Electric Field Swing Adsorption for Carbon Capture Applications

Cong Liu, Nina K. Finamore, Berenika A. Kokoszka, David T. Moore”, Kai Landskron™ Gl j2uir©

Department of Chemistry, Lehigh University, Bethlehem, PA 18015 e
* Co-principal investigators

Concept Summary Key Transformational Advantages

 Electric field swing adsorption (EFSA) involves using DC electric bias to modify * Simple: EFSA enables gas separation and capture using electric fields to
adsorption of CO, on electrically conducting high-surface area carbon (HSAC) change thermodynamics of adsorption

* Sorbent can be switched “in-place” between adsorption and desorption modes by * Reversible: Switching between ad-/desorption achieved by reversing field
switching electric bias on and off —2removes need to transport or heat sorbent materials

 Efficient: Electrical current used during charging is partially regenerated in

discharging = well-suited for low-parasitic load CO, capture technology

Specific Approach: Electric Field Driven lon Sweeping (EFDIS)
* EFDIS uses mobile ions to reversibly change interaction of CO, molecules with sorbent
 HSAC material combined with liquid or solid electrolyte to form electric double layer
capacitor with 5-25 F/g capacitance
* In discharged (field off) state, HSAC nanopores yield high adsorptivity for CO, (~40 std. Nanoporous material
cm?/g at room temp) e
* In charged (field on) state, ions move from electrolyte into nanopores to form electric
double layer
* Two effects possible in principle:
- ions displace CO, from pores (sweeping)
- electrostatic ion-molecule interaction with surface ions increases adsorption
(enhancement)
* Direction of effect may depend on electrode character (anode vs. cathode)
* Both effects observed experimentally in preliminary results (see below)
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Experimental Characterization: Static pressure method

* Electrodes w/electrolyte sealed in pressure cell filled w/~1 atm. gas for several hours
* Electrical potential (1.0 V) switched on/off with 20-60 min duty cycle

* Changes in amount of adsorbed gas reflected as pressure changes( per ideal gas equation) Principal Technical Targets

» Comparison between pressure data with CO, vs. non-adsorbing gas (helium) isolate * Magnitude: Generate sufficient change in adsorbed CO, between charged
effects due specifically to adsorption changes and uncharged states for utility in carbon capture (> 20%)

* Selectivity: Field-induced effect for CO, must dominate of that for N,/H,0O
AP = An (RT/V)  Scalability: Technology must be suitable for large-scale application
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