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Fig. S1. Schematics showing the water stability window marked by H: and O: evolution
reactions in geothermal brine. (Ewe indicates working electrode potential)
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Fig. S2. CV curve of FePO4 in 1 M lithium chloride aqueous solution at a 1 mV/s scan rate.
(Ewe indicates working electrode potential and I indicates specific current). The potential
is not IR corrected. Source data are provided as a Source Data file.
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Fig. S3. Electrochemical Impedance Spectroscopy (EIS) measurements in the flow cell
system. Source data are provided as a Source Data file.
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Fig. S4. XRD patterns of as-fabricated LiFePO4 and pre-delithiated FePQO4. Source data are
provided as a Source Data file.
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Table S1. Compositions of geothermal brines used in this study.

a, major components in Salton Sea wellhead geothermal brine.

Analyte Concentration (mM)

Lithium 30

Sodium 2300

Calcium 690
Potassium 430
Magnesium 1.5

b, composition of synthetic brine based on the Simbol Feed Brine (SFB; 04/20/2011 Report of
Analysis)

Analyte Concentration (mM)
Lithium 42
Sodium 3100
Potassium 540
Calcium 1070
Iron 36
Manganese 47

¢, composition of the Simbol Feed Brine (SFB; 2022 Report of Analysis)

Analyte Concentration (mM)
Lithium 34
Sodium 2700
Calcium 940
Potassium 460
Manganese 38
[ron 30
Barium 4
Strontium 6
Lead 0.5
Copper 0.1
Magnesium 2
Aluminum 0.1
Antimony <0.005
Arsenic 0.01
Silver <0.01
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Fig. SS. Specific capacity vs. Ewe curve by feeding DI water and 5 mM LiCl for Li release.
(Ewe indicates working electrode potential). The potential is not IR corrected. Source data
are provided as a Source Data file.
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Table S2. Atomic composition of LiFePQy particle as different extraction stages.

Atomic percentage (%)

Element

Before extraction After extraction After release
Na 0.0 0.2 0.0
Fe 20.1 18.7 20.5
P 17.0 17.7 16.8
@) 62.8 63.4 62.6
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Fig. S6. Module and system design of the Li extraction unit
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Fig. S7. (a) Extraction efficiency in six series of extraction. The initial lithium concentration
in the brine is 42 mM; after extraction in six cells in series, the lithium concentration
remaining in the brine is 6.2 mM. (b) Photos of brine before and after extraction. Source
data are provided as a Source Data file.
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Table S3. Calculated enthalpy change, AH,.,,,, and activation energy, AE ,.,, for the
diffusion of various cations.

Cation AH, ., (V) AE, . (eV)
Li* —0.128 0.063
Na* 0.082 0.404
K* N/A N/A

Mg?t 0.312 0.523
Ca?" 0.663 0.942
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Table S4. Calculated shortest metal-oxygen bond length, D,,_, for the initial, transition
and final states along the cation’s migration pathway.

Cation D1{4—0(14°) Dy, (A) Dy o (A)
Lit 2.01 1.92 1.97
Na* 2.18 2.03 2.13
Kt N/A N/A N/A

Mg™ 2.06 1.92 2.04
Ca™ 2.24 2.08 2.16
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Fig. S8. Metal element concentration percentage in the purification process. Source data
are provided as a Source Data file.
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Table S5. Other parameters used for the techno-economic assessment

Financial parameters | Variable | Value Unit Source/Note
Total capital cost Frce 2.0 (Total capital 1.2
factor cost/equipment cost)
Maintenance & labor Fur 2 % of initial total capital 34
factor cost/year
Chemical factor Fc 1 % of initial total capital 3
cost/year
Peripherals Fp 1.5 (Peripherals 5
Factor cost/membrane stack
cost)
Plant Load Factor NLF 90 % 36
Spacer cost Csp 10 $/m? >
System parameters Variable | Value Unit Source/Note
Electrode mass of M (LFPex | 65.6 mg This work
active LFP pr)
Cycle length T 16 h This work
Electrode density p 0.75 g/cm’
Operating current 1 0.892 mA This work
The number of n_train 1
treatment trains
BMED Operating \% 2 A Experimental
Voltage Data
BMED Cross sectional ABMED 0.25 m? 7
area
BMED Flowrate QBMED 0.0025 m’/s 7
The number of IEMs NEM 4 / This work
in a cell
The number of BPMs Ngpu 3 / This work
in a cell
The number of spacers Ngp 8 / This work
in a cell
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Table S6. Parameters for fresh water consumption calculations

Symbol Meaning Value Unit
Twash The ratio of washing needed per 0.15 mL/mg
extracted Li*
Qwash Wash flowrate 0.005 mL/min
twash Wash time 60 min
Vwash_year Water volume for washing 865 m?
MASSLioH_year Mass of LiOH extracted in a 34885 kg
year
MASSLi+ yeqr ~ Mass of Li” extracted in a year 5770 kg
massyi+ cyele  Mass of Li” extracted in a cycle 2 mg
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Fig. S9. pH values from the effluent in dilute-in channel along time. Source data are
provided as a Source Data file.
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Table S7. Lithium selectivity over major metal elements with different direct lithium

extraction technologies from brines.

lons Molar Selectivity P Reference
ratio in
feed
1:77 2.05x10° This work
1:10 ~17 Intercalation™
~1:198 ~12.8 Intercalation
1:100 500 Intercalation'®
~1:709 44 Adsorption™®
Li*/Na*
1:0.8 9.8 Adsorption?°
1:1 18.2 Adsorption?’
1:1 1.5 Membrane®
1:1 ~2.3 Membrane®
1:1 ~5.3 Solvent®*
1:14.3 4.4x10° This work
1:10 ~18 Intercalation™
~1:1.2 ~12 Intercalation
Li*/K* 1:1 1.9 Membrane?
~1:24 780 Adsorption™®
1:1 30.6 Adsorption?’
1:1 ~12.3 Solvent®*
1:23 1.5x10* This work
Li*/Ca®* 1:10 ~5 Intercalation
~1:2 20 Adsorption™®
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1:1 0.9 Membrane®
1:0.05 Mg undetected in This work
released solution
1:10 ~3 Intercalation™
1:1 57.7 Adsorption?°
Li*/Mg®* 1:1 15.1 Adsorption?’
~1:73 40 Adsorption™®
1:1 0.6 Membrane®
1:1 ~10 Membrane®
~1:12 ~257 Precipitation®®
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Fig. S10. Photo of as-fabricated LiFePO4 composite electrode.
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Fig. S11. Specific capacity vs. Ewe curve in pre-delithiation process. (Ewe indicates
working electrode potential). The potential is not IR corrected. Source data are provided
as a Source Data file.
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Fig. S12. 3D schematic diagram of intercalative deionization cell for lithium extraction
experiment.
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