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BLACK MASS [Hetsch’

aVERDER company

- significant variation in composition

- inhomogenities ->reduces value
-> difficult to analyze
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WHY DOES QUALITY VARIES? [Hetsch

TWilke, C et al. Batteries 2023, 9, 514

- different battery chemistries IEI

1
- non-selective crushing & incomplete separation O% .
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Particle size-dependent composition' Eﬁ j
T.' —S

Coarse Fine Ultra fine .
.. more cathode material .. more graphite .. few impurities

<64 pm Sieving machine
AS 200 control

© Retsch GmbH




MILLING AND SIEVING [Hetsch
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Sieve Shaker > 9 Laboratory Sieving Machines

Cutting Mills Rotor Mills Disk Mills Ball Mills

> 35 Laboratory Mills
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CRUSHING OF BATTERIES [Hetsch’

aVERDER company

Cutting Mill
SM 300

find this machine
at booth E45
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CRUSHING OF BATTERIES [Hetsch

aVERDER company

Cutting Mill
SM 300

find this machine
at booth E45
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. SAFETY MEASURES [Hetsch’

aVERDER company

- risk of explosion

- health risk
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VIBRATORY SIEVING [Hetsch’

housinparts (e.g. long

E H | ->0mm sheet pieces)

\ Sl

ﬁu £0.05mm  Mixturesof metal and
[m ' plastic particles
E\\a-'

0.2-0.5mm metal particles

‘

Sieving machine
AS 200 control <0.2mm black mass

find this machine
at booth E45
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VIBRATORY SIEVING [Hetsch’

aVERDER company

1SO 3310
ASTM ETI
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AIR JET SIEVING [Hetsch’
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Sieving machine
AS 200 jet pro
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AIR JET SIEVING [Hetsch’

aVERDER company

Sieving machine
AS 200 jet pro
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[HHetsch’
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MILLING AND SIEVING FOR
FRACTIONATION
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SAMPLE PREPARATION FOR ANALYTICS [Hetsch

aVERDER company

Preparing representative
samples for analysis

Grinding
Homogenization
Sample dividing

reproducible results -
conform to analysis
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ELEMENTAL ANALYSIS [Hetsch’

- a VERDER company
‘JSa mple

B§ division

Preparing representative
samples for analysis

Impurities _Valuablé‘;
(Cu,Al)  Metals (Li,
Co, Ni,Mn) -

Homogenization

Grinding
Homogenization Pellet
Sample dividing e pressing

reproducible results -
conform to analysis
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CRYOGENIC GRINDING [S{etsch’

aVERDER company

Housing parts Polymeric foil Metal foil

CryoMill MM 500 control
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ELEMENTAL ANALYSIS [Hetsch’

aVERDER company

Preparing representative
samples for analysis

Grinding
Homogenization
Sample dividing

reproducible results -
conform to analysis
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CHALLENGING THE EE'I‘EI:h®
HOMOGENIZATION OF BLACK MASS a VERDER company
Particle size-dependent composition
Metallic components

Impurities Valuable
(Cu, Al) Metals (LI,
Co, Ni, Mn)

up to
60 %
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PARTICLE CHARACTERISATION MICROTRRAC

MICROTRAC

a VERDER company
Porosity & Catalysis Size & Shape Stability & Shelf Life
& °° " Py
1 kg @ oed
surface Ares Catalysis Density Particle size Particle Particle size Zeta potential Stability &

& Pore Size Durability

shape

Your strong partner for the comprehensive
characterization of particulate systems and formulations
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QUALITY CONTROL OF RECYCLES BATTERY MICROTRAC
MATERIALS a VERDER company

Camsizer X2+ Camsizer XL

FLEX &
Stabino

CAMSIZERE®

}

Black Mass Metal Parts Polimeric Foil Metallic Foil Housing Parts

Camsizer 3D

0,3 nm
<
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CAMSIZER X2+ - HOW IT WORKS MICROTRRAC

