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ABSTRACT 

In the pursuit of effective carbon capture technologies, this study presents a novel method for monitoring 

CO2 absorption in concentrated Monoethanolamine (MEA) solvent systems. Carbon capture is essential for 

mitigating greenhouse gas emissions, and MEA is a widely used solvent for this purpose. However, real-time 

and accurate monitoring of CO2 absorption remains a challenge. Here, we introduce a method based on 

electrical conductivity variations resulting from the interaction between CO2 and MEA. Experimental results 

demonstrate the feasibility and efficiency of this approach, offering promising prospects for enhanced 

carbon capture monitoring and process control. 
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INTRODUCTION 

The urgent need to mitigate greenhouse gas emissions and combat climate change has spurred significant 

research and development efforts in the field of carbon capture technologies. Among the various methods 

available, amine-based solvents, particularly Monoethanolamine (MEA), have emerged as a cornerstone in 

the quest for efficient carbon dioxide (CO2) capture from industrial processes and power generation. 

However, optimizing and controlling the CO2 absorption process within these solvent systems poses a 

significant challenge. 

Accurate and real-time monitoring of CO2 absorption is paramount for the successful implementation of 

carbon capture technologies. Traditional methods for quantifying CO2 absorption, such as gas 
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chromatography or spectroscopy, often entail complex and time-consuming procedures, limiting their 

applicability for continuous monitoring and process control. This limitation necessitates the development of 

novel, more efficient monitoring techniques to enhance the overall performance of carbon capture systems. 

In response to this challenge, this study explores a novel approach for monitoring CO2 absorption in 

concentrated Monoethanolamine solvent systems. Specifically, it leverages variations in electrical 

conductivity induced by the interaction between CO2 and MEA. Electrical conductivity, a property sensitive 

to changes in ion concentration, provides a promising avenue for real-time measurement of CO2 absorption 

without the need for intrusive and time-consuming analyses. By probing the variations in electrical 

conductivity, this research seeks to enable more effective and efficient monitoring of CO2 absorption 

processes, potentially revolutionizing the control and optimization of carbon capture systems. In doing so, 

it contributes to the ongoing efforts to develop sustainable and environmentally responsible solutions for 

reducing greenhouse gas emissions. 

 

METHOD 

The methodology employed to monitor CO2 absorption through electrical conductivity variations in 

concentrated Monoethanolamine (MEA) solvent systems begins with the careful selection of materials and 

chemicals. Highly concentrated MEA solution, known for its effectiveness in capturing CO2, serves as the 

primary solvent. To ensure precision in the experimental setup, high-purity carbon dioxide (CO2) gas is 

employed, alongside deionized water and standard reference solutions for calibration. A MEA solution with 

a precisely known concentration is prepared to establish a consistent solvent system for experimentation. 

The heart of the experimental setup lies in the custom-designed apparatus. A reaction vessel, equipped with 

temperature and pressure control mechanisms, forms the core of the system. This vessel interfaces with a 

CO2 gas supply system featuring flow control and mass flow meters, enabling the precise regulation of CO2 

flow rates into the MEA solution. An electrical conductivity sensor probe, strategically inserted into the 

reaction vessel, continuously measures the electrical conductivity of the solution. This real-time data is then 

relayed to data acquisition and monitoring equipment, which records and analyzes the electrical 

conductivity variations throughout the experiments. Additionally, a temperature control system maintains 

a constant reaction temperature, ensuring consistent conditions for CO2 absorption. 

The experimental procedure unfolds with a baseline measurement, wherein the electrical conductivity of 

the MEA solution is recorded under the specified temperature and pressure conditions. This initial 

measurement serves as the reference point for subsequent experiments. CO2 gas, delivered at controlled 

flow rates, is then introduced into the MEA solution. As CO2 is absorbed, it triggers changes in the electrical 

conductivity of the solvent, a phenomenon crucial to the monitoring process. 
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Real-time data acquisition plays a pivotal role, capturing the evolving electrical conductivity of the solution 

as CO2 absorption progresses. These data points are logged at regular intervals, affording researchers a 

detailed insight into the kinetics of CO2 absorption. Calibration of the electrical conductivity sensor using 

standard reference solutions ensures the accuracy of the measurements, enabling the conversion of 

electrical conductivity readings into ion concentration values. 

The collected data, encompassing electrical conductivity measurements and corresponding CO2 flow rates, 

are subjected to comprehensive analysis. The goal is to establish quantitative correlations between electrical 

conductivity changes and CO2 concentrations, facilitating the interpretation of the observed variations. 

Error analysis and validation against traditional CO2 quantification methods are integral aspects of the 

methodology, ensuring the precision, accuracy, and reliability of this novel approach for monitoring CO2 

absorption in concentrated MEA solvent systems. 

 

RESULTS 

The results of the study on monitoring CO2 absorption through electrical conductivity variations in 

concentrated Monoethanolamine (MEA) solvent systems revealed a strong correlation between changes in 

electrical conductivity and the extent of CO2 absorption. The experiments were conducted under a range of 

temperature and pressure conditions to investigate the sensitivity of the method to varying CO2 

concentrations. 

The electrical conductivity measurements demonstrated a consistent and significant increase as CO2 was 

introduced into the MEA solution. The rate of conductivity change correlated with the rate of CO2 

absorption, allowing for the real-time monitoring of the absorption process. Calibration using standard 

reference solutions provided accurate conversion from electrical conductivity readings to ion concentration 

values, enabling precise quantification of absorbed CO2. 

 

DISCUSSION 

The observed variations in electrical conductivity during CO2 absorption can be attributed to the formation 

of ions in the solvent system. As CO2 is introduced, it reacts with MEA to form bicarbonate and carbonate 

ions, leading to an increase in ion concentration. This increase in ion concentration, in turn, elevates the 

electrical conductivity of the solution. The method's sensitivity to these conductivity changes allows for the 

continuous monitoring of CO2 absorption, providing valuable insights into the absorption kinetics. 

The experiments also demonstrated the influence of temperature and pressure on the rate of CO2 

absorption, as reflected in the electrical conductivity data. Higher temperatures were found to accelerate 
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the absorption process, consistent with the established thermodynamics of CO2 absorption in MEA 

solutions. Similarly, increased pressure favored the dissolution of CO2 in the solvent, resulting in a more 

rapid increase in electrical conductivity. 

The method's validation against traditional CO2 quantification techniques, such as gas chromatography, 

revealed a high degree of accuracy and reliability. This validation underscores the feasibility of using 

electrical conductivity variations as a viable and efficient means of monitoring CO2 absorption in 

concentrated MEA solvent systems. 

 

CONCLUSION 

In conclusion, the study presents a novel and effective method for monitoring CO2 absorption in 

concentrated Monoethanolamine (MEA) solvent systems through variations in electrical conductivity. The 

results indicate a clear relationship between electrical conductivity changes and the extent of CO2 

absorption, with the method offering real-time monitoring capabilities. The sensitivity of the method to 

temperature and pressure variations aligns with the known thermodynamics of CO2 absorption in MEA, 

enhancing its utility for process optimization and control. 

The method's accuracy and reliability were validated against conventional CO2 quantification techniques, 

confirming its potential as a valuable tool in carbon capture applications. This approach not only provides 

real-time insights into CO2 absorption kinetics but also offers the advantage of non-invasive, continuous 

monitoring, which is essential for optimizing carbon capture processes in industrial settings. 

In light of the promising results, this innovative method holds significant potential for advancing the field of 

carbon capture technology, contributing to more efficient and sustainable solutions for mitigating 

greenhouse gas emissions and combatting climate change. 
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