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Abstract

CO: in industrial gas streams reduces process efficiency, corrodes equipment, and affects product quality.
Additionally, CO: emissions contribute to climate change and global warming. To mitigate these effects, CO2
removal through absorption is essential. Absorption involves contacting a gas mixture with a liquid absorbent to
dissolve the gas component. This study examines the effect of CO: flow rate (V) and NaOH flow rate (L) on CO2
absorption efficiency. The experiment involved preparing 33 liters of 0.1N NaOH and 250 ml of 0.1N HCI, followed
by solution standardization using methyl orange. CO: was introduced through valve V-4 while NaOH was pumped
into the absorption column. Samples were taken after steady state was reached, and titration with 0.1N HCI
determined residual NaOH concentration. Flow rate variations of 1, 3, 5, 7, and 9 L/min were tested. Results align
with literature, indicating that as CO: flow rate increases, NaOH flow rate also rises. However, the L/V ratio and
absorbed CO: amount decrease due to reduced contact time, lowering absorption efficiency. This study highlights
the importance of optimizing flow rates to enhance CO: capture.
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1. Introduction

The main factor in the onset of the global warming phenomenon is carbon dioxide emissions, which is a
greenhouse gas[1]. According to the Intergovernmental Panel on Climate Change (IPCC), there are 5 sectors that are
the main sources of CO; emissions, namely energy use, industrial processes, PKPL, and waste. So that mitigation efforts
are needed in the form of controls that have the potential to produce CO,. Low concentrations of CO, have a noticeable
effect on the health of people in it and high concentrations can increase fatigue inhibit concentration and also reduce
mental health[2]. Various CO, absorption methods that have been widely applied include membrane, cryogenic,
adsorption, and the most common is absorption using chemical solutions[3]. Among these technologies, absorption
with chemical solvents has been researched more in-depth and proven to be the most effective and suitable for CO» gas
separation[4]. Absorption is the process of absorption or separation of certain materials from a gas mixture through
physical bonds or chemical bonds[5].

Absorption is widely used to purify impure feed gases, especially in removing acid gases such as hydrogen sulfide
and carbon dioxide[6]. The main principle in absorption is the achievement of perfect contact between the two fluids
in the absorber column, which is influenced by the fluid flow rate, gas pressure, and the contact area between the
fluids[7]. The most used solvents in the CO, absorption process are alkanolamines, such as monoethanolamine (MEA),
diethanolamine (DEA), and methyl diethanolamine (MDEA)[8]. In addition, CO; absorption can be absorbed by an
absorbent, one of which is NaOH because the reaction time is relatively fast, the price is low and can be cheaply
regenerated[9]. The mechanism of CO: absorption with NaOH is a chemical reaction that produces carbonate salts and
water with the mechanism that CO; gas is physically absorbed so that it directly reacts with hydroxide ions (OH") to
produce bicarbonate ions (HCO") which then reacts back to produce carbonate ions (CO;%*). The two-stage solvent
absorption process increases efficiency and reduces operational costs. However, this natural gas also contains various
contaminants, such as H>S and CO,. The CO; content in natural gas can cause problems in its use, as the corrosive
nature of CO; can damage pipes and equipment in the plant[10].

Carbon dioxide is an undesirable component in natural gas because it can cause various operational and economic
issues, such as ice formation in pipelines, equipment corrosion, and increased maintenance costs for manufacturing
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facilities[5]. The presence of CO: in industrial processes not only affects efficiency but also compromises the quality
of end products. Due to these challenges, industries commonly utilize gas absorption techniques to remove COa,
ensuring smoother operations and enhanced product purity. This absorption process is widely applied in sectors such
as ammonia production, petroleum refining, and natural gas processing. In the ammonia industry, for instance, COs: is
considered a contaminant that poisons catalysts used in ammonia synthesis, making its removal essential before the gas
enters the synthesis unit[11].

