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To improve the performance and durability of electrodes for electrochemical devices,
macroscopic understandings on the electrochemical reactions, such as where and how
reactions proceed (or degrade) within the electrode are essential. However, measuring
three-dimensional (3D) and time-varying electrochemical reactions within electrodes has
been challenging, limiting the understanding of these phenomena. Here, utilizing a 3D
visualization technique for electrode reactions based on CT-XAFS, we observed the
inhomogeneous capacity degradation in solid-state battery composite cathodes during
cycling. The measurement/analysis methods developed here allows for quantifying the
spatiotemporal evolution of capacity degradation within the electrode, potentially
contributing to the development of high-performance and long-life batteries.
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Fig.1 a) Schematic of the model SSLIB, b) 3D NMC distribution in the composite cathode. Reproduced
with permission from Ref. 7 Copyright 2023 John Wiley and Sons.
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Fig.2 a) Charge—-discharge curves of the model SSLIB, b) 3D Li content (SOC) map of the composite
cathode after charge and discharge of each cycle. Reproduced with permission from Ref. 7
Copyright 2023 John Wiley and Sons.
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3D SOC map After 1st discharge after 2nd charge after 2nd discharge
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Fig.3 Schematic of 3D differential image analysis. Top, middle, and bottom rows represent the 3D SOC
maps, 3D reaction extent maps, and 3D capacity loss maps, respectively. Reproduced with
permission from Ref. 7 Copyright 2023 John Wiley and Sons.

[

B
S

g

« (Dis)charge curve
3D capacity loss map

8

Capacity loss
/mA gt

S}

8

3

Average specific capacity loss / mAh g &
g

0

o T e

Ratio of contribution to capacity loss / % €)

Specific capacity
loss / mAh gt
1140 -
:105- 140
70 - 105
. 35-70
m0-35

g

8 8

o

I e

Fig.4 a) 3D capacity loss map for each (dis)charge process, b) Average specific capacity loss in each (dis)
charge process estimated by the charge—discharge curves (purple) and the 3D maps (yellow). ¢)
Contribution of NMC with different specific capacity loss to the overall capacity loss in the
observed area. Reproduced with permission from Ref. 7 Copyright 2023 John Wiley and Sons.
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