Copyright © Authors

Published by Researcher and Lecturer Society
This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 2, No. 1, pp. 28-34, 2023

Comparison of NaOH and Na>COs as absorbents for CO. absorption
in carbon capture and storage technology

Fadhilah Ikhsan Dinul®, Hendri Nurdin!, Dieter Rahmadiawan®’, Nasruddin?, Imtiaz Ali Laghari® and
Tarig Elshaarani*

! Department of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Padang,
INDONESIA

2 Department of Mechanical Engineering, Faculty of Engineering, Universitas Indonesia, INDONESIA

3 Department of Electrical Engineering, Quaid-e-Awam University of Engineering, Science and
Technology, PAKISTAN

4 Sudan Atomic Energy Commission, Institute of Chemistry & Nuclear Physics, SUDAN

Abstract: CO2 gas is a greenhouse gas that causes global warming. Greenhouse gases are gases in
the atmosphere that can absorb and reflect infrared radiation from the Earth's surface. Currently, the
energy demand still depends on fossil fuels. On the other hand, CO2 emissions from burning fossil fuels
continue to increase and contribute as greenhouse gases to the atmosphere. CO2 capture is an effort
to reduce the burden of CO2 emissions into the atmosphere and is part of the Carbon, Capture, and
Storage (CCS) protocol. The CO2 absorption process applied in the chemical industry is one of the CO2
absorptions using NaOH and Na2COs solutions as absorbents. This research aims to determine the
effect of absorbent flow rate on the percentage of absorbed CO>. The method used in this research is
the SLR (Systematic Literature Review) method to identify all available research. The absorbent flow
rate variations used are 1 liter/minute, 1.5 liters/minute, 2 liters/minute, 2.5 liters/minute, and 3
liters/minute. The absorption process using NaOH absorbent is capable of absorbing CO2 gas with a
maximum absorption of 95.52% and a minimum of 79.14%. Meanwhile, in the Na.CO3s absorbent, it is
capable of absorbing CO2 gas with a maximum amount absorbed of 72.45% and a minimum of 35.47%.
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1. Introduction

CO; capture is one effort to reduce the burden of CO, emissions in the atmosphere and is part
of the Carbon, Capture and Storage (CCS) procedure. Global warming is now a major issue
and deserves attention. One of the causes of global warming is CO, gas. CO, emissions will
increase by 2.1% every year due to high energy consumption and fossil fuel combustion
(Acién Fernandez et al., 2012). Carbon dioxide (CO.) gas emissions into the atmosphere are
suspected to be the cause of natural phenomena such as extreme climate change, global
warming, greenhouse effects, and ecological problems (Nisa et al., 2019). CO» gas is hot only
produced from combustion but also from several industries such as natural gas, fertilizer,
biogas industries, etc. (Ningsih et al., 2017). Only by increasing energy efficiency and the use
of alternative energy sources, it will be difficult to control and reduce CO, emissions from fuel
combustion (Kanniche & Bouallou, 2007). Thus, a method is needed to capture or absorb CO»
gas (Ningsih et al., 2017). Additionally, efficient, safe, and environmentally friendly technology
for capturing and storing carbon dioxide such as carbon, capture, and storage (CCS) is also
required (Zhao et al., 2012).
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Numerous research and development activities are being conducted to identify and develop
technologies that contribute to the implementation of CCS. These activities include steps to
reduce costs, particularly for carbon capture, as well as steps to ensure that suitable storage
locations are identified, executed, and monitored. However, these barriers cannot be
overcome by simply requiring technological improvements. Regardless of how CCS develops,
there will always be additional costs beyond the use of fossil fuels that cannot be reduced. If
significant reductions in CO, emissions can be achieved, these costs can be regulated legally
during emissions accounting and trading. Similarly, while carbon dioxide injection into suitable
geological formations is scientifically credible, it is important to consider to what extent it is
subject to legal frameworks and regulations (Gibbins & Chalmers, 2008).

There are several methods used in the process of capturing or absorbing CO> gas, including
membrane, cryogenic, and absorption methods. However, the most used method is chemical
absorption (Karali et al., 2022). Absorption is a separation process where one substance in a
gas mixture is absorbed through contact with a liquid, where one component is absorbed while
the other component is not (Robiah et al.,, 2021). Chemical absorption is absorption
accompanied by a chemical reaction of the gas dissolved in the absorbent. An example of this
absorption is the absorption with a chemical reaction between CO, and amine compounds.
MEA, DEA, and MDEA are solvents (absorbents) commonly used to absorb CO, (Sembiring
et al., 2020). Among the various methods, absorption with chemical solvents has been further
researched and proven to be the most effective and suitable method for CO, gas absorption
(Astarita et al., 1983; Yu et al., 2012).

