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Black Mass

What is Black Mass?

Free-flowing black powder 
comprising Mixed Active Material

“Some” contaminants

• Current Collectors

• Plastics

• Binder

Most of the Critical Materials

Most of the Value
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Li-ion Battery Recycling Options
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Driscoll et al., Joule (2024), https://doi.org/10.1016/j.joule.2024.07.001



Making Black Mass

Shredding Drying
Remove 

separator & 
Casings Feed

Dense material

Air in

DOI 10.1088/2515-7655/acaa57
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Making Black Mass

Shredding Drying
Remove 

separator & 
Casings

Dense 
material

Milling Screening

Mixed Black  Mass

Mixed Cu & Al

DOI 10.1088/2515-7655/acaa57

Low Density 
(Separators)
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WHAT IS IT 
WORTH?



Co, 
$1,398 

Ni, $644 

Mn, $64 

Graphite, 
$1,166 

Cu, 
$1,624 

Al, $564 

Li, 
$478 

$/t of 
Battery 

NMC 111
Prismatic

Ni + Co Metal = $2000
Black mass value $800-$1,400 /t of battery



WHAT DO 
WE AIM FOR?

• Active Material 

• Binder

WHAT DO 
WE GET?

• Most of the 
Active material

• Binder

• Some Al 

• Some Cu

• Some Plastics

NMC 111
Prismatic

WHAT DO 
WE WANT?

• Ni, Co $2000/t



NMC 111
Prismatic

LFP Pouch



LFP Pouch



LFP Pouch

Graphite, 
$1,577 

Cu, 
$1,487 

Al, $190 

Fe, $40 

P, $21 

Li, $463 

Graphit
e, 

$1,577 

Cu, 
$1,487 Al, $190 

LiFePO4, 
$1,322 

Fe + P + Li = $520 /t of battery
LiFePO4 = $1,300 /t of battery



• Single component
Anode Vs Cathode

• Single chemistry 
NMC811 Vs LFP

• High purity
Low Al/ Cu

• Suitable size range
μm not nm or mm
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WHAT IS REQUIRED

FOR DIRECT RECYCLING?



Making Better Black Mass

Shredding Drying
Electrostatic 

Plastics 
Removal

Separator & 
Casings

Electrolyte

DOI: 10.1016/j.susmat.2020.e00197

Magnetic 
Electrode 
separation

https://doi.org/10.1016/j.susmat.2020.e00197


Making Better Black Mass

Electrostatic 
Plastics 

Removal

Separator & 
Casings

Anodes

Cathodes

Magnetic 
Electrode 
separation



Making Better Black mass

Anodic Black 
Mass

Cathodic Black 
Mass

Shredding Drying
Electrostatic 

Plastics 
Removal

Separator & 
Casings

Electrolyte

Anodes

Cathodes

Magnetic 
Electrode 
separation

Debinding

Debinding

Al foils

Cu foils

DOI: 10.1002/aesr.202400366

https://doi.org/10.1002/aesr.202400366


Making Better Black Mass

Anodic 
Black mass

Cathodic 
Black mass

Conventional 
(mixed) 
Black mass

Direct Recycling 
Requirements:
Purification

• Single component

• Single chemistry 

• High purity

• Suitable size range
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Making Better Black Mass

Conventional Black mass Cathodic Black mass
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Making Better Black Mass

Conventional Black mass Cathodic Black mass



Making Better Black Mass
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Conventional Black mass Cathodic Black mass
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BLACK MASS 
VALORISATION



Black Mass <40μm 
sized fraction

C/Binder
28%

Cu
2%
Al
2%Ni

20%
Mn
10%

Co
10%

P
1%

O
22%

Li
5% WHIMS

Valorising Black Mass

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

Non-Magnetic Fraction Magnetic Fraction

C/Binder – 80% Ni– 34%

Kaja Glazer



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

• Upstream processing 
can limit separation

22

FePO4 + Li
$520 /t of 

battery

LiFePO4
$1,300 /t 
of battery



Thank you

TheFaradayInstiution

@TheFaradayInstitution

Follow us on:
@EnergyMatBham

Special Thanks to:
Prof. Emma Kendrick
Prof. Kristian Waters
Prof Neil Rowson 
Dr Lizzie Driscoll
Dr Oliver Brooks 
Dr Hyeyeon Lee
The Energy Materials Group
The Birmingham Centre for Strategic 
Elements and Critical Materials (BCSECM)
Bunting Redditch

R.Sommerville@bham.ac.uk

Contact me:

https://www.linkedin.com/in/sommerville/
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