
National Conference On Recent Trends And Developments In Sustainable Green 

Technologies 
Journal of Chemical and Pharmaceutical Sciences       www.jchps.com                            ISSN: 0974-2115 

JCHPS Special Issue 7: 2015                                                           NCRTDSGT 2015 Page 236 

AN INNOVATIVE METHOD FOR REDUCTION AND UTILIZATION 

OF ATMOSPHERIC CARBONDIOXIDE 
1 Venkat V C*, 2 Senthil S, 2 Sathivel Murugan R, 3 Lakshmi Narayanan P 

1IGP Group of Industries, Chennai, TN. 
2Dept of Mechanical Engineering, Kamaraj College of Engineering and Technology, Virudhunagar-626001 

3Bannari Amman Institute of Technology, Satyamangalam-638401, Erode District, TN. 

*Corresponding author:  E.Mail:itssenthil@yahoo.com; 

ABSTRACT 

Carbon capture and storage (CCS, is the process of capturing waste carbon dioxide(CO2) from large point 

sources, such as fossil fuel power plants, transporting it to a storage site, and depositing it where it will not enter the 

atmosphere, normally an underground geological formation. The aim is to capture and convert wide range of 

quantities of CO2 from the atmosphere. This project paper involves a different technique in capturing the CO2 from 

the atmosphere and converting it into a commercial form, so that it does not affect the environment through leakage 

even on a long term basis. Sodium hydroxide is the main reagent playing a vital role in this technique by suitable 

handling methods. 
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INTRODUCTION 

Global warming is a silent threat to the world’s climatic changes that has its effects lasting for several 

thousand years as its post-consequences. The fact is that even if the entire world switched magically to 100 percent 

solar and other non-polluting power sources tomorrow, it’s too late to roll back some of the impacts of climate 

change.  The current level of carbon dioxide in the air is already well beyond what scientists regard as the safe 

threshold. If we remain on our present course, scientists say, CO2 levels will continue to rise sharply for years to 

come. 

Carbon capture and storage (CCS) is a potential means of mitigating the contribution of fossil 

fuel emissions to global warming and ocean acidification. Although CO2 has been injected into geological 

formations for several decades for various purposes, including enhanced oil recovery, the long term storage of 

CO2 is a relatively new concept. 'CCS' can also be used to describe the scrubbing of CO2 from ambient air as a geo-

engineering technique. CCS applied to a modern conventional power plant could reduce CO2 emissions to the 

atmosphere by approximately 80–90% compared to a plant without CCS. The IPCC estimates that the economic 

potential of CCS could be between 10% and 55% of the total carbon mitigation effort until year 2100. 

Storage of the CO2 is envisaged either in deep geological formations, or in the form of mineral carbonates. 

Deep ocean storage is no longer considered feasible because it greatly increases the problem of ocean acidification. 

Geological formations are currently considered the most promising sequestration sites. A general problem is that 

long term predictions about submarine or underground storage security are very difficult and uncertain, and there is 

still the risk that CO2 might leak into the atmosphere. 

This project involves a different technique in capturing the CO2 from the atmosphere and converting it into 

a commercially form, so that it does not affect the environment through leakage even on a long term basis. Sodium 

hydroxide is the main reagent playing a vital role in this technique by suitable handling methods. The advantage of 

this approach is that all green technologies like solar, wind, and carbon capture would compete on a level playing 

field to create a carbon remediation at the lowest possible cost. 

CARBON CAPTURING METHODS 

Capturing CO2 is probably most effective at point sources, such as large fossil fuel or biomass energy 

facilities, industries with major CO2 emissions, natural gas processing, synthetic fuel plants and fossil fuel-

based hydrogen production plants. Extraction (recovery) from air is possible, but not very practical. The 

CO2 concentration drops rapidly moving away from the point source. The lower concentration increases the amount 

of mass flow that must be processed (per tonne of carbon dioxide extracted).  

