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Na-O, batteries
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Energy density: 1700 Wh kg!  Energy density: 1108 or 1605 Wh kg!

High rechargeability High rechargeability

Low energy efficiency High energy efficiency

Serious parasitic reactions Less parasitic reactions
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$5000/ton (high cost) $150/ton (low cost)
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State-of-the-art Na-O, cells: Poor performance and safety concerns

1. The practical discharge capacity is far from the theoretical value
o T 3. Sudden death of cell during charging
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> Challenges of Na-O, batteries
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Review paper  X. Lin, X. Sun, Submitted to Nano Energy.
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Our works on Na-O, batteries

Liquid-based Na-0O, cell i> Hybrid-solid-state Na-O, cell :> Quasi-solid-state Na-O, cell
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Progress report
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Liquid-based Na-O, cell :> Hybrid-solid-state Na-O, cell |:> Quasi-solid-state Na-O, cell
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Progress report-- Integrated solid electrolyte and porous cathode
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m Porous layer: Cathode support: (infuse CNT into its porous structure)
NASICON SSE } Dense layer: Electrolyte membrane

Na™

7 Na metal anode

The dense SSE layer can acts as a barrier to completely protect the Na metal from detrimental effect of O,, H,O,
and at the same time, avoid short circuiting caused by Na dendrites penetration.

» The highly porous structure can create sufficient pathways for gaseous oxygen transport, and provide enough
voids for discharge products accommodation.

EECOMOBILITY + HEVPD&D



Progress report-- Integrated solid electrolyte and porous cathode
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Carbon coated porous SSE can
provide active sites for oxygen
reduction/evolution reactions, and
enables Na-O, batteries with high
areal specific capacity.

The Na-O, battery is discharged
with NaO, as the discharge
product with high reversibility.

The dense SSE layer can acts as a
barrier to completely protect the
Na metal from detrimental effect
of O,, H,0, and avoid short
circuiting caused by dendrites
penetration.

The constructed cell can be stable
runs for over 100 cycles at 200
mA g, 200 mAh g!
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Future plan

> Integrated solid electrolyte and porous cathode for Na-O, batteries

1. Do the characterization on the discharge product (SEM, XRD)

2. Optimize the cell configuration and further enhance the cell cycle life.

> Develop novel solid electrolyte and construct all-solid-state Na-O, batteries.

Remaining Challenges

O Reaction Mechanism [ Limited Cycling Capability 00 Safety Concern on Metallic

O Control of Preferred O Na Dendrite Formation Na and Flammable Liquid
Discharge Product and Protection Electrolyte
Now Future

1
v' Advanced / in-situ v’ Catalyst Rational Design 1 v (Quasi) Solid-State Na-O, |
Characterization Methods v Protected Na Electrode : Battery I
v" Theoretical Calculation (e.g. ALD/MLD) I v Cell design |
|

v" Novel Air Electrode Design ¥ Choice of Alloy Anode :
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Thanks for your attention!
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The Swagelok-type cell configuration.

NASICON-type Na; ,sZr,S1, ,:P; 50,

solid-state electrolyte
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