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Carbon dioxide (CO,) concentrations continue to increase every day, influencing
climate change and contributing to global warming. This problem has become a global
issue and continues to be a challenge to study and devise effective ways to reduce
CO,. Therefore, this study investigates the adsorption of CO, at 273 K and 298 K in
biochar which is synthesized from chili stems, a biowaste. Chili stem was carbonized
to produce the original biochar, which is used as a starting precursor to modify the
surface properties by adding heteroatoms such as nitrogen (N) and sulfur (S) via heat
treatment together with urea (N-doped), thiourea (N-S co-doped), carbon dioxide, and
air activations. We found that not only the surface chemistry was enhanced but also
the superior pore size was improved. The N-S co-doped biochar exhibited outstanding
CO, adsorption capacity, even though it had a lower surface area or pore volume
compared to other studies in literature. In addition, the modified biochar revealed fast
kinetics of CO, adsorption and was more cost-effective for production than its
unmodified biochar. To support the experimental results and better understand the
characteristics of the functional groups on the material surface. We have used a grand
canonicat Monte Carlo (GCMC) simulation to systematically demanstrate the effects of
N and S functional groups, pore size, and pore volume on CQ; adsorption. According
to the simulation results, surface functional group is the minor factor in the ability to
adsorb CO, at low pressures until it is saturated with adsorbate molecules at 0.3 bar.
By increasing the amount of S atoms (tuning S), CO, adsorbed amount increased rather
than N tuning. While the pore size is the main factor that has the greatest impact on

the adsorption capacity in both low and medium pressure ranges (up to 23 bar). The

simulation results show that the optimum pore sizes are found in the range of 0.66—4.0

nm depending on the pressure. On the other hand, pore volume becomes the main



factor when the pressure is over 23 bar.
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