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Abstract
Accelerating the transitions to low carbon economy calls for rigorous and relevant research in
various disciplines including, among others, energy storage and conversion which are essential to
face increasing sustainability challenges in tackling global warming and energy security. Indeed, the
renewable energies request the use of efficient electric energy storage systems to maximize the profit
and benefit of all the energy generated. In this context, much effort is being made to design safe,
lightweight, small and environmentally friendly batteries, with a high-energy density and long run
and lifetimes, sometimes in an all-in-one solution. I will present the activity of the XAFS and XRF
beamlines at Elettra- Sincrotrone Trieste in the field of energy storage materials highlighting the
role of analytical tools such as x-ray absorption and x-ray fluorescence for the characterization of
the different parts of an electrochemical cell and in particular the cathode materials. The studies
performed at the XAFS beamlines are in operando conditions, i.e. the cathode are investigated
during the actual operation of the battery. In these studies x-ray absorption spectroscopy provides
information on the electronic and local structure of the electrochemically active elements at different
points of the charge/discharge cycle, clarifying the role of the metallic ions that constitute the
cathode materials during the electrochemical reaction. At the XRF beamline instead we have used
x-ray fluorescence microscopy to visualize spatial heterogeneities of the active material within the
cathode to be possibly correlated with the capacity fading over time after multiple operating cycles.
The examples shown concerns both Li-ion and post-Li-ion batteries such as Li-S ans Na-ion batteries
and highlight the role and complementarity of advanced analytical tools based of synchrotron
radiation.
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