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Deposit (country) Ca* | Mg?* | Na* K* | Lit Cl- | SO | B TDS References
gL*

Uyuni (Bolivia) 046 | 768 | 9840 | 792|032 | 1776|1296 | 0.19 305.5 !
Atacama (Chile) 045 | 9.65 91.0| 236|157 | 189.5| 159|044 | 332.3* !
Olaroz (Argentina) 1.10 | 200 | 11150 | 5.30| 057 | 17750 | 9.80 | NR | 309.208 2
Hombre Muerto (Argentina) 0.12 | 0.14 | 103.00 | 9.70 | 0.90 | 168.00 | 11.40 | 0.54 | 294.00 !
Zabuye Lake (China) 0.00 | 0.00 | 127.90 | 45.96 | 0.66 | 147.6 | 26.29 | 1.58 | 434.47 !
Clayton Valley (USA) 045 | 0.23| 63.70 | 8.00 | 0.36 | 100.00 | 6.60 | 0.09 | 180.10 !
Taijinar Salt Lake brine (China) 0.30 | 13.50 | 102.30 | NR | 0.21 | 188.10 | 24.00 | 0.31 | 328.70° 3
Southern Tibet geothermal (China) 0.05 | 0.02 170 | NR | 0.13 200 | 1.70 | ND | 212.00 3
Chott Djerid (Tunisia) 160 | 340 | 80.00| 560 |0.06|144.10| 6.70 | NR 400.00 4
Cerro prieto (USA) 30.80 | 3.20 | 60.00 | 23.50 | 0.25 | 175.50 | 46.00 | 0.50 | 339.70° !
Salton Sea (USA) 2570 | 0.11 | 49.20 | 14.50 | 0.20 | 142.00 | 0.10 | 0.30 | 236.00 5
Rincon (Argentina) 0.60 | 3.00| 97.90 | 6.60 | 0.30 | 158.00 | 0.00 | 0.40 | 266.80 !
Soultz-sous-Foréts (France) 720 | 0.13| 28.10| 3.20|0.17| 58.60 | 0.16 | 0.04 99.0 6
Buhl geothermal well (Germany) 1160 | 193 | 64.00 | 0.49|0.04 | 120.30 | 1.60 | 0.00 | 201.00 6
Landau geothermal well (Germany) 770 | 0.08| 28.20 | 4.00|0.18 | 64.20 | 0.10 | 0.00 | 106.00 6
Dieng geothermal power plant (Indonesia) | 0.40 | 0.003 | 0.039 | 2.20 | 0.04 | 13.60 | 0.003 | 0.30 23.70 7
Coipasa (Bolivia) 0.16 | 13.60 | 75.10 | 11.00 | 0.35 | 151.00 | 24.60 | 0.80 | 323.30 8
Cauchari (Argentina) 0.30 | 1.45| 93.30 | 4.20 | 0.51 | 148.60 | 15.70 | 1.10 | 265.90 8

Supplementary Table 1: Composition of selected lithium rich brines. A: TDS as reported in the reference. Value not in agreement with the addition of reported
concentrations. B all values correspond to the average of 4 samples from the same reference. Selected samples correspond to same depths, pH, and sampling date
(Oct 2016). ©: TDS not reported in cited reference. Value listed here correspond to addition of reported concentrations.