As industries strive to align with environmental sustainability goals, carbon capture technologies have become
increasingly important. These technologies aim to reduce CO: emissions at the source, serving as a proactive measure
to mitigate climate change and global warming caused by greenhouse gas (GHG) emissions [12]. The integration of
carbon capture systems not only supports global decarbonization efforts but also opens opportunities for CO: utilization,
such as enhanced oil recovery (EOR) and the production of synthetic fuels and chemicals. By adopting innovative CO-
management strategies, industries can strike a balance between operational efficiency and environmental responsibility,
contributing to a more sustainable future.By looking at the dangers of CO, in the environment, an absorption practicum
was carried out with the aim of knowing the ratio of CO; flow rate (V) and NaOH flow rate (L) to absorbed CO, gas.

2. Method

2.1.  Simmulation Process with Aspen HYSYS

The gas absorption process was simulated using Aspen Hysys to evaluate the removal efficiency of CO: and
HaS. The system consisted of natural gas feed and a solvent stream containing NaOH and water. The simulation was
conducted at 30°C and 0.25 atm, with varying solvent flow rates to observe their impact on gas removal efficiency.
The procedure involved defining the system components, selecting the appropriate fluid package, configuring the
process flowsheet, and inputting operational parameters. After running the simulation, the results were analyzed to
determine the absorption performance based on the composition changes in the output streams.

2.2.  Preparation of Solution

The preparation stage begins with making a 0.1N NaOH solution in 33 liters and making 0.1N HCI in 250 ml.
First weigh 132 grams of NaOH solids using a watch glass. Then dissolve the solid by adding distilled water in a beaker
glass while stirring. Finally, dilute with distilled water up to 33 liters in a holding tank (TK). Furthermore, to make
0.1N HCI solution in 250 ml by taking 2.42 ml of concentrated HCI solution (32% with 1.19 g/ml) and diluting with
pure water to 250 ml.

2.3.  Standardization of Solution

The solution standardization stage is carried out by taking a 0.1N NaOH solution from the reservoir then adding
1 drop of MO indicator. Finally, titrate with 0.1N HCI until it turns purple red. Finally, record the titration volume
results to calculate the concentration.

2.4. Absorption Process

The experimental steps began by filling the holding tank (TK) with 3 liters of 0.1N NaOH solution. After that,
flow CO, gas by opening valve V-4 according to the specified variables. Next, turn on the pump and open valve V-3
to drain the NaOH solution into the absorption column. After the system reaches steady state, take samples from the
bottom product through valve V-1. The experiment was repeated using different flow rate variables.

2.5.  Analysis

The analysis stage is carried out by adding 1 drop of methyl orange to the sample taken for each variable. Then
titrate the sample with 0.1 N HCl solution until it becomes a purple red color. After that, record the volume of titration
results and calculate the remaining NaOH concentration. The process of absorption can be seen in Figure 1.
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Figure 1. Process flow diagram of CO; capture with NaOH.
3. Results and Discussion

3.1.  Simulation

The system consists of an absorber column (T-100) where the gas feed (Stream 2) enters from the side, while
the solvent (Stream 1) is introduced from the top. The absorption process occurs inside the column, separating the gas
components. The treated gas exits as the top product (Stream 3), while the solvent containing the absorbed components
exits as the bottom product (Stream 4). As can be seen in the following Figure 2.

B

-
= top product
1.
absorben
2 -
feed 4. bottom product

T-100

Figure 2. Flowsheet simulation of CO: capture using NaOH.
Based on the absorption simulation experiment that has been conducted, the results obtained are:

Table 1. Relationship between solvent rate and absorbed gas.

Rate Solvent (kg/h) Absorbed Gas (kg/h)

5000 164.46
10000 185.60
15000 256.73
20000 327.86
25000 398.87

Based on the simulation results provided in Table 1, a relationship was observed between the amount of absorbed
gas and the solvent flow rate. This relationship is proportional, meaning that as the solvent flow rate increases, the
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amount of absorbed gas also increases. More detailed data and explanations regarding the absorption simulation results
are presented as follows.
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Figure 3. Relationship between solvent flow rate and absorbed gas.

