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ABSTRACT Motivated by the electric vehicle revolution, the demand for lithium (Li) has significantly increased during the last
decade. Li is the key strategic resource in energy structure transformation to be extensively employed in several fields, such as new
energy vehicles, electronic products, and energy storage. For sustainable Li supply, developing cost-effective and green methods to
extract Li from various sources is urgently needed. Due to the abundant reserves and low cost, the recovery of Li from salt-lake brines
has garnered immense attention globally. China is rich in salt-lake resources; among them, brine Li resources are mainly distributed in
Qinghai and Xizang, but the separation is difficult because of low concentration and high Mg/Li ratio. Moreover, the composition of salt
lakes in different regions varies, and the poor technical universality restricts the development of Li extraction from salt lakes in China.

This review summarizes the major developments in Li recovery from brines. An overview of the Li distribution, endowment
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characteristics, extraction methods, and development direction is presented, concentrating on the mechanisms, operation and
development of precipitation, solvent extraction, adsorption, membrane separation, and electrochemical Li extraction. The advantages
and disadvantages, separation effects, and applicable conditions of the extraction methods are examined. Although the prevalent
precipitation, extraction, and adsorption methods are appropriate for the mass extraction of Li from brine sources with low Mg/Li ratios,
they are not ecofriendly and typically show low Li recovery. For example, precipitation and extraction methods have issues with large
dosages of chemicals and severe environmental effects; meanwhile, adsorption methods have drawbacks of intensive water use and easy
dissolution of adsorbents, greatly limiting industrial application. The emerging membrane separation and electrochemical methods have
good separation effects, limited requirements for additional chemicals, minimal waste production, wide applicability, and outstanding
performance in Mg/Li or Na/Li separation, thereby demonstrating broad application prospects. However, these methods are limited by
the poor technical maturity for large-scale lithium recovery. We underscore the most pressing challenges that these technologies
encounter, including limited electrode capacity, poor electrode stability, and limited Li selectivity between homovalent ions. Then,

potentially effective strategies are systematically described to overcome these challenges. Finally, future development directions and

research focus on Li extraction technology from salt-lake brines are prospected.
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Table 1 Compositions of main lithium-enriched brines of salt lakes globally

[11-13]

Mass fraction/%

Area Salt lake Concentration/(g-L™") Mg/Li  Hydrochemical type
Li" Na° K Ca¥ Mg" B
Searles Lake 329 0.071 10.59 2.66 0.355 Carbonate brine
Western highlands of Silver Peak 0.006 620 080 005 0.04 6.667 Chloride brine
North America
Clayton Valley 186 0.023 6.20 0.53 0.02 0.033 0.008 1.43 Sulfate brine
Atacama 206 0.15 7.60 180 0.03 096 0.064 6.4 Sulfate brine
South American Uyuni 231 005 1008 070 0.12 040 002 84 Sulfate brine
Andean Plateau
Olaroz 305 0.08 11.25 0.53 0.17 0.25 2.8 Chloride brine
Zabuye 390 0.05 729 1.66 0.01 0.002 0.053 Carbonate brine
Tibet Plateau Taiji’naier 340 0.031 5.63 044 0.02 2.02 65.2 Sulfate brine
Qarhan 358 0.003 2.37 125 005 489 0.009 1577 Chloride brine
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Table 2 Comparison of lithium extraction performance between different treatment methods and different materials

Method Materials Application condition Performance Regeneration Ref
Al(OH); Mg/Li<5.2;Ca/Li<72.7 Li recovery 75.6% [16]
CaO+Na,C,04 17<Mg/Li<26 Li recovery 90% [18]
Precipitation (NHy4);PO4 Mg/Li<4 Li recovery 98.9% [22]
Mg/Al-LDHs Mg/Li<13 Li recovery 92% [23]
Li/Al-LDHs Na/Li<49;Mg/Li<0.08 Li recovery 96.1% [24]
TBP—kerosene—FeCly Na/Li<8;Mg/Li<388.8 Li recovery 87.9% 89% [26]
HBTA + TOPO Na/Li<33.2;Mg/Li<0.01 Li recovery 95.5% =30 [29]
Solvent extraction | | <. Cyanex 923-ShellSol D70 Na/Li<22.8 Li recovery 97% 98% [30]
[Bmim];PW,,0,,-TBP-DMP Mg/Li<78.3 Li recovery 69.2% 99% [32]
Li/Al-LDHs Mg/Li<301.6 Adsorption capacity 7.27 mg- g’1 12 cycles 96.3% [34]
Magnetic Li/Al-LDHs Mg/Li<284 Adsorption capacity 6.0 mg-g ' 8 cycles [37]
Li/Al-LDHs particles Na/Li<67.4;Mg/Li<34.2  Adsorption capacity 14.5 mg-g' 6 cycles 92.2% [39]
Adsorption . . . . . . 6 cycles 87%
LMO-Na Na/Li<18.6;Mg/Li<0.87  Adsorption capacity 33.9 mg'g (Mn loss 4.4%) [48]
HTO-400 Li: Na: K=1: 1: 1 Adsorption capacity 34.2 mg-g"' 8(]?1}];:01‘;: (9)(;?/:;{ [54]
NF90 Mg/Li<10 Mg/Li decline 0.7 [58]
CNTs-MPMC Mg/Li<21.4 Mg/Li decline 1.3 [61]
Membrane separation ~ S-ED, A(sgl;lo (/?/1;1;; ?elemion Mg/Li<150 Mg/Li decline 8.0 63]
Ion'digﬁgﬁg’sngOM Mg/Li<31.6 Mg/Li decline 0.01 [67]
LMO@CN | Ag/AgCl Li: Na: Mg=1: 20: 20 Adsorption capacity 34.6 mg-g"’ 50 cycles 80% [69]
LiMn,0, || Graphite Mg/Li<147.8 Mg/Li decline 0.37 (;,ﬁ? 122218_5097170{.2) [70]
Electrochemical process LNMO || AC Mg/Li<30 Adsorption capacity 11.0 mg-g 100 cycles 86% [71]
A-MnO, || Ag Mg/Li<2107 Adsorption capacity 7.34 mg-g™' [76]
LiFePO, || FePO, Mg/Li<60 Adsorption capacity 38.9 mg-g™’ [79]
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