Estimation of energy
or water

Technique Novelty Brine Cycling test Efficiency [Mg]/[Li](0) [MgJ/[Lil(f) | [Nal/[Li]1(0) | [Nal/[Li](f) recla\ller consumption - Ref
y Analysis of scalability
- Circular production
. Improve electrode . Reported as 1on _ 0 9
lon pumping erformance Simulated 5 exchange capacity= NR NR 1 0.02 29% NR
p 35.2 mg/g
. Improve energy . Reported as on _ Distilled water isused| 4,
lon pumping consumotion Simulated 30 exchange capacity= NR NR NR NR NR for washing ste
P 34.8mglg g step
A compressive study on the Reported as ion Distilled water is used
lon pumping competitive effect of other |  Simulated 50 exchange capacity= 1 0.008 1 0.03 20% for washing ste u
ions on lithium adsorption 13.88 mg/g g step
MOFs is tested as a new .
: ION PUMPING film for Li| . Reported as ion .
lon pumping uptake from dilute Simulated NR exchange capacity= 1 0.006 1 0.01 NR NR
solutions 87.55 mg/g
rescilf;;?gr:c(zll ﬁ%irtgg]e Reported as Li* Reported energy
lon pumpin peratio Simulated 100 uptake capacity = NR NR 50 0.01 44% | consumption=1.007 | 13
pumping system is not self- P pactly p
ystem 1S 10.88 mglg Wh/mol.
sufficiency)
Reported as Li*
N-doping carbon uptake capacity =
. encapsulated LMO film . 87.14 mg/g. V.V'th a "
lon pumping electrode for efficient Li Simulated 10 charge capacity of 3.75 NR 36.72 NR NR NR
0,
electrosorption . 79.58% and
discharge of 82.38%
after 50 cycles
An electrochemical flow . . L For washing, 2.5- 3L
. reactor for the extraction of Real brine from Extraqtlon efficiencies of fresh water is
lon pumping LiCl was designed and Olaroz, NR achieved up to 36 0.65 NR 27.94 NR NR needed for 0.03L of 5
tested (part 11) Argentina mg/g brine
0,
(Izilr.r?ii d Current efficiency=
A flow-by sustainable [Real brine, from by the 85%. Specific energy
lon pumpin electrochemical reactor was Hombre NR Maximum extraction 066 NR 26.08 NR mgss of consumption=2.16 16
pumping assessed for extraction of Muerto, capacity= 38.2mg/g ' ' the Liv 'Wh/mol Li. 1L of fresh
Li from brine Argentina *Mn 5 water is needed for
224 1 each 1L of brine
cathode)
. - . L 1.05L of fresh water is
lon pumping Redox-mediated lithium Simulated NR Li uptake capacity= 1.82 0.25 15.3 14.22 NR |needed foreach 1L of | Y7

recovery system is

3.1 mg/g

brine. Charge




proposed for continuous
lithium recovery

efficiencies of
approximately 83—
100%, and energy
consumption of 133—
141 kJ/mol

Reported as the LiCl

Final Li
concentrat

Average freshwater
production rate can
reach around 12.6 kg/

A fast, energy-saving, and roduction rates= ion= m?2 h. Average ener
lon pumping environment-friendly Simulated 20 P ) ", 0.42 0.01 20 0.04 23.3mM ’ ag —4 8gy 18
rocess is proposed 50—60 mmol Li/ with a consumptl.on— .
P mZh - | Wh/mol Li. Current
purity= efficiency
95%
>90%
A new liquid carrier with West Taiiinair A reduction equal to 6(5;;: resmeifi]:‘liilg?r/:
Electromembrane high Li* selectivity for an Jin NR 99.5% is reached for 3.09 0.054 0.14 0.136 NR - >pectt - gy 9
salt lake brine S consumption= 16
ED process Mg/Li ratio
Whig
Energy consumption=
A new methodology for Real from the 331.3 kWh for the
greatly reduce the Na/Li ! Coulombic lowest I applied. High 2
Electromembrane ratio from real brines A?roretgt?r:a 3000 h efficiency= 95% 0 0 NR NR NR purity by-product and
precipitating a pure Na salt g desalinated water are
obtained
62 kWh.m- for brine
Membrane electrolysis is | Real, from the Coulombic with 3090 ppm of
Electromembrane used for the removal of north of 500 h AR 6.96/ 13.03/ 19.7 0 NA NA 100% |Mg?*. High purity by-| 2
") i - - efficiency= 95.5% !
Ca*? and Mg*2from brines|  Argentina products are obtained.
No waste is generated
An EM process is proposed Coulombic Energy consumption=
.. - 0 -3
Electromembrane | 25 8NeWtechnology o | g ey s00h | efficiency= 99.7%. NA NA 1.2 00004 | 90% | (O8KWhm? Low |
crystallize Li2COz without Purity of obtained salinity water is
water evaporation Li.CO3=97.5% recovered
Electromembrane Prototype of a solar- Seawater NR NR NR NR NR NR NR For lithium release a 2
powered electrodialyser washing step is needed
Optimal condition for
Tajinar Brine:
Pronose a clean production Reductions equal to 0.66 kWh/(mol Li).
rc|>ocess for the Etilization Seawater 88.9%; 83.2% and 3.91/9.13/ Circular production
Electromembrane P NR 76.7% are reached [35.18/54.3/72.72| = : NR NR 76.5% schematized, target 2
of concentrated concentrate for Ma/Li ratio f 16.97 duct: Li.COs. b
seawater/salt lake brine or VIgr-t rat_lo or product: 123, By
different brines products will be NaCl,
KCI, MgCl2 and
Mg2SO4
. - Reported energy
+ 2+ i . < N
Electromembrane s:\:rt:t(ij())/nonelr_flog\rggnce Simulated NR decrel?i/IS%/(iLéiaéli)imes 4381 = NR NR 90% |consumption= 0.0019| 2%
P P : KWh/gL, at 5.9 A/m?
17 2 NR NR




