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Li-ion batteries

¥ Mobile phone

Y. Liang, et al., InfoMat, 2019, (1), 6-32

2010 | 2,307

2011 | 4,541

2012 | 7,114

2013 ] 12,156

2014 [ 18,948

2015 [ 25.502

2016 [ 34,022
2017 [ 53.861
2018 [ 83.174
2019 [ 136,617

2020 | 309,083

Source: Statista (March 2021)
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Number of electric vehicles in Germany (2]

New registrations of battery-electric vehicles



Evolution of LIB characteristics
Evolution of cell capacity
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Battery cost ($/kWh)

Lithium-ion battery price survey results: Volume-weighted average

Battery pack price (real 2019 $/kWh)
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Percentage of range loss vs. distances driven

percentage of original range (60 KWh 290km and 85 k\Wh 400 km)
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Design of typical cylinder-type (18650) cell TUm

Setup: v|tome|x L240
Energy: 100-130 keV




Capacity losses in Li-ion batteries TUT
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Main aging mechanisms within a Li-ion cell

C. Schlasza et al. IEEE
Transportation
Electrification
Conference and Expo
(ITEC) (2014): 1-6.
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Neutron-based experimental techniques with proven  TLUTI
relevance In battery research

“/'Neutron diffraction: detail of crystal structure, localisation and quantification of
- lithium; microstructural studies; phase analysis ‘ q

Neutron |mag|ng lithium distribution, gas formation, electrolyte dynamics

Small-angle neutron scattering: in-situ materials morphology and fracturing
o upon cell fatigue o id TErE
Qua5|elast|c neutron scattering: in-situ structure and mobility of electrolytes ¥ ) ==y

in Li-ion batterles X
- }ﬁ@ .. Reflectometry: studies of solid-electrolyte interphase; studies of lithiation in
—== amorphous silicon; solid-liqued interfaces
Neutron depth profiling: nanometer sensitive probe of lithium 411“». :“:;i-_ﬂg;
concentration in electrode materials o &k —

aaaaaaaaaaa

GB Positron spectroscopy: charge- and fatigue-induced defect formation

Neutron and Prompt gamma activation analysis: non-destructive and ‘ @ . oo

simultaneous elemental/isotope analysis " 8



Rietveld refinement of typical diffraction pattern UM
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https://www.sciencedirect.com/science/article/pii/S0378775311024268?via%3Dihub

Structural signature of Li-intercalation in the graphite TUTI
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https://iopscience.iop.org/article/10.1149/2.031305jes/meta

Comparison between X-Rays and neutrons

X-ray. cross sections (1]
A X-Rays scatter at the electron cloud of the atoms . .
» Stronger scattering power for heavier atoms . . . ® V/
H D Li C Al Fe
A Neutrons scatter at the nucleus of the atoms
» Unsystematic scattering power y, = 4 ’
» Sensitive to light elements — e >

Neutron cross sections
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Active lithium losses

Non-destructive quantification of lithium in the anode and cathode
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Loss of active anode UM

ca. 10% w/w of the graphite does not take
part in the lithiation
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Lithium distribution uniformity i a challenge

TUTI
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Spatially-resolved neutron diffraction
I setup (constant | )
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Spatially-resolved neutron diffraction UM
I setup (constant | )

Cell irradiated 2D diffraction data
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Spatially-resolved neutron diffraction on LIB: an example[LIT]
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Spatially-resolved neutron diffraction on LIB: example TUT]
Lab X-ray CT

Neutron diffraction
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Lithium heterogeneities in state-of-the-art cylinder LIBs TUTI
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Different kinds of lithium distribution were observed for a batch consisting of 34 LIBs

D.Pet z, éBatteies®.Supercaps, 4 (2021)251-251. 19



Lithium uniformity of high-energy LIB i effect of aging TUTI
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Loss of liquid electrolyte
fresh
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Quantification of electrolyte in cylinder-type LIB TUT

LIB electrolyte: mixture of Diffraction pattern from 18650-type LIB at low temperature
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Capacity and diffractiono n a -@Adin fgdir ma n cT&lH

NCR186508  EVolution of cell capacity Diffraction signal (SPODI)
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