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BATTERY RECYCLING: PARTNERS IN INDUSTRY AND ACADEMIA

C0000

BTU Cottbus-Senftenberg

cooperation partner
network partner

cooperating research institution

prospective industrial collaborator

T Institut far Photovoltaik

A VARTA
A\ VARTA

|nem »

Instisut fr Nachhalie Enengetechnik und Mobilitht
¢ Universitht Stuttgart . 4 4

Elektrische Enargisspeicharsystemae i e

Microbattery

Storage | &

ARENA2036

Kompetenzaufbau fir
Batteriezellfertigung in
der Hauptstadtregion

KOMBIH - . BAM
2 S

Bundesanstalt fir
Materialforschung
und -priifung

$alzwedel Stendal {)
[ B;f;gndenb
[ @

Burg

° | i <

@ Magdeburg

albérsladl A
0 Lth W:ttenberg

erode Dessa ol3|au
js Halle @ ItZSCh
lausen— eipzig ; =

“ Well'.!enfels

v)‘:
.l Saa*{eld 6P|auen L\\»/.f «r’J

Campus
Senftenberg

b-tu

Brandenburg
University of Technology
Cottbus - Senftenberg

—

chescd

&

iCampus

COTTBUS




Brandenbur
OUR CORE EXPERTISES b.tu Crtveraty o8 Technology
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Fields of Expertise Fields of Activity

4 . . ™
Recycling of Lithium lon Batteries Industrial Recycling
end-of-life lithium ion batteries from cars, off spec batteries Monitoring and optimization of industrial
and scrap from lithium ion battery production processes
analysis of material fractions after each process
Mechanical-Thermal Recycling step, e.g. exhaust gases, dust fractions, media
I comminution and separation under inert gas and air ] and chemicals, impurities, carry-over of material;
1 - optimization and design of mechanical
Hydrometallurgical Recycling of NMC separation processes, upgrade of black mass,
Black Mass > dissolution, separation, extraction, electrochemical \ graphite recovery; hydrometallurgy Py
. refinement to yield pure salts from NMC and LFP r Fundamental Research "
— Recovery and post-processing of Graphite study of degradation processes during deep
_; Mechanical Materials Separation ) discharge, opening, comminution, thermal
L development and optimization of process steps | \ treatment, separation and storage J
_'r Monitoring and Optimization ) Materials Analytics
L of Industrial Recycling Plants ) wide scale of analytical tools, e.g. microscopy,
L Tracing of Impurities and Degradation spectroscopy, chemical a.nalysis Of. composition,
- - _ structures, thermal behavior, organic compounds
> Up.n-grade.and Black.Mass Refinement Development in Analytics
L increasing the quality of black mass ) _
development of new analytical procedures for
Direct Recycling and New Strategies industry application: in-line analytics, efficient lab
—’[ recovery of NMC and LFP for re-use, re-activation of spent material etc. J g routines; analytical services for companies )
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FUNCTIONAL RECYCLING: OLD MATERIAL IN NEW BATTERIES b‘tU University of Technology
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Functional recycling: World'‘s First Functional Recycling Line
Recovery of a material while maintaining its J——
chemical and physical functionality.
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Recycling capacity: 1500 metric tons per year
Recycling efficiency: > 95%

CO, savings with NMC reuse : up to18% *




STEP-BY-STEP ANALYSIS OF AN INDUSTRIAL RECYCLING PLANT: t banderturg
MONITORING AND TRACKING OF IMPURITIES b‘ U 4 2
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Monitoring and tracking of impurities

H impurity A
| W impurity B

shredder product after drying

mass fraction / %
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. . . optimization run number
big bag packing fine sieving fraction after second sieving




MECHANICAL PROCESSING OF SRAP CATHODE MATERIAL: b‘tU Uriveraty of Technology
RECYCLING OF OFF-SPEC CATHODE SHEET ROLLS
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BLACK MASS POST-PROCESSING STRATEGIES botu University of Technology
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Post-Processing Black Mass Refinement

NMC Recovery from
[ Low-Grade Black Mass | Secondary Material Streams

coarsely shredded battery

fraction
|  Mid-Grade Black Mass
NMC < 30% pre-treated at low temperatures
(Li: 1,5%, Ni: 4-6%, to remove
Co: 5-7%, Mn: 2-3%) binder and electrolyte ‘ High-Grade Black Mass
side components » 10% NMC 30 — 60% pyrolytic treatment to remove
carbon, Al, Cu, Fe, plastics... (Li: 2-3%, Ni: 7-12%, binder, electrolyte, conductive
Co: 10-15%, Mn: 3-5%) carbon black, some graphite
side components 3-8% NMC > 60% (> 80%) _ light fraction
Al, Cu < 3% (Li: 3-6%, Ni: 10-20%, materials
Co: 15-25%, Mn: 2-6%) fraction Fe fraction Al fraction Cufraction plastics

side components < 2%
Al Cu < 3% NMC content <0.5%

cathode material Q
(NMC, NCA, LCO etc...)

| carbon black I\ _ : : Q ;& copper

' anode material .
D& mostly graphite side components ~ 30% 95% 40-70%

collector sheets, cables

&f

ceramic particles

separator coating ‘ Q iron after NMC
construction elements
removal

conducting salts
degradation products &)

®
X

electrolyte residuals
high boiling compounds

> 7
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collector sheets N organic binder




DEGRADATION OF A NMC CATHODE IN HUMID AIR b‘tU Uriveraty of Technology
DISSOLUTION OF THE ALUMINUM SUBSTRATE: WHERE IS IT GONE?
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Pin holes etched into the Al substrate foil Dissolved aluminum spreads out and infiltrates the NMC coating
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T. Langner T. Sieber, A. Rietig, V. Merk, L. Pfeifer, J. Acker Scientific Reports 13 (2023) 5671 8



OUR CORE EXPERTISE: ANALYTICS!

Analytical Techniques

high-precision compositional chemical
analytics by ICP-OES, ETV, CS-AAS;

ion chromatography, gas chromatography,
mass spectrometry,
infrared spectroscopy and
infrared microscopy,
Raman spectroscopy and
Raman microscopy
confocal microscopy and interferometry,
surface topography analysis,
scanning electron microscopy
incl. EDX and EBSD,
thermal analysis, particle analysis,
all electrochemical techniques

Raman microscopy
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Infrared microscopy
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2018-2020 Automated processing, selective and single-type recovery of
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Recycling of end-of-life lithium-ion batteries to obtain second-
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