An study on Li*/Mg?
separation performance for

Li*is concentrated by
a factor of 1.4 with a

/At optimal voltage of 5

Electromembrane ; h Simulated NR - NR NR NR NR 72.4% | V,reported current 26
simulated real brines by a reduction equal to officient= 8 68%
selective ED process 88.3% on Mg/Li ratio - oo
Simultaneously recovery of|Single or binary 9926% for Li
Electromembrane . . NR separation and 72.3% NR NR NR NR 83.6% NR 27
lithium and boron mixture
for boron
Rgduction of heat_ Produced LiOH with Specific_ electricity
Electromembrane requirements to obta_m Simulated NR a purity between NR NR NR NR NR - |consumption: 757 and| 5
LiOH from brines with 96,095 4% 9.45 kWh per kilogram
high LiCl concentration ' ' of LiOH
A novel method based on Single or Binar La: f;it(;c;nocfe gtgattfgek?sy
Electromembrane electro-electrodialysis to gle Y NR d LiOH i . duced NR NR NR NR NR $USD 2.56/ Kg LIOH| 2°
roduce LiOH mixture an L|OH_|S produce
P with a purity of 95.3%
S-ED is employed to Desorption time is
desorb lithium from LMO . .reduced by 180
Electromembrane : . - Simulated NR minutes compared to NR NR NR NR 70% NR 30
sieves, instead of acid ional
treatment conventiona
treatment
The efficiency of Mg-
o e
Electromembrane |of K* and Na* respect to Li*|  Simulated NR Teases by | NR NR NR NR 67.6% P . g 31
miaration with increasing (6V): 0.17-0.23
g Na*/Li* and by 74.4% KWh/mol Li
with increasing K*/Li*
An ED process is validated Reported energy
1 1 i i 0,
Electromembrane with real brine. Focus is on Real brine NR A reduction of 90% 20 2.07 0.36 0.56 90.5% | consumption 0.0045 82
improvement of efficiency on Mg/Li ratio KwH/g Li (20 V)
and reduce energy cost 9
Two different ED stacks 62-69% for B removal
. . 0 .
Electromembrane were _compared for _ Slngle_or Binary| NR and 93% for Li NR NR NR NR 60-70% NR 2
separation of B and Li mixture removal from feed
simultaneously solution
A new synthesis strategy to Reported as Li*
Membrane obtain a selective Single or Binary| uptake capacity= 34
development membrane with enhance mixture 4 50.87 mg/g; 43.94 NR NR NR NR NR NR
properties mg/g after 4 cycles
Synthesis of an ion .
N . . . Reported as Li*
Membrane imprinted membran_e_V\_/lth Slngle_or Binary| 10 uptake capacity= NR NR NR NR 70% NR 35
development enhanced hydrophilicity mixture 21.55 mglg