Based on Figure 3, the relationship between solvent flow rate and absorbed gas mass is evident. At a solvent
rate of 5000 kg/h (feed ratio 1:5), 164.46 kg/h of gas was absorbed. Increasing the solvent rate to 10,000 kg/h (1:10
ratio) resulted in 185.60 kg/h of absorbed gas. Further increasing the solvent flow to 15,000 kg/h (1:15 ratio)
significantly enhanced gas absorption to 256.73 kg/h. At 20,000 kg/h (1:20 ratio), 327.86 kg/h of gas was absorbed,
and at the highest tested solvent rate of 25,000 kg/h (1:25 ratio), gas absorption peaked at 398.87 kg/h. This trend shows
a strong correlation between solvent flow rate and gas absorption efficiency. Higher solvent flow rates facilitate more
effective acid gas absorption due to increased contact time between the gas and solvent. This finding aligns with, which
states that a higher solvent flow rate significantly improves CO- and H:S removal efficiency by increasing gas solubility
and absorption capacity, particularly under high partial pressures. Unlike chemical solvents, physical solvents are not
limited by stoichiometric constraints, allowing for better absorption efficiency with increased flow rates[13].

However, optimizing the solvent rate is crucial for balancing gas removal efficiency and energy consumption.
While higher solvent circulation enhances gas solubility and mass transfer, excessive flow can reduce the solvent
residence time in the stripping column, leading to increased heat demand for regeneration. Conversely, lower
circulation rates improve heat and mass transfer efficiency but may limit absorption performance. Therefore, an optimal
solvent rate must be determined to achieve efficient acid gas removal while maintaining energy efficiency. A key
limitation of this simulation is that it does not account for gas flow rate variations. Gas flow rate significantly affects
CO: absorption. Their study found that higher gas flow rates reduce CO: removal efficiency by shortening the gas-
liquid contact time, despite an increase in gas-phase mass transfer coefficients. Additionally, increasing the gas flow
rate decreases the amine-to-CO2 molar ratio, ultimately reducing CO: absorption capacity. Future experiments should
consider gas flow rate as a variable to obtain more comprehensive results[ 14].

3.2.  Discussion

Absorption is the process of absorbing or separating certain materials from a gas mixture through physical or
chemical bonds[5]. The method used in this research is the chemical absorption method using NaOH solution as an
absorbent. The principle of CO- absorption with NaOH is based on the chemical reaction between carbon dioxide (CO-)
and sodium hydroxide (NaOH), where CO: dissolved in water reacts with hydroxide ions (OH") from NaOH. This
reaction produces bicarbonate ions (HCOs") and carbonate ions (COs*7)[15]. So the purpose of this research is to
determine the comparison of the CO, flow rate (V) and the NaOH flow rate (L) to the absorbed CO2 gas. Where the
results will be obtained related to information regarding the most efficient flow conditions to increase CO- absorption.
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The experimental procedure was carried out with the stages of solution preparation, solution standardization,
absorption process and analysis stage. The preparation stage begins with making a 0.1N NaOH solution in 33 liters and
making 0.1N HCI in 250 ml. First, weigh 132 grams of solid NaOH using a watch glass. Then dissolve the solid by
adding distilled water in a beaker glass while stirring. Finally, dilute with distilled water up to 33 liters in a storage
tank (TK). NaOH functions as a strong absorbent for acid gases such as CO» because when it reacts it will produce
carbonate and bicarbonate ions in solution, resulting in a cleaner compound [9]. Next, to make a 0.1N HCl solution in
250 ml by taking 2.42 ml of concentrated HCI solution (32% with 1.19 g/ml) and diluting it with pure water to 250 ml.
HCI was chosen because it is a strong acid solution that is often used as a titer solution in the titration process. A
concentration of 0.1N was chosen because with this number it can provide stability in the reaction and provide well-
measured results as a volumetric analysis[16]. The solution standardization stage is carried out by taking 0.1N NaOH
solution from the reservoir then adding 1 drop of MO indicator. Standardization of the NaOH solution is needed to
ensure that the concentration is correct and in accordance with the desired concentration, namely 0.I1N. NaOH is a
chemical compound that has hygroscopic properties or a compound that can absorb moisture from the atmosphere and
CO; gas to produce a new compound, namely Na,COs [17]. This reaction indicates that NaOH has a reagent level that
is not pure enough and is used directly. So the NaOH solution must be standardized[18]. Finally, titrate with 0.1N HCI
until it turns purple. Finally, record the titration volume results to calculate the concentration. The methyl orange
indicator was chosen because of the reaction that occurs between HCI (strong acid) with NaOH (strong base) and
Na,COs resulting from the absorption process with a pH transition range between 3.1 to 4.4 with a change in the
indicator from yellow (at basic pH) to purple red (at acidic pH) so that the color change will be clearly visible at the
end point of the titration[19].

