mxnE ) F o LEIRENE T DRI

Development of high-efficiency lithium resource recovery technology
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Lithium-ion batteries (LIBs) as smartphones and PCs, hybrid
cars and electric vehicles, drones for delivery and observation,
and energy storage devices for smart grid, which is indispensable
for popularization of sustainable natural energy such as wind
power and solar power, is rapidly increasing year by year. The
low cost and stable supply of lithium resources (Li) for LIBs is an
important issue for a sustainable society. Previously, most of Li
was stably supplied at low prices from brines in South America.
However, in order to respond to the rapid increase in demand in

recent years, the dependence on supply from mines owned by
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companies in specific countries, as well as the sharp rise in Li
prices and oligopoly have become a problem. There is also a need
for technology to dispose of large amounts of spent LIBs
economically and with a low environmental impact. If Li can be
recovered from seawater containing inexhaustible Li,
groundwater, or spent LIBs at low cost and low environmental
load, these issues will be solved.

In principle, electrodialysis can recover Li+ with high energy
efficiency, automated continuous processing, and low
environmental load. It is also possible to recover 100%
high-purity Li. High-purity hydrogen gas (Hz) and oxygen gas
(O2) are also produced by side reactions. The former contributes
to a society in which hydrogen is used as a secondary energy
carrier, and the latter contributes to the reduction of air pollution
due to oxygen-enriched combustion of gas turbines. We have
demonstrated that Li recovery is actually possible with
electrodialysis in previous studies.

This study elucidates the high-performance Li recovery
mechanism by electrodialysis, and the appropriate device

structure and operation method.
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Research Results
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(a) Elucidation of high-performance mechanism



The energy balance and rate-determining process were
investigated using a 1-power supply 2-electrodes cell, which is the
basic configuration of an electrodialysis machine. The energy
balance was calculated based on the overvoltage measured for
each elementary reaction. As a result, it was found that, in Li
recovery from Li aqueous solution, most of the input energy is
consumed as Gibbs energies for H and O: formation, followed
by energy loss due to ion diffusion in the solution and Li+
dissolution/elution reaction in the electrolyte (Fig. 1). In
addition, the impedance of each elementary reaction was
measured by the AC impedance method, and the time constant
was calculated to identify the rate-determining process. As a
result, it was found that the process was the diffusion adsorption
process of Li+ on the primary surface of the electrolyte. It was
confirmed that the Li+ diffusion impedance and reaction
impedance near the secondary surface of the electrolyte decreased
and the Li recovery rate increased due to continuous long-term
electrodialysis (Fig. 2). Based on the detailed evaluation results, it
was estimated that these phenomena were caused by the uneven
distribution of Li+ concentration generated in the electrolyte.

In addition to the above findings, a systematic study of operating
conditions was performed. As a result, applying the maximum
voltage to the electrolyte within the range where electron
conduction does not occur, controlling the ion diffusion in the
solution and the amount of Li+ adsorption on the electrolyte
surface by solution stirring or other electrochemical methods
improve the energy balance and rate of the Li recovery. We are
investigating a new device system with more power supplies and

electrodes and are verifying these findings.
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(a) Conduct a multifaceted study to verify the results so far.

(b) Organize findings and publish academic papers.

(c) Design and demonstrate a device with an ideal structure.

(d) Consider social implementation using seawater and LIBs

recovery solution.
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Fig. 1 Distribution of energy consumption in
Lielectrodialysis at applied voltages of 1.50 V and2.00V.
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Fig. 2 Changes caused by continuous voltage application;

(a) Changes in Li-ion site defect concentration and Li* conductivity in LLTO electrolyte,
(b) Changes in ionic conduction resistance near the surface of the primary and secondary sides of the

electrolyte,
(c) Changes in electrode reaction resistance on the primary and secondary sides.



