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Challenge in oxygen reduction/evolution

Fuel cell/
water splitting

Metal-air batteries

Li-air Zn-air
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Large charging overpotential and the resultant electrode/
electrolyte decomposition is a grand challenge in Li-O, batteries
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An idea from General Chemistry

Pop quiz
O 0, 0,”
Li + O, - Li,O i i i
Na+0,>NaO, o4 L A
214 28-1.33 A ~1.49 A
K+0, > KO, 1.21A 1.28-1.33 A
e_ i Discharge
02 e K + O Chargf KOZ
K’ AG°=-239.4 k]/mol
K02 Specific Energy= 934.9 Wh/kg

(based on KO,)
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The Influence of Cations on O, Redox Chemistry
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“Soft” cation stabilizes superoxide ions and increases reversibility
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K-O, battery: how it works

Discharge

Anode Electrolyte Cathode
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X-ray diffraction
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Raman Characterization
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K'Oz VS. Li '02
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PCT patent filed (Application No. PCT/US14/12730)
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Which electrode limits the performance:
metal or oxygen electrode?

2.8

Replacement of
2.6 - the potassium anode

The growth of a
surface layer on
the K anode

1000

- Xiaodi Ren etc, ACS Applied Materials and Interfaces, 2014.



Examining Side Products

Raman &ATR-IR XPS of carbon surface

% (a)'H, °C, "*F-NMR of

| surface layer D,O solution
(b) UV-Vis of Ti(O,)* solution
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Species in the surface layer

Table 1. Compositions in the surface layers after battery cycle and discharge tests

Components After cycle tests After discharge tests
(Wt)% Sample A Sample B Sample C Sample D Sample E
KO, 22.2% 20.5% 22.1% 27.2% 26.1%
KPF; 10.7 % 9.7 % 12.9 % 13.4 % 15.4 %
KOH 44.3 % 48.0 % 42.9 % 41.2 % 39.5 %
K,COs 52% 6.0 % 8.0 % 5.9% 6.3 %
Organic side 2.6 % 2.7 % 3.9% 43 % 5.0 %
products
Sum 85.0 % 86.9 % 89.8 % 92.0 % 92.3 %

Similar composition ratios in the anode surface layer whether after discharge or
cycle tests

Similar Raman spectrum on K electrode even without tests

The growth of the surface layer: the direct reaction
between K and electrolyte



Proposed mechanism of electrolyte decomposition

[CH,-O-CHQ-CH,-O-CH,]._
Other decomposition
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By Kah Chun Lau, Larry Curtiss at ANL
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K*-Nafion membrane for improving cycle life
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Production Cost = $89 / kWh
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Cost of competing products = $300 to $1300



Summary

1: K-O, battery is based on a reversible single-electron redox
between O, and KO,, eliminating the need of ORR/OER
electrocatalysts;

2: Easy scale-up, low cost and high energy density are
advantages.

3: Safety can be addressed through alternative anodes and
membrane protection.

Metal-air batteries Fuel ce.II/. KO, battery
Li-air Zn-air water splitting
2e de” ( de- ) e K e
O OH H,O 0)y
High cost catalysts No need for catalysts

Multiple electron transfers Single electron
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