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Abstract 

Due to the growing awareness of the society regarding the harmfulness of volatile organic 

compounds, more and more stringent air quality standards are being introduced, which 

increases the need for devices to reduce their emissions. Adsorption is the most commonly 

used technique for cleaning the air of gaseous pollutants. The adsorption process is usually 

carried out in columns with a fixed bed of adsorbent, which operate in TSA cyclic adsorption-

desorption systems (thermal temperature-swing adsorption). This work focuses on the 

analysis of the stage of bed regeneration by electrothermal heating and consists of three 

main parts: literature review, experimental and computational. 

The literature part presents the division of thermal regeneration methods due to the 

method of supplying heat to the adsorbent bed. Heating with classical methods - using 

steam or hot inert - is a time- and energy-consuming process. Electrothermal methods are 

another way to restore the original adsorption capacity of the bed. The condition for using 

the method is the ability of the adsorbent to conduct electricity. These requirements are 

met by activated carbons. The paper describes the process of ETSA electrothermal 

adsorption with particular emphasis on the method of direct resistance heating. In this 

variant, the heat necessary to regenerate the adsorbent saturated with the adsorbate is 

generated during the direct flow of electric current through the bed. The following part of 

the paper presents the areas of application of the ETSA process, which can be divided 

according to the type of adsorbate or adsorbent used or the configuration and scale of the 

experimental installation. In the published scientific papers, the majority of studies concern 

the removal of VOCs (66%) and CO2 (27%) from the air on fabric (52%), monolithic (23%) and 

granular activated carbons (18%). On the other hand, the analysis of the structure of the 

global consumption of activated carbons shows that mainly granular activated carbons (49%) 

are used, for which few studies on the electrothermal regeneration method have been 

published so far. 



The aim of the work was to assess the possibilities and conditions of using the direct 

resistance method for the regeneration of granulated activated carbons saturated with 

vapours of volatile organic compounds (VOCs). 

The experimental part of the work presents a description of the research apparatus and 

methodology as well as the results of preliminary tests carried out on pure carbon 

adsorbents and basic tests where the adsorbent was saturated with VOC vapours. At the 

stage of preliminary research, the bed heating kinetics was investigated using the direct 

resistance method, under which voltage, electric current and temperature measurements 

were carried out. The tests were carried out in a column with a diameter of 42 mm and 

a bed height of 16 cm. The following granulated activated carbons were used as the 

adsorbent: BPL 4×6 (BPL), AP3-60 (AP3), RB3, Supersorbon K40 (SK40) during resistive bed 

heating. The analysis of the obtained data allowed the selection of two coals, SK40 and BPL, 

which best meet the adsorbent selection criteria. SK40 coal was characterized by the lowest 

resistance and the fastest heating time to the set temperature. BPL coal was characterized 

by electrothermal properties comparable to AP3 coal, but its average temperature during 

regeneration was the highest among the tested adsorbents. Then, on the basis of 

experimental adsorption equilibria, the adsorption capacity of selected adsorbents for 

adsorption of isopropanol (IPA) and 2-butanol (2BUT) vapours was assessed. Adsorption 

isotherms were determined using the IGA-002 analyser for temperatures of 20, 40, 60, 75, 

100, 120 °C in the pressure range from 0 to 4000 Pa for IPA and from 0 to 1700 Pa for 2BUT. 

The adsorption isotherms obtained were described using the Sips, Toth, Dubinin-

Radushkevich (D-R) multi-temperature adsorption models and the non-homogeneous 

Dubinin-Astakhov (DA1+DA2) adsorption model. For the SK40-IPA, SK40-2BUT and BPL-IPA 

systems, the best fit was obtained for the DA1+DA2 model. The mean relative errors of 

fitting the calculated values to the experimental values were 2.23; 2.07 and 3.82%. For the 

BPL-2BUT system, the Sips model gave the best fit, for which the relative error was 4.02%. 

The main tests, covering three measurement series, were carried out in the ETSA adsorption 

installation. In the A series, the measurements were made in the SK40-IPA system, 

in the B series in the SK40 2BUT system, and in the C series in the BPL-2BUT system. 

The tests were carried out in a cyclical manner, and each cycle consisted of adsorption, 

electrothermal regeneration and bed cooling. The adsorption process was carried out 



at ambient temperature with a constant volume of air stream containing VOC vapours of 

a fixed concentration. Bed regeneration was carried out using the direct resistive method at 

a constant voltage of electric current, a fixed control temperature and a constant stream of 

washing gas - nitrogen . Nitrogen was used in the cooling step at the same rate as in the 

desorption. The tests were carried out for different values of operating parameters - voltage, 

nitrogen stream size and control temperature. The increase in voltage did not increase the 

average temperature of the bed, which was about 140 °C when the control system was 

switched on. The effect of changing the nitrogen flux had an effect on the temperature near 

the upper electrode. The influence of: the type of adsorbate, its concentration in the solid 

phase and the bed saturation structure on the efficiency of regeneration and energy 

efficiency was analysed. It was found that for a bed fully saturated with isopropanol vapours, 

the initial resistance value is higher than the resistance of the regenerated bed. This trend is 

reversed for 2-butanol. It has also been shown that carrying out the adsorption process to 

the state of full saturation has a positive effect on the energy consumption of the system 

and prevents local overheating. 

In the further part of the study, the effect of using thermal insulation of the column in the 

regeneration stage and the effect of the method of conducting the regeneration process, in 

which the nitrogen stream flows in the same (co-current) or counter-current (counter-

current) direction to the gas stream in the adsorption stage, were assessed. Experimental 

studies have shown that it is more advantageous from the point of view of the regeneration 

process to use a nitrogen stream in the same flow direction as air in the adsorption stage. 

The use of insulation reduces heat loss to the environment. 

Based on the results of column tests for the SK40-IPA, KS40-2BUT and BPL-2BUT systems, 

the dependence of the bed resistance on the temperature and adsorbate concentration in 

the solid phase was determined, which was used to perform model calculations of the 

efficiency of the internal volumetric heat source. The obtained results of the calculations 

gave a satisfactory agreement with the experimental values of the electric energy used in 

the desorption stage. A heat balance was also prepared and the structure of electricity 

consumption was estimated. 



Based on the obtained results, it was confirmed that the direct resistance method can be 

used for the desorption of volatile organic compound vapours from the activated carbon bed 

while maintaining appropriate process conditions. 
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