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ABSTRACT

Activated carbons (AC) are widely regarded as promising sorbents for direct air capture (DAC) due to their well-developed porosity, high thermal stability, low cost, and abundant availability. In this work, a nitrogen-functionalized porous carbon sorbent was successfully developed by valorising mustard deoiled waste via thiourea modification, followed by activation with K2C2O4. This strategy enabled the simultaneous development of a well-defined microporous structure along with the incorporation of nitrogen-containing functional groups, both of which are crucial for enhanced CO2 adsorption under low-concentration conditions. The prepared sorbent exhibited a high CO2 uptake capacity of 3.01 mmol/g at 1 bar and 25 oC, demonstrating its effectiveness compared with many conventional biomass-derived carbons. Physicochemical characterisation confirmed the formation of a stable porous network and the presence of surface functional groups that promote strong CO2-sorbent interactions. At the same time, comparative pre- and post-adsorption analyses revealed that the structural integrity of the material was preserved after adsorption, indicating its robustness. To further understand and optimise the process, response surface methodology (RSM) based on a central composite design (CCD) was applied, with adsorption temperature, flow rate, adsorbent dosage, and adsorption time as key variables. Statistical analysis showed that adsorbent dosage and adsorption time had the greatest influence on CO2 uptake, whereas temperature and flow rate exerted comparatively smaller effects within the investigated range. Kinetic studies demonstrated rapid adsorption behaviour, suggesting efficient accessibility of active sites and favourable interaction between CO2 molecules and the nitrogen-enriched carbon surface. Equilibrium isotherm analysis confirmed strong adsorption affinity and effective utilisation of the porous structure. The thermodynamic evaluation indicated that the adsorption process was spontaneous and energetically favourable. Furthermore, the sorbent exhibited excellent cyclic stability, maintaining consistent performance over 10 consecutive adsorption–desorption cycles without significant capacity loss. Regeneration was carried out at 120 oC, highlighting its good regeneration capability and practical applicability
KEY WORDS
Activated carbon, RSM, Kinetic models, Isoteric heat, Equilibrium studies
BIOGRAPHY
Sai Krishna Reddy Velagala is a PhD scholar in the BITS-RMIT collaborative doctoral programme, which he joined in January 2024. His research focuses on low-concentration CO2 capture using sustainable porous materials for direct air capture (DAC) applications. His work integrates physicochemical characterisation, statistical optimisation of adsorption systems, and process engineering analysis, including kinetics, equilibrium, and thermodynamic evaluation. He has presented his research at several international conferences and contributed to three publications during the first two years of his PhD. His work aims to develop efficient and scalable solutions for sustainable carbon capture under ambient conditions.

Conference Program

Please indicate which conference program your abstract relates to:


[bookmark: Check1]|_| Hazards Australasia

[bookmark: Check2]|X| Chemeca

























image1.png
- Chemeca2026
Yﬁ% Innovate. Integrate. Impact. Hazards
Australasia 2026
28 - 30 September 2026

Melbourne, Australia




