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Mass transfer of multi-component solvent mixtures in porous 
structures during recycling of lithium-ion batteries 

Motivation and Approach
Thermal drying of shredded material

for early stage removal of 
electrolyte solvents 

Mutual interactions of individual components [2]Overlaying diffusion and sorption mechanisms

Shredding: mass transport length    & interface area 

ε ≈ 20...35 % ε ≈ 30...60 %
[3], [4]
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Mechanical-hydrometallurgical process
for increased material recycling rate

Übersicht über verschiedene Feststoff-Komponenten 
(Anoden, Kathoden, Separator; ggf. kalandriert, laser 
treated, aged) und Elektrolyt-Lösemittel (Reinstoffe, 

Gemische)

Mass flow with resistance 
in the particulate system

Challenges 

Diffusion 
coefficient:

particulate system 

depending on 
Kn number

0.1<Kn

10>Kn

1

Porous and particulate components   wetted with   multi-component solvent mixtures 
2

Components of a lithium-ion 
battery cell

Investigation of individual mass 
transport resistances 

Efficient battery recycling processes
for a sustainable rapidly growing market 

Results and OutlookExperimental set up

Investigation of...  
the mass transport through porous network 
and the sorption behavior of individual components

Objective
Prediction of

drying time and conditions 

Modeling of the governing 
mass transport mechanisms 
to describe the solvent release
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End-of-Life (EoL) 
batteries

Production 
waste

for Europe [1]
[3], [4]

mainly
PE/PP 

Surface 
adsorption
Capillary 

condensation

Sorption in 
the polymer

Diffusion in 
porous 
network

[1] https://circularenergystorage.com/articles/2020/12/15/analysis-of-the-new-eu-battery-regulation (24.08.2022)
[2] Heckmann, T. [...] Scharfer, P.; Schabel, W. (2022): Experimental Investigation of the Temperature, Pressure, and Binder System Influence on Vacuum Postdrying Processes [...]. Energy Technology, 2200859
[3] Li et al. (2022): From Materials to Cell: State-of-the-Art and Prospective Technologies for Lithium-Ion Battery Electrode Processing. Chemical Reviews, 122, 903-956
[4] Kwade et al. (2018): Current status and challenges for automotive battery production technologies. Nature Energy, 4, 290-300
[5] Eser, J. [...] Scharfer, P.; Schabel, W. (2020): Diffusion kinetics of water in graphite anodes for Li-ion batteries. 40:6, 1130-1145 Drying Technology 
[6] Eser, J. [...] Scharfer, P.; Schabel, W. (2020): Moisture Adsorption Behavior in Anodes for Li-Ion Batteries. Energy Technolology, 8, 1801162
[7] Heckmann, T. [...] Scharfer, P.; Schabel, W. (2023): Mass Transport in the Stefan–Knudsen Transition Region during Vacuum Drying at Different Pressures in a Porous Structure [...]. Langmuir, 39, 7, 2859-2869
[8] Schmuch, R. et al. (2018): Performance and cost of materials for lithium-based rechargeable automotive batteries. Nature Energy, 3, 267–278

0

1000

2000

3000

4000

5000

0 0.15 0.30 0.45 0.60

M
as

s 
lo

ad
in

g 
X

 / 
pp

m
 

i

Activity a / -

EMC , T =30°CSorp

DEC , T =60°Csorp

Anode 

1Gravimetric measurement 
of mass transport kinetics 

typical values

V
/ V

/ %
el

ec
tro

ly
te

 
vo

id
 

t / sDrying  

 ≈ 100 %

≈ 20 %
≈ 2 %

x  ?i ≈~

1 2 3

Investigation of the evaporation of solvent mixtures 

Investigations with 
increased mass 
transport resistances 
considering lower 
dismantling levels

2

3

p = 1 bar
T = 60 °C, isothermal
N  convective flow2

winding level cell level

Shredding leads to:
  mass transport length 
  interface area 

~

EC remains

controlled by 
thermodynamic

approximately 
ideal mixtures: 
γ ≈ xi i 

~

Li salt dissolved in electrolyte solvents 

Desorption 
kinetics

Mass transport 
through the 

porous network

Evaporation 
from free liquid 

surface

Drying sequence 

influenced by structure 
and material properties

40 µm

10 µm

V  ≈ 30 % (cell level)void ≈ Velectrolyte

High safety and 
low emission 

processes with 
easy material 

handling

High safety and 
low emission 

processes
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Shredding Drying Recovery and  
Refining
[a, b, d, e]

simplified process Exhaust Gas 
Purification

Electrolyte 
solvents

Discharged 
cells

Shredding Drying Recovery and  
Refining

simplified process Exhaust Gas 
Purification

Environment 
protection

[2, 5, 6, 7]

[5, 6, 7]

Vacuum 
pump

additionally: 
component-specific
measurements
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t / sDrying  

 ≈ 100 %

≈ 20 %
≈ 3 %

x  ?i ≈~

1 2 3
Drying sequence 

t  ≈ ?optimum

V  ≈ ?solvents, residual

Economic 
value

Environment 
protection

[8]

Key challenge: 
Removal of EC

representative 
solvents

T < 60 °C to  
avoid formation 
of harmful 
compounds 

Vacuum 
drying

Approach: 

Economic value 
(≈ 10 % cell 

material cost)
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