and stability




Electromembrane -lon

Monovalent cation
exchange membrane

Single or Binary|

38.4% for Li removal
and 19.2% for Mg

Energy consumption
of large module=

. integrated with MCDI . NR - 1 0.39 NR NR NR 0.0018 kWh mol-1. 36
pumping mixture removal in large -
system to enhance the Freshwater is used for
. : module .
separation of Li from Mg Li recovery
LMO is employed as Freshwater is used for
Electromeml:_)rane -lon ele_ctrode for MCD system, Slngle_or Binary| 5 NR NR NR NR NR NR washing and a7
pumping improving adsorption mixture -
- desorption steps
capacity
Energy consumption:
Electromembrane -lon An electro-enhanced ijc\j/?/ﬁ? d—l\_/\i/gﬁiivggrg
. lithium ion recovery system|  Simulated 5 NR 0.1/1 0.057/0.1 0.1/1/48.6 |0.27/0.04/4.6] NR . g : 38
pumping - Wh/g-Li. Freshwater
is proposed .
used for washing and
desorption steps.
LMO is coated with a thin
Electromembrane -lon | film of carbon to improve (Single or Binary Reported as electrode Freshwater used for 39
. : . . 8 capacity for Li NR NR NR NR NR washing and
pumping material capacity and mixture Untake= 61% desorotion stens
process time plaxe= P P
7 i i i i 40
Nanofiltration after membrane Simulated 8 is reachergt;‘;)r Mgl/Li 6.8 0.74 NR NR NR NR
modification with EDTA
A reduction of 99.2%
Evaluation of NF process r;i:ﬁaﬁsegti?erl Magf/flg::t
Nanofiltration over different operational |  Simulated NR ; N6 ya 9.91 0.031 NR NR 95% NR 4
by monovalent cations
parameters ;
and negatively by
divalent ones
Reported as Mg-L.i
separation factor=71;
Nanofiltration Exceedmgly_ h_|gh Slngle_or Binary| NR d_ecrease_s to 47 with 5 57/14.44) 1717 0.079/0.18/ NR NR NR NR 2
permselectivity mixture increasing TDS of 0.23
feed solution. Na-Li
separation is deficient
The energy
consumption of the
RENF process only
High Li rejection due to the Sinale or Binar Along Revorted as Li* has a 0.17% increase
Nanofiltration coupling strategy, NF + gle Y experiment ~ep NR NR NR NR 92.5% | as compared with the a2
o7 mixture rejection of 97.01%
reverse electric field for 168 h NF process, an order

of magnitude lower
than that of the RO
process




Different polymers were

Single or Binary|

Reported as Li
removal efficiency=
80%; decreases to

A washing step is

Nanofiltration studied to enhance Li . 4 40% with the addition NR NR NR NR NR a 4
mixture N + needed for Li recovery
recovery of for Na* or K* and
to 20% with the
addition of Mg?*
erIrEnr(\egEtiiTJcrle?nedmsgl]ei?iI;[/ity Single or Binar Along A reduction of 97.5%
Nanofiltration P gle Y| experiment | is reached for Mg/Li 20.82 0.53 NR NR NR NR 45
by NF membrane mixture for 192 h ratio
functionalization
The membrane process
represents about 14%
of the capital cost of
TR . Lo solar evaporation. On
Membrane distillation | An hybrid system for - Li+ is concentrated by %
+ Nanofiltration lithium concentration Simulated NR a factor of 12 0.28 0.014 NR NR NR the other hand, the
operating costs are
higher due to thermal
energy and membrane
replacement costs
Under optimized
Combine: NF (to separate ef(;ci):ig:::on:hguerrzgrrﬂ
magnesium from salt lake North-Western LiOH-H20 is consumy tion wergy
Nanofiltration + brine) + RO-CED (to of Qinghai NR produced with a 0.06 0.001 NR NR 92% 36 05%pand 6.20 47
electromembrane enrich NF permeates) + inghat purity of 99.6% was ' ) ' -
province, China kWh/kg LiOH,
BMED ( to produce produced ivel |
Lithium hydroxide) respectively. Employs
freshwater for BMED
test
A superior Li* adsorption is Reported as ion 0.76 L of fresh water ig
lon exchange resins P reached P Simulated 6 adsorption capacity= NR NR NR NR NR |needed foreach 1 L of| “8
59.1 mg/g bine
The process of Li* uptake Real, Qinghai Reported as ion 1.04 L of fresh water is
lon exchange resins fromg real brine is st%died West Taijinar 5 adsorption capacity= NR NR NR NR NR |needed foreach 1 L of| “°
Salt Lake 19.22 mg/g bine
Syndtgezlds %fn?gig\lllémﬂlhum_ Sinale or Binar Reported as ion 2.5 L of fresh water is
lon exchange resins p - gle Y 4 adsorption capacity= NA NA NA NA 37.6% |needed foreach 1 L of| 50
enhanced adsorption mixture .
performance 32.6 mglg brine
Porous fiber-supported Féiﬂt'rgm]a? Reported as ion 0.1L of fresh water is
lon exchange resins HTO was prepared to Power Plant 6 adsorption capacity= NR NR 7.94 NR 96.6% |needed foreach 1 L of| 5!
improve Li recovery Tibet ' 24.67 mg/g brine
Spherical PVB-HTO Reported as ion 1L of fresh water is
lon exchange resins composites having Simulated 15 adsorption capacity= 1 0 1 0 85.5% |needed for each 1 L of| 2

