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Abstract 

This experimental study describes the use of resorcinol as a reversible CO2 mean of absorption. The 

CO2 absorption process, occurs, in alkaline solution, through the Kolbe-Schmitt reaction. Lower 

vapor pressure, higher flash point respect to the alkanolamines and low toxicity of this solvent make 

this new absorption system interesting and a promising candidate for a safer CO2 capture.  

Introduction 

The availability of efficient technologies for CO2 separation, capture and purification is a 

precondition for any CO2 treatments like geological sequestration or carbon utilization. The various 

CO2 capture and separation technologies can be broadly classified into the following categories: 

physical adsorption, chemical absorption and separation by membrane (Fig. 1).  

 

 

 

Figure 1. CO2 capture technologies 

Chemical absorption processes use the reversible chemical reaction of CO2 with aqueous alkaline 

solvents, as amines, hydroxides or carbonates [1]. The reaction forms a weakly bonded intermediate 

compound. The rich solution could be regenerate by heat then the lean solvent and a CO2 product 

stream is produced. Most of chemical solvents are organic amine based; typical alkanolamines used  

for this process are monoethanolamine (MEA) , diethanolamine (DEA) or N-methyldiethanolamine 

(MDEA). Stoichiometric manipulation of these molecules has led to the development of sterically 

hindered amines, which enhances the absorption capacity of the solvent [2]. Alternative inorganic 

solvent systems are Na/K carbonates, aqueous ammonia and metal oxides like CaO and MgO [3]. 

Metal oxides can react stoichiometrically with CO2 at high temperatures to form metal carbonates 

which can be regenerated upon thermal decarbonation. The exothermic carbonation reaction and 

endothermic decarbonation form a cyclic process. These materials have a high absorption capacity, 

wide availability and low cost in natural minerals but the main problem for their industrial 

application is high energy consumption for regeneration process of the CO2.   

The operation of physical adsorption is based on Henry’s Law. CO2 is adsorbed at high pressure 

and low temperature, and desorbed at reduced pressure and increased temperature. This technology 

has been widely applied to many industrial processes such as Selexol Process and Rectisol Process, 

The adsorbents are dimethylether or propylene glycol for Selexol Process and methanol for Rectisol 



Process. CO2 can also be adsorbed on a surface and the most common used materials are activated 

carbon, zeolites and silica gel.  

The criticism for physical adsorption and for chemical absorption is the energy demand for the CO2 

desorption step; this is a problem as for the alkanolamines because their degradation can induce 

corrosion problems and higher solvent consumption. 

Gas separation membranes  allow one component in a gas stream to pass through faster than the 

others. There are many different types of gas separation membranes, including porous inorganic, 

metal based and polymeric membranes and zeolites [4]. Membranes cannot usually achieve high 

degrees of separation, so multiple stages and/or recycle of one of the streams is necessary. This 

leads to increased complexity, energy consumption and costs. 

Therefore alternative materials and new processes are welcome to overcome or at least mitigate the 

aforementioned issues. As a contribution to that way, we proposed an ENEA patented process based 

on reaction of resorcinol with carbon dioxide in alkaline solution [5]. In this process, the CO2 

absorption occurs through the Kolbe-Schmitt reaction as reported in Fig. 2: 

 

 

 

 

 

 

 

 

 

Figure 2.  Kolbe-Schmitt reaction scheme 
 

For activated, electron-rich phenols, with two electron-donating OH groups as resorcinol, the 

carboxylation can be carried out in a smooth variant of the Kolbe-Schmitt processing (aqueous 

solution,  reflux  at 100 °C, ambient pressure), different from the autoclave processing with strong 

alkaline media typical of the less reactive phenols. In this way, 2,4-dihydroxybenzoic acid (2,4-

DHBA; also known as -resorcylic acid) and 2,6-dihydroxybenzoic acid (2,6-DHBA; also known 

as -resorcylic acid) are synthesized from resorcinol. The ratio of these isomers depends on 

experimental conditions: 2,4-DHBA is the kinetic controlled product, while 2,6-DHBA is the 

thermodynamic controlled product. The reversibility of this reaction is of fundamental importance 

for the understanding of the optimal conditions for an industrial application. For example, CO2 

pressure works in the opposite direction on the equilibria position between carboxylation and 

decarboxylation reaction.  

