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Relatore
Note di presentazione
Electrochemical devices able to convert chemical-into-electrical energy
Plenty of applications in everyday life
Essential role played in the green transition
Huge expected growth in global battery demand
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Recycling as a global opportunity — EU Regulations ()

Common L |\
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REGULATION (EU) 2023/1542 OF THE EUROPEAN P/ "
of 12 July 2023

concerning batteries and waste batteries, amending Directiv§
2019/1020 and repealing Directive 208

(I'ext with EEA relevance)

ycled content

(73% by the end of 2030)

gction objective for waste batteries for light
70 by the end of 2028 and 61% by the end of 2031)
v M|n|mum targets for recovery of lithium at 80% by the end of 2031

# REGULATION OF THE EUROPEAN PARLIAMENT concerning batteries and waste batteries, July 2023



Recycling as a global opportunity — US Regulations C// A

US Federal Statutes:
* Infrastructure Investment and Job Act (Nov. 2021):
- $3 billion for battery manufacturing and recycling grant program
- process for research into reuse of electric vehicle batteries
- proposes a task force to develop an extended producer
responsibility framework
- guidelines for voluntary battery labelling
- best practices for battery recycling
 Resource Conservation and Recovery Act (Oct. 1976) for the disposal
of solid waste and hazardous waste
- legal framework for the disposal of solid wastes

United States

SEPA e Argonne &

MATIONAL LABORATORY

Memorandum of Understanding (Sep. 2021)
- develop recycling standards for Li-ion batteries to help
manufacturers understand what materials and designs will be
more recyclable

Mational Electrical Manufacturers Associabion

# congress.gov # epa.gov # energy.gov
# Bird The Regulatory Environment for Lithium-lon Battery Recycling (2022)



Recycling as a global opportunity
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Recycling as a global opportunity &,

Industrial level

Pyrometallurgy
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Recycling as a global opportunity &,

Industrial level
e mﬁ

» High energy consumption (T> 1500 °C) ﬁ}
: m Loss of lithium
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Recycling as a global opportunity

&

Industrial level Research level
: Pyrometallurgy °C
: = High energy consumption (T> 1500 °C) ‘.
: = Loss of lithium : Carbothermic reduction
: Low purity (metal alloy) with reducing agents or
: = Emission of polluting gases changing the atmosphere
1=

4

Microwave assisted

treatments to lower the
time of the treatment

| ) Additive-assisted roasting

to produce metal salts readily
soluble in water
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Carbothermic reduction @UNIMIB &,

Research level
OC /l operating temperature: \

3

Carbothermic reduction .
+ energy consumption

with reducing agents or
changing the atmosphere

lithium recovery
N\ /

Tunable process

Implementable and scalable process

# Low-Temperature Carbothermic Reduction for Recycling LiCoO, for the Recovery of Critical
Raw Materials: The Role of Cellulose Energy & Fuels (2024)
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Carbothermic reduction @UNIMIB &,

Research level

l operating temperature:

3

"C
*

Carbothermic reduction

<

. energy consumption
with reducing agents or

changing the atmosphere

lithium recovery

{ Tunable process }

Implementable and scalable process

# Low-Temperature Carbothermic Reduction for Recycling LiCoO, for the Recovery of Critical

Raw Materials: The Role of Cellulose Energy & Fuels (2024) ”



Carbothermic reduction @UNIMIB &,

Research level

l operating temperature:

3

"C
*

Carbothermic reduction

<

. energy consumption
with reducing agents or

changing the atmosphere

lithium recovery

Tunable process

{ Implementable and scalable process J
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Carbothermic reduction @UNIMIB
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Optimization and
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experimental
parameters
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Proof of concept:
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electrochemical test
of recovered LiCoO,
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|dentification of the experimental parameters Q

Parameters explored:

v" LiCoO,-to-cellulose weight ratio
v' Temperature

v Holding time

biowaste/carbon Li % total cellulose
source cathode experimental conditions Ni/Mn/Co % recovery recovery content
pine sawdust LCO vacuum pyrolysis 2 h @ 400 °C Q7% 94% ~T0%
wheat straw LCO pyrolysis 40 min @ 1000 °C (not optimized) 50—60%
bamboo sawdust ~ NMC-111  roasting under N, 4 h @ 600 “C/800 °C 93—99 86—99 40—55%
macadamia shell NMC-111  microwave assisted, mixed Ni/Co/Mn as 93.4 ~60%
30 min @ 500 °C + 25 min @ 750 °C hydroxide

bean dregs NMC-523  pyrolysis 40 min @ 700 °C 93.78% 93.78% 70—80%

17



|dentification of the experimental parameters

v' Temperature
v Holding time

Parameters explored:
v" LiCoO,-to-cellulose weight ratio
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|dentification of the experimental parameters (Q

Parameters explored:

v" LiCoO,-to-cellulose weight ratio
v' Temperature

v" Holding time

=

Carbothermic Reduction Protocol
LiCoO,:Cellulose (1:8 — 8:1 w:w)
T range: 200 °- 800 °C
Isotherm time: 30 min — 24 hours
N, flux
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-----

Temperature /°C
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Re. In. /a.u.
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|dentification of the experimental parameters
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|dentification of the experimental parameters
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Carbothermic Reduction Protocol
LiCoO,:Cellulose (1:4 w:w)
Isotherm T: 600 °C

Isotherm time: 60 min
Atmosphere: inert N, flux
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Recovery of Co and Li @ ,

v Mixture of Co/Co0O and
Li,CO, separable with
water leaching
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Proof of concept: LCO resynthesis &

v Proof of concept of the closed-
loop recycling scheme
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Next steps
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Study a carbothermic reduction system with effective
biowaste materials (potato peels, 40% cellulose), exploring
different parameters: mass ratio, temperature, time of
isotherm
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Next steps

&

Expansion of the study to other CRMs-rich cathodes e.qg.
NMC type
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Next steps
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In-situ diffraction study in temperature control of the process
in order to track the process @ID22 - November 2024
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Published as part of Energy & Fuels special issue “2024 Energy and Fuels Rising Stars”.
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