The experimental steps begin by filling the storage tank (TK) with 3 liters of 0.1N NaOH solution. After that,
flow CO, gas by opening valve V-4 according to the variables 1; 3; 5; 7; 9 L / min. Variations in CO2 gas flow at
different rates aim to see the effect of gas flow rate on the absorption rate of CO2 in NaOH solution which shows how
gas speed affects the amount of CO- that can be absorbed by the solution[5]. Next, turn on the pump until it reaches a
steady state by waiting for 3 minutes. Steady state is a condition in which the properties of a system do not change or
are constant over time. So that the balance of the absorption reaction process is needed to determine the actual condition
of the process without any unstable reaction changes[20]. Then, open the valve V-3 to flow the NaOH solution with
valve openings of 45° and 60° into the absorption column.

After the system reaches steady state, take a sample from the bottom product through valve V-1. Variations in
the NaOH flow rate opening into the absorption column are carried out to determine changes in the solution flow rate
affecting the absorption efficiency. Where, different flow rates can change the contact area between the gas and the
solution, thereby affecting the amount of CO: absorbed[7]. The reaction that occurs between NaOH and CO; produces
a product in the form of Na,CO;. The concentration of Na,CO; has a direct relationship with the concentration of
dissolved CO; [9]. After that, take a sample from the bottom product by opening valve 1. Finally, the analysis stage is
carried out by adding 1 drop of methyl orange to the sample taken for each variable. Then titrate the sample with 0.1
N HCI solution until it becomes purple. After that, record the volume of the titration results and calculate the remaining
NaOH concentration.

3.3.  Effect of NaOH Flowrate on CO: Mass Absorbed

Based on the process, Table 2 presents the results of the calculation of NaOH flowrate on absorbed CO: gas. It
shows the relationship between CO- flowrate, NaOH valve angle, NaOH concentration, and the amount of CO:
absorbed.

Table 2. Results of calculation of NaOH flowrate on absorbed CO, gas.

Flowrate.: CO, NaOH Valve NaOH . CO; Absorbed
(L/min) concentration
1 22.33
3 22.77
5 450 Flowrate 0.1 22.88
16.9 ml/s
7 23.65
9 23.87
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1 22.99
3 Flowrate 2321
5 60° 93.98 ml/s 0.1 23.54
7 23.76
9 24.09

Based on the experimental results in Table 2, a graph of the relationship between NaOH flowrate and CO, Mass
Absorbed was obtained and presented in Figure 4, where the variation in absorbent flowrate in this experiment used
Sodium Hydroxide (NaOH) which aimed to determine the effect of CO» absorption efficiency.
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Figure 4. Relationship between NaOH flowrate and absorbed CO> gas.

In Figure 4. which shows the relationship between NaOH flowrate (mL/s) and the mass of CO: absorbed, it
was carried out at two angles of inclination, namely 45° and 60°. At a rotation angle of 45° at a NaOH flowrate of 16.7;
17.3; 16.8; 17; 16.7 mL/s, the mass of CO, absorbed was 22.33; 22.77; 22.88; 23.65; 23.87 grams with fluctuating
results. While at an angle of 60°, the mass of CO- absorbed was higher than at an angle of 45°, with a NaOH flowrate
0f 90.8; 98.3; 95.8; 96.7; 88.3 mL/s, the mass of CO, absorbed was 22.99; 23.21; 23.54; 23.76; 24.09 grams, which are
visualized in Figure 1. Based on the experimental results, the greater the NaOH flowrate will increase the formation of
bicarbonate under large CO» flowrate operating conditions, so that the mass of CO- absorbed is greater. This is because
the operating conditions of the NaOH and CO; flowrates affect the efficiency of mass transfer and the mass of CO:
absorbed. The mass transfer rate can be affected by increasing the contact area between the solution and the gas so that
more CO, will be absorbed [21]. Where in the chemical reaction between CO2 and OH™ ions will produce bicarbonate
as in the following reaction:

CO2(g) + NaOH (aq) — NaHCO3 (ag) (1)

The mechanism of bicarbonate formation begins with the movement of CO, molecules from a high concentration
in the gas phase to the gas-liquid surface driven by the concentration gradient of the absorbent. Where the difference
in concentration between the two gas and liquid phases will create a driving force that will push CO2 molecules towards
the solution. When CO; reacts with the surface of the NaOH solution, it will pass through the liquid boundary layer
through the diffusion process. Furthermore, CO, will react with OH" ions in the solution to form bicarbonate. Driving
force occurs due to the concentration gradient or difference in CO: concentration between the gas and liquid phases,
thus encouraging CO, molecules to continue to diffuse from the gas phase to the liquid to react with OH- ions [22].
These results are in accordance with the literature stating that the solution flow rate and angle of inclination can affect
the gas-liquid contact area and the efficiency of CO; absorption [22]. Based on previous research conducted by L.
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Trisnaliani et al [23], CO» absorption was carried out using NaOH absorbent with variations in flow rates of 6, 7, 8, 9,
and 10 liters/minute and variations in NaOH solution concentrations of 0.5 M, 1.0 M, 1.5 M, 2.0 M, and 2.5 M. From
the results of the experiment, the optimal flow rate and NaOH concentration for CO; reduction were 9 liters/minute
and a concentration of 2 M which resulted in the CO; content dropping from 27.6% to 20.44%. The results of this study
indicate that the setting of operating parameters is not only on the flow rate, but also the concentration of the solution
in the absorption process. The optimal flow rate will create a constant gas-liquid contact area without excessive
turbulence while the right NaOH concentration will increase the capacity of chemical reactions with the CO, molecules
to be absorbed.

When compared to previous studies, the experimental results in Figure 1 represent that the 60° valve opening
produces a greater NaOH flow rate compared to the 45° valve opening. When the valve opening is not optimal, it can
cause contact between CO» gas and NaOH solution to be less than optimal. With a large flow rate, the absorbed CO2
mass will increase as the CO, flow rate used increases. So the limitation of this experiment is the variation in the
concentration of NaOH used as an absorbent. So it is recommended to vary the concentration of NaOH because NaOH
plays a direct role in determining the amount of OH™ ions available to react with CO.. By varying the concentration,
the experiment can show the optimal concentration that can absorb CO. maximally. In addition, temperature and
pressure can affect the efficiency of CO, gas absorption. So there is another limitation, namely the absence of
temperature and pressure control. Temperature needs to be monitored because it has a major effect on exothermic
reactions that can increase the reaction rate as well as evaporation or changes in absorbent properties [24]. While
pressure is needed because the pressure of CO2 gas affects the number of gas molecules that can interact with the NaOH
solution. In the absorption process, higher pressure will increase the amount of dissolved CO: because it increases
molecular contact between phases [25].

3.4.  Effect of CO; Flowrate on CO; Mass Absorbed

Based on the experimental results in Table 1, a graph of the relationship between CO, flowrate and CO, mass
absorbed was obtained to evaluate the effect of flowrate variations on CO: absorption efficiency under different
operational conditions as follows.
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Figure 5. Relationship between CO» flowrate and CO» absorbed at valve openings of 45° and 60°.