excellent Li extraction

12 mg/g

brine




performance were
synthetized

A novel hierarchical cubic Real brine, Reported as ion
lon exchange resins | LixTiOz-based hollow Li- | from Qinghai 5 adsorption capacity= 56 NR NR NR NR NR 53
ion sieve is constructed |Province, China 6.9 mg/g
a-A203 supported Sinale or Binar Reported as ion 0.62L of fresh water is
lon exchange resins | membranes are prepared ge Y 5 adsorption NA NA NA NA 38.6% |needed foreach 1 L of| >
- - mixture e .
for Li extraction capacity=9.74 mg/g brine
. A novel lithium-ion sieve is|Real brine from Reported as on 1.4L of fresh water is
lon exchange resins - - - 4 adsorption 225 15 145 25 99.98% |needed for each 1 L of| 55
synthetized Qaidam Basin Lo .
capacity=13.32 mg/g brine
A Cr-Doped Lithium lon Reported as ion 0.3L of fresh water is
lon exchange resins | Sieve is synthetized and Real brine 20 adsorption 135.7 NR 6.78 NR 81.7% |needed foreach 1 L of| 56
characterized capacity=28.35 mg/g brine
A Fe304-doped magnetic Reported as ion 0.07L of fresh water is
lon exchange resins lithium ion-sieve is Simulated 5 adsorption NA NA NA NA NR  |needed foreach 1 L of| ¥
prepared for Li extraction capacity=29.33 mg/g brine
Different TiOz precursors Reported as ion 0.1L of fresh water is
lon exchange resins |are employed to control the|  Simulated 8 adsorption NA NA 0.3 0.003 NR  |needed foreach 1 L of| 58
ion sieve wettability capacity=30.11 mg/g brine
A novel composite lithium | Geothermal Reported as ion 0.01L of fresh water is
lon exchange resins |ion-sieve is synthetized and| water from 5 adsorption NA NA 7.94 NR 79.13% |needed for each 1 L of| 5°
proved Tibet capacity=11.35 mg/g brine
A superior lithium Reported as ion
lon exchange resins adsorption capacity is Simulated 20 adsorption capacity= 0.2 0 0.097 0 NR NR 60
reached 15.5 mg/g
A novel synthetic method | Geothermal Reported as ion 0.2L of fresh water is
lon exchange resins | is employed to improve Li| water from 4 adsorption capacity= NA NA 0.21 0 88.42% |needed for each 1 L of| ©!
recovery Tibet 11.4 mg/g brine
/A new precipitation method Real brine from A reduction of 98.5% Precipitating reagents
Selective precipitation | is proposed to extract Li W NR is reached for Mg/Li 14.04 0.05 NR NR 93.2% P greag 62
from salt lake brines est Taijinar ratio can be recycled
Slgr_ufltc?_nt rfd“Ct'Ont of LisPOais obtained Freshwater f h
Selective precipitation precipitation femperarure Simulated NR with a purity of NR NR NR NR 84%. reshwater for was 63
by using seed induction 99.15% the obtained LisPO4
process
Lithium enrichment
. . . . from 30 —40 mg/L in
Selective precipitation | 19N Li+ enrichment from Real brine from| —\o 46 FR 19 1000-1700 NR NR NR NR 40% Fresh water for 64