Concentrated CO2 from the combustion of coal in oxygen is relatively pure, and could be directly 

processed. Impurities in CO2 streams could have a significant effect on their phase behaviour and could pose a 

significant threat of increased corrosion of pipeline and well materials. In instances where CO2 impurities exist and 
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especially with air capture, a scrubbing process would be needed. Organisms that 

produce ethanol by fermentation generate cool, essentially pure CO2 that can be pumped 

underground. Fermentation produces slightly less CO2 than ethanol by weight. A few engineering proposals have 

been made for the more difficult task of capturing CO2 directly from the air, but work in this area is still in its 

infancy. Capture costs are estimated to be higher than from point sources, but may be feasible for dealing with 

emissions from diffuse sources such as automobiles and aircraft. The theoretically required energy for air capture is 

only slightly more than for capture from point sources. The additional costs come from the devices that use the 

natural air flow. Global Research Technologies demonstrated a pre-prototype of air capture technology in 2007.  

Removing CO2 from the atmosphere is a form of geo-engineering by greenhouse gas remediation. 

Techniques of this type have received widespread media coverage as they offer the promise of a comprehensive 

solution to global warming if they can be coupled with effective carbon sequestration technologies. It is more usual 

to see such techniques proposed for air capture, than for flue gas treatment. Carbon dioxide capture and storage is 

more commonly proposed on plants burning coal in oxygen extracted from the air, which means the CO2 is highly 

concentrated and no scrubbing process is necessary. It is possible to capture approximately 65% of carbon dioxide 

embedded in it and sequester it in a solid form.  

LITERATURE REVIEW  

 Dziedzic et.al, (2006) explain the process of using naturally occurring brines and brine formations, based 

on net energy expended. The CO2 transfer and chemical conversion is aided by pumping through a partial allowing 

membrane. Keith et.al, (2006) explain the capturing of CO2 from the air and immobilizing it in geological 

structures, which differs from conventional mitigation in three key aspects. Zeman et.al, (2004) describe their 

indirect method of carbon capture from the atmosphere using sodium hydroxide solution, which is then causticized 

using calcium hydroxide for regeneration and precipitate calcite in a well-defined and technically feasible manner. 

Lowry, et.al, (2004) developed a system that is simple, scalable and achievable CCS technique with current 

technology. Stolaroff et.al, (2006) in their work explain the indirect measuring of the NaOH droplet size by 

measuring the nozzle opening size and function of the nozzle pressure. Their work also extends its boundaries in 

explaining the absorption of CO2 by the NaOH on the walls of the system. Stolaroff et.al, (2008) explain the 

method for calculating the outlet CO2 concentration on comparison with the inlet, taking into account of the water 

losses possible due to system working conditions. Housea  et.al, (2011) in their paper discuss the energy 

consumption comparison with the CO2 absorption phenomenon using part five analysis technique, along with 

empirical energy and cost estimation. Lackner (2009) present a specific approach based on a solid sorbent in the 

form of an anionic exchange resin, which absorbs carbon dioxide when dry and releases it when exposed to 

moisture. They outlined a particular implementation of such a moisture swing and discussing the scale of the 

collectors, the energy consumption, and the indirect carbon dioxide emissions related to the operation of carbon 

dioxide capture devices. Mahmoudkhani et.al, (2009) conduct a thermodynamic analysis of the sodium hydroxide 

carbon capture technique, assessing a novel energy efficient process for recovering sodium hydroxide for capturing 

CO2 from ambient air. They also describe the process of reaction of water loss in the system by recovering of 

sodium hydroxide in the process. Nuckols et.al, (1985) discuss the various standard design guidelines and 

techniques for the carbon scrubbers for effective performance of the carbon capture system on consideration of the 

working conditions. Kumar, et.al, (2012) experiment the impacts of alumina mixed nickel catalyst on sodium 

hydroxide and carbon monoxide reaction, which is exothermic and effects of the catalyst size on the reaction. 

PROCESS DESIGN 

Calculation of weight of co2 absorbed and by products formed: Here, 4 liters of 1 molar solution is used 

Used weight of NaOH = 160g 

Molar weight of NaOH = 40g per liter 

No of moles of NaOH used = 160/40 = 4 moles 

From the balanced equation, 

2 NaOH + CO2 = Na2CO3 + H2O 
One mole of CO2 requires two moles of NaOH 

Hence,  

The absorbed amount of CO2 = 4/2  = 2 moles 

Weight of CO2 absorbed = Molecular weight of CO2 x No. Of moles of CO2       

           =44 x 2      =88 g 

Similarly, as a byproduct tow moles of Na2CO3 and H2O are formed 
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 Weight of Na2CO3 formed= Molecular weight of Na2CO3 x No. Of moles of Na2CO3 

