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Overview

Background

• Non-uniform degradation in large-format cells

• Electrolyte motion induced salt inhomogeneity (EMSI)

Synchrotron Computed Tomography (SR-CT)

• What is it? why is it useful for battery research?

• Time-resolved and hi-res CT imaging

3D imaging of electrolyte motion in 18650 cells

• Electrolyte reservoirs and recirculation

• Effect of gravity on vertical vs horizontal cells

• Using electrolyte to measure pore volume changes
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Li-plating linked to salt redistribution and electrolyte motion

S. Solchenbach et al., Royal Soc. Chem., 19, 7294-7317 (2024) 3

Li plating

𝑃𝑜𝑟𝑒 𝑓𝑖𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =
𝑉𝑒𝑙𝑦𝑡

𝑉𝑝𝑜𝑟𝑒(𝑆𝑜𝐶)



Electrolyte motion induced salt inhomogeneity (EMSI)

S. Solchenbach et al., Royal Soc. Chem., 19, 7294-7317 (2024)

BOL = beginning of life

Excess electrolyte 
stored equally at 
both ends and is 
reabsorbed

Excess electrolyte 
pools at the 
bottom and is 
recirculated
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Synchrotron computed tomography (SR-CT)

Advantages of Synchrotron X-rays:
• Very high x-ray beam intensity 

• Tunable x-ray beam energy

• Highly collimated (parallel) beam geometry

Advantages of SR-CT:
• Very fast scan times

• High-contrast for light elements

• Can scan parts of large objects 
at high magnification
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High-resolution imaging of cylindrical cells

Cell level CT of 18650 cell (5 µm pixel size)

Electrode-level CT of 18650 cell (1.5 µm)
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SR-CT can capture microstructural changes in large cells
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Fresh cell Lightly cycled cell Heavily cycled cell

Gas
Electrolyte

1 mm

• Polycrystalline NMC622 / 
natural graphite cells with 
natural graphite were cycled 
from 3.0 to 4.1 V at 40° C

2400 cycles
(100% DoD)

3800 cycles
(25% DoD)

After formation After 3400 cycles @ 25% DoD After 2400 cycles @ 100% DoD

50 µm



SR-CT can capture microstructural changes in large cells

100 µm

Operando CT of Formation cycle 
(20% µSi/graphite pouch cell)

Time-lapse CT of microcracking 
over 1200 cycles 
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Overview

Background

• Non-uniform degradation in large-format cells

• Electrolyte motion induced salt inhomogeneity (EMSI)

• Rotational inertia measurements (RIM)

Synchrotron Computed Tomography (SR-CT)

• What is it? why is it useful for battery research?

• Imaging microcracking in commercial pouch cells

3D imaging of electrolyte motion in 18650 cells

• Long-term cycling and salt redistribution

• Electrolyte reservoirs and recirculation

• Effect of gravity on vertical vs horizontal cells

• Using electrolyte to measure pore volume over time
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• Two cells were imaged:
• NCA / Si-graphite anode (5%)
• NCA / graphite-only anode

• cells were scanned in both 
vertical and horizontal 
orientation

• Cells were imaged at 
• 11 µm pixel size for vertical
• 22 µm pixel size for horizontal

• Vertical scan time: 6 min

• Horizontal scan time: 50 sec

• Cells were discharged to 2.5 V 
before imaging

• During imaging, cells were 
charged at C/3 to 4.2 V and 
discharged at 1C to 2.5 V

Rotation axis

FoV

Vertically oriented setup

Imaging electrolyte motion in 18650 cells

Horizontally oriented setup
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Si-graphite cell

Vertically oriented cells
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Si-graphite cell

In-plane flow of electrolyte

In-plane flow of electrolyte
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Imaging electrolyte motion in 18650 cells

• Excess electrolyte 
drains down the 
core along 
channels formed 
by separator

• You can see this if 
you compress the 
core vertically 
(pixels binned by 
a factor of 8)
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Graphite-onlySi-graphite

Gravity

Graphite only

Si-graphite

Vertically oriented cells
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1 2 3 4 5 6 7 8

Excess electrolyte depletes at top before bottom
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Graphite-only cell

Si-graphite cell

Gravity

Horizontally oriented cells
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Shape of excess electrolyte curve

A.J. Louli et al., J. Electrochem. Soc., 164 (12) A2689-A2696 (2017)

S. Solchenbach et al., Royal Soc. Chem., 19, 7294-7317 (2024)

Inherent hysteresis in Si lithiation state
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Comparison of electrolyte volume curves

Low pressure differential 
(discharge)

High pressure differential 
(charge)

C/3 1C

Heating
+

expansion  
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• four Si-containing cells were 
cycled offline 

• Cycling conditions:
• Vertical orientation (cap up)

• Charged at C/4 to 4.2 V

• Discharged at C/3 to 2.85 V

• Temperature = 20° C

• After cycling different 
amounts, cells were 
discharged to 0 V, sawed into 
3 segments for solvent 
extraction and ICP-MS

Salt concentration measurements after long-term cycling

19

EMSI can occur at modest C-rates



A note on cell geometry

• Solchenbach et al. used 
4695 cells with different 
features:
• Core volume is small 

relative to “donuts”

• Tabless design
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Core ≈ 400 µL

Donut ≈ 460 µL

vs.

S. Solchenbach et al., Royal Soc. Chem., 19, 7294-7317 (2024)

• EMSI also happens in 
prismatic cells, and even 
single-layer pouch cells

H. C. Hsiao, J. of The Electrochem. Soc., 173 010503 (2026)



Recovery after repeated fast charging

• The capacity fade and 
resistance increase due 
to EMSI is reversible to 
an extent

• Rate and extent of 
recovery vary widely 
with different cells and 
cycling conditions
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P. Torricos et al., Batteries & Supercaps, 00, e202500559 (2025)



Cathode
Al foil

Separator

Anode

Cu foil

Mitigating EMSI by redirecting electrolyte flow
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Perforated current collectors “Engineered” separators

Electrolyte

H. C. Hsiao, J. of The Electrochem. Soc., 173 010503 (2026)

Engineered 
separator

High-porosity 
separator

Low-viscosity 
electrolyte

Control



Summary

• SR-CT is an excellent tool for 
time-resolved electrolyte imaging

• Electrolyte flow is affected by:
• Cell geometry (even small details)

• Gravity and cell orientation

• Active materials

• Separator and foil engineering

• EMSI can occur at modest C-rates

• This work validates key 
assumptions of EMSI
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CLS Industry Services

• The CLS does imaging like this as a paid service for industry clients

• Visit www.lightsource.ca/industry or contact me at toby.bond@lightsource.ca 
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For details, check out the full (open access) paper:
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