Figure 5 shows the relationship between CO: flowrate (L/min) and the mass of CO- absorbed (g) at two different
valve openings, namely 45° and 60°. The graph shows that increasing CO- flowrate tends to increase the mass of CO2
absorbed at both angles. At an opening angle of 45°, with a flowrate of CO2 1; 3; 5; 7; 9 L/min, the mass of CO:
absorbed is 22.33; 22.77; 22.88; 23.65; 23.87 grams. While at an opening angle of 60°, with a flowrate of CO:2 1; 3; 5;
7; 9 L/min, the mass of CO. absorbed increases more significantly, namely 22.99; 23.21; 23.54; 23.76; 24.09 grams.
From these results, the mass of CO: absorbed at an opening angle of 60° is higher than 45° at the same flow rate with
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a difference in Reynolds number[26]. At a low CO: flow rate, it will produce a low fluid velocity or have a smaller
Reynolds number value so that the contact between the gas and NaOH is less effective which ultimately results in a
lower absorbed CO: mass. At a high flow rate, the flow velocity will increase and the Reynolds number will be higher.
The flow will become more turbulent, especially at an opening angle of 60°. This turbulence event increases the
efficiency of CO: contact with NaOH, so that the absorbed CO: mass is greater than 45°. These results indicate that
increasing the flow rate tends to increase the absorbed mass, but at high rates the increase in flow rate tends to slow
down the absorbed CO2 mass. This occurs because at low flow rates, the contact time of CO, gas with NaOH is longer
and at high flow rates, the contact time of CO- gas with NaOH is shorter, making the absorbent approach its saturation
capacity, which makes the increase in the amount of CO; available no longer produce the efficiency of the CO2 mass
absorbed or approaching the asymptotic event. The asymptotic event or when the variables approach a certain limit
occurs when the mass of CO:z absorbed reaches its maximum value even though the flow rate continues to increase[27].
This shows that a larger valve opening angle (60°) increases more efficient gas and liquid interactions, so that the CO:
absorption process becomes more optimal[28]. Based on previous studies, it has been shown that the configuration of
the liquid jet flow in the bubble column significantly affects the CO; absorption rate. Liquid jet flow is the condition
of the nozzle position and the direction of the angle to the volumetric rate of gas flow. When the configuration reaches
the optimal stage, the CO» concentration can be reduced to 0.01-0.07% in less than 5 minutes, with NaOH solution as
the absorption medium. Variations in the angle and liquid flow rate have a major effect on the absorption efficiency
through the formation of small bubble clouds that increase gas-liquid contact[29]. In addition, there is a study on CO2
absorption from flue gas using NaOH regeneration electrolysis from carbonate solution, where the results obtained the
CO: desorption rate reached 100% and the energy consumption for regeneration was estimated at around 2.4 GJ/ton
CO2[30].

When compared with previous studies, the results of the experiments that have been carried out in Graph 4.2,
namely the relationship between CO: flowrate and the amount of CO: absorbed at valve openings of 45° and 60° show
a directly proportional relationship. It can be seen that as the flow rate increases due to the increase in valve opening,
the amount of CO: absorbed increases. However, this experiment has limitations other than the variation in NaOH
concentration as the absorbent used, namely the absence of absorbent saturation capacity testing and the absence of
absorbent regeneration. Therefore, it is recommended to determine the saturation capacity of an absorbent and design
a regeneration system to renew the absorbent so that it can be reused. Methods that can be used to regenerate NaOH
are extraction by adding certain solutions using physical separation methods, low-pressure distillation to remove water
and other volatile impurities, with low pressure (decompression distillation), crystallization to purify NaOH by
separating it from the remaining solution containing impurities, and filtration. Effective methods that have been used
include using thermal regeneration with a rotary kiln method to heat the bicarbonate formed so that the regenerated
NaOH solution can be reused or using a chemical method, namely adding Ca(OH): to get NaOH back[31].

3.5.  Effect of L'V Value on CO2 Mass Absorbed
Table 3 provides the results of the L/V (liquid-to-gas) ratio calculation for absorbed CO- gas. The L/V ratio is
obtained by dividing the NaOH liquid flowrate by the CO- gas flowrate.
Table 3. Results of L/V ratio calculation of absorbed CO> gas.
Flowrate CO2

(L/min) NaOH Valve L/v CO2 Absorbed
1 1.002 2233
3 0.346 22.77
5 450 fé";”rrj‘lt/‘z 0.2016 22.88
7 : 0.1457 23.65
9 0.1113 23.87
1 5.448 22.99
3 1.966 2321
5 60° 91;1‘;‘8“;?;5 1.1496 23.54
7 : 0.8288 23.76
9 0.5866 24.09
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Based on the experimental results in Table 3, a graph of the relationship between L/V and the Mass of CO2
Absorbed was obtained. A comparison of L/V values was carried out to determine the effect of CO2 absorption
efficiency as follows:
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Figure 6. Relationship of L/V to CO, absorbed at valve openings of 45° and 60°.