a complex brine, Dead Sea

Dead sea

mg/kg in the obtained
solid precipitate

washing step




Enhance divalent
separation and Li recovery

Industrial
refined brine

Li2COsz with Mg
concentrations from

Employs hot water, for

Selective precipitation ! from Albemarle NR 1% to 3% was 0.35 0.16 NR NR NR 65
as Li.COs, by a co- . . X L wash
reCiDItation DroCess industrial plant obtained with yields
precip P “La Negra” >85%
A closed loop process is Along Cost estimation= 1700
. ) - ;
Selective precipitation [proposed to prepare Li2CO3 Arizzaro Sa_lt experiment Almost 90% for each 0.93 0 11.37 0 74.9% $/ton(LizCOx); 66
Lake, Argentina step employs freshwater for
battery grade for 24 h
anolyte
Liquid-liquid Li was recovered by Simulated NR NR NR NR NR NR NR  |No freshwater needed | ©
extraction centrifugal extraction
A novel redox reagent is Reported as Li uptake
lon pumping employed for fast lithium Simulated NR capacity of host 5/ 6.5 0.01/0.01 77115 0.006/ 0.002 NR NR 68
sequestration reactions material= 45 mg/g
. A chemical redox method . Absorption 90%, 0 69
lon pumping to direct lithium extraction Simulated 5 desorption 90%. 73.71 0.007 248.61 0.48 91.11% NR
0,
Improve the cell design in 9; (200 were 6.1 Wh/_mgl, 30%
. order to solve the problem . simulated for pumping; Sml
lon pumping S Simulated ; 60% NR NR NR NR 3% freshwater/1.35L 0
of mass transfer in diluted an optimal . ;
lithium solutions long test) brine; No c!rcular
production
3 -
Seawater An enrichment in Li propﬁsi,crin att?)rilll:)tlicale
i i i i 71
lon pumping A pilot scale demonstration concentrate NR concentrgtlon of 1800 2028 0.048 18000 0.04 NR for the distilled water
times
needed for the process.
- Focus on Na/Li ratio, from |.. . 22.1%,
Immopillzed sol_vent for a composite lithium Slngle_or Binary| 5 NR NR NR NR NR after 27 Freshwater'for 7
Li* extraction mixture membrane rinse.
membrane days
. . . . 95%, by | Operating cost per
Electrocoagulation An alternatl_ve_ fo_r chemical Slngle_or Binary NR 95% NR NR NR NR continuou| gram of Li= 0.023 &
precipitation mixture
s mode us$
Liquid-liquid Enhancement in Li*  [Single or Binary| o 0 Water consumption = 74
extraction stripping with HCI mixture 6 0% 40 L9 NR NR 63% 3/10 of brine volume
Liquid-liquid A novel ionic liquid as co- 99.47% after a 4 Water consumption =
d a extractant in a green Simulated 10 stages of a cross flow 274 0 NR NR 100% 1sump »
extraction 7/6 of brine volume
process process
Liquid-liquid A new co-extractant 99.84% after 5 stages Water consumption =
d a (NaBPn4) to enhance Li* Simulated 10 of a cross flow 80 0 NR NR 87% 1SUMPLON =1 76
extraction 6/5 of brine volume

recovery

process




Liquid-liquid A mixed ternary solvent |Real brine, East Water consumption =
quic-ia extraction systemis | Tajinar Salt 10 87% 215 1.06 NR NR 54% sump 7
extraction . - - 9/10 of brine volume
validated with real brine Lake
A functionalized ionic
LIQUId-|IgUId 'Iqu|d is er_nployed_to Slngle_or Binary| NR 83.3% NR NR 15/75 NR 83.3% Water.consumptlon = 61
extraction improve Li extraction mixture brine volume
efficiency
A new separation process
LIQUId-llgUId to extract Ilthlum ions from Simulated 10 58.9% 7788 NR 157 NR 58.9% Water consumption = | 4
extraction salt lake brines is 0.2 brine volume
developed
Liquid-liauid Li recovery from South | Salt lake brine Water consumption =
quid-lig America salt lakes by LLE| from South 10 99.6% 1.05 0.001 24.63 0 99.6% nSUMpYon =1 7
extraction e - 0.17 brine volume
is first proposed America
A novel synergistic
L|qmd-||gmd extraction with _ Simulated 5 95 7% NR NR 3323 0 95 7% Water.consumptlon =l s
extraction hydrophobic deep eutectic brine volume
solvents is proposed
L A more stable and efficient - L
Liquid-liquid extraction system is | Rca) brine fromi o 96.7% 18.17 0 0.39 0.002 967 | VVaterconsumption =/ g,
extraction proposed West Taijinar 0.25 brine volume
A novel application of Real, from
L|qmd-||gmd HBTA-TOPO-kerosgne lithium NR 96% 0 0 708 0.008 96% Water consumption = | g
extraction extraction system is carbonate 0.9 brine volume
proposed precipitation
S A novel ternary synergistic .. - ion =
Liquid-liquid 1) ont extraction system i[> "91€ O BInaryl e 48.4% NR NR NR NR ag.ag, | Vater consumption = -
extraction proposed mixture 0.08 brine volume
Liquid-liquid A novel fluoride-free ionic 99.2% after 5 stages Water consumption =
q a liquid is synthesized and Simulated 10 of a cross flow NR NR NR NR 99% SUMPLON =1 g4
extraction 7/24 of brine volume
used as co-extractant process

