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REUSE & RECYCLING OF LITHIUM-ION BATTERIES




Black Mass

What is Black Mass?

Free-flowing black powder
comprising Mixed Active Material

“Some” contaminants
e Current Collectors
 Plastics
* Binder

Most of the Critical Materials
Most of the Value




Li-ion Battery Recycling Options e

Components

Cell Inputs

< Electrolyte, Separator,

Casing

Binder, Current
collector

Metal counter-ion (O,
P), Li, Graphite

Alxajdwo) pue anjep 3uisealou|
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< Manganese, Aluminium

Co, Ni, Cu matte

Driscoll et al., Joule (2024), https://doi.org/10.1016/].joule.2024.07.001



Low Density

I\/Iaking Black Mass (Separators)

Remove
Shredding separator &
Casings

et
D01 10.1088/2515.7655/acaas? Dense material



Making Black Mass

Remove
separator &

Casings
Low Density Mixed Cu & Al
(Separators)

Screening

Shredding
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DOI 10.1088/2515-7655/acaa57
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Graphite,
$1,166

v Ni + Co Metal = $2000 Mn, $64
Black mass value $800-51,400 /t of battery
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WHAT DO
WE WANT?

WHAT DO
<% WE AIM FOR?

WHAT DO
- WE GET?

* Ni, Co $2000/t

e Active Material

* Binder

* Most of the

Active material

* Binder
e Some Al
* Some Cu

 Some Plastics
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P $21 S

Fe, S40

Graphit
LiIFePO4, e,
51,322 $1,577

Fe + P + Li = $520 /t of battery
LiFePO, = 51,300 /t of battery




WHAT IS REQUIRED
FOR DIRECT RECYCLING?

* Single component
Anode Vs Cathode

Single chemistry
NMC811 Vs LFP

High purity

Low Al/ Cu

Suitable size range

KM not nm or mm




Making Better Black Mass e

Vibrating
Feed

Separator & RO'I \

Casings

— A\
Electrostatic Magnetic N4 - -
Shredding Plastics Electrode & Ionising
Removal separation & O Electrode
L

9

$
‘ Adjustable
Splltter Plate
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== Nonconductive Conductive
Material Material

DOI: 10.1016/j.susmat.2020.e00197
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Making Better Black Mass

Vibrating
Feed

lectrostatic Magnetic T
Plastics Electrode

Separator &
Casings

Magnetic
Drum

Adjustable
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Magnetic Nonmagnetic
Material Material



ADVANCED RESEARCH

Open Access

Research Article 3 Open Access (& (®

Pretreatment and Valorization of Critical Materials from
Lithium-lon Batteries Using Electrostatic and Magnetic
Separation

Hyeyeon Lee, Elizabeth H. Driscoll, Kristian Waters, Emma Kendrick, Roberto Sommerville g2

First published: 16 March 2025 | https://doi.org/10.1002/aesr.202400366 .
Anodic Black

Electrostatic Magnetic Mass
Shredding Plastics Electrode
Removal separation Cathodic Black
Mass

Separator &
Casings

DOI: 10.1002/aesr.202400366
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Making Better Black Mass

Anodic
Black mass

Conventional

(mixed) Direct Recycling
Requirements:

Black mass
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Purification

e Single component
« Single chemistry

« High purity

« Suitable size range

Cathodic
Black mass
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Making Better Black Mass

Conventional Black mass Cathodic Black mass

magE = HV curr det
500 x | 15.00 kV : 50pA | ETD 500 x | 15.00kV | 9.8 mm




Making Better Black Mass

Conventional Black mass Cathodic Black mass

3 \ : 2 L. % N
WD curr det tilt mag BH | HV WD curr det tilt

1750 x  15.00kV | 99mm | 50pA  ETD 0.0° 2500 x | 15.00kVv H 9.8 mm | 50pA | ETD  0.0°




Making Better Black Mass

Conventional Black mass Cathodic Black mass

- (Mn|
e 2

- dwell magEE .‘H\." | cuﬁ det tiit i I— 100 pm —i v dwell mag B3 HV wD : curr det tilt
300.00 ns 500 x 15.00 kV 9.9 mm 1.6 nA ETD 00° Apreo 2 . 50000 ns 1000 x 20.00 kV 9.9 mm 3.2nA ETD 0.0°




BLACK MASS
VALORISATION

i ( I ‘
' 4 |
il 4 kb d )\
[’ 1
[}
l
L[]
I
1l
i
i
5 L4 |
e | =
{ AT
it thALS 4 X '
il BT 1 Ve 0 R
114 ' b
il [y ”."




Kaja Glazer
Valorising Black Mass

Using Wet High Intensity Magnetic Separation (WHIMS) to separate Ni/Co
containing materials from graphite.
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Conclusions

* The value of active material more than the sum of its parts.

* The goal is to extract high purity single-component active
material from a cell, for relithiation and reuse (direct
recycling) or more efficient hydrometallurgy.

* We can achieve high purities through
better upstream separation

* Black mass valorisation can improve
black mass quality through magnetic
separation

N
of batt\e@?

e Upstream processing
can limit separation

22
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