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1. Li-ion batteries — where can we find them?

Li-ion are: light, high energy dense batteries. In these
application, they’re all rechargeable.
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2. What materials currently used? Let’s look
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What the bits do

Case

* Holds the battery together and lets electrodes move out of the battery to do work
Spring and spacer

* Pushes layers together evenly

Electrode

e Bits made of cobalt on aluminium (cathode) that hold the lithium (Li) which moves to

the graphite (carbon) on copper (anode) when you charge a battery. When you use
your battery, the Li goes in the other direction.

Electrolyte
e Usually a liquid that lets the Liions (Li*) move
Separator

» Keeps the positive and negative bit of the battery apart but lets Li ions move through
it



Background: how batteries work
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https://www.rsc.org/news-events/community/2020/jul/jenga-and-batteries/

Electrode — whatis in it

* Most of the value of the battery is in the electrode

e Student’s phones will be NMC electrode
* N = Ni, nickel
* M = Mn, manganese
 C=Co, cobalt



NICKEL
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MANGANESE

STRONG STEEL BONES & ENZYMES

f

Drinks cans are made with

an alloy of aluminium and

manganese, which helps
prevent corrosion.

Manganese is essential for
organismes. It's needed for
strong bones, and many
enzymes also contain it.

Manganese steel contains
~13% manganese. It's very
strong and used for railways,
safes, and prison bars.
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COBALT

Cobalt blue is a blue Alloys of cobalt stay strong Radioactive cobalt-60 is
coloured pigment, used in at high temperatures and used to sterilise medical
paints and as a colouring resist corrosion. They are equipment, and is also
agent in Chinese porcelain. used in jet engines. used for food irradiation.
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Issues with these materials...

vy For a green future, we
M E A L have to mine these
——r AI : mmergls for these
materials.

LiCoO,

Africa

The DRC is a large
producer of Cobalt —
serious concerns
regarding child labour
and modern slavery.
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Issues

e LiCoO2 is the archetypal material. Issues of Co mining (Child Labour).

Move to NMC (using less Co, more Ni and Mn), but also LiFePO4 (Fe
abundant, Li and P critical).

* From an ethical standpoint, there are also serious concerns regarding
the sourcing of cobalt — the Democratic Republic of Congo (DRC)
being the largest producer, has received significant attention

regarding child labour and modern slavery in its ‘Artisanal and Small-
scale Mining (ASM)’ industry.

* In lieu of this, cathode chemistries have been developed which have
no or limited Co use.



Critical Materials

CRITICAL

Li, Co, P, graphite — all
critical elements and
are used in Li-ion
batteries.
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This the periodic table but with size and colour
showing how much and how critical elements are

The 90 natural elements that make up everything
How much is there? Is that enough? Is it sustainable?
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Critical elements means any one of

the following;

* We don’t have many known
reserves — resource criticality

* We don’t have ways of recycling
efficiently — resource criticality

* What the world has is controlled
by only a few countries — political
criticality

* Buying these elements can lead
to support of conflicts — human
rights issues



3. Ultimately batteries performance fade over
time. What happens to them?
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Potentially second-use,

but ultimately they will
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Vector images from Adobe Stock. life. Landfill most I|ker



4. Can we recycle them?
&
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Additional challenges of
the Li-ion batteries
consisting of different
chemistries and
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CO.,, Slag
(Li, Al, Mn)

5. How do we recycle?

RECYCLING ROUTES

Components
Electrolyte,
Separator, Casing
Electrode

Binder, Current
collector

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

Manganese,
Aluminium

O Mets 3
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Fig. 2. Generalised Recycling loop, showing processes in red, and intermediate
products in blue.



Well established
Manually Disassembly Vs Shredding Quick
Labour intensive Lower Purity
Higher Purity === :

Photos — ReLiB Faraday Institution.
Video — Rob Sommerville.




One option - Second option -
Pyrometallurgy hydrometallurgy

Dissolve in acid, and
separate the dissolved
ions to get high purity.

Disassemble to shoebox
or small, then
pyrometallurgy to get a
copper/cobalt/nickel
(with/without Fe), alloy.



Results o

" Physical Processing Technigues
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Shredded material
(sealed in epoxy resin)
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Physical Processing Techniques
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Magnetic separation to
remove the steel
casings

Separate the different
size fractions initially

If we picked it out by
hand, it would take a
long time + human
error

Photos & drawings — Lizzie Driscoll.

Density separation

Electrostatic separation

Remove
plastics/polymers

To remove carbon
additives



Green Solvents:
Getting the Active
Material back

Option one

Can use a solvent called NMP —it’s very
nasty. This is to get the active material
which can be used in the
hydrometallurgy process.

Option two

Use NMP, get the
active material and
then direct recycle
this.

Use a green solvent in
place of NMP, get the
active material and then
direct recycle this. (see
Green Kid issue 1)



Drawings by Sophia Constantinou — NEXTRODE FUSE Intern 2020.



Batteries then ready to use
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Photo — ReLiB Faraday Institution.
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Questions?

e Please contact;

e.h.driscoll@bham.ac.uk
rob.mcelroy@vyork.ac.uk

CMcElroy@lincoln.ac.uk
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