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Cathode materials from the most commonly used
commercial LIBs

Cathode types LCO LMO LFP NCA NCM

Chemical LiNi,Co,Mn,0,
formula it ZEsr
Structure
Market share Dumped Small Growing Steady Main force
— Portable electronic Power tools and Electric bikes, large Panasonic batteries Portable electronic
P devices electric bikes EVs and power tools for Tesla EVs devices and EVs
Medium safety, Good safety, ' Medium safety,
Low safety, low cost, low cost, Medium safety, :
. : . i . medium cost,
Comments high cost, medium energy high thermal stability, medium cost, higher energy density
medium performance density, medium energy higher energy density g &y ’

low lifetime density high lifetime

Journal of Cleaner Production 340 (2022) 130535



Materials for batteries

Multi-Chemistry Portfolio

Premium/Performance
(High Range, Fast Charging)

Utility, High Volume
(Good Range and Charge Time)

Entry, Fleet, Ride Halling . .
(Lower Hange, Ovarnlght Charging) - 9 LI FePO4

- LiNi,Co Al,O,
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Multi-Chemistry Portfolio Enables Delivery of Optimum Batteries For Customer Segments

https://www.mdpi.com/2075-4701/13/3/543
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Increasing the energy density remains a
central driving force in advancing
battery research and innovation.

However, the new chemistries also aim
to:

New advanced materials
Diversification

- Reduced reliance on CRM



Critical raw materials
Countries accounting the Iargest shar are of of global supply of CRMs (2023) and their level of governance
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Level of governance (based on TR . ey Brazil Copper 38%
average of six Worldwide : Niobium 92% Fluorspan 56%
Governance Indicators®, 2021) = Gallium 94%
{ -_ N Germanium 83%
B Hiigh (1.25 to 25) faplloan 3 o Lithium 56%
Medium (0.1 to 1.24) | Tantalum 35% | Australia “ Magnesium 91%
Chile | Aluminium 28% Natural graphite 67%
M Low (-1.24t0 0) Copper 2 -y = Lithium 53% v, Nickel 33%
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h Platinum 71% Silicon metal 76%
Rhodium 81% Titanium metal 43%
Ruthenium 94% Tungsten 86%
Manganese 29% Italic: extraction phase Voums e
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Breaking Down the Cost of an

EV BATTERY CELL

The average cost of lithium-ion batteries has declined by 89% since 2010.

What makes up the cost of lithium-ion cells?

The cathode material determines
the capacity and power of a battery,
typically composed of lithium and
other battery metals.
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Lithium  Nickel Cobalt Manganese

EV CHASSIS

The largest EV battery manufacturers
are all headquartered in Asia.

80% o all cell manufacturing
occurs in China.

A battery pack consists of multiple
interconnected modules, and each
module is made up of hundreds of
individual cells.

The anode is the negatively-charged
electrode, typically made of graphite.

SEPARATOR Separators prevent electric contact
between the cathode and the anode.

$101/kWh

Avg. Cell Cost In 2021 ELECTHULYTE

The electrolyte is the medium that
transports lithium ions from the
cathode to the anode.

Battery housings are cases that contain
and protect battery packs, usually made
of steel or aluminum.

Percentages may not add to 100 due to rounding.
Source: BloombergNEF

1 ton of virgin lithium

65 % of the water in Chile (one of

- the major sources of lithium) is consumed by
the mining industry

5 tons

469 m3
3,124 m?

CO, 15tons
Water 170 m3

Use of land 464 m?

Source Minviro
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EU EXTRACTION

At least 10% of

the EU’s annual

consumption for
extraction

B European
Commission

2023

EU PROCESSING

At least 40% of
the EU’s annual
consumption for

ORecycling process

O Others

@ Battery manufacturing
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/777
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o0 Mining

LFP
2035

European Critical Raw Materials Act
2030 benchmarks for strategic raw materials:
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EU RECYCLING EXTERNAL SOURCES
At least 15% of Not more than 65%

the EU’s annual of the EU’s annual
consumption for consumption of each
recycling strategic raw material

at any relevant stage
of processing from a
single third country

INCREASNG

RECYCLING RATES

Mitigation and Improvement Measures

INTERNATIONAL ENERGY AGENCY *  oRecycling saving

DEVELOPING
ALTERNANVE TECHOLOLGIES

SOURTING
TEGICALLY

IEA (2024), Global EV Outlook 2024, IEA, Paris https://www.iea.org/reports/global-ev-
outlook-2024, Licence: CC BY 4.0



Li-ion battery recycling value chain

https://www.duesenfeld.com

SISeRITIee Recycling and reuse are needed for supply chain sustainability and security (IEA report April 2024)
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Carbothermic reduction

Electrode material LiCoO.decomposes at above 900°C

41iCo0,—2Li.0+4Co0+0:.

