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Sample preparation in dry and inert environment

Solvent properties Reactions /2]
/) g ~ LiPFg —LiF + PF Identify relevant ofgas P Optimize drying
S S~  PFs+H;0— 2HF+POF, mass transport & for minimum time
S / 2 PFs; + EC —» POF3 + organic :
=" g agments thermodynamic and energy
emperature emperature . .
nteract ) Influences consumption
nteractuons . PFg LIPF6
Solvent/ A.K. /}Z’C DEC () o | 7‘
Solvent [9] _ Vd“ DMC ’
Li*g
Solvent/ y ) me EMC EC
Salt [10] & FC ;
C Material Process Magnetic
Micro / Meso scale properties conditions suspension
. L Inert gas
Desorptlop_klpetlcs | Mass transport 9 Magnetic suspension
& equilibria in the porous network balance 4 7]
Results
outside
Electrolyte-solvent mixture Battery cell stack @1 glovebox
0.75 0.15 &
— Total | — Total FT-IR @ 6@
—— DMC — DMC spectrometer |
— EMC | —— EMC — Measuring Heating
- 0. -~ 0.12 -
. 0.60 —— DEC . 0 1 EC N T @ I ° | cell jacket
~ EC ~ | " -
— o IE IE | |- — X< ‘ inside
-Particle -EI. Solvents Y Pr o 045 > o I- ®_» fovebox
[_IBinder [llcond. Sait E E Vacuum pump
© 0.30 C 0.06
Macro scale \ 2 I Spectrometric measurement Gravimetric measurement
= - .0,
Mass transport in external gas phase a 0.15 0 003 S\ bmc, Evc, DEC,Z_S,
gy ' g HF, CO, CO, o
: , > = c | hydrocarbons, — |
AN A AL 2 | Icohols, |
0 5 10 15 20 0 15 30 45 60 § | =
Cell geometry [11] Disassembly depth Time / min Time / min § | Outlet flange

Process 5595 OUtIOOk

Modeling the | § DEC Exp . - -
. " s onc e " Model-based process optimization Transfer to industrial
drylng prOCeSS § [ m Total, Exp. Concep Ion application
~ —— DEC, Sim. . o . .
e — DMC, Sim. @ <% Drying conditions and dryer type Multi-stage drying
S — EC, Sim. -
g i —— Total, Sim. ~ ‘ ﬂ! g I@v nJ =V
I .
rU L] L] T.
$§ "y Validation: @ = m
g realistic ‘
. O [ |
& < reproduction :
Ilncoreta_re]\cltlon of s - &paccurac Material flow Evaluation
: DN | of concepts
Time / min
[1] after: C. Neef, A. Thielmann et al. (2023): Lithium-lon Battery Roadmap — Industrialization Perspectives Toward 2030. Fraunhofer ISI, December 2023 [10] Saitoh et al. (2022): Optimization of LIB Electrolyte [...] via the Molecular Dynamics Method. Batteries, 8(3)
[2] Study on the critical raw materials for the EU 2023 (2023). doi: 10.2873/725585 [11] Lobberding et al. (2020): From Cell to Battery System in BEVs: Analysis of System Packing Efficiency and Cell Types. World Electric Vehicle Journal,
[3] Jow et al. (2014): Electrolytes for Lithium and Lithium-lon Batteries. Springer New York 11(4)
[4] Heckmann et al., Scharfer, Schabel (2022): Experimental Investigation of the Temperature, Pressure, and Binder System Influence on Vacuum Postdrying Processes [12] after: F. Schomburg et al. (2024): Lithium-ion battery cell formation: status and future directions [...]. Energy Environ. Sci., 17
[...]. Energy Technol. [13] Venkatachalam et al. (2022): Perspective—Challenges and Benchmarking in Scale-Up of Ni-Rich Cathodes for Sodium-lon Batteries. J. Electrochem.
[5] Eser et al., Scharfer, Schabel (2020): Diffusion kinetics of water in graphite anodes for Li-ion batteries. Drying Technology Soc. 169 070536.
[6] Eser et al., Scharfer, Schabel (2020): Moisture Adsorption Behavior in Anodes for Li-lon Batteries. Energy Technol., 8 [14] Xiao et al. (2023): Migration and Transformation Mechanism of Toxic Electrolytes During Mechanical Treatment [...]. ACS Sustainable Chem. Eng., 11
[7] Heckmann et al., Scharfer, Schabel (2023): Mass Transport in the Stefan—Knudsen Transition Region during Vacuum Drying [...]. Langmuir, 39, 7 [15] Xu et al. (2023): Lithium Recovery and Solvent Reuse from Electrolyte of Spent Lithium-lon Battery. Waste Manag., 167
[8] lizuka et al. (2021): Mass Spectrometric Study on Volatilization Behavior of Electrolyte Solvents. Materials Transactions [16] Lodige, Heckmann, Scharfer, Schabel (2025): Thermal Drying in the Recycling Process of Lithium-lon Batteries—Kinetics and Selectivity Aspects for the
\ [9] Nagl. et al., Fischlschweiger (2023):, Study of isobaric vapor—liquid equilibria of diethyl carbonate + ethylene carbonate for [...] electrolyte solvent recycling. J. Mol. Liq. Evaporation of Electrolyte—Solvent Mixtures. Batteries. (accepted)
Bundesministerium
Acknowledgements % fiir Bildun
K|T _ The Research University The authors would like to acknowledge financial support of the Federal ministry of Education und Forscﬁun -
and Research (BMBF) via the greenBatt cluster-project “LOWVOLMON” (03XP0354C), the g www.Kit.eagu

In the Helmholtz Association SynBatt project “DiRecReg” (03XP0553C) and the “ForBatt” project “HOMER” (03XP0463).



	Folie 1

