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https://indico.esss.lu.se/event/1506/#13-neutron-diffraction-and-ima

Li-ion battery: principle of operation

Discharge

Li* Y
T

Li,Cg Electrolyte  Li;,Co00,

19.10.2020 ESS - ILL Topical Workshop on Imaging, Materials and Engineering 21



Market price $/kWh based on Li-ion technology
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Projected production of Li-ion batteries in Europe

Over 300 GWh/a Li-lon Battery Cell Production Capacity Announced in Europe

Salzgitter 2024
16 GWh, later 24 GWh

Erfurt 2022
| 4 GWh, later 100 GWh

@ FREY Mo i Rana, 2023

Renematie sargy vivage TIMP UP 1o 32 GWh

Skelleftea, 2021
/y——northvolt 5 i, iater 32 Gwh
ot . Bitterfeld, 2022
EDARASIS .
-~ 3 10 GWh
Wroclaw, 2018
6 GWh, later 70 GWh

Koemarom, 2020
SKbb‘rjw\w;a ian 7.5 GWh

w God, 2018

3 GWh, later 15 GWh

@ Europe, 202X
capdcity unknown

Europe, 202X
T = S L A capacity unknown

Sunderland, 2010
2.5 GWh

Willstat, 2020
1 GWh

France, 2022

capacity unknown

Germany, 2023
20 GWh, later 24 GWh

Germany, 202X
4 GWh, later 8 GWh

© Roland Zenn, November 2019
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Time evolution of 18650 cell capacity
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« ~ 3.5 %lyear relative increase
« Since 2012 the capacity increase is achieved by voltage increase and
introduction of Si to graphite anodes
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Cathode materials
Li,,CoPO,
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Different mechanisms of Li-ion battery degradation
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Neutron-based experimental techniques with proven
relevance\impact in battery research

Neutron diffraction: detalil of crystal structure, localisation and
guantification of lithium; microstructural studies; phase analysis.
Neutron imaging: lithium distribution, gas formation, electrolyte dynamics;

Small-angle neutron scattering: in-situ materials morphology and
fracturing upon cell fatigue;

Quasielastic neutron scattering: in-situ structure and mobility of
electrolytes in Li-ion batteries;

Reflectometry: studies of solid-electrolyte interphase; studies of lithiation in
amorphous silicon; solid-liqued interfaces;

Neutron depth profiling: nanometer sensitive probe of lithium concentration
In electrode materials;
Positron spectroscopy: charge- and fatigue-induced defect formation;

Neutron and Prompt gamma activation analysis: non-destructive and
simultaneous elemental/isotope analysis;
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Gas evolution in pouch cells studied by neutron
radiography
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B. Michalak et al., Sci. Rep. 5 (2015) 15627
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4D imaging on lithium-batteries
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R.F. Ziesche et al., Nature Communications 11 (2020) 777
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Simultaneous neutron radiography and diffraction data
collection on 18650-type cell cycled up-side-down

Fresh cell

Fatigued cell

Potentiostat Data

tmels
450,00

https://www.youtube.com/watch?v=ICPzHO_ 1nQ8
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Simultaneous neutron radiography and diffraction data
collection on 18650-type cell cycled up-side-down

Fresh cell

Fatigued cell

Potentiostat Data

tmels
450,00

https://www.youtube.com/watch?v=ICPzHO_ 1nQ8

.....
36922
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Spatially-resolved neutron diffraction and current
distribution in Li-ion batteries
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Selected diffraction patterns
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Spatially-resolved TOF neutron diffraction
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Spatially-resolved diffraction using conical slits
Gauge volume Gauge volume
Neutron diffraction Diffraction tomography
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Lithium distribution in the graphite anode of 18650-type
lithium iton battery

Spatially resolved neutron diffraction Neutron diffraction tomography*
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Summary
e Perspectives for neutron powder diffraction and spatially-resolved
diffraction pinhole neutron diffraction
More flux, better resolution Siogle Slit Arrangement
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Neutron CT reconstruction from 18650-type LCO|C cell
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Evolution of the neutron diffraction signal (background
subtracted) upon cooling of LP30 electrolyte filled in a
thin-wall vanadium container.

xChosen electrolyte: LP30, EC+DMC+1M LIPF4; Melting temperature: ca.250 K
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Distribution of lithium and electrolyte concentration in
fresh and aged 18650-type cells

Lithium concentration x in Li, Cq
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