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Wissenschaftlich 

fundiert, praktisch 

umgesetzt:

Innovatives 

Analysenverfahren für 

Recyclate aus LIB’s



NEUE ANALYTISCHE ANSÄTZE ZUR DIREKTEN

CHARAKTERISIERUNG KOMPLEXER RECYCLATE
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Entwicklung einer Methode zur direkten 
Bestimmung von Hauptkomponenten in 
NMC-Recyclaten mittels Feststoff-AAS

Ziel: 

zuverlässige und hinreichend präzise 

Methode, 

unabhängig von sonstiger 

Zusammensetzung des Recyclats und 

Stöchiometrie des NMC
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Mn
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ARCHITECTURE OF A LITHIUM-ION BATTERY POUCH CELL

3

Anode
copper sheet coated

with carbon black

and binder

Cathode
aluminum sheet coated

with NMC particles, 

carbon black and binder

Separator
polymer sheet coated

with a ceramic material

source: Department of Physical Chemistry, BTU Cottbus-Senftenberg

Elektrolyte 
liquid organic solvents with fluorine- and 

sulfur- containing lithium salts

15 µm



STATE-OF-THE-ART: MECHANICAL-THERMAL RECYCLING
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source: https://www.wanrooerecycle.com/solution/lithium-ion-battery-recycling/

source: Sommerville et al., Sustainable Materials and Technologies 25 (2020) e00197

shredder thermal
treatment

hammer
mill

magnetic separation
of iron particles

vibrating
sieve

source:  https://www.youtube.com/watch?v=hETeeN4yFqU
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HIGH-RESOLUTION CONTINUUM SOURCE GRAPHITE

FURNACE ATOMIC ABSORPTION SPECTROMETRY

Xe-Kurzbogenlampe

Graphitofen

Spiegel

CCD-Detektor

Echellegitter

Hochauflösender Monochromator

Ofenprogramm

Trocknung 1 90…130°C

Trocknung 2 300…400 °C
Pyrolyse 400…1500 °C
Atomisierung 1500…2500 °C
Ausheizen 2500 °C
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Background correction

source: Analytik Jena AG
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grinding with ultra-pure carbon:

preparation of diluted NMC samples

NMC111 1000fold diluted by carbon: 

(a) SEM micrograph (magn. 264x)

(b) EDX element mapping for Ni 

indicated by yellow color

graphite boat and 

furnace

Sample mass
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(a) Li at 323.2657 nm, (b) Ni at 294.3912 nm, (c) Mn at 321.6945 nm and (d) Co at 308.6792 nm

→
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(d)(c)
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Autosampler

slope:

1.01314 ± 0.0210

slope:

1.06082 ±0.03117

slope: 

0.91700 ± 0.06143

slope:

0.95817 ± 0.04313 

multi-element standard solution of lithium, 

nickel, manganese and cobalt were 

prepared in approximation to the 

stoichiometric ratios of typical NMC 

materials

calibration against aqueous standard solutions same graphite tube, the same graphite boat and the same atomisation 

programme can be used for solid and liquid sample measurements 

liquid standards were 

transferred to the graphite 

furnace using autosampler 
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HIGH-RESOLUTION CONTINUUM SOURCE GRAPHITE

FURNACE ATOMIC ABSORPTION SPECTROMETRY

Calibration function based on Li-containing 

binary and ternary oxides:

Li2O, LiNiO2, LiMn2O4, LiCoO2, Li2NiMn3O8, NMC111. 

Empty symbols represent statistical outliers.

linear Li atomic absorbance independent of

the material:

• Independent from the melting point

• Independent from sublimation behaviour

• Independent from reactivity against

carbon

no obvious interaction of the Li atoms in

the gas phase with other atoms, ions or

molecules M
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Concentration / mg g-1

Sample Li Ni Mn Co NMC type

CRM 

BAM-S014

Li-NMC 111

Found

ICP-OES

Certified

85.5 ± 11.5

78.0 ± 0.4

76.2 ± 1.6

183.7 ± 11.6

197.4 ± 0.5

197.6 ± 1.3

185.9 ± 5.9

184.7 ± 1.8

182.2 ± 1.4

196.7 ± 7.1

199.9 ± 0.5

198.0 ± 1.2

111

Recyclate 1
Found

ICP-OES

55.65 ± 7.61

61.99 ± 0.43

213.12 ± 9.25

224.65 ± 1.71

150.67 ± 4.32

151.37 ± 1.29

151.19 ± 13.28

163.85 ± 1.29
433

Recyclate 2
Found

ICP-OES

33.77 ± 4.00

40.71 ± 0.32

202.06 ± 8.67

222.94 ± 0.70

148.98 ± 9.07

149.21 ± 0.85

158.99 ± 8.91

162.25 ± 0.73
433

Recyclate 3
Found

ICP-OES

51.45 ± 1.71

54.50 ± 0.36

215.03 ± 1.43

224.94 ± 0.93

147.42 ± 2.75

150.89 ± 0.82

186.89 ± 1.98

163.78 ± 0.69
433

Recyclate 4
Found

ICP-OES

56.77 ± 6.29

69.57 ± 1.36

322.89 ± 13.35

330.33 ± 3.00

121.27 ± 0.96

104.14 ± 2.03

112.54 ± 14.02

100.84 ± 1.29
622

HIGH-RESOLUTION CONTINUUM SOURCE GRAPHITE

FURNACE ATOMIC ABSORPTION SPECTROMETRY

Validation of ICP-OES and SS-GF-CS AAS analytical procedures against

Certified Reference Material  „BAM-S014 Li-NMC 111 cathode material“
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HIGH-RESOLUTION CONTINUUM SOURCE GRAPHITE

FURNACE ATOMIC ABSORPTION SPECTROMETRY

Video
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Video



• Kontrolle von Lebensmitteln auf giftige Metalle

• Spurenanalyse toxischer Elemente in Trinkwasser 

• Schwermetallbestimmung in Klärschlämmen und Böden

• chemische Industrie, Bergbau oder Umweltanalytik 

Recyclingunternehmen

→ stöchiometrische Zusammensetzung von Kathodenbeschichtungen 

aus gealterten und zu recycelnden Lithiumbatterien 

→ sortenreines Batterie Schreddern 

→ Bestimmung der Zusammensetzung von Schwarzmasse
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HIGH-RESOLUTION CONTINUUM SOURCE GRAPHITE

FURNACE ATOMIC ABSORPTION SPECTROMETRY

AAS – Prozess- und Qualitätskontrolle

Vergleich zu ICP-OES

X Mikrowellengestützter Säureaufschluss

X Analyse über mehrere Tage

X Hoher Chemikalien- und Gasverbrauch

✔direkte Feststoffanalyse

✔Schnelle Analyseergebnisse

✔minimaler Verbrauch
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