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Abstract

The demand for electric vehicles powered by lithium-ion batteries is continuously increasing. Recovery of valuable metals
from waste lithium-ion batteries will be necessary in the future. This research investigated the effect of reaction temperature on
the lithium recovery ratio from hydrogen reduction followed by water leaching from lithium-ion battery NCM-based cathode
materials. As the reaction temperature increased, the weight loss ratio observed after initiation increased rapidly owing to
hydrogen reduction of NiO and CoO; at the same time, the H,O amount generated increased. Above 602 °C, the anode materials
Ni and Co were reduced and existed in the metallic phases. As the hydrogen reduction temperature was increased, the Li
recovery ratio also increased; at 704 °C and above, the Li recovery ratio reached a maximum of approximately 92%. Therefore,
it is expected that Li can be selectively recovered by hydrogen reduction as a waste lithium-ion battery pretreatment, and the
residue can be reprocessed to efficiently separate and recover valuable metals.
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Fig. 1. SEM image and XRD pattern of raw materials.
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Fig. 2. Schematic illustration of experimental apparatus.

H,reduction
3001 \

Li
£ 200 1
© | |
E v |
E
2 100 3
s
A
] Ni
-100 T T T v T T T T T
400 600 800 1,000 1,200

Temperature (K)

Fig. 3. Standard Gibbs free energy changes with temperature
of the hydrogen reduction.
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Fig. 4. Thermogravimetric analysis curves of isothermal H,
reduction with time.
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