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Background and motivation

O Li-ion batteries currently dominate the energy storage landscape (on Earth)
L Space applications require higher tolerance to extreme operating conditions:
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Stanford Synchrotron Radiation Lightsource (SSRL)
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X-ray interactions with matter
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Characterization across multiple length scales
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Transmission X-ray microscopy @ BL6-2c

X-ray microscopy provides nondestructive, high resolution X-ray images
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Comparison to other complementary techniques

Plot of various in situ imaging techniques for energy storage and type of cells.
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As imaging resolution is improved to study finer structures, the required modifications to the in situ
cell take it further from a realistic commercial battery architecture

Nelson Weker et al., Adv. Funct. Mater., 25 (2015) 8
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Commercial cathode material: LiCoO,
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Operando XANES of deep discharge of LiCoO,
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Deep discharge of LiCoO,
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Incomplete transformation to Co metal:

» Core/shell: Core remains LiCoO,

» Disconnected particles remain LiCoO,
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Porous anodes for high capacity and high cycle life
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Selective dealloying — facile method to form porous networks
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Nanoporous Sn O High capacity alloying anodes undergo

Acid/Base

|

large volume changes during cycling
resulting in cracking/pulverization

U Nanoporosity can reduce volume changes
to avoid irreversible deformation and

extend battery lifetime
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Visualizing volume changes in dense and porous Sn
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Visualizing volume changes in dense and porous Sn
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O End of Li* insertion leads to burst expansion of dense Sn
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O Porous Sn 6x smaller areal expansion
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Multivalent charge storage (Mg?*, Zn?*, Ca?*, etc.)
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X-ray diffraction measurements @ BL11-3

O Confirm phase-pure NVP particles @ BL11-3

Intensity (a.u.)

NVP powder X-ray diffraction pattern
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Operando XRD (@ SSRL BL11-3) shows qualitative changes during
chargel/discharge

Separator: Electrode (70/20/10):
Whatman NVP/SuperP/PVDF
glass fiber coated on Al foll

mass loading: 1 mg cm~2

Electrolyte:
0.5 M Zn Acetate
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Conclusions

L Transmission X-ray microscopy enables high resolution operando
visualization of battery materials nhondestructively

d Tracked the chemistry of LICoO, particles by mapping Co oxidation states
when cycled outside standard operating conditions

O Understood the benefits of 3D porous morphology on volume expansion
anode material (Sn)

O Investigating multivalent charge storage based on Zn?* insertion/de-insertion
of Na;V,(PO,),

22




Acknowledgements

Thank you for your attention and time

ol AL
N

NATIONAL ACCELERATOR LABORATORY

ER>,. U.S. DEPARTMENT OF
. . . 'ENERGY
Michael Natalie Kipil Lim

Nelson Toney Seitzman Office of Science
Weker

JCEg JOINT CENTER FOR
UCLA 3 ENERGY STORAGE RESEARCH

Andrew
Dawson




	In Situ and Operando Characterization of Lithium-ion Electrodes Using Transmission X-ray Microscopy
	Outline
	Background and motivation
	Stanford Synchrotron Radiation Lightsource (SSRL)
	X-ray interactions with matter
	Characterization across multiple length scales
	Transmission X-ray microscopy @ BL6-2c
	Comparison to other complementary techniques
	Outline
	Commercial cathode material: LiCoO2
	Operando XANES of deep discharge of LiCoO2
	Deep discharge of LiCoO2
	Outline
	Porous anodes for high capacity and high cycle life
	Selective dealloying – facile method to form porous networks
	Visualizing volume changes in dense and porous Sn
	Visualizing volume changes in dense and porous Sn
	Outline
	Multivalent charge storage (Mg2+, Zn2+, Ca2+, etc.)
	X-ray diffraction measurements @ BL11-3
	Operando XRD (@ SSRL BL11-3) shows qualitative changes during charge/discharge
	Conclusions
	Acknowledgements

