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Energy storage is one of the biggest challenges for next
decades. The management of renewable energy pro-
duction requires efficient electrochemical energy stor-
age devices to use it anytime and anywhere. In recent
years, Li-ion batteries (LiBs) have been developed and
successfully commercialized for portable devices
(smartphones, laptops ...) or cars. A mixture of co-
balt/nickel/manganese has been largely used in the de-
velopment of the LiB (NMC batteries). Our team has re-
cently proposed a recycling process by selective precip-
itations of these toxic metals as valuable materials
(Metal organic Frameworks (MOFs)) in batteries waste
solution.™? Our previous works have shown an interest
to use MOFs as active electrode materials for Li-lon bat-
teries (Electrode material synthesis).3 (Figure 1)
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Figure 1: Strategy for the recycling of Li-lon bat-
teries

A CoNiMn MOF obtained from simulant battery waste
solution has been tested as electrode in a coin cell. It
has revealed capacities as high as 460 mAh/g with a
good cyclability over 50 charge/discharge cycles. Our
recent studies have been focused on adapting this strat-
egy by using real LiB wastes. It has been possible to ob-
tain in large scale from LiB wastes some known MOFs,
based on Al and Cu (the contactors of the battery) re-
ported for their ability for gas storage (open loop recy-
cling). This strategy can create an economical open
loop recycling process to develop valuable materials
from wastes in large scale.

Recently we also have reported a simple method to re-
cycle plastic-bottle and Li-ion-battery waste in one pro-
cess by forming MOFs. Poly(ethylene terephthalate)
from plastic bottles was depolymerized to produce an

organic ligand source (terephthalate), and Li-ion bat-
teries were dissolved as a source of metals (Figure 2).
By mixing both dissolution solutions together, selective
precipitation of an Al-based MOF, known as MIL-53 in
the literature, was observed.*
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Figure 2: Combining organic and inorganic wastes
to form MOFs

This strategy has been recently extended for the recy-
cling of photovoltaic modules.> The adsorption perfor-
mances of these MOFs on cationic Methylene Blue and
anionic Methyl Orange were determined to be ranging
from 186.2 to 263.2 mg/g for MB, and 256.4 to 304.0
mg/g for MO. These results therefore suggest the po-
tential of upcycling solar panels waste to form metal-
organic framework for application in wastewater reme-
diation to remove cationic and anionic dyes.

State of the art recycling of spent LIBs involving pyro-
metallurgy and hydrometallurgy processes generates
considerable unwanted environmental concerns.
Hence, alternative innovative approaches toward the
green recycling process of spent LIBs are essential to
tackle large volumes of spent LIBs in an environmentally
friendly way. Such evolving techniques for spent LIBs
recycling based on green approaches, including bi-
oleaching, waste for waste approach, and electrodepo-
sition, have been discussed here® and are still in devel-
opment with the SCARCE 2 project (collaborative work
between CEA and NTU (Singapore).
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