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Na vs Li Materials Sustainability
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US Energy Storage : Scale Abundant Sodium in the U.S. is needed to accelerate energy transition
1) Electrical Grid chie
« Per capita - 12000 kWh / year
« 400 tera-watt hours if just 10% storage

- 60 million tons of Li Needed

1 000 000

Zimbabwe 70 000

2) Vehicles
« 17 million / year, if all EVs

 0.85 tera-watt hours
- 0.13 million tons of Li Needed C e e

Portugal 60 000

Brazil 54 000
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Avenues to Increase the Energy Density and Lifetime of NIBs

:
3

'a) ® @

® Layered oxides ° ”

@® Polyanicon
PBA "

:

3
L,
S

8
o
B
(=

2

15t Cycle Capacity Retention / %

o

Retention index:

o . . Mg Mng 75aFey 199 Tl 10;

0.63 th 0 .' Nay Fey My ;0,

C) LiCo02

Mﬂ:lIIJ_FE-l I'\:;IG.:H |_-;.E|=|

MaM i1,:|'Cﬂ1 |JM n 1_|;|Gg

May g Llg 12Mip 2aMNy 5,0,

Nag;MNiz Mg, shnz;0;
Na,Mi;aMn,, 0,

Package

Nap ;Zng 15Mny 720, Separator

Nag Mg, 2:Mn; 70,

Binder

[ ] Electrolyte

100 200 300 400 500 600
Gravimetric Energy Density / Wh kg .athode

Cathodes:

e Ni, Co-free

e understand the reaction mechanisms
e |[nterface interactions

Anade current collector
Cathode current callector

[ ] Conductive agent
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Anodes:
e Electrolyte optimization
¢ |[nterface interactions

e Carbon-based materials

H. S. Hirsh et al., Adv. Energy Mater., 10, 1-8 (2020).
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Hard Carbon (HC)-Anode Material for NIBs

Na Metal HC Graphite TiO, Sn
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HC is the most promising anode material
for liguid NIB full cells

* low voltage > near zero

* high capacity 2 ~300 mAh/g

e good retention

Problems with HC
* low first CE
* Na trapped in bulk
* Na used in SEl formation
e poor rate capability
* slow plateau (de)sodiation processes
* resistance from SEl



Na,(B1oH10)(B12H12)
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Sn Based Anode Material for NIBs V
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Sodium lon Batteries UNlGRlD

G. Deysher ... and Y.S. Meng, ACS Appl. Mater. Interfaces 2022, 14, 47706-47715



Data from ANL BatPac

*Prevailing Li,S based SSE projections

s Material o Material s Material
LIB i eniee Cost Li-ASSB O P Cost Na-ASSB "' 1°° Cost
J $/kWh 9 $/kWh 9 $/kWh
Graphite 12.50 10.23 Li-Si Alloy 2.10 0.19 Na-Sn Alloy 16.10 11.50
Electrolyte 12.50 10.13 SSE-Sep *50.00 12.06 SSE-Sep 0.28 0.09
Separator 160.00 24.00 SSE-Cat *50.00 14.71 SSE-Cat 1.73 0.49
Aluminum 7.41 2.09 Aluminum 7.41 0.98 Aluminum 7.41 2.38
Copper 13.45 12.55 Copper 13.45 5.90 Copper Not Required
Cathode 20.00 30.03 Cathode 17.00 25.01 Cathode 1.91 4.89
Manufacturing 35% of Overall Costs | Manufacturing 25% of Overall Costs | Manufacturing 50% of Overall Costs
Total $135/kWh Total <$80/kWh Total <$40/kWh (Target)

$135/kWh

| 40%

Lithium-lon Batteries

<$80/KWh

Lithium Solid State

<$40/kWh

1 70% -

Sodium Solid State

¥ Li/Co/Ni Based Cathode
OO

Organic Liquid Electrolyte

Li Solid Electrolyte -
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CATL Reveals Sodium-lon
Battery With 160 Wh/kg
Energy Density

According to Chinese media sources, we can expect
the first-generation cells to cost $77 per kWh. With
volume production, that figure could drop to below
$40 per kWh.



Na-1on Conducting Halides: Na,YCI,
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Wu, E. et al., Nat Commun. 12, 1256 (2021). 16
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DFT relaxed c-NYZCO0.75

NYZCO0.75: Intluence of Crystallinity
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* Computation suggests amorphous NYZC has higher ionic
conductivity

* Ball milling efficient at reducing the crystallinity of NYZCO0.75
* Ball-milling: o, x5 at RT

Wu, E. et al., Nat Commun. 12, 1256 (2021). 18



Composition and Crystallinity

NaCl-YCl;-ZrCl, Compositions Phil Ridley
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» fast exchange between prism. environments
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Sebti, E. et al. Journal of Materials Chemistry A 10, 21565-21578 (2022).
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Local Na Environment revealed by SS-NMR
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lonic Conductivity and Activation Energy
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» Low activation energies (340 — 370 meV) observed in all samples
» Xx =1.625 composition shows optimal balancing between Na* per unit volume
and their mobility

Activation Energy / meV



Crystallinity and lonic Conductivity
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» Heat-treatment induced crystallization of both compositions and redistribution
of local Na environments
» Consequently, lower ionic conductivity and increased activation energy
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