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ABSTRACT 

Activated ordered mesoporous carbon (AOMC) sorbents for CO2 capture have been synthesized, 

characterized and evaluated. They were obtained using low-value products from the distillation of 

coal tar and following a hard templating method to achieve an ordered mesoporous structure. Both 

physical and chemical activation processes were applied. It was observed that neither physical nor 



2 
 

chemical activation affected the mesopore structure of the samples. Regarding the CO2 capture, 

the best chemical AOMC was the one activated at 850 ºC with a KOH:carbon ratio of 4:1 (2.48 

mmol/g AOMC), whilst the best physical activated one was obtained upon activation during 48 h 

with a burn-off degree of 48% and dissolving the template afterwards (2.38 mmol/g AOMC). In 

the present case the ordered mesoporous structure was thought to facilitate CO2 diffusion into the 

micropores of the porous carbons. The best samples were tested for CO2 capture at different 

operational conditions, considering capture temperatures up to 150 ºC and CO2 partial pressures 

between 5 and 90 % (balance N2). Their performance was also tested over six adsorption-

desorption cycles, and it was determined that the working capacity remained constant and the 

mesoporous structure was not modified. 

KEYWORDS: Ordered Activated Carbon, Coal Tar products, CO2 capture, Adsorption, 

Mesopore structure 

 

1. Introduction 

To reach the temperature rise limitation of the planet to 1.5 ºC set in the Paris Agreement, different 

actions have to be taken. Amongst them, the use of carbon capture and storage (CCS) technologies 

is one of the most relevant to reduce the CO2 emissions into the atmosphere 1. Nowadays, the most 

advanced carbon capture technology involves the absorption of CO2 by amines. However, it 

suffers from important problems of stability against corrosion and high energy requirements for 

the regeneration process. For this reason, the use of solid sorbents is becoming more relevant as 

less energy for CO2 desorption is needed and the adsorbents are more corrosion-stable 2-4 than 

liquid absorbents. 
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capacity of porous carbons is to increase the micropore volume of the carbon while retaining a 

considerable mesopore structure. 

On this regard, Lou et al. 15 reported a capture capacity of 8.1 mmol of CO2 per gram of sample at 

1 bar and 0 ºC using polymer based N-doped activated carbon polymer with a high microporosity. 

On the other hand, Mane et al. 16 evaluated hierarchical porous N-doped polymers materials for 

CO2 capture. They obtained a capture capacity of 2.23 mmol of CO2 /g at 25 ºC and 1 bar which 

was increased up to 4.52 mmol of CO2/g at 0 ºC and 1 bar. Zabiegaj et al. 17 evaluated carbon 

monoliths with a hierarchical pore structure, which gave a CO2 capture of 2.62 mmol of CO2/g at 

25 ºC and 1 bar. 

ACs are produced by physical (also called thermal) or chemical activation of a carbon precursor, 

which can be coal 18-21, a pyrolized organic material 22-25, or biomass 26-30. Physical or thermal 

activation consists of the oxidation of the carbon sample with CO2 or water at temperatures higher 

than 800 ºC 31. On the other hand, chemical activation proceeds through impregnation of the 

organic precursor itself (one step) or the organic precursor after pyrolysis (two steps) with an 

activating agent (typically KOH), followed by heating at temperatures commonly lower than the 

ones required for physical activation 4. The objective of these activation processes is to attain 

higher surface areas and pore volumes, specifically micropore volumes. However, it is very 

difficult to control independently the micropore and mesopore structures with these conventional 

methods. To control more accurately the porosity of carbon materials, the hard-templating method 

has been developed 32-34. Hard-templated carbons are usually obtained by infiltration of a carbon 

precursor into the pore network of an inorganic porous solid (template), the porous structure of 

which is easily controlled. After carbonization and removal of the template, a carbon material is 

obtained with a porosity that is a replica of that of the template. The porosity of the template 
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(see Figure 2a). All the textural parameters (SBET, VDR, N2 and VDR, CO2), except VT, gradually 

increased as XKOH increased (see Table 1).  

The impregnation ratio, XKOH, does not affect the pore size distributions for XKOH< 3:1 and 

only an increase in the volume of micropores < 0.4 nm was observed (see Figure 2d). Only 

for sample prepared at XKOH=4:1 a widening of the narrow microporosity (pores sizes < 0.7 – 

0.8 nm) is observed in the PSD. Thus, it is observed a decrease in the contribution of pores < 

0.4 nm and an increase for pores between 0.4 and 0.7 nm in the PSD form CO2 (Figure 2d) 

and especially for pores at 0.9 nm, as seen in the PSD from N2 (Figure 2c). 