Several researchers have conducted studies on the absorption of carbon dioxide. In a previous
study, sodium hydroxide was used as an absorbent in the absorption process. They prepared
40 grams of solid NaOH, which was dissolved to obtain a concentration of 0.1N. The study
found that good absorption was obtained with a high flow rate of the absorbent. This is
because the interfacial volume in the column is filled as the absorber flow rate increases (Yu
et al., 2012). Another study showed that by increasing the waste flow rate from 2 liters/minute
to 5 liters/minute in the CO2 absorption process using a spray column, the interfacial surface
area per unit volume inside the column increased (Javed et al., 2010). The percentage of CO2
gas absorption is affected by the flow rate of the absorbent. The higher the flow rate, the
greater the number of mol K.CO3; and H-O, which results in more carbon dioxide gas reacting.
Therefore, the percentage removal of CO;, gas from the gas phase to the liquid phase
increases (Altway et al., 2015).

Previous research has shown that a flow rate of 0.2, 0.4, and 0.6 liters per minute results in
lower CO; absorption, and therefore the optimal flow rate is unknown. To address this, a wider
range of NaOH flow rates was used in this study, including 1, 1.5, 2, 2.5, and 3 liters per
minute. The flow rate used in this study was higher than that used by (Trisnaliani et al., 2020),
likely due to the larger absorber used. If the flow rate is too low, the pressure drop can be high.
According to (Javed et al., 2010), the size of the absorber and the high flow rate can affect
overall mass transfer.

To determine the optimal concentration for CO- reduction, a study was conducted on the effect
of Na,COs solvent concentration on the absorption process (15%, 20%, 25%, 30%, 35% by
weight). The optimal concentration for CO» reduction was found to be 25% by weight in this
study. This is because the reaction between Na,CO3; and CO: is an equilibrium reaction, so at
high concentrations (30% and 35%), absorption leads to a turning point in the reaction and
the absorption process becomes less ideal compared to the 25% concentration (Zalys et al.,
2023). In another study, (Purba et al., 2018) investigated the effect of adding boric acid
(H3BO3) to Na,COs solution to enhance its ability to absorb CO.. The variable in this study was
the concentration of boric acid (1%, 1.5%, 2%, 2.5%, 3% by weight). As a result, adding the
optimal concentration of boric acid at 3% by weight resulted in a CO; absorption rate of 67.81%
and a 2.4-fold increase in the absorption rate of the solution (Ghosh et al., 2009).
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To further investigate the absorption of CO2 using NaOH and Na2CO3 as absorbents, but at
different flow rates, more research is needed. In the absorption process, the flow rate is related
to the mass and heat transfer time between two connected fluids in the absorption tower and
affects the rate of CO, absorption. The objective of this study is to determine the optimal flow
rate of both absorbents in reducing the CO; content and the percentage of CO, absorption.
This report is expected to serve as a reference and a solution for reducing atmospheric CO>
gas in the future to mitigate the greenhouse effect. This work will make it easier for researchers
to find information regarding which absorbent is the most optimal in capturing CO».

2. Methods

In this study, the method used is Systematic Literature Review (SLR). This method involves
the researcher identifying, reviewing, evaluating, and interpreting all available studies. In this
method, the researcher systematically reviews and selects journals according to the
procedures identified in each process (Snyder, 2019). Based on the above steps, the
researcher searched for reference articles on the keywords NaOH and Na.CO; as the
absorbents. Data collection was done by documenting all the articles received in this research
report. Several references have been collected on the absorption of carbon dioxide by NaOH
and Na,COs. The limitation of this work is the data are only acquired from previous work, not
directly from the plant.

3. Results and discussion

In this study, the flow rate of each absorbent was determined using a pump and fed into the
top of the absorption column with varying flow rates of 1 liter/minute, 1.5 liters/minute, 2
liters/minute, 2.5 liters/minute, and 3 liters/minute. The study resulted in several data on the
effect of flow rate variation on the percentage of CO2 absorption in the absorption column
output. The data are presented in Tables 1.

