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Prevention of heat release begins in the microscale! Retsch

About half of all products recalled for fire hazards are lithium-ion batteries.

UNIVERSITAT
BAYREUTH

short
circuit

4 )\ 4 g N\ f?\
< G o
S £ =
g | | 2 :
\i} N O
il Thermal Thermal
abuse runaway

| |

Dendrite growth Collapse of separator

AV AV ]

Q. Wang, B. Mao, S. I. Stoliarov and J. Sun, Progress in Energy and Combustion Science 2019, 73, 95-131. Flora Lebeda

3



Microstructure of battery electrodes? Retsch

Typical graphite powder

q A Journal of the German Chzm:cal Societ, ' t

anisotro PY: International Edition Ch em i e

www.angewandte.org

2020-59/3

Microstructure VS. property

flakes Electrical conductivity
Thermal conductivi
- ),

Quantification of preferred orientation in graphite electrodes for
Li-ion batteries with a novel X-ray-diffraction-based method
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tation distribution function
« Anisotropic particle orientation in-
creases with electrode calendering.
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Anisotropic materials in batteries? Random distribution! Retsch
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Assumptions: spherical particles
no additives, no electrolyte, narrow
size distribution

20 ym

graphite

3D structure

2D lattices

L L

ot
et
e

)
L L
LLL
)
)
)

L L L L L L L L

SeeTaiisIiIIsILIIIILIS:
BRSiEamSiniee hexagonal lattice (fcc) primitive cubic lattice
primitive cubic lattice hexagonal lattice (fcc)
(cP)
UNIVERSITAT Aadv. Energy Mater. 2014, 4, 1301278 Flora Lebeda
BAYREUTH 5




Rotation matrix for anisotropy in COMSOL Retsch

 Material property with anisotropy: tensor of 2D-rotation matrix

ky (cos@)® + ky (sing)®  (ky—ky)singcosp 0
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0 0 1
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proof: IR thermography of Laminates

a) thermally anisotropic laminate
/77 parallel alignment of prepregs
=> preferred conduction along carbon fibers

a

b) thermally isotropic laminate

orthogonal alignment of prepregs
=> no direction-dependency of laminate

— -
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Modelling heat transfer of electrode Retsch
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Automization:
Application Builder!
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Influence of anisotropy?

70 % 60 %

80 %

Depends on:

« Amount of anisotropic particles
« Ratio of anisotropy in the single particles
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Influence of anisotropy? Retsch

Depends on: Heat source at center
« Amount of anisotropic particles

 Ratio of anisotropy in the single particles
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So, avoid anisotropic components? Retsch

Group

« Effective thermal properties can be tailored specifically
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So, avoid anisotropic components? Retsch

« Effective thermal properties can be tailored specifically
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Application — Design of novel materials! Retsch
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Validation of Simulation: Isotherms

V4
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a) simulated temperature

distribution K

c) simulated isotherms
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b) measured temperature

d) measured isotherms

e) arrangement of the laminates

Retsch
Group

Flora Lebeda
14



Summary Retsch
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