However, lower vapor pressure, higher flash point respect to the alkanolamines and low toxicity of 

this solvent makes this new absorption system interesting and a promising candidate for a safer CO2 

capture. 

 

Experimental 

Tests were conducted in two different experimental apparatus.  

The first absorption apparatus consists of the absorber unit connected to a peristaltic pump allowing 

the solution to circulate continuously at different flow rate. The absorber device was a refrigerant 

glass column packed with glass rings. The temperature of the absorber is maintained at the 

appropriate value by a circulating thermostated liquid. Our apparatus operated in a counter current 

method, namely the absorbent was introduced from the top of the packed column while the gas 

mixture was continuously injected at the bottom of the column. The outlet gas from the absorber 

was cooled with a water condenser, before being analysed by the gas chromatograph (Agilent 490 

Micro-GC). 
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The second absorption apparatus consists of a stirred stainless steel reactor (PARR 4560) that 

allows to operate CO2 absorption in batch conditions. The reactor is electrically heated and can 

operate under pressure up to 200 bar.  

The gas mixture contains 95% (v/v) CO2 in N2 injected at a flow rate of 200 sccm.  

The solvent was water and potassium hydroxide was used as base, the resorcinol concentration was 

fixed at 3 mol dm
-3

. The molar ratio KOH/Resorcinol was 1.5. The aqueous solutions were bubbled 

with nitrogen to remove the oxygen contents before using it, because dissolved oxygen could lead 

to undesired oxidation reactions at the high temperatures envisaged. The product reaction was 

isolated and purified by precipitation in hydrochloric acid, filtering and recrystallization. IR 

spectroscopy was used to qualify the species in the reaction mixture. 

The amount of CO2 absorbed from resorcinol was evaluated from product reaction yield.    

      

Results and Discussion 

In this experimental study, the CO2 loading capacity and absorption efficiency were measured by 

our experimental apparatus. Particularly, the CO2 loading capacity is expressed as molar ratio 

CO2(absorbed)/resorcinol(starting) while the absorption efficiency as CO2(absorbed)/CO2(flowed). 

In the Figure 3 below there are the results for CO2 absorption in the PARR reactor at different times 

reaction and various temperatures when the partial pressure of CO2 was 3 atm. 

 

 

  

 

Figure 3. Loading Capacity at different time and temperature absorption in PARR reactor 

 

Equilibrium is reached after one hour of reaction and the loading capacity increases with 

temperature up to 100°C while there is no appreciable increasing from 100°C to 120°C. The CO2 

loading capacity obtained at 80°C,  90 °C, 100 °C and 120°C are respectively 15 %, 25 %, 35 % e 

37 %. These results demonstrate that absorption temperature about 100°C is sufficient to obtain 

higher performances of our solvent. 

We have similar trend in the column absorber because the loading capacity is slightly increased 

with increasing absorption time while the absorption efficiency decreases as can be seen in figure 4.  

The height of the column could explain a little effect of resorcinol flow rate on loading capacity and 

absorption efficiency as reported in  figure 5.  

              



 

Figure 4. Loading capacity  and absorption efficiency at different absorption time   

 

 

Figure 5. Loading capacity  and absorption efficiency at different absorbent flow rate  

 

The product reaction was analyzed with IR spectroscopy and 2,4-dihydroxybenzoic acid was 

present for carboxylation at 100°C and partial pressure of CO2  of 1atm. In the figure 6, IR spectra 

of a standard β-recorcilic acid and a sample (Res 12) are reported. 
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Figure 6. IR spectrum of product for carboxylation at 100°C and pCO2 1atm 

 

 

Conclusion and Outlook 

The CO2 absorption was carried out in a laboratory scale reactors. The resorcilic acids were 

obtained in the CO2 partial pressure range 0.2 bar – 3 bar and temperature ranging from 80 °C to 

120 °C. The maximum captured CO2 load was about 37 % in batch conditions. Actually, same 

absorption experiments in column have been carried out with a different base; the use of K2CO3 

increases the loading capacity of 43%.  We are performing experiments on the influence of this 

parameter on CO2 absorption equilibrium because it is a promising approach for the further 

development of this system.   

Regeneration experiments have been carried out but the CO2 desorption in this system will be 

investigated in more details in future because it represents a critical aspect of this technology. 
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