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Combustible battery

Required skills in science and|This basic research subject with a strong experimental focus is
engineering directed toward a physicochemist of polymers wishing to acquire
a solid experience in microscopy (optical, near field, electronic)
and spectroscopy (FTIR, Raman). By his skills in material physics
and macromolecular chemistry he will have to understand the
impact of the aging of the material on its chemistry, morphology
and functional properties. To do this, the doctoral student will
evolve within a multidisciplinary team composed of physicists,
physicochemists of polymers and specialists of large scale facilities

Subject description (two pages maximum)

Proton exchange membrane fuel cells (PEMFC) and water electrolysers (PEMWE) are promising and
environmentally friendly technol ogies. One of their key componentsisthe polymer electrolyte membrane
acting as a gas separator and proton conductor. Membrane degradation under harsh and/or long-term
oper ating conditionsis highly detrimental and ultimately causes the system failure'®. Improving both the
performances and durability of the membrane is critical before any large scae diffusion of these technologies.

The "energy" theme is central for the SyMMES activities, and the fuel cell, which is one of the important
components of this theme, is carried by the Synthesis, Structure & Properties of Functional Materials
(STEP) team. This team aims, among other things, to understand the structure / proton transport /
durability relationships of the polymer electrolytes of the membrane/electrode assembly (MEA) located
at the heart of the cell. This proposal for thesis funding is presented by a full professor and an associate
professor from the SYMMES/Polytech Grenoble, for a project that is positioned both in the "aging"
research axis initiated in 2002 (with the aim of a better understanding of the mechanisms limiting the
lifetime of the device’””®, but also in a more recent research axis concerning the improvement of the
properties of existing membranes by insertion of a stabilizing chemically active sol-gel network!®'?,
Finally, this work offers the opportunity to use the global strategy coupling chemical / morphological /
mechanical information developed during JP Cosas Fernandes' thesis'*!* (2014-2017) to understand the
ionomer membrane’s aging after ex-situ aging (H.02) and fuel cell aging. This strategy allows after cross-
sectioning the membrane or the MEA by cryo-ultramicrotomy?? (if possible without epoxy embedding) to
proceed successively and in a co-localized manner (uniqueness of the analyzed area) to chemical analysis
by UATR-FTIR, confocal pRaman, pEDX (TEM), EDX (SEM), morphological analysis by AFM, SEM and TEM
and nanomechanical and thermomechanical analysis by AFM. These analyzes will allow the development
of alternative membranes for fuel cells in a general way. Indeed, in addition to the hybrid membranes
developed by our team, this thesis will allow the study of alternative membranes through national and
international collaborations for Fuel cell applications.
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