Light
source 1

Light
source 2

© Microtrac

a VERDER company

Basic-Camera Zoom-Camera « Dynamic image analysis with patented

Large number of Small particles in 2-camera system (ISO 13322-2)

large particles high resolution

Dry measurement with almost no
sample preparation

« Automatically controlled sample
feeding with integrated particle
dispersion

« Particle size and shape analysis from

0.9 um to 8 mm
* Measurement times of only 1to 5 min

« Real-time evaluation of more than 400
frames per second

 Modular concept with quick change
between modules

« Reliable detection of oversized and
undersized particles

:._:;:'.' By i 'q? dual
& o) comers
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CAMSIZER X2+ MODULAR DESIGN MICROTRRAC

a VERDER company

X-Jet X-Fall X-Flow

Lichtquellen‘
@
5 d

™\ [(1iMesszelle

Zoom-Kamera

. ‘
’ Ablauf

rsion possible with
sonic module

 For fine powders and
agglomerating materials

» Dry dispersion by compressed « Sample recovery after « |deal for a wide range of
air: pressure from 0.0 bar analysis solvents
(vacuum only) to 4.5 bar
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MICROTRAC

STUDY FROM THE APPLICATION LABORATORY - VERDER company

Batteriehersteller

WERTSCHOPFUNGSKETTE

FUR BATTERIERECYCLING Sammelstelle

fiir Batterien

Recycler der
Schwarzmasse Mechanischer /

thermischer Verarbeiter

Analyse verschiedener
Materialien der Schwarzmasse

Measurement of:

© Microtrac

Black mass
Metal powder (Cu and Cu/Al)
Shredded aluminum foils

22

Black mass Metal powder Foils

Size distribution Symmetry
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Presentation of results from a variety of measurements from different manufacturers and treatment methods.

Particle size and particle shape distribution of the analyzed samples shown as Q3(x).

The particle size is based on the parameters Xarea (spherical equivalent), the particle shape is based on the
parameters Symm (symmetry)




STUDY FROM THE APPLICATION LABORATORY MICROTRAC

a VERDER company

Aspect Ratio Symmetry Compactness

100 100

80 80

60 60

Qs [%]
Qs [%]

40 40

20 20

The symmetry of the particle shape is a robust indicator of the mechanical state of the
particles in black mass and reacts directly to fracture, delamination and re-agglomeration.

In contrast, aspect ratio and compactness primarily describe the outer silhouette and are more
strongly influenced by orientation, projection and segmentation.

Symmetry is direction-independent and therefore better suited to reliably detect process-
induced structural changes.
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OVERSIZE DETECTION BLACK MASS MICROTRAC

a VERDER company
M
|
3
|
|
E 2 -
i
= | 1000 1250
:
0
0 500 750 1000 1250
Xarea [Hm]
3500
3000
— 2500
% . - — — - — >
3 2000 0,2 0,3 0,4 0,5 0,6
§ 1500 |
1000 | | Since individual particles are detected in dynamic
500 | | Image analysis, the detection limit is significantly lower
o |\ [ — than in laser diffraction. The detection limit of oversize
© 02 Br SR is about 0.5 % for dynamic image analysis, while it is

about 2 % for laser diffraction.
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BLACK MASS MICROTRAC
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Size distribution Symmetry
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O 0,1 0,2 0,3 0,4 0,5 O 0,2 0,4 0,6 0,8 1,0

Xorea [MM] Symm
Black mass 1 Black mass 2

16,85 pm

16,43 um 16,35 um 16,31 um 16,23 pm 16,15 pm 15,9 um 15,88 pm 15,74 um pm 15,54 pm 17,35 pm 17,35 pm 17,08 pm 17 pm 16,85 pm , 16,71 pm pm 16,58 pm 16,4
31um 16 um .96 pm um 14,86 um um 1476 um 14,66 um A8 pm 14,45 ym .43 pm .35 pm .31 m 15,88 pm um 15,71 um 15,5:
e L LR Lo =l L — =l L Ll L
Abb1: Particle images of the test sample Black mass sample 1 (selection) Abb2: Particle images of the test sample Black mass sample 2 (selection)
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METAL POWDERS

