In-situ Studies of Electrochemical Energy Storage at the APS
X-Ray Science Division (XSD)

Peter Chupas, Matthew Suchomel, Karena Chapman, Kamila Wiaderek, Mali Balasubramanian, David Vine, Xianghul Xiao, Francesco De Carlo, Stefan Vogt
XSD, Argonne National Laboratory

/In-Situ Structural Characterization Tools for Energy Storage at the Advanced Photon Source (APS) \

The development of new technologies for electrical energy storage Is a critical to our national energy infrastructure spanning grid-based applications (for continuous wind and solar energy), electric vehicles for transportation
and personal electronic devices. Operation of these electrical energy storage devices is governed by phenomena that span multiple length and time scales. Incisive characterization tools are essential to advance our
fundamental understanding of these phenomena and how they impact performance. Gaps exist in our understanding of charge transfer, mass transport, and structural changes that impedes the rational optimization of
capacity, charge rate, lifetime, and safety. The X-ray Science Division utilizes the unique characteristics of the Advanced Photon Source to penetrate the complex multicomponent device architectures to resolve their function in
both time and space, to develop fast time-resolved measurements that match the timescales of processes relevant to chemical energy storage from charge transfer (fs-ps), to ions hopping on and off surfaces (ps), to diffusion
\(ms), to structural transitions and grain fracturing (s-min), to cell failure (hr-year).
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Batteries are intricate multicomponent devices
In which the mesoscale structure and chemistry
of different components, and of their
Interactions, drives functionality and
performance. For example, nanostructuring of
the composite electrodes provides bi-continuous
electrically and 1onicly conductive paths
essential to electron/ion transport, while

Synchrotron microtomography at the APS can be
used to understand the In-situ 3D structure of
N e microporous composite Cu:Sn electrodes. This
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