All of the chemically activated samples showed a well-developed mesoporous structure, but 

both the activation temperature and the KOH to carbon ratio caused a shift of the PSDs to 

lower pore sizes in the mesopore region (Figures 1c and 2c), probably due to a partial collapse 

of the OMC mesostructure upon activation. 

The physical activation of the OMS/carbon composite and the OMCreo sample provided 

materials with similar VDR, N2 and VDR, CO2 volumes as in the case of the KOH activated ones 

(see Table 1). In this case, both micropore volumes, VDR, N2 and VDR, CO2, increased with the 

BO degree and also the micropore size distributions, either from N2 and CO2 isotherms 

(Figures 3c and d) became wider with this parameter. On the other hand, the mesopore volume 

was changed to a greater extent in this case (see Figure 3a), yielding higher Vmp values for the 

OMCreoPAc BO (see Table 1).  

The activation method (OMCreoPAc vs. OMCreoPAt) had a strong influence on the PSDs of 

the materials in the mesopore region (see Figure3c). The OMCreo PAc samples showed very 

narrow PSDs and very similar for BO=15% and 45%, while the one of the OMCreo PAt 48% 

widened significantly. In the case of the OMCreo PAt BO, the presence of the silica might 
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have hindered the CO2 diffusion, and hence the activation of the sample. This would be 

translated to higher activation times needed to obtain similar BO degrees. Thus, the OMCreo 

PAc 45% was obtained with tA=24 h while OMCreo PAt 48% required 48 h of activation. 

Additionally, this lower CO2 diffusion could render a less homogenous activation, thus, the 

carbon atoms most exposed will be those that will be gasified to a greater extent. 

3.1.2 Elemental analysis 

The original OMC had a relatively high nitrogen and sulfur content (see Table SI1 in the 

Supplementary Information) that comes from the precursor and the H2SO4 used in the 

polymerization of creosote, respectively, as demonstrated previously 53. The latter was 

drastically reduced upon KOH activation, most probably due to the washing step with HCl 

that is thought to remove sulfur moieties. In the case of the nitrogen content, it decreases when 

the conditions of the chemical activation process become more extreme. Thus, the nitrogen 

content decrease with increasing activation temperature and impregnation ratio (i.e. amount 

of KOH). This indicates that the KOH reacts with the nitrogen surface groups favoring their 

elimination. On the other hand, both series of activated carbons prepared by physical 

activation (PAt and PAc series) have a N content between 2.87 and 2.97 wt.%, which is 

slightly lower than that of the non-activated sample (OMCreo). This small decrease may be 

due to the elimination of some of the nitrogen-containing groups due to the effect of thermal 

treatment. Activation of the OMS/carbon composite with KOH (CA series) and by physical 

activation (PAt series) rendered materials with a higher oxygen content than that present in 

the case of the OMC physical activation (PAc series). In the last preparation method, the 

gasification of the OMCreo sample with CO2 did not affect the amount of oxygen-containing 

surface groups, but in the former two preparation methods (CA and PAt series) the removal 
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unchanged after several temperature swing adsorption-desorption cycles at relatively high 

desorption temperatures (125-200 ºC). These results highlight the importance of developing 

carbon porous materials with a large narrow micropore volume, where the CO2 adsorption 

takes place, and with an appropriate mesoporous structure to improve the accessibility of CO2 

to the adsorption sites. 
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Scheme 1. Schematic of the preparation of ordered mesoporous carbons via hard template 

method. 
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Figure 5. TEM micrographs of OMCreo CA 1:1 850 (a), OMCreo CA 4:1 850 (b), OMCreo 

PAc 45% (c) and OMCreo PAt 48% (d). 
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Figure 6. CO2 capture capacity (mmol/g AOMC) for prepared activated carbons. (Black for 

OMCreo not activated sample, blue for chemically activated samples, and red for physically 

activated). 
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Figure 7. CO2 capture capacity of samples OMCreo CA 4:1 850 and OMCreo PAt 48% as a 

function of adsorption temperature. (Blue for OMCreo CA 4:1 850 and red for OMCreo PAt 48%). 
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