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Introduction

Vs

X Low cyclability (< 3 000 cycles 1) v High cyclability (up to 1 million cycles )

X Low power density (< 680 W/kg 1) ~/ High power density (up to 80 kW/kg)

~/ High energy density (up to 270 Wh/kg 1) X Low energy density, E” (< 6.8 Wh/kg) 2
Low €/Wh High €/Wh

[1] K. Liu et al., “A brief review on key technologies in the battery management system of electric vehicles,” Front. Mech. Eng., vol. 14, no. 1, pp. 47-64, 2019.
[2] SkeletonTechnologies, “SkelCap Industrial Ultracapacitor Cells,” 2020. [Online]. Available: https://www.skeletontech.com/skelcap-sca-ultracapacitor-cells. [
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Introduction

To decrease €/Wh....
Reduce costs and/or Increase energy density (E°)
[3] ® Electrode materials 1
u Electrolyte E = — C@
Separator 2 l stable voltage range
22% Cell parts and production specific capacitance
Operational AV
23% Cost (€/mL) 2.7
0.67
0.01
1 M Na,SO, (agq) 1 M TEABF, (ACN) 1M Na,SO, (aq) 1MT,

[3] Schitter et al., Industrial Requirements of Materials for Electrical Double Layer Capacitors: Impact on Current and Future Applications. 4
1900334. https://doi.org/10.1002/aenm.201900334
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Thus, as the cycles progress, the capacitance decreases and
the resistance increases

=
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Introduction

Polyphenylene oxide (PPO) meets these criteria!

OH

passivation v’ Highly insulating

»
»

v Insoluble in the electrolyte

v" Chemically and mechanically stable

v" Thin (ca. 4 nm)— self-suppressed growth:
- thickness depends on resistivity

N

effectiveness of passivation
VS
capacitance
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Results
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Results

* Increasing the electropolymerization potential seems to slightly reduce the capacitance retention (65% @1.15V vs 55%@1.5V)
* The charge transfer resistance is almost 3x higher in the coated electrodes (43 Q vs 15 Q)
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Current density (A/cm?)
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Results

uncoated
coated @1.15V

coated @ 1.5V

exchange current density

i =igefn
Tafel coefficient

Anodic currents

i, A/cm? B,V 1!
uncoated 4.5 x 107 6.2
coated 2.9x 107 5.4

0g10(1) =@10gao(n +{ogaoCi

loglo(i) = AT] + B
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Results

og10(0) =Blogo(en +ogun(is

logio(i) =An+B * B and i are lower for the coated electrodes
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Potential (V) vs AgCl (3M)
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Results

* For a same oxidation current, the maximum
potential allowed is higher for the coated electrodes

* The maximum potential (E,,, ;) corresponding to a
current i can be obtained from the following equation:

logioli ) —B
Emax = 1O(A)
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Energy density (Wh/kg)
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Conclusions

The electrodeposition of PPO has a much higher impact on the suppression of anodic reactions

Electrodepositing PPO on activated carbon electrodes partially suppresses the oxidative processes that
limit the stable upper potential

For a same parasitic current density, the voltage range allowed for a cell constructed with PPO-coated
electrodes can be up to 25% higher, which results in higher energy and power densities
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