory work. A plus: professional skills/experience in electrochemistry or
batteries.
Curiosity, team spirit, hardworking, experimental creativity will be also essential qualities.
Application file: CV, cover letter, Academic Transcripts, Master's degree or equivalent, any letters of
recommendation.

