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Abstract 

CO2 adsorption onto two commercial activated carbons, namely F600-900 and 

N.RGC30, was investigated at 303 K under model flue-gas conditions in a fixed bed 

column. Kinetic adsorption results evidenced the important role played by a greater 

contribution of mesopores and wider micropores in determining a faster adsorption 

process for N.RGC30 activated carbon. Equilibrium adsorption capacity obtained 

for a typical 15% CO2 flue-gas stream was 0.6 and 0.5 mol kg-1 for F600-900 and 

N.RGC30, respectively. Finally, the presence of a narrower micropore size 

distribution with smaller pore widths observed for F600-900 solid was found to be a 

key factor in producing better CO2 removal performances under equilibrium 

conditions with respect to N.RGC30. 

 

Introduction 

CO2 emission deriving from the power sector has become an environmental issue of 

great concern due its relevant contribution to global climate change [1]. In this 

scenario, the integration of post-combustion CO2 capture processes into existing 

power plants seems to be the most promising strategy for a near-term emissions 

mitigation [2]. Contextually, adsorption represents an attractive remediation 

technology, widely used for the treatment of gaseous and liquid effluents due to its 

high operating flexibility and general low maintenance costs [3-6]. Many sorbents 

can be used for CO2 capture and, among them, activated carbons show high 

potentiality because of their general low costs and tunable porosity and surface 

properties [7,8]. Despite these advantages, the influence of textural properties of 

activated carbons on CO2 adsorption under typical flue-gas conditions (CO2 1-15% 

by vol. and atmospheric pressure) has been poorly investigated [8].  

This work aims to assess the role played by the microstructural properties on CO2 

adsorption performance of two commercial activated carbons, under typical flue-gas 
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conditions. To this end, continuous CO2 adsorption tests from model flue-gas 

streams were performed in a fixed bed adsorber integrated in a lab-scale plant in 

order to investigate both kinetic and thermodynamic aspects.  

 

Experimental 

Adsorbents and characterization techniques. Two activated carbons were selected 

for the experimental campaign, in order to assess the effect of different porosimetric 

structures on CO2 capture performance: Calgon Carbon Filtrasorb 400 (particle size 

600-900 m, sample F600-900) and Mead Westvaco Nuchar RGC30 (particle size 

600-1000 m, sample N.RGC30). Porosimetric analyses for the selected adsorbents 

were carried out in a N2Gsorb-6 porosimeter (www.g2mtech.com), working at 77 

and 273 K for N2 and CO2, respectively. The apparent surface area (SBET) was derived 

by applying the BET equation to N2 adsorption isotherm in the relative pressure P/P0 

range=0.01-0.15. The total micropore volume (V0) was obtained from N2 adsorption 

data using the Dubinin-Radushkevich (DR) equation, while the mesopore volume 

(Vmeso) was deduced as the difference between the total pore volume (Vt), 

corresponding to the amount adsorbed at P/P0=0.97, and V0. Finally, the volume of 

narrow micropores (Vn, pore width up to 0.7 nm) was evaluated from CO2 adsorption 

isotherm at 273 K using the DR equation [8]. 

 

Lab-scale plant and adsorption experiments. Adsorption tests on the selected 

activated carbons were performed in a fixed-bed column (length=13 cm; inner 

diameter=2cm) integrated in a lab-scale plant. The fixed-bed temperature was 

controlled by means of an ad hoc heating system, arranged coaxially with the 

adsorber unit: it consists of three 500 W cylindrical shell band heaters (Watlow), 

enveloped in a thermal insulating layer of ceramic fibres. Two mass flow controllers 

(series El Flow Bronkhorst 201-CV) were used to control the feed gas composition 

(N2+CO2). CO2 concentration was measured by a continuous NDIR (non-dispersive 

infrared) gas analyser (AO2020 Uras 26 model provided by ABB). Finally, data 

acquisition and elaboration were performed by interfacing the analyser with a PC 

unit via LabView™ software. 

Experimental runs were conducted by feeding the column, charged with a fixed 

adsorbent amount (15 and 13 g for F600-900 and N.RGC30, respectively), with a 

2.5×10-2 L s-1 gas stream (N2+CO2), the CO2 volumetric concentration ranging 

between 1-15%, to simulate typical flue-gas composition. CO2 adsorption tests were 

performed at 303 K and 1 atm total gas pressure. CO2 dynamic adsorption data were 

processed to obtain the corresponding equilibrium CO2 amount captured on each 

solid (ωeq, mol kg-1), through a material balance on CO2 over the entire fixed-bed 

column. It is underlined that for N.RGC30 adsorbent experiments were conducted 

using a lower solid amount because of its lower density (13 g of solid completely 

filled the column).   

 

Results and discussion 
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Activated carbons microstructural properties. Main textural parameters derived for 

F600-900 and N.RGC30 by working-out N2 and CO2 adsorption data at 77 and 273 

K, respectively, are listed in Table 1. 

