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Abstract

Currently, the main drawback of supercapacitors is their low energy density, which is mostly limited by the break-down voltage of the electrolyte.
Commercial devices typically use organic solvents, which can withstand up to 2.7 V, but are toxic and expensive. Aqueous electrolytes would be a
cheaper and environmentally friendly alternative, as long as its electrochemically stable potential window (AV = 1 V) could be extended. A possible way to
achieve this is by electrodepositing a passivating coating on the surface of the carbon-based electrode. For the passivation to be successful, it should be
ninhole-free and thick enough to prevent electron transfer between the electrode and the electrolyte (>2 nm) while simultaneously thin enough (<30 nm) to
oreserve the electrode’s high surface area, indispensable for a high capacitance. Polymer A has been identified as a suitable candidate for this insulating
ayer. This work aims at establishing the relationship between the thickness (and the coulombic efficiency) of the electropolymerized coating and the scan
rate during the electrodeposition.
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Figure 1a) — Several pinholes are observable on the passivating layer electrodeposited on stainless steel;
b) Activated Carbon (AC) electrode before the electropolymerization; c) AC electrode after the
electropolymerization. No significant changes observable between b) and c). In a) and c), the
electropolymerization was made by cyclic voltammetry @ 20 mV/s.
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Cyclic Voltammetry (@20 mV/s) of activated carbon electrode before and Electropolymerization (@0.5 mV/s) of Polymer A on activated carbon
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Figure 3 — Cyclic voltammetry @20 mV/s of the coated and the uncoated Figure 2- Electropolymerization @ 0.5 mV/s of Polymer A on an AC
activated carbon electrode in an aqueous solution. Good news: an insulating electrode (70%AC, 20% binder, 10% conducting additive). Solution
layer was definitely deposited on the electrode. Bad news: this layer seems containing the monomer A: 50 mM of monomer A + 60 mM of NaOH in
to have blocked the surface pores, hence dramatically reducing the methanol. At the end of the self-limiting process, the current is negligible.
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Figure 4 — Coulombic efficiency and film thickness vs electropolymerization
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Discussion

The thickness of the electrodeposited film seems to decrease dramatically as the scan rate of the electropolymerization increases from 10 mV/s to 20 mV/s. Then, at higher scan
rates, it surprisingly seems to rise. Even more surprising is the fact that coulombic efficiency and thickness seem to be inversely related: apparently, the lower the thickness, the higher
the coulombic efficiency. Indeed, the opposite behaviour was expected, since the coulombic efficiency is hindered by OER and HER (parasitic reactions) and, in principle, a thicker
layer would enable a more effective passivation. A possible explanation for these observations is the existence of another parasitic reaction that also affects the coulombic efficiency.
The authors hypothesize that, in thicker layers, there is a higher entrapment of unreacted monomers which can later suffer electropolymerization during the charge-discharge tests,
hence decreasing the coulombic efficiency. In future experiments, the electrodes should be more thoroughly washed after the electropolymerization to minimize this effect. Also, the
voltage window used in the charge-discharge tests will be extended, to promote OER and HER so that their impact on the coulombic efficiency is more pronounced than the impact of
any other parasitic reactions. As such, the inhibition of water electrolysis by the passivating layer should then have a larger effect on the coulombic efficency.
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