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Lithium lon Battery

Battery shown in discharge mode

Aluminium foil
positive current
collector

Copper foil
negative current
collector

L . Lithiated graphite
Lithium cobalt oxide(LCO),
Lithium manganese oxide (LMO), | typically polyethylene or
Lithium iron phosphate (LFP), | polypropylene,
Lithium nickel manganese | potentially coated
cobalt oxide (NMC) or | with a protective layer
Lithium nickel aluminium oxide (NCA) | such as aluminium oxide

Separator membrane,

Li+ ion conducting electrolyte
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LiPF6 in a mixture of
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blown upwards through a chamber
with multiple inclined stages. Through
these zig-zag stages, the flakes and
powder fall to the base of the classifier
tower. The gas continues to blow
upwards and is recycled around the
classifier. The gas used in the classifier
tower can either be air, or an inert

gas such as nitrogen. The choice
depends on the effectiveness of the
previous solvent vaporisation stage
and the safety protocol in place in the
recycling plant.

Separation of the plastic flakes from
the metal foil shreds can be performed
using an electrostatic separator.

Subsequently, copper and
aluminium foils can be separated
with a densimetric table or fluidised
bed, exploiting the vastly different
densities of these two metals. In these
machines, gravity and flotation work
in harmony to achieve the separation
of the two metallic foils.

The resulting powder, called black
mass, is a mixture of anode and
cathode materials. It is composed of
cobalt, nickel and manganese oxides,
lithium and graphite.

By weight, black mass powder is
approximately half mixed metal
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oxides and half graphite. A small
amount of lithium is also present as
lithium carbonate.

Pyrometallurgical or
hydrometallurgical techniques can
be used to recover critical materials
from the black mass to enable their
recycling. During pyrometallurgical
processing, the black mass is heated
and molten. The nickel, cobalt and
manganese metal oxides react with
the graphite to yield a metal alloy and
carbon monoxide and CO, (carbon
dioxide) gases. Lithium is released
in the slag from pyrometallurgical
processing. It can be recovered using
additional hydrometallurgical steps.

Hydrometallurgy is coming to
the fore because it enables the high
recovery rates of graphite and other
LIB materials. These higher recovery
rates are required by current and
future regulations in the EU.

During hydrometallurgical
processing, graphite separation can be
achieved by flotation in an aqueous
liquor. This is effective because
graphite is hydrophobic whilst the
metal powders are hydrophilic. When
gas bubbles are sparged into the liquor
the graphite is floated out, whilst the
metal powders remain suspended.

Alternatively, an acidic liquor

“Pyrometallurgical or
hydrometallurgical
techniques can be
used to recover critical
materials from the
black mass to enable
their recycling..”

is used to dissolve the metallic
compounds and the insoluble graphite
is filtered from the solution.

Depending on the hydrometallurgy
process pathway that is used, lithium
is either dissolved in an aqueous broth
or a strong acid solution.

To precipitate the lithium, CO,
gas is injected into the liquor which
converts the lithium to a carbonate
salt. This lithium carbonate can
be extracted using evaporative
crystallisation to drive off moisture.
Lithium carbonate crystallises and can
be filtered from the liquor.

From the initial stages of LIB
recycling to the very last step,
industrial gases are integral to
the process. 8W
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