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High Pressure CO2 Sorption on Porous Carbons 
Relevant for: carbons, gas storage, gas separation, carbon capture 

Nanoporous carbons are candidates for applications such as carbon capture and sequestration 
due to their large micro- and mesopore volumes. These nanoporous carbons can be optimized 

for use in gas storage applications by measuring their CO2 uptake at the high pressures and 
temperatures that mirror the eventual gas storage application. In addition, heat of adsorption 

can be readily calculated from high pressure isotherms. CO2 high pressure sorption isotherms 
have been measured on a series of nanoporous carbons and the results are discussed. 

 

 
 
1 Introduction 

Nanoporous carbons are often utilized for applications 
such as gas storage and separations, including 
important carbon capture applications. Carbons have 
many advantages for this application, including their 
low cost, ready availability, stability, and the ability to 
tailor their porosity to removal of specific gases. Two 
strategies to enhance performance of these materials 
in the intended applications include: 

1. The addition of heteroatoms into the carbon 
structure 

2. The addition of mesopores into the 
microporous activated carbon framework to 
form hierarchical structures.  

To study the performance of these carbons for CO2 
capture, high pressure gas sorption measurements 
are recommended to closely mimic conditions of the 
application. 

 

1.1 High Pressure Sorption 

High pressure sorption measurements are typically 
performed at the temperature and up to the pressure 
of interest for the application. Measured high pressure 
isotherms are obtained as surface excess adsorption 
vs. absolute pressure. In high pressure sorption, the 
adsorbed amount is not determined directly, it is 
calculated from the surface excess. The surface 
excess is the difference between the number of moles 
of gas present in the system (sample cell containing 
the porous solid) and the number of moles that would 
be present if all the accessible volume in the system 
was occupied by the adsorptive in the bulk state – or, 
more simply, the difference between the amount of 
fluid in the pores and the amount that would be 
present in the same pore system in the absence of 
adsorption forces (1). 
 
The surface excess is itself a useful and interesting 
value, but for carbon capture and other gas storage 
applications, it should be converted to the more 
relevant absolute adsorption capacities. This can be 
done using either the pore volume measured from low 
pressure gas sorption or the bulk liquid density (1), 
(2). Heat of adsorption can also be calculated from the 
measurement of 2+ high pressure isotherms obtained 
at different temperatures. 
 
Anton Paar’s iSorb HP is capable of performing high 
pressure CO2 measurements and readily converting 
the measured surface excess to absolute isotherms, 
as well as performing heat of adsorption calculations.  
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2 Example 

Four high surface area (ranging from ~900-3300 m2/g) 
and pore volume (> 1 cm3/g) micro- and mesoporous 
carbons were used to study their CO2 adsorption 
capacity at high pressure and room temperature. In 
addition, CO2 adsorption on an additional micro-
mesoporous carbon was measured at three different 
temperatures to calculate heat of adsorption. 
 
2.1 Experimental Set-Up 

Prior to measurement of CO2 high pressure isotherms 
on the iSorb HP, the carbons were outgassed at 
473 K for 12 hours at < 0.00001 bar with the high 
vacuum option. 
 
A circulating bath and dewar were used to control the 
temperature at 273 K and 298 K. A CryoCooler was 
used to control the temperature at 220 K and 240 K 
for the heat of adsorption study. Isotherms were 
measured to just below the saturation pressure of CO2 
at the measurement temperature. 
 
Measured surface excess high pressure isotherms 
were converted to absolute isotherms using the total 
pore volume calculated from Ar (87 K) isotherms. 
 
2.2 Results and Discussion 

The CO2 (298 K) high pressure isotherms were 
measured to 40 bar on a series of four heteroatom 
doped carbons (Figure 1) (3). The absolute adsorption 
isotherms were calculated from the measured surface 
excess isotherms using the pore volume from 
Ar (87 K) adsorption measurements.  
 

 
Figure 1: CO2 (298 K) surface excess isotherms (top) and 
corresponding absolute adsorption isotherms (bottom) for 
heteroatom doped carbons (3). 

 
To clearly highlight the differences between the 
surface excess and absolute isotherms, Figure 2 
shows an overlay of the two for two selected 
heteroatom doped carbons. 
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Figure 2:  CO2 (298 K) surface excess and absolute adsorption 
isotherms for heteroatom doped carbons (3). 

 
In this case, the BIDC-0.5-700 and BIDC-1-700 
samples contain primarily micropores and reach their 
ultimate CO2 capacity at around 10 bar. In contrast, 
the BIDC-2-700 and BIDC-3-700 samples also contain 
narrow mesopores, which lead to larger CO2 uptake at 
pressures above 10 bar. This information can guide 
design of micro-mesoporous carbons to optimize CO2 
uptake at the desired application pressures. 
 
As another example, CO2 high pressure isotherms 
were measured at a series of different temperatures 
on a micro-mesoporous CMK-3 carbon (4) in order to 
calculate the heat of adsorption. The measurements 
were performed to the saturation pressure of CO2 for 
the respective temperature, e.g.: 

Temperature Saturation Pressure 

220 K  6.0 bar 

240 K  12.8 bar 

273 K  34.7 bar 

 
For the heat of adsorption calculation, the absolute 
adsorption isotherms must be used. These are shown 
in Figure 3 (top) along with the resulting heat of 
adsorption plot (bottom). Heat of adsorption values 

change slightly as a function of increasing volume 
(coverage), which can be explained by a higher 
affinity at low coverage for adsorption into the small 
micropores of the material and slightly decreasing 
affinity as the sites for CO2 adsorption on the direct 
surface become filled.  
 

 
 

 
Figure 3: CO2 absolute adsorption isotherms at various 
temperatures on CMK-3 (top) (4) and resulting heat of 
adsorption plot (bottom). 

 
3 Conclusions 

High pressure CO2 adsorption isotherms have been 
measured on the iSorb HP for a series of nanoporous 
carbons. Measured surface excess amounts were 
converted to absolute adsorbed amounts using 
sample pore volume. Heat of adsorption was 
calculated from measurements performed at multiple 
temperatures. CO2 adsorption at high pressures is 
important to evaluate how materials will perform in 
carbon capture and storage applications. 
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