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Various lithium recovery technologies have been developed as securing lithium resources has become increasingly

important. Among these technologies, the electrochemical lithium recovery (ELR) system is a rapid and eco-

friendly extraction method that has been studied recently. In this study, an ELR system using a spinel-type

LiMn2O4 (LMO) is briefly reviewed. As LMO electrodes have high Li+ selectivity and stability compared to other

lithium battery cathodes, they have been widely used as positive electrodes for the ELR system. 
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1. Introduction

With the recent rapid growth of the electric vehicle industry, the lithium battery industry has grown at the same time

. However, there have been concerns about an undersupply of lithium as a resource, and a possible scenario for

the shortage in the mid-2020s was reported . Therefore, it has been argued that there is a need for a rapid

extraction technology that can recover lithium from various sources . The currently commercialized lithium

recovery technology is lime soda evaporation, which is suitable for the mass production of lithium from brine

sources. Unfortunately, it is a time-consuming process (12–18 months) with a low recovery rate and causes

industrial pollution . Thus, electrochemical lithium recovery (ELR) systems have been studied to solve these

problems .

2. The ELR system

The ELR system is an electrochemical process that separates and concentrates lithium-ion (Li ) by using lithium

selective electrodes .  Figure 1  shows the operational principle of the ELR system using the spinel

LiMn O   electrode. Generally, the system has an electrochemistry cell structure that consists of the working

electrode (lithium-ion battery cathode) and the counter electrode. The system operates by repeated conduction of

the following two steps. In Step 1, the Li  brine water source is inserted between the electrodes so that the system

cell spontaneously discharges. This results in Li  intercalation into the lithium-ion battery cathode and the oxidation

reaction on the counter electrode. After Step 1, the exhausted brine source is replaced by the recovery solution.

When the charging current is applied (Step 2), Li   de-intercalates from the LiMn O   electrode as the reduction

reaction occurs on the counter electrode. Li   then diffuses into the recovery solution, which concentrates the

product. These two steps are conducted repeatedly until a Li  recovery solution with high concentration and purity

is produced.
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Figure 1. The operational principle of the electrochemical lithium recovery (ELR) systems.

The representative cathode electrodes used for the ELR system are olivine LFP (LiFePO ) and spinel LMO

(LiMn O   or λ-MnO ) . Both have sufficient reactivity with Li   and proper potential windows for lithium

recovery. Yet compared to the LFP electrode, the LMO electrode shows much higher stability for repeated cycles

with higher selectivity for Li , especially in the high Mg  concentration solution . Accordingly, the LMO based

ELR system has been studied more intensively than LFP and the LMO is considered a suitable material.

LiMn O  has a spinel structure which is corresponding with the Fd3m space group . Spinel structure consists of

three-dimensional pores that cause the steric effect. These small pores, which transport only Li , enable selective

recovery of Li  . LiMn O  has tetrahedral 8a sites for the Li , octahedral 16d sites for the Mn  and Mn , and

face-centered cubic (FCC) 32e sites for the oxygen anions . Intercalation phenomena in the ELR system can be

described by the redox mechanism . At the electrochemical reduction step, the valence of the manganese

cations is changed from +4 to +3 and Li   intercalates in the tetrahedral 8a sites. Contrary to this step, at the

electrochemical oxidation step, the valence of the manganese cations is changed from +3 to +4 and Li  de-

intercalates .

ELR systems using the LMO electrode are reviewed in this study. The timeline in Figure 2 briefly summarizes the

contents of this paper. The ELR research using the LMO electrode can be classified and discussed by four

categories: system proposal, LMO electrode modification, system analysis, and application. After the discussion of

the literature, ELR system performance was organized and discussed further. Based on the trend and development

process of the ELR system, we suggested the perspectives of this research.
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Figure 2. Timeline of the electrochemical lithium recovery (ELR) system research.
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