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Problem with Li extraction from brines

Thermal evaporation
(slow, water intensive, polluting)

Barranco, C. Nat Sustain 2022, 5, 730



Problem with Li extraction from brines

Thermal evaporation

Charge —— e-

(slow, water intensive, polluting)

Barranco, C. Nat Sustain 2022, 5, 730
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Electrochemical ion-recovery:

Battistel et. al. Adv. Mater. 2020, 32, 1905440

Faster, low energy consumption
Can handle various brine compositions
including seawater

Similar to Li-ion Battery (LIB)

Xiong et. al. Matter 2022, 5, 1760-1791 1



Problem with Li extraction from brines

Charge —— e-

Thermal evaporation )
(slow, water intensive, polluting)
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Necessary traits: Electrochemical ion-recovery:
1. Must be selective towards Li* * Faster, low energy consumption
C + K+ +2 +2 . . ..
(doesn't intercalate Na™ K™ Ca™ Mg™) * Can handle various brine compositions

2.  Must be stable in the brine : :
including seawater

3. Multi-ions intercalating electrodes: desalination Similar to Li-ion Battery (LIB)

Barranco, C. Nat Sustain 2022, 5, 730 Battistel et.al. Adv. Mater. 2020, 32,1905440 Xiong et. al. Matter 2022, 5, 1760-1791 1



Problem with Li extraction from brines

Charge —— e-

Thermal evaporation
(slow, water intensive, polluting)
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State of the art
Li* selective electrodes:

Spinel LiMn,0, Olivine LiFePO,
Barranco, C. Nat Sustain 2022, 5, 730 Battistel et.al. Adv. Mater. 2020, 32,1905440 Xiong et. al. Matter 2022, 5, 1760-1791
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Problem with Li extraction from brines
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State of the art
Li* selective electrodes:

Objective: Find better alternatives to olivine LiFePO, and spinel LiMn,0O,

Spinel LiMn,0, Olivine LiFePO,
Barranco, C. Nat Sustain 2022, 5, 730 Battistel et.al. Adv. Mater. 2020, 32,1905440 Xiong et. al. Matter 2022, 5, 1760-1791
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High-throughput screening worktlow
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Query first-
principles
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Atmost 3 TMs or anions at a time
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Step 2: Determining aqueous stability of cathodes
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Step 2: Determining aqueous stability of cathodes

Oxygen Stability Line Hydrogen Stability Line Aa Labels SO|Id
~ 4 j j
L | |
I I I 11240 Total Phases
n 3F : : Stable in Seawater
5 i NiHQa(s)
> 1 1
| | L
> 2 - | | 10000
~ T T =—o___ 1 1
N e |
m ——————
e T e S A e B e
C —
-lq-)l 8000
O or
D- _______
o T e
Q 1} T T O
—_ 1 e -l
Q. I I >
Q. 1 1 4+ 6000
< -2 L 1 1 L g
0 5 7 85 10 15 =
wn
pH
4000
3264
=6 -2 N, -Lpg_2y
=G — 5y Nu = 55050
N 90 Ny O 2000}
1410
1026 1216
o 5 6 10 3 3
Li Na K Mg Ca



Step 2: Determining aqueous stability of cathodes

* Widely used olivine LiFePO, and spinel LiMn,0O, 11240 Total Phases
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Step 2: Determining aqueous stability of cathodes

* Widely used olivine LiFePO, and spinel LiMn,0, 11240 Total Phases
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Step 2: Determining aqueous stability of cathodes

* Widely used olivine LiFePO, and spinel LiMn,0O,
are not seawater stable — probably metastable

* Quantifying seawater metastability:

Metastable solid ‘A’, decomposes to stable

phases (B,C...)
A —B+C+... AW (Decomposition energy)

1. High energy barriers for bulk solid state
transitions

2. Solid decomposition product can form a self
passivating layer

Metastability criterion for A
1. Atleast one of B, C ... is a non elemental solid

without the mobile ion
2. A¥ < threshold (0.3 eV atom™)

Singh et. al. Chem Mater, 29, 10159-10167 (2017)
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Step 3: Intercalation voltages

Approximations:
1. Open circuit voltage, calculated using the Nernst equation

2. Only topotactic voltages are calculated



Step 3: Intercalation voltages

Approximations:
1. Open circuit voltage, calculated using the Nernst equation

2. Only topotactic voltages are calculated

Metastability scenarios at the intercalation
voltage:



Step 3: Intercalation voltages

= H (meta)stability

. . — - O (meta)stability
Approximations: Fe2(PO4)3 mp-26412

1. Open circuit voltage, calculated using the Nernst equation [SFE2(PO4)3 mp-25993

== |ntersection
- E =1.881V
==== pH overlap

2. Only topotactic voltages are calculated
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Step 3: Intercalation voltages

= H (meta)stability

. . = O (meta)stability

Approximations: LiCr204 mp-774032

1. Open circuit voltage, calculated using the Nernst equation LICro2 mp-756362
== Intersection

- E=0.408V

=== pH overlap

2. Only topotactic voltages are calculated

|
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 Voltage beyond seawater stability window — : :
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* Electrode not stable throughout pH 7-8.5 at S 00-
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Step 3: Intercalation voltages

Approximations:

1. Open circuit voltage, calculated using the Nernst equation

2. Only topotactic voltages are calculated

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

Voltage (V)

1.0 -

0.5 -

— - H (meta)stability

- O (meta)stability
FePO4 mp-20361
LiFePO4 mp-19017

== |ntersection

- E =0.459V

=== pH overlap
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Filtered electrodes

Metastable at Metastable throughout
intercalation voltage pH 7-8.5
: Atleast one experimental
o,
Metastablity area = 80% (dis)charged electrode
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Step-4a lon selective frameworks
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Step-4a lon selective frameworks
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Step-4b Multiple-ions intercalating frameworks
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Step 1
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Multi-ions-selective frameworks
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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 Liextraction: LiFeP,0,, Li;Fe,(PO,); and Fe,(MoO,);
o Desalination: FePO4
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Constructing Seawater Pourbaix Diagrams

* We consider average seawater concentrations for the aqueous medium
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Aqueous composition affects phase stability
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Checking metastability at the intercalation voltage

2. Calculate all possible voltage plateaus from the

1. Store the area of metastability instead of booleans :
queried frameworks
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pH X in MyNiO,

3. Check whether both the phases contributing to
a plateau are metastable at that voltage

Convex hull of points X Concave hull of points
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Potential (V vs. Li)

Intercalation voltage from first-principles data

L - | |
0.48 |
40 |
S 047
3.6 L
(Vp]
g’ 0.46 |-
39 I =
% 0.45 |
28
0.44 |
0 02 04 06 08 1.0 0.0 02 0.3 0.6 0.8 10

, X in LixFePOy,
x Li/LiFePO,

Approximations:
1. Open circuit voltage, calculated using the Nernst equation

2. Only topotactic voltages are calculated
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Comparing frameworks

LisTi,(PO,); Mp-776625 Na;Ti(PO4); mp-761046

Finite tolerances in the StructureMatcher make framework

comparisons tricky
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