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The Problem: A Growing Waste Stream & Critical Material Scarcity

UsD
140.51 Billion

11.14%

The global battery market is growing fast. CAGR (2025-2033)
Market Growth: 54 — 140 billions USD (2024 — 2033)
Critical Materials Dependency:

v' Cobalt: 98% reserves in DR Congo. LU
v' Lithium: Concentrated in "Lithium Triangle" (Chile,
Argentina, Bolivia)

v" Nickel: 50% production in Indonesia
Limitations of Conventional Recycling: Lithium-ion Battery Materials Market (2024-2033) - Billion USD
v Pyrometallurgy: Lithium loss in slags (>80%) and high
energy consumption.
v' Hydrometallurgy: Generation of hazardous effluents
v" Direct Recycling: Limited to specific chemistries

Our Solution: Solar Pyrometallurgy

v' Use concentrated solar energy as a renewable heat source.
v’ Target zero operational CO, emissions.
v Enable direct and simplified recovery of metals.

v Explore carbothermal reduction of LiCoO- under inert In the DR Congo, workers—including children and their families—face
2 unsafe conditions.
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Simulation - Thermodynamic Equilibrium

System: LiCoO; - carbon under inert atmosphere (1 bar N5)

Molar ratio: LiCo03:C = 1:1 (1:1) \\
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The Solar Process & Experimental Setup

Methodology: Concentrated Solar Energy for Carbothermal Reduction

Operating Principle Parabola
Mirror

25 m? heliostat tracks and redirects solar radiation

. Transparent reactor
I-E!__F_————— Sample in alumine crucible

Pyrometer | —— Graphite holder

radiation to reach 900-1100°C on the sample at the focus . Cooled sample carrier

e Nyin

Parabolic concentrator (2 m diameter) focuses the

The sample is surrounded by an inert N, atmosphere PID Controller N, out +—

A

Water circulation

Experimental Procedure

Shutters AL A& K K _ & _&

Pre-treatment: Vacuum + 3 N, purges (1 bar, 0.7 L/min,
15 min)
Heating: 50°C/min to target T (900, 1000, 1100°C), hold

Solar radiation

45 min Heliostat

Cooling: 50°C/min
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Experimental Results - XRD Analysis

Influence of crucible composition
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Comparative XRD patterns of (1:1) using different crucible materials (a) with Al,Os crucible (b) with MgO crucible.
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Experimental Results - ICP-OES Analysis
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Recovery rates of cobalt and lithium for samples with molar ratio (1:1 ) using an Al203 crucible
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Experimental Results - XRD Analysis

Influence of the Oxide/Graphite Ratio
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XRD results of (1:2) used MgO crucible for different temperatures.
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Experimental Results - ICP-OES Analysis
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ICP-OES results for different ratios of recovery rate of Co and Li as powder with a different
molar ratio (1:1) and (1:2) using a MgO crucible
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Experimental Results - ICP-OES Analysis

100 -+ = — — — 100 -
o 80 - ¥ K
X — 80 ~ & — — m —m—— — G — — e — - —
Y 2 & o= <
.
e 00 - g 60 - !
s oc
| N
3 40 S 40 -
3 S
< 20 - Co (1:1) as powder by MgO crucible é 20 Li (1:1) as powder by MgO crucible
0 ——Co (1:1) as pellets by MgO crucible —eo- Li(1:1) as pellets by MgO crucible
! I O I I
850 950 1050 1150 350 950 1050 1150

Temperature (°C) Temperature (°C)

D =~ SolarPACES 05/12

rrrrrrrrrrrrrrrrrrrrrrr gy Systems



Introduction> Modelling and Simulation >> Experimental Part >> Results >> COI]C]USIOI-I and >
Perspectives

Experimental Results - XRD Analysis

Analysis of reactor deposits after treatment at 1100°C for 45 minutes with 1:1 molar ratio

At1000°C " At1100°C
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SEM mapping

Interaction of the sample at 1000 °C for 45 min in an Al,03 crucible
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Next Steps

Application to complex materials: Extend the process to NMC and NCA cathodes.
Scale-up from lab to pilot scale: Develop a pilot process capable of recycling 1 kg of material using 30 kW of
concentrated solar energy.
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