New opportunities for battery research and
development from inside-out MRI and magnetometry
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Indirect MRI of dendrite growth
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Inside-out MRI
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Magnetic field maps during discharge

Discharged at 125 mA (0.5 C)
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Battery A

Samsung battery defects
Jan 2017 press release

Abnormal Normal

Main Cause

The negative electrode was deflected The negative electrode is not deflected
in the upper-right cornerof the battery
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Defective cells
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Current Imaging
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FLASH images
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Single Point Imaging (SPRITE)
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Ultrafast Cell
Classification with
NMR

* Cell classification in under
one second.

* SOC follows unique

classifiable path.

e Each cathode material
follows unique trajectory

Batt&Supercap 2020
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Electrical Impedance Spectroscopy
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AC imaging:
synchronized MRI acquisition
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Magnetometry

atomic vapor magnetometer

Geoffrey lwata
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Magnetometry
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Magnetometry

Magnetic field (pT)
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707 mAh

Hu et al. PNAS 2020
Hu et al, Appl. Sci. 2020

Magnetometry
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Magnetometry: diagnosing transient currents
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NV-center-based
battery diagnostics

Zhang et al, Appl. Sci. 2021
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Commercial-type
“In real life” cell analysis
Inside-out MRI «SOC

Magnetometry «SOH
* Current distribution
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