 

Table 1. Main microstructural parameters of F600-900 and N.RGC30 samples 

 

 F600-900 N.RGC30 

Vt, cm3 g-1 0.58 1.15 

V0, cm3 g-1 0.41 0.50 

Vn, cm3 g-1 0.32 0.32 

Vmeso, cm3 g-1 0.17 0.65 

SBET, m2 g-1 1076 1427 

 

Results highlight relevant microstructural differences for the investigated activated 

carbons. As a matter of fact, F600-900 is mainly microporous with V0 being 71% of 

the total pore volume, while N.RGC30 has a prevailing mesoporous nature with a 

57% contribution to the overall porosity. Moreover, N.RGC30 is characterized by a 

broader micropore size distribution with wider micropores compared to F600-900, 

as confirmed by the higher difference between V0 and Vn values [9], and it displays 

a remarkably higher contribution of mesopores (Vmeso is nearly fourfold the value 

obtained for F600-900). 

 

CO2 adsorption results. 

The dynamic behaviour of the gas-solid adsorption system was followed by 

monitoring the concentration of CO2 at the column outlet as a function of time, 

obtaining the so-called breakthrough curves. In particular the time evolution of CO2 

adsorption was expressed in terms of the ratio of the volumetric flow rates of CO2 at 

the bed outlet relative to that in the feed 𝑄𝐶𝑂2
𝑜𝑢𝑡(𝑡)/𝑄𝐶𝑂2

𝑖𝑛 . Figure 1 depicts the 

breakthrough curves obtained for F600-900 and N.RGC30 as a function of CO2 

concentration in the feed. 

As a general consideration, it can be observed that for each adsorbent the 

breakthrough curves show lower breakpoint times tb (time for which 𝑄𝐶𝑂2
𝑜𝑢𝑡(𝑡)/

𝑄𝐶𝑂2
𝑖𝑛 =0.05) and higher slope of the linear part of the sigmoid as the CO2 initial 

concentration increases. This pattern can be likely due to an increase in adsorption 

rate occurring at higher process driving force [10]. Considering that different 

amounts of F600-900 and N.RGC30 were used for adsorption experiments (15 and 

13 g for F600-900 and N.RGC30, respectively) a comparison of the dynamic 

performances of the two adsorbents can be done by introducing a time parameter 

t0.9−tb (with t0.9 being the time for which 𝑄𝐶𝑂2
𝑜𝑢𝑡(𝑡)/𝑄𝐶𝑂2

𝑖𝑛 =0.9) which is related to 

the slope of the linear part of the sigmoid: the smaller this parameter the steeper the 

breakthrough curve and, consequently, the faster the adsorption kinetics.  values 

obtained from kinetic profiles are generally smaller for N.RGC30 (e.g., 15 and 22 s 
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for N.RGC30 and F600-900, respectively, under a typical 15% CO2 flue-gas stream), 

thus suggesting faster mass transfer rates for this adsorbent. This behaviour could be 

ascribed to the larger contribution of mesopores (Vmeso=0.65 and 0.17 cm3 g-1 for 

N.RGC30 and F600-900, respectively) and to the presence of wider micropores (cf. 

V0 and Vn values in Table 1) for N.RGC30 with respect to F600-900 allowing a 

quicker diffusion of CO2 molecules inside the adsorbent pores. 
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Figure 1. Breakthrough curves for (a) F600-900 and (b) N.RGC30 as a function of 

the CO2 inlet concentration at 303 K 
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Figure 2 shows CO2 adsorption isotherms at 303 K for F600-900 and N.RGC30 

adsorbents obtained by processing dynamic data reported in Figure 1. 
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Figure 2. CO2 adsorption isotherms obtained for F600-900 and N.RGC30 at 303 K 

 

Generally, equilibrium adsorption capacity obtained under typical flue-gas 

conditions (pollutant equilibrium partial pressure Peq equal to 0.15 bar) is in 

agreement with values reported in the literature for raw activated carbons tested 

under similar experimental conditions [6]: eq=0.6 and 0.5 mol kg-1 for F600-900 

and N.RGC30 respectively. In addition, F600-900 displays higher CO2 removal 

performances for all investigated Peq. On the basis of the adsorbents textural 

properties reported in Table 1 one would have expected higher CO2 adsorption 

capacity for N.RGC30 sample because of its higher surface area and micropore 

volume. Nevertheless, as recently highlighted by Wahby et al. [8], the presence of a 

narrow micropore size distribution with well-defined pore size entrances (mainly 

pore diameters<5 Å) seems to be a key factor in determining CO2 adsorption, 

because in narrow micropores the overlapping potential produces a more effective 

packing of CO2 molecules. As a consequence, the narrower micropore size 

distribution with smaller pore widths observed for F600-900 solid should be 

responsible for its higher CO2 adsorption capacity.  

 

Conclusions 

In this work two activated carbons, namely F600-900 and N.RGC30, were 

investigated as adsorbents for CO2 capture at 303 K from model flue-gas streams. 
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N2/CO2 porosimetric analyses evidenced a higher pore volume and the presence of a 

broader micropore size distribution with wider micropores for N.RGC30. Kinetic 

adsorption data evidenced a reduction of the breakpoint times as the CO2 initial 

concentration increased and this was likely due to an increase in adsorption rate 

occurring at higher process driving force. Moreover, the greater contribution of 

mesopores coupled with the presence of wider micropores observed for N.RGC30 

determined faster capture kinetics for this adsorbent with respect to F600-900. 

Finally, the narrower micropore size distribution with smaller pore widths evidenced 

for F600-900 solid was considered to be responsible for its higher CO2 adsorption 

capacity under equilibrium conditions.  
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