N\

Operando X-ray characterization of
Li-ion batteries

Johanna Nelson Weker

she/her/hers

https://sites.slac.stanford.edu/wekergroup/
jinelson@slac.stanford.edu



In situ & operando hard X-rays characterization
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Operando X-ray characterization of Li-ion batteries
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« Heterogeneous, hierarchical dynamic systems

* Need to characterize dynamics on all length scales
« X-ray characterization allows us to extract chemical, structural, and

morphological changes while cycle energy storage systems 3



Optimized cells for long term cycling across techniq

ues
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Example 1: Stabilizing alloying anodes
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« Butirreversible morphology changes in 15t cycle

UCLA Cook, et al., Nano Lett. 2017, 17, 870-877. S



Porous SnSb alloy has stable particle morphology
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NP-SnSb alloy more stable pore structure
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NP-SnSb alloy structure still stable in 36t cycle
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Precycling: 1 -35 cycle

Pouch cells with external pressure enable long term cycling
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Interfacial engineering
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Example 2: Probing fast cycling anode materials
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» Wadsley—Roth/Bronze PhasesT:
Class of materials that cycle very fast
(up to 1 min/charge)

Operando X-ray diffraction (XRD) to track
structural changes

Lattice expansion and contraction primarily
along the c-axis

Little change in the a-b plane, likely due to the
edge-sharing octahedra

XRD: collected up to 60C (1 min/charge)

1J. Am. Chem. Soc. 2016, 138, 28, 8888-8899 10
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chemical changes

» Leveraging complementary techniques
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« X-ray absorption spectroscopy (XAS) to track
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Summary of operando goals at SSRL

Robust operando cell design for long term cycling
One cell design for multiple techniques (scattering, spectroscopy, microscopy)
Fast data collection

« faster cycles (1 min charging/discharging)

« characterize multiple cells simultaneously
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