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Abstract

Electrodialysis is an effective approach for lithium-magnesium separation from salt lake brines with high Mg/Li ratios. This paper
systematically investigates the fundamental principles and engineering practices of electrodialysis technology in lithium extraction
from salt lake brines. At the mechanism level, lithium-magnesium separation is governed by the dual mechanism of “Donnan
thermodynamic exclusion + kinetic % 5 in dehydration energy barriers”, where Mg®" migration is hindered due to its much higher
dehydration energy barrier (-1922 kJ/mol) compared to Li" (-515 kJ/mol). At the material level, the evolution from positively charged
layer modification, asymmetric structure design to COF membranes and biomimetic ion channel membranes is reviewed. PEI-
DAIB asymmetric membranes achieve a selectivity of 72 and a Li" flux of 0.75 mol/(m?-h), COF membranes reach a selectivity of
321, and biomimetic carbon nitride membranes exhibit a selectivity ratio as high as 1708 under high magnesium background. At the
process level, the feasibility of the “adsorption + electrodialysis + concentration” three-stage coupled process is demonstrated, where
nanofiltration pre-concentration can shorten the process flow by 40%. Engineering practices show that in a Chinese salt lake 10,000-
ton scale project, the electrodialysis system increases lithium concentration from 5-7 g/L to 20-25 g/L, with lithium recovery >99%
and product purity reaching 99.80% battery-grade lithium carbonate. Electrodialysis technology has demonstrated scalability and can
provide technical support for the efficient development of high Mg/Li ratio salt lake lithium resources in China.
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