In Figure 6, which is the relationship between absorbed CO and L/V in the CO: absorption experiment with
NaOH solution which was tested at two valve openings, namely 45° and 60°, the variation affects the L/V ratio and the
mass of absorbed CO:. At a valve opening of 45°, the L/V values were respectively 1.002, 0.346, 0.2016, 0.1457, and
0.1113, resulting in a mass of absorbed CO2 of 22.33; 22.77; 22.88; 23.65; 23.87 grams. Then at a valve opening of
60°, the L/V values were respectively 5.448, 1.996, 1.1496, 0.8289, and 0.5887 resulting in a CO, mass absorbed of
22.99; 23.21; 23.54; 23.76; 24.09 grams. From these results, the smaller the L/V value, the greater the CO> mass
absorbed. The L/V ratio or liquid-gas ratio is the comparison between the liquid flow rate (L) and the gas flow rate (V)
in the absorption process which is often used to determine the efficiency of gas absorption such as CO2 [32]. The factors
that affect the L/V ratio are temperature, pressure, and the type of absorbent solution used [33]. A high L/V ratio will
indicate that the absorbent solution can interact more with the gas, which means it will increase the efficiency of CO2
absorption. Conversely, a low L/V ratio indicates that the gas volume is greater than the solution so that the contact
time for the absorbed gas is more limited[34].

Based on research conducted by Kavoshi [35]it states that increasing the L/V ratio under spray drying conditions
increases the efficiency of CO, absorption in NaOH-based solutions. This shows that a larger amount of liquid increases
the gas-liquid contact area, which is beneficial for increasing CO2 absorption. The results of the study were that the
addition of NaOH solution as an absorbent could increase its ability to absorb CO,. Data obtained that the addition of
100 mL of NaOH solution with a concentration of 1 mol/L per 1000 mL of lime slurry resulted in a removal efficiency
of 70.5%. In addition, there is a study using a contact membrane to increase the efficiency of CO. absorption with
NaOH solution. Increasing the L/V ratio results in higher efficiency in CO: absorption, indicating that a larger fluid
flow can increase the CO- absorption capacity. Based on the results of the experiments that have been carried out in
Graph 4.3, namely the relationship between the L/V ratio and the amount of CO: absorbed at valve openings of 45°
and 60° shows an inverse relationship. It can be seen that as L/V increases, the amount of CO: absorbed decreases. So
this is not in accordance with the literature and research which states that the relationship between the L/V ratio and
the amount of CO; absorbed is directly proportional[36].

When compared to previous studies, the results of the experiments that have been carried out in Graph 4.3, the
value of the absorbed CO; mass is not directly proportional to the increase in the L/V ratio caused by the two-phase
flow (liquid-vapor) in the system experiencing instability or maldistribution, thereby reducing effective contact
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between the liquid and gas phases because flow instability can reduce mass transfer efficiency, because gas and liquid
are not evenly distributed throughout the column or reactor volume[37] and under certain conditions, increasing the
L/V ratio can reduce the partial pressure of CO: in the gas phase. This means that CO- absorption is slower because
the partial pressure gradient between the gas phase and the liquid phase required for optimal mass transfer is not
achieved[38]. So the limitations of this variable are unstable flow or maldistribution which reduces effective contact
between the liquid and gas phases, thereby reducing mass transfer efficiency because the gas and liquid are not evenly
distributed in the column volume. Due to the instability of the two-phase flow which can reduce the contact between
the NaOH solution and CO: gas, it is recommended to modify the NaOH solution with a catalyst or supporting
compound to produce an absorbent with better capacity and reactivity to slow down saturation and increase the
efficiency of the CO: absorption process[39]. This study has several limitations that should be addressed in future
research. The use of a fixed NaOH concentration (2 M) limits insight into concentration-dependent effects.
Additionally, the system operated under ambient temperature and pressure without