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1. ABSTRACT  
Recently, carbon dioxide (CO2) has emerged as a significant greenhouse gas with various detrimental effects on the 
environment, particularly at concentrations exceeding 400 ppm. Elevated atmospheric CO2 levels have been linked to 
global warming, leading to acid rain and ocean acidification, which threaten aquatic life by reducing oxygen concentration 
in seawater and causing tissue damage in marine organisms. To mitigate these effects, several CO2 capture techniques 
have been developed, including membranes, cryogenics, biological methods, fuel cells, adsorption, and chemical 
absorption. Among these, chemical absorption using amine solutions is widely regarded for its high efficiency. However, 
challenges such as amine degradation and equipment corrosion persist. This study explores the enhancement of CO2 
absorption efficiency through the use of nanoparticles. The review highlights the positive impact of nanoparticles on mass 
transfer mechanisms in nanofluids, including Brownian motion, hydrodynamic effects, and grazing effects. The study 
also examines various operational parameters influencing CO2 absorption, such as nanoparticle concentration, base fluid 
type, temperature, and gas-liquid flow rates. The findings suggest that optimizing these parameters could significantly 
improve CO2 capture efficiency, offering a promising avenue for industrial applications. 
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2. INTRODUCTION 
Carbon dioxide (CO2) is increasingly recognized as a key contributor to climate change due to its role as a 
major greenhouse gas. As atmospheric CO2 levels continue to rise, surpassing 400 ppm, the global community 
faces numerous environmental challenges, including global warming, acid rain, and ocean acidification. The 
impact of elevated CO2 levels is particularly evident in marine environments, where it leads to a decrease in 
oxygen concentration and causes significant harm to aquatic life. Marine organisms exposed to high CO2 levels 
experience tissue damage in vital organs, which can disrupt entire ecosystems [0. 
To combat the growing threat posed by CO2 emissions, researchers have focused on developing effective CO2 
capture and sequestration technologies. Several methods have been explored, such as membranes, cryogenics, 
biological methods, fuel cells, adsorption, and both physical and chemical absorption. Among these, chemical 
absorption using amine solutions has gained widespread attention due to its high CO2 loading capacity and 
efficiency. Amine-based solutions, including those containing ionic liquids, ammonia, piperazine, and alkaline 
solutions, offer several advantages, such as rapid absorption rates and impurity control. However, the process 
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is not without its challenges. The high-temperature regeneration of amine solutions can lead to amine 
degradation and equipment corrosion, reducing the overall efficiency and lifespan of the system. 
To address these challenges, researchers have been investigating the use of nanoparticles to enhance CO2 
absorption processes. Nanoparticles have unique properties that can improve mass and heat transfer, leading 
to more efficient CO2 capture. This study aims to explore the potential of nanoparticles in enhancing CO2 
absorption, focusing on the underlying mechanisms and the influence of various operational parameters [0. 

3. MATERIALS AND METHODS 
The study conducted a comprehensive review of existing literature on the use of nanoparticles to enhance CO2 
absorption in nanofluids. Key mechanisms such as Brownian motion, hydrodynamic effects, and grazing 
effects were identified as critical to improving mass transfer processes in nanofluids. The study also examined 
the impact of various operational parameters on CO2 absorption efficiency, including nanoparticle type and 
concentration, base fluid type, temperature, gas and liquid flow rates, CO2 concentration in the inlet gas stream, 
and the use of surfactants. 
Nanoparticle-enhanced fluids, or nanofluids, were evaluated for their potential to improve CO2 absorption 
rates. The review focused on experimental studies that measured the effectiveness of different nanoparticles 
and base fluids under varying conditions. The study also analyzed theoretical models that predict the behavior 
of nanofluids in CO2 absorption processes, with an emphasis on understanding the interactions between 
nanoparticles and CO2 molecules [0. 

4. RESULTS AND DISCUSSION 
The review revealed that the incorporation of nanoparticles into CO2 absorption processes significantly 
enhances the efficiency of the process. Nanoparticles improve mass transfer through mechanisms such as 
Brownian motion, which increases the interaction between CO2 molecules and the absorbing medium. 
Hydrodynamic effects, influenced by fluid dynamics, and grazing effects, which enhance contact between CO2 
and the absorbing surface, were also found to play crucial roles in improving CO2 capture efficiency. 
Operational parameters were identified as key factors influencing the effectiveness of CO2 absorption in 
nanofluids. For instance, the type and concentration of nanoparticles directly affect the absorption rate. Higher 
concentrations of nanoparticles generally improve absorption, but excessive concentrations can lead to 
agglomeration, reducing the surface area available for CO2 capture. The type of base fluid also plays a 
significant role, as it determines the stability and dispersion of nanoparticles within the fluid. Temperature is 
another critical factor, with optimal absorption typically occurring at specific temperature ranges that balance 
the need for efficient CO2 capture and the stability of the nanofluids. 
The flow rates of the gas and liquid phases were found to influence the contact time between CO2 and the 
absorbing medium, with higher flow rates potentially reducing the time available for absorption but increasing 
the overall throughput of the process. The concentration of CO2 in the inlet gas stream was also shown to affect 
the driving force for absorption, with higher concentrations leading to more efficient capture. Finally, the use 
of surfactants was found to stabilize nanofluids, preventing nanoparticle agglomeration and maintaining the 
efficiency of the absorption process. 
Overall, the study highlights the significant potential of nanoparticles in enhancing CO2 absorption processes. 
However, it also emphasizes the need for further research to optimize operational parameters and develop more 
effective nanofluid formulations for industrial applications. The findings suggest that with proper optimization, 
nanoparticle-enhanced CO2 absorption could become a key technology in the fight against climate change, 
offering a more efficient and sustainable solution for capturing greenhouse gas emissions [0 0. 

5. CONCLUSION 
The incorporation of nanoparticles into CO2 absorption processes shows significant promise in enhancing 
carbon capture efficiency, which is crucial for mitigating climate change. However, more research is needed 
to understand the mechanisms and optimize parameters for industrial use. Advancing these technologies is 
vital for reducing the environmental impact of CO2 emissions. 
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