Synergistic Hydrometallurgical Treatment for Pyrolysed
and Flotated Black Mass from the Spent Li-lons Batteries
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Recovery of graphite from flotation products
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Recirculation of the graphite into

Pyrolysed and
Flotated black mass
Extractive Double-stage ‘ » Graphite < ‘ Double-stage
Hydrometallurgy [HzSDa leaching HCI leaching }
P E"’?W‘“‘f" Solvent extraction
Hydrometallurgy precipitation
Y Y

Metal hydroxide salts Metal sulphate salts

Two steps hydrometallurgical treatment developed
- Extractive - Graphite/carbon recovery
- Purification - Metal recovery

KPI for graphite purity > 98% achieved in P4

@ *Graphite anode represent between 15 - 25 wt.% of a LIB

The new Battery directive target: 70 wt.% recover by

Best case parameters determined from Experiment P4

Prozesstechnik und Metallrecycling (IME)

ctrodes (e.g. LI-S

new batteries
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Methodology

Stage 1 leaching with fresh acid solutions

[ H=50.: / HCI solution ]
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40°C f60°C Acid pre-heating 4—[ Tailing active mass ]
1 hour
Off-gas 20ml/ 100ml 200ml deionized Tailing
H:0: solution water graphite cake
1 hour i T
Filtration —» Filtercake ——» Washing —> Drying
Metal contained
washing water

Metall-rich PLS
| |

2 Typs of acids tested : Sulphuric and Hydrochloric
- Input materials : Taliling fraction (<10% C)

- talling graphite cake and metal-rich PLS
(pregnant leaching solution)

Results
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Initial Situation / State of Research

Froth floatation from AP 3 produced
overflow and underflow fractions

Overflow consists mainly of carbon

Underflow consists mainly of metal
oxides

Floated materials contain large amount
of valuables to be extracted
- Hydrometallurgy Treatment

= Stage 2 leaching with metal-rich PLS

L
Metal contained

Metall-rich PLS washing water
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40°C f 60°C PLS pre-heating (—[CDH cenirate active mass]

1 hour
1 hour
Filtration — 3 Filter cake
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Metall-rich PLS

20m1 / 100ml
HzOz solution

Off-gas 200ml deionized Concentrate

Meial selective precipitation
or solvent exiraction

Stage 2 tested leaching with metal-rich PLS

- Input materials : Concentrate Fraction (~80%¢C)
-> Graphite cake with metal rich solution for metal
recovery

Concentrate leaching on its own show very high

graphite purity

Graphite purity double leaching treatment Double Leaching Efficiency (Metals) Graphite purity from concentrate
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Experiment parameters Cu Co Mn NI LI Experiment parameters
seaching | Aed o Temperaiure ';ﬁg?(?deg oI o Experiment paramaters vary in terms of acid concentration (2-4
Y 1,50, 3 mollL 60°C >0 mi ;:j%rz mol/L) and temperature (40°C or 60°C )
= Repeated experiments conducted with 4 mol/L sulphuric acid
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