During the high-temperature treatment of the mixture of LiCoO:

and graphite 1n air

2LiCo0:+3C0O —2Co0+Li-0+3CO0:

XueFeng She , Kewei Zhu, JingSong Wang and QingGuo Xue,

Journal of Chemical Research 2022

The increasing of the temperature and time of
treatment promotes the carbothermic reduction and
the removal of graphite and organic components.

It was observed that at 700 °C after 1.5 h of treatment
the cathode active material is completely decomposed.

ACS Sustainable Chem. Eng. 2019, 7, 13668-13679

The chemical reactions became spontaneous at > 600 C,
because their Gibbs free energy became negative
Chemical Engineering Journal 435 (2022) 135165
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Microwave (MW)-based heating technology

hybrid heating mechanism

,

direction of
electric fleld

Thermal insulator

Conventional heating: : :__ When a Susceptor iS eXCited by MW trasparent to MW
X ' X radiation it rapidly increases his
| temperature.
22 s’ﬁ The effect of hybrid heating reduces
_ . e heat loss and results in more uniform
Microwave heating: . .%1 . .
oY '%' heating of the material.

- PCT
Hybrid MW heating with susceptor METHOD FOR RECOVERING MATERIALS
FROM WASTE OR SCRAPS THROUGH AN

Co-funded by the Horizon 2020 programme Qe RESEARCH & INNOVATION PROGRAMME
UNIVERSITA y of the European Union A ON RAW MATERIALS IMPROVED
DEGLI STUDI ot ERAMIN? TO FOSTER CIRCULAR ECONOMY

DI BRESCIA CARBOTHERMAL PROCESS



Microwave (MW)-based heating technology

Pre-trattament
Batterie esauste re-trattamento

MW treatment Water leaching

[

" Recupero metalli

-
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Black mass

Acid leachin
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Some results
C

T mean value (°C)

0 1 2 3 4 5
Sample mass (g)

« 600 W_5 min;

« aumento massa da trattare - aumento della
temperatura del campione, per la maggiore quantita
di BM eccitata da MW.
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RSC Sustainability, 2024, 2505
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Some results

AFTER MW

a: tq i
Mnz0,) A b MW _5min | & GrePhite
c: MW_10min | A LiNi,Co,Mn,0,
2 & o NiO
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£ AA |
~ | " % Co;0,
% h I:j| ki A &) £ ¢ Li,0
2 o H - I WS U, U W -] o Ni
| W o ]
H EEPUSTEINS ERPY g, SPUN SR IITIR S S
k% o1 o | 2
C
1 T T I -
20 30 70 80
250 Posmon [ 2Theta]

. Composition of as-received black mass
200
. Total leached on as-received black mass
Total leached for 1000 W 5 min treatment

150 . Total leached for 1000 W 10 min treatment

100

g of element recovered/kg of black mass

Li > 90%
Co > 65%
Mn > 80%
Ni > 60%

Al

Energy Storage Materials, 2024, 103703 13



Some results

NMC
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Some results
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il riutilizzo della CO2 [
Environmental Research, 2025, 120709 .
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Regulation constrains

In December 2020, the European Commission published the proposed
Regulation on Batteries and Waste Batteries

Recovery target on 2030 100
Current recovery 90 — Project results:
é 80 Cobalt > 82%
oS o — Manganese > 85%
S Nickel > 70%
1"2]
© i > 509
g 60 - Aluminum > 50%
©
2 40
S The results of
£ 30 our technology
oo
c
S 20 . :
> 2030 Battery regulation established
2 10 recycle rates
W End of life recycling rates (Min - Max)
0 - Source: World Bank; UNEP \

Aluminum Cobalt Nickel Copper Lithium*
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020PC0798
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020PC0798

Conclusioni

La tecnologia proposta permette trattamenti minimi e quantita ridotte (vicino allo zero) di prodotti

chimici commerciali;
Il trattamento termico, basato su reazioni carbotermiche, avviene in tempi brevi rispetto ai metodi
convenzionali;

Li viene estratto in acqua;
I metodo e flessibile, quindi puo essere adattato al trattamento di future batterie di diversa

composizione chimica.

Sviluppi Futuri

Recupero parziale della grafite, ad esempio mediante flottazione;
Valutazione delle emissioni durante trattamento termico a microonde;
Produzione di acidi organici da scarti alimentari;

Analisi sostenibilita della tecnologia proposta.
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