Tabel 1. Percentage of absorbed CO; gas with variation of NaOH flow rate (Purba et al.,
2018)

Percentage of CO2 absorption (%)

Flow rate (Liters/minute)

NaOH Na.COs3
1 79,14 35,47
15 89,36 47,46
2 88,88 47,18
25 93,95 60,02
3 95,52 72,45

3.1 Effect of NaOH flow rate on CO. absorption percentage

The figure 2 shows that most of the CO; absorption from NaOH solution occurs at a flow rate
of 3 liters/minute. The figure indicates that the percentage of CO; absorption tends to increase
with the increase of the absorbent (NaOH) flow rate. The increase in absorbance is in
sequence from the lowest to the highest. It increases from 79.14% to 89.36%, then slightly
decreases to 88.88%, then increases to 93.95% and finally to 95.52%. This is because the
packing volume filling at the interfacial area of the column increases with the increase of the
absorption flow rate. Previous study, CO, absorption in NaOH using a spray column indicated
that increasing the fluid flow rate from 2 liters/minute to 5 liters/minute increases the interfacial
surface area larger per unit volume inside the spray column (Ghosh et al., 2009).
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Figure 2. The influence of NaOH flow rate on CO, absorption percentage

The fluid flow rate affects the value of the fluid's Reynolds number. The higher the fluid flow
rate used, the higher the Reynolds number of the fluid. As the Reynolds number increases,
the fluid flow becomes more turbulent. In turbulence, particles in the liquid move in all
directions, resulting in more collisions between particles, and creating more gaps or holes
where gas can be absorbed and trapped (Trisnaliani et al., 2020). Gas absorption is
theoretically a mass transfer process between phases, and mass transfer can occur when
there is a driving force from one phase to another. The driving force is a form of collision
between molecules that occurs when the liquid and gas phases mix at an increasing liquid
flow rate, so collisions between larger molecules result in greater absorption (Sutanto, 2021).
The higher the absorption flow rate used, the higher the number of moles of NaOH and H:O.
With an increasing number of moles of NaOH and H-O, the gas CO, becomes more reactive.
This leads to an increase in the percentage of CO; gas absorption from the gas phase to the
liquid phase (Altway et al., 2015; Yi et al., 2009).

3.2 Effect of Na2COs flow rate on CO2 absorption percentage

The chart in Figure 3 shows that the percentage of CO; absorption tends to increase as the
flow rate of the absorbent increases. The highest percentage of CO» absorption occurs at a
flow rate of 3 liters/minute, which is 72.45%, and the lowest occurs at a flow rate of 1
liter/minute, which is 35.47%. As the flow rate increases, the Reynolds number and turbulence
of the fluid in the absorption tower also increase. In the case of turbulence, the particles in the
liquid move in all directions, which increases collisions between them.
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Figure 3. Effect of Na.COs flow rate on the percentage of CO; absorption

The gas absorption process is a mass transfer process between two liquids where the transfer
occurs when there is a driving force from one phase to another. The collisions create
gaps/cracks where gas can be absorbed and trapped in these cracks (Purba et al., 2018;
Trisnaliani et al., 2020). According to the Reynolds theory, the larger the flow rate, the more
turbulent the flow becomes and breaks up, causing the flow to propagate on the surface of the
packing. This increases the interfacial packing area of the absorption column and enhances
the carbon dioxide binding process that occurs in the absorption column.

Furthermore, the flow rate of the absorbent will affect the amount of reactant in the solution. A
higher flow rate will also increase the amount of reactant in the absorbent solution, resulting
in more Na,COs3 solution reacting with carbon dioxide. This is supported by a previous study
the effect of flow rate on CO2 gas absorption (Hikita et al., 1976; Yincheng et al., 2011). In
their study, it was shown that increasing the gas flow rate can increase the gas mass transfer
coefficient, and thus, increasing the flow rate can enhance the gas absorption rate. The higher
the gas mass transfer coefficient, the greater the gas absorption by the fluid.

4. Conclusion

Based on the conducted research, it can be concluded that the absorption of CO» gas by
NaOH is higher than Na>.COs. The optimum flow rate for the CO, absorption process is 3
liters/minute with a CO; gas absorption percentage by NaOH solution of 95.52%. On the other
hand, the CO, gas absorption percentage by Na>COs solution is 72.45%. This is because the
larger the contact between gas and liquid, the greater the absorption capacity of the liquid
towards the components contained in the CO- gas flow and the interfacial area. Additionally,
the higher the absorber flow rate used, the greater the number of moles between the absorber
and absorbate, resulting in a more reactive CO; gas. This increases the percentage of CO»
gas absorption from gas phase to liquid phase.
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