      = 106 x 2 =212g 

Weight of H2O formed = Molecular weight of H2O x No. Of moles of H2O      = 

18 x 2 =36g 

Calculation of dc axial blower capacity: 
Minimum rated speed of blower = 2500 rpm 

Air pressure at minimum rated speed = 5.96 mm Ag 

Air flow at minimum rated speed = 7.81 CFM 

 One CFM = 1.699 Cubic meters per hour 

 7.81 CFM = 7.81 x 1.699 

   = 13.2692 CMH 

Calculation of process time: From the standard reference values, 

Co2=0.0174 moles per cu.m of atmospheric air 

So, 57.4712 cu.m of atmospheric air will contain 1 mole of co2, under normal conditions 

Blower capacity is 13.2692 cubic meters / hour 

Hence, the reaction time for processing of 1 mole of CO2 = 57.4712/13.2692      

    = 4.33 hours  = 4 hours and 20 min 

Hence the time required for complete reaction of 1 mole of CO2 is 4 hours and 20 minutes. On carrying out 

this reaction for 4 moles of content, the time required will become 17 hours and 20 minutes. This is the theoretical 

time calculation for the reaction to take place under normal conditions and it may vary depending on ambient 

conditions. No reaction is ideal and hence only about 65% of the Sodium hydroxide solution undergoes chemical 

change, while the solution remains quite basic in nature, which can be further neutralized for conversion into 

commercial form. 

Methodology: The following is the list of components used in the carbon scrubber: 

 Steel Chamber 

 Sodium Hydroxide Solution 

 Spray nozzle 

 Axial blower 

 Holder mesh 

 Marbles 

 HDPE Tubes 

 Solar power unit 

The system consists of a stainless steel container in which the process takes place. The sodium hydroxide 

solution (one molar) is placed inside the container at the bottom which forms the sink. The solution is circulated to 

the top of the container using a pump and sprayed using a nozzle-spray mechanism. The air intake is at the bottom 

of the container just above the sink, which is aided by the brushless DC axial blower. The air is forced to pass 

through the marble mesh layer at the middle of the container and escapes back into the atmosphere through the 

opening at the top of the container. 

 
Fig.1.Process planning 

The power required to run the blower and pump can be derived from the battery source recharged by a 

solar panel and interfaced by a solar charge controller unit. The main objective of using solar is to avoid the use of 

power from main supply, which in turn has its source at power plants like thermal power plants emitting carbon 

monoxide and carbon dioxide. This may result in a fact that the carbon dioxide is released at one end of the process 

indirectly and captured at the other end. The concept of using solar power makes the project completely Do-Green 

and conceptually stable without any controversies. 
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Fig.2.Schematic diagram Fig.3.Experimental Setup 

The purpose of the middle mesh layer is to provide a barrier for effective reaction of the sodium hydroxide 

solution with the carbon dioxide in the air. The sodium hydroxide undergoes adsorption with the marble surface 

and forms a thin layer which when interacts with the carbon dioxide gets converted into sodium carbonate. This 

reacted layer gets flushed by the spray continuously and the formation of new layer is repeated. Initially the 

reaction is quite quicker and with time it gets slower due to the sodium hydroxide solution will already contain a 

mixture of sodium carbonate and sodium bicarbonate with due course of time. Anyhow, the reaction will never be 

ideal in forming one hundred percent by products, as there will be some sodium hydroxide left unreacted in the 

mixture making the solution as ten percent basic. This can be outsourced to the companies for further neutralization 

and concentration improvement on a cost basis or suitable neutralization methods can be done by individuals with 

proper technical guidance and knowledge. 

CONCLUSION 

In this project an innovative way of absorbing CO2 emission is suggested. This Carbon Capture and 

Sequestration is a complete Do-Green project, with all possible non-desirable features of the previous large scale 

works being completely nullified and purifying the surrounding atmospheric air out of carbon dioxide as its major 

goal. This project can be suggested for usage in high carbon emission areas like industries to medium carbon 

emission areas like highly populated areas and traffic zones. Efforts can still be made to focus this project to 

effectively absorb the carbon dioxide at shortest time with further design modifications. The same work can be 

extended to capture sulphur oxides from atmosphere where they are released on a large scale like volcanic regions 

and industries and make it sulphur free, by maintaining the system temperature at optimum level and suitable 

modifications in the system. 
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