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Problem with Li extraction from brines
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Problem with Li extraction from brines
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Electrolyte  Separator

Electrochemical ion-recovery:

 Faster, low energy consumption
« Handle various brine compositions
including seawater

« Similar to Li-ion Battery (LIB)

Thermal evaporation
(slow, water intensive, polluting)

Necessary traits:

1. Must be selective towards Li*
(doesn’t intercalate Na* K+ Ca*™? Mg*?)

2. Must be stable in the brine

3. Multi-ions intercalating electrodes: desalination

Barranco, C. Nat Sustain 2022, 5, 730 Battistel et. al. Adv. Mater. 2020, 32, 1905440 Xiong et. al. Matter 2022, 5, 1760-1791 1
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High-throughput screening workflow
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Step 1: Querying Cathodes’ data
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Applied potential (V vs SHE)
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Step 2: Aqueous stability of cathodes
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Step 2: Aqueous stability of cathodes
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AW (Decomposition energy)

A is metastable if
Atleast one of B, C . . . is a non-

elemental solid without the mobile

ion
AWY < threshold (0.3 eV atom™')

Decomposition energy (eV atom™)

Singh et. al. Chem Mater, 29, 10159-10167 (2017)
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Applied potential (V vs SHE)

Step 3: Intercalation voltages
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Applied potential (V vs SHE)
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Step 3: Intercalation voltages
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LiCr,04 Metastability scenarios at the intercalation

mp-774032 )

LiCrO, voltage:

mp-756362 -
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« Electrode not stable throughout
pH 7-8.5 at intercalation voltage

Approximations:
1. Open circuit voltage using the Nernst equation

2. Only topotactic voltages are calculated



Applied potential (V vs SHE)
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Step 3: Intercalation voltages

Fe PO4
mp-20361

LiFePOy4
mp-19017
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overlap
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Metastability scenarios at the intercalation
voltage:

« Voltage beyond seawater stability
window

« Electrode not stable throughout
pH 7-8.5 at intercalation voltage

* Electrode stable throughout pH
7-8.5 and occupies > 80% area of
seawater stability

Approximations:
1. Open circuit voltage using the Nernst equation

2. Only topotactic voltages are calculated



Filtered electrodes

Metastable at intercalation voltage @ Metastable throughout pH 7-8.5

@ Metastability area = 80% @ =1 experimental (dis)charged electrode

Total queried
structures:

12,536 3,598 1,344 1,783 1,153
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lon-selective hosts (graphs)
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Non-selective hosts (graphs)
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Conclusions and Acknowledgement

« Objective: identify novel electrodes for Li*
recovery and desalination

« Developed a high-throughput workflow to
o Evaluate aqueous (meta)stability of
electrodes
o Calculate voltages
o Compare electrode frameworks

 |dentified novel electrodes for:
o Li extraction: LiFeP,O5 , LisFe,(PO,4); and

Fez(MOO4)3
o Desalination: FePO, P JULICH
Under ReVIGW (arXiv:261 020834): J Forschungszentrum

Identifying intercalation electrodes for electrochemical ion recovery
and desalination

Sougat Purohit, Andreas Kuhlmann, Marten Huck, Hans-Georg Steinrlick, Gopalakrishnan Sai Gautam

email: sougatp@iisc.ac.in Group-webiste: hitps://sai-mat-group.github.io/ e
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