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Abstract: With the rapid development of electric vehicles and energy storage industries, the consumption of lithium
resources has increased substantially. To ensure the sustainable supply of lithium resources, the development of
low—grade lithium resources has become imperative. However, conventional lithium extraction processes suffer from
insufficient selectivity, high energy consumption, and high reagent consumption when applied to raw brines and
ultra—low—lithium solutions, making efficient and economical lithium extraction difficult. Electrochemical lithium
extraction, driven by an external electric field and enabled by the high selectivity of ion—sieve materials, provides a
promising route to overcome the bottleneck in the utilization of low—concentration lithium resources. In this study,
we addressed the challenges associated with lithium resource utilization from raw brines and ultra~low=lithium
solutions by developing a LiMn,0,~based electrochemical lithium extraction technology and constructing a
prototype device. First, a thermodynamic database for typical salt lake raw brines was established to reveal the

occurrence states of ions in brine. Then, in situ analytical methods were employed to investigate the lithium
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intercalation/deintercalation process of lithium manganese oxide and to clarify the mechanism of manganese

dissolution. Furthermore, by overcoming the "impossible triangle" in membrane electrode fabrication and optimizing

the device flow field, an electrochemical lithium extraction device was designed and optimized. This work provides

both theoretical guidance and technical support for the industrial utilization of raw brines and ultra~low—lithium

resources.

Keywords: electrochemical lithium extraction; three—dimensional lithium—ion transport channel; raw brine and

ultra—low lithium—containing solutions; manganese dissolution; manganese dissolution
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Fig.3 Speciation distribution and stable transformation boundaries of Mn™ in chloride type (a), magnesium sulfate type (b) and

carbonic acid type (c) salt lakes
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Table 1 The correlation between lithium concentration in

brines and electrode thickness
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