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Supercapacitive Swing
Adsorption



Concept of conventional pressure and
temperature swing adsorption (PSA and TSA)
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Reversible adsorption of gas molecules to porous adsorbents or molecules is achieved by
reversible pressure and temperature changes.



Concept of capacitive swing adsorption
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Reversible adsorption and desorption is achieved by capacitive charge and discharge
of high-surface area carbons.



Capacitive Swing Adsorption

metal plate
metal plate

Nanoporous carbon

No change in gas sorption properties were observed up to 5 kV.



Supercapacitors

Electrode in contact with electrolyte, e.g. H,SO, , NaCl. Electric double layer



Supercapacitive Swing Adsorption (SSA) with
aaueous electrolytes




Design of a Supercapacitive Swing Adsorption
(SSA) experiment
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Voltage source: Constant voltage power supply (1V).
Electrode mass: 3.7 g
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Scalability
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Electrode mass: 0.2 g Electrode mass: 7.5 g

The SSA effect is proportional to the mass of the electrodes.
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Voltage dependence
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Gas selectivity

Cycle number Capacitance | Pressure change | Change in Pressure change
[F] [torr] composition of (expected) [torr]
CO; [%]
1 | charge step | 160.2 -47.6 -6.5% -54.6
discharge 119.0 + 46.1 +6.1% +51.2
step
2 | charge step | 134.6 -42.6 -6.0% -50.4
discharge 122.2 +42.0 +5.9% +49.6
step
3 | charge step | 133.6 -403 not measured N/A
discharge 124.2 +40.3 not measured N/A
step
4 | charge step | 133.8 -39.1 -5.5% -46.2
discharge 125.8 +38.9 +5.4% +45.4
step
5 | charge step | 134.5 -38.3 not measured N/A
discharge 127.3 +38.0 not measured N/A
step

Electrode mass: 7.5 g
Voltage 1.2V
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SSA effect in equilibrium
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Amount CO, adsorbed / kg sorbent:

40 mmol/kg (1V)
50 mmol/kg (1.2V)

70 mmol/kg (1V)
80 mmol/kg (1.2V)

“Native” capacity of BPL carbon: 240 mmol/kg (0.15 atm CO,)
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SSA — GCD coupled experiment
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Amount of energy required to adsorb 1 mol CO,: 104 ki/mol CO,

15% CO, / 85% N,



Temperature dependence
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SSA effect in ionic liquids
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Conclusions

A fundamentally new electrical effect has been
discovered.

The SSA effect is able to separate CO,/N, gas.
Potentially, other gas mixtures can be separated.

The SSA effect can be observed for different electrolyte
systemes.

The SSA effect increases with voltage.

The SSA effect increases disproportionally with the CO,
partial pressure.

The SSA effect barely decreases with temperature.
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