Supplementary Table 2: Summary of reported data for selected articles in the period 2017-2022. The selection criteria for compiled articles are: it should have
been published in English, in a SCOPUS listed journal, and it should include enough experimental data to plot no less than 3 of the performance indicators
plotted in Figure 4.
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41.8%
40
304%
30
g 241%
20
10
3.8%
O_
Simulated Real Single or Sea water
brine brine binary mixture

Supplementary Figure 1: Feed solutions used for testing the proposed DLE technologies. Compilation of
different performance indicators for a selection of articles in the period 2017-2022 (analysed articles are
those listed in Supplementary Table 2).
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Freshwater requirements (m?of

Final Li* concentration after

Technology water per tonne of Li,COs) DLE processing (g 1) Reference
0.06 4.40 “
2591 0.09 "
756.5 0.30 6
0.81 1.25 8
29.60 20.92 "
Liquid-liquid 2.11 1.27 8
extraction 188.62 20.00 "
1.99 0.99 80
0.08 1.18 81
1.12 15.05 82
0.18 8.25 8
60.25 3.43 8
N/R N/R 48
N/R N/R 49
9.09 0.620 87
32.88 0.240 8
2684 0.014 8
188 0.050 50
7994 0.005 %
226.2 0.041 o1
8.20 0.229 51
Ion_ Exchange 162 0.061 =
resins N/R N/R =
60604 0.003 >
18787 0.001 %
20.35 0.277 %
18.1 0.347 S
2.74 0.342 58
0.11 1.74 59
N/R N/R 60
82.4 0.114 61
N/R N/R 10
229.6 0.09 1
N/R 0.49 13
N/R N/R 12
N/R N/R 14
4169.3 0.14 92
90.3 0.21 %
41.4 13.8 15
. 757.5 0.06 16
lon-pumping 2119.8 0.19 7
N/R N/R %
N/R 0.16 18
N/R N/R %
N/R N/R %
857.7 0.05 o7
773.5 0.24 %
N/R 1.32 9
137.7 0.07 100

Supplementary Table 3: Volume of freshwater spent per ton of lithium carbonate produced, and final lithium

concentration achieved for selected articles in the period 2016-2023. The numbers listed in the table were in
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many cases calculated from reported data in the corresponding data, and is not directly given by the original
authors of the articles. NR: not reported, or not enough experimental data reported to perform calculation.
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Solubility [CaSO4 [Na2CO3[NaHCOs [MgCO: |K2CO3 |Li2COs [CaCO: |NaOHMg(OH), |KOH |LiOH[Ca(OH): [Ca(BO2)2 | Na:BaO7
gsai/KQwater | 2.05 307 103 1.8 1110 130 0.0066 1000  0.0069 1210 125 16 1.3 317
Molal 002  2.90 1.23 8.04 018 25.0 2161 5.22

Ksp 6.82x10 3.36x10° 5.61x10"3 5.02x10°

Supplementary Table 4: Solubility values in pure water at 25°C for compounds that could potentially crystallize during brine processing. First and second rows

in units of gsait Kgwater > and molal, respectively. For compounds with low solubility values, the Ksp value is listed instead of solubility value in molal units.
Values taken from reference 1.

Solubility NaCl MgCl: |KCI [LiCl |CaClz |Na2SOs4 |MgSOs  [KeSOs  |Li2SOq
salt/KQwater 360 560, 355 845 813 281 357 120 342
Molal 6.15 5.88 4.77 19.9 7.32 1.98 2.97 0.69 3.11

Supplementary Table 4 (CONTINUATION).
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