Size distribution
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MICROTRAC

a VERDER company

Symmetry
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Metal powder 2

X 436,7 pm 43317 uym

Xarea [I nn I]
412,65 pm 411,82 pm 411,27 pm 4099 pm 409,25 pm 408,24 pm 405,91 pm 405,6 pm 404,38 pm 404,06 pm
403,21 pm 400,51 pm 400,46 pm 3%5 pm 396,94 pm 396,47 um 395,53 um 393 94 pm 393,82 pm 393,03 pm
election)

442 5 pm 442,02 pm 438,05 pm 432,43 pm 430,47 pm 8,62 um m
423,71 pm 423 36 pm 422 21 pm 42113 pm 419,43 ym 418,72 ym 418,63 pm 418,24 pm 418,02 pm

Abb3: Particle images of the test sample metal powder sample 1 (s
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Abb4: Particle images of the test sample metal powder sample 2 (selection)




EOILS MICROTRAC

a VERDER company

Size distribution Symmetry
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1.022,36 pm 1.021,92 pm 1.021,87 pm 1.021,47 pm 1.021,32 pm 1.019,89 pm 1.018,99 pm 1.018,69 pm 1.018,64 uym 1.017,39 pm 1,24 mm 1,23 mm 1,21 mm 1,21 mm 1,19 mm 1,18 mim 1,17 mm 1,17 mm 1,16 mm
o
1.016,44 pm 1.016,03 um 1.014,65 pm 1.014,57 um 1.014,44 um 1.014,24 pym 1.014,22 pm 1.013,32 ym 1.012,68 um 1.012,1 ym 1,15 mm 115 mm 1,15 mm 115 mm 115 mm 114 mm 114 mm 1,13 mm 113 mm 1,13 mm
Abb5: Particle images of the test sample foil sample 1 (selection) Abbé: Particle images of the test sample foil sample 2 (selection)
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MIXTURE - CONCULSION MICROTRAC

a VERDER company
Size distribution Symmetry
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« All materials could be measured without any problems by means of compressed air dispersion. The 2-camera optics of the Camsizer X2+ enable
reliable analysis of both fine materials (black mass and metal powder) and coarser particles (aluminum foils) — even with wide particle size
distributions.

« Typical measurement times are 2-5 minutes, depending on the desired statistics.

+ Use & Benefits:
» Reliable detection of oversize particles

» Clear differentiation between black mass, foil and metal powder through defined measurement corridors 1950
1000
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MICROTRAC

a VERDER company

'VERDER,_ '
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Retsch-Allee 1-5
42781 Haan
v49 02104 2333500

Thank you
for your attention!




	Slide 1: Optimizing Fractionation:  Quality Control and Analysis of Black Mass  
	Slide 2: Black mass
	Slide 3: Why does quality varies? 
	Slide 4: Milling and sieving
	Slide 5: Crushing of batteries
	Slide 6: Crushing of batteries
	Slide 7: ⚠️ Safety measures
	Slide 8: Vibratory sieving
	Slide 9: Vibratory sieving
	Slide 10: Air jet sieving
	Slide 11: Air jet sieving
	Slide 12: Milling and sieving for Fractionation
	Slide 13: Sample preparation for analytics
	Slide 14: Elemental analysis
	Slide 15: Cryogenic grinding
	Slide 16: Elemental analysis
	Slide 17: Challenging the  homogenization of black mass 
	Slide 18: Particle Characterisation
	Slide 19: Quality Control of recycles Battery Materials
	Slide 20: Camsizer x2+ - How it works
	Slide 21: Camsizer X2+ Modular design
	Slide 22: Study from the application laboratory
	Slide 23: Study from the application laboratory
	Slide 24: Oversize detection Black mass
	Slide 25: black mass
	Slide 26: Metal Powders
	Slide 27: Foils
	Slide 28: Mixture
	Slide 29

