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Implementing efficient logistic 
solution for Li-ion batteries 

management and sorting

Enabling LiBs safe deactivation at the 
industrial scale while limiting 

environmental impact, raw material 
resources and cost

Using innovative separation 
technologies for improving active 

materials access

Improved life Cycle Assessment of each 
segment of the battery value chain

Full recovery and high valorisation 
of resources within batteries

Low CO₂ hydrometallurgy

Innovative and low-carbon direct 
recycling

RESPECT’s aim is to achieve efficient, sustainable, innovative and safe battery recycling processes in the EU encompassing new 
processes capable of achieving > 90% wt recovery rate/efficiency and supporting Li-ion battery manufacturing in Europe.

Tasks and Organisation
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WP3: Innovative and low environmental impact hydrometallurgy

Industrial NMC111 
black mass

Leaching
Solvent Extraction

and
Crystallization

PCAM and 
CAM production

∞

Impurities removal
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Strategies for NMC metals recovery
Aim: Recovery of Mn, Co and Ni in a form suitable to be used as precursors of CAM

PCAM precursor synthesis by co-precipitation

∞Input:
2 M TM solution

NaOH or Na2CO3

NixMnyCo1-x-y(OH)2

​NMC [Ni] M​ [Mn] M​ [Co] M​

111 0.67 0.67 0.67

532 1 0.6 0.4

622 1.2 0.4 0.4

811​ 1.6​ 0.2​ 0.2​

9.5.5​ 1.8​ 0.1​ 0.1​

9.5-.25-.25​ 1.9​ 0.05​ 0.05​

How can we obtain 
it from EoL LIBs?

Ni, Mn, Co recovery

Mn, Co, Ni pure 
products

Mn, Co and Ni 
mixed product

Combination of 
mixed and pure 

products

Solid products
Ex. salts

Liquid products
Combination of 
liquid and solid 

products

+ Good product flexibility
-  Complex process

- Low product flexibility
+ Easier process

-  Harder to transport (V↑)
-  Solubility limits use of 
…liquid products
+ Lower number of process 
…operations

+ Easier transport
+ Easier NMC ratio   
…adjustment in pCAM
-  Increases number of 
…process operations

Solvent Extraction Precipitation Ion Exchange

Li source

CAM
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Transition metals SX and crystallization

Feed composition after leaching and impurities removal

Mn Co Ni Li

g/L 12,73 14.62 10.79 4.91

Mn Solvent Extraction

Mn Co Ni Li

%E 99% 4% 5% 3%

pH 3.0

θ 1

[D2EHPA] 1.05

Diluent Isopar L

[Mn] 4 g/L

[H2SO4] 0.5 M

Extraction Scrubbing

Stripping
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Transition metals SX and crystallization

Feed composition after leaching and impurities removal

Mn Co Ni Li

g/L 12,73 14.62 10.79 4.91

Co Solvent Extraction

Mn Co Ni Li

%E / >99% 2% 1%

pH 5.7

θ 1

[Cyanex 272] 0.8 M

Diluent Isopar L

[Co] 1 g/L 

[H2SO4] 0.2

Extraction Scrubbing

Stripping
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Transition metals SX and crystallization

Feed composition after leaching and impurities removal

Mn Co Ni Li

g/L 12,73 14.62 10.79 4.91

Ni Solvent Extraction

Mn Co Ni Li

%E / / >99% <1%

pH 6.9

θ 1

[Versatic 10] 0.9

Diluent Isopar L

[H2SO4] 0.2

Extraction

Stripping
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Mn, Co and Ni products

MnSO4∙H2O composition and relative purity

CoSO4∙H2O composition and relative purity

NiSO4∙6H2O composition and relative purity

Mn Co Ni Li Na Zn Mg Ca Cu PR,M

%w/w ppm ppm ppm ppm ppm ppm ppm ppm %

>32 2.5 <1 <1 1.5 1 <1 6 <1 99.6

Mn Co Ni Li Na Zn Mg Ca Cu PR,M

ppm %w/w ppm ppm ppm ppm ppm ppm ppm %

160 >34 600 / 30 8 1 / 2 99.7

Mn Co Ni Li Na Zn Mg Ca Cu PR,M

ppm ppm %w/w ppm ppm ppm ppm ppm ppm %

/ 1000 >22 / / / / / / 99.5 Mn, Co and Ni sulphate salts products

mtot ≈ 90 g

mtot ≈ 125 g

mtot ≈ 200 g
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Performance of CAM produced from recycled transition metals product

100 g NMC811 recycled synthesis done:
• 35 wt% recycled dried salts from CHALMERS
• 65 wt% commercially available precursors 
• Commercial Li source

Tap density = 2.3 g/cm3

D10 = 8.612  µm
D50 = 13.054 µm
D90 = 19.412 µm

SPAN = 0.827
No impurity seen in XRD

✓ Analysis results similar to reference obtained with commercial precursors

Close to 20% recycled 
material in Electrode

C/10 cycling HCC C-rate cycling HCC
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Advantages and Challenges of the investigated approach

 Many extraction, scrubbing and stripping operations involved

 Recirculation fundamental to avoid losses of valuable metals

+

 Recovery of pure metals salts

 High product flexibility (no bond to a specific NMC chemistry)

 Easier transport to pCAM production facility

-

Other considerations

 Adjustments of process paramteters needed to face changes in feed composition. 
(valid for SX but also for upstream oprations)

 Tolerance on Mn, Co and Ni contamination in the respective products depends on tolernace on NMC ratio 
in final product. (unclear information in the available documentation).
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Conclusions and Future developments

Conclusions

 A flowsheet for recovery of Mn, Co and Ni in sulfate salt was proposed. 

 The CAM synthesised from the recycled salts showed promising results at lab scale (less than 1 kg).

Future work

 Further improvement and adaptation of the flowsheet are envisioned.

 Investigation of streams recirculation.

 Investigation of process flexibility as a function of the input material.

 Different strategies can be investigated to ease the number of operations in the process.

 Synthesis with higher quantity of recycled material should be performed.
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THANK YOU!
Andrea Locati, Chalmers University 

andrea.locati@chalmers.se

Subscribe to our newsletter!
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