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Abstract 

Organic vapors and gases are used in industry to produce a variety of products including spray 

coatings and packaging materials.  During the production and use of these products, the 

vapors/gases are often emitted in dilute concentrations, causing adverse health effects and 

photochemical reactions that increase ground-level ozone concentration.  Thermal oxidization is 

often used for vapor/gas disposal (ideal conversion to H2O and CO2) while capturing and 

recovering vapors/gases can provide feedstock for production and eliminate oxidation emissions.  

A bench-scale electrothermal swing adsorption (ESA) system was previously developed that 

uses activated carbon fiber cloth (ACFC) to selectively remove vapors/gases from gas streams 

and uses electrothermal heating to regenerate the ACFC providing a concentrated vapor/gas for 

reuse.  Operation of ACFC-ESA adsorption, regeneration heating, and cooling cycles typically 

requires hydrocarbon and direct contact temperature sensors, which have capital costs, 

periodically fail and need to be calibrated, maintained, and replaced (i.e., sensor failure reduces 

system run time and increases operating costs). 

 

For this research, a method was developed to monitor and control cyclic ACFC-ESA based on 

electrical measurements of the adsorbent, eliminating the need for hydrocarbon and direct 

contact temperature sensors.  This method to monitor and control ESA based on the adsorbent’s 

electrical properties is also an improvement over existing ESA control methods because it 

provides real-time adsorbed mass during adsorption cycles, which can be used to end an 

adsorption cycle before adsorbate breakthrough occurs, resulting in improved vapor/gas recovery 

efficiency.  The unique contributions of this research include: 1) characterization of parameters 

affecting ACFC electrical resistance, 2) evaluation of regeneration temperature and power 

profiles for their effects on regeneration energy efficiency, 3) control of regeneration cycles 

based on electrical properties of the ACFC, 4) control of cyclic ESA based on electrical 

properties of ACFC, and 5) evaluation (life cycle and cost assessments) of cyclic operation with 

this new method to control ACFC-ESA for vapor/gas abatement compared to alternative typical 

volatile organic compound abatement systems (i.e., granular activated carbon and regenerative 

thermal oxidization systems). This study provides a method to increase ACFC-ESA vapor/gas 

capture and recovery efficiency, reduce energy demand, reduce the number of sensors required 

for ACFC-ESA, and reduce vapor/gas emissions (and their corresponding health effects) to 

improve the sustainability of an ACFC-ESA system.    
 


