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* The need for direct imaging of batteries

* Li-ion cathode characterization using X-ray
nanotomography

e Particle scale intercalation studies

* Li-ion cathode characterization using X-ray
microtomography (1CT)

* Analyzing electrode structure for fast charging of
thicker electrodes

* Summary



AN\

The Need for Direct Imaging e

I\

-
r©
I
I
I
I
I
i it

— (s
L ~—7
P
[
[
1
P11
i 18
Flm
Elg
F 1o
P lo
(S
Anode Electrolyte
(graphite)

L

Cathode
(LiCo0,)
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* Batteries are heterogeneous
multiscale functional material
systems.

* Multiscale design is a necessity.

e Direct imaging methods are a
key tool for multiscale design.




Nanotomography and puCT SN
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e X-ray energy: 7-40 keV
* 60 nm spatial resolution
APS Beamline 2-BM-A
e X-ray energy: 11-35 keV
* 1.3 um spatial resolution




* Processing variants
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Particle Size and Sphericity
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Particle Intercalation Studies
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* Simulation of lithium diffusion, particle as sole domain (COMSOL Multiphysics).
* Butler-Volmer with fixed overpotential and galvanostatic operation.

* Intercalation characterized based on mass transfer Biot number and Fourier number.
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* Four particles
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Metric Cathode 1 Cathode 2 Cathode 3 Cathode 4
Characteristic Length (nm) 330 900 250 200
Mean CSD Length (nm) 370 910 270 230
Particle Biot Number 0.35 0.95 0.26 0.22




Assessing the Spherical Model SN
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Galvanostatic Case Studies
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* Departure from spherical behavior seen at high C-rate.

* Increased discrepancy observed for lower sphericity.

10



Galvanostatic Case Studies AL;‘::MU,s:x?:am}srLLE
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NMC Cathode Microtomography e
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Rajendra et al., ACS Appl. Mater. Interfaces, 2019 (10.1021/acsami.8b22758).
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Electrode Performance Effects
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* Phase sizes yield aggregate diffusion
time estimates based on Fo,,, = 1.
 Simulated rate capability follows
electrode diffusion time estimates.
4.2 -
>. 1C
4 - .‘*'?.\-
e
384 e -\.3 i
36 - \“\~ = —
- .
3479~ Cathode 1 . N \.
39 | eeeCathode 2 ? \
«==Cathode 3 . \ \
3 A Cathode 4 | ‘
2.8 +————t— e ' — ‘ |
0 0.05 0.1 0.15 0.2 0.25
42 -
4 S 5C
.
3.8 - TN
36 4 T Tl ~ \\\. —_—
TN~
3.4 - . N\ .
= Cathode 1 \ \
321 ....cathode 2 p \ .
3 ——Cathode 3 \ \
Cathode 4 \ .
2.8 — t } — o "y
0 0.05 0.1 0.15 0.2 0.25

Capacity (mAh/cm?)



Response to Fast Charging

2 Thin Electrodes
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Thick Electrodes
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Microstructural Influence

Thin Electrode

Thick Electrode
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Multiscale nature of batteries predicates multiscale direct
imaging methods.

e X-ray nanotomography
* Processing alters particle geometry.
 Particle geometry influences charge/discharge capabilities.

X-ray uCT
* Processing alters active material and secondary phase geometry.
* Phase geometry influences charge/discharge capabilities.

* The role of geometry can be assessed with appropriate
dimensionless metrics.

 Geometry at the microscale and macroscale may be altered to
enhance performance, reliability, and safety.
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Multiscale Transport and Energy Conversion

X-ray and Neutron Imagmg
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e Multiphysics FEA
* Device testing
* Materials synthesis

Further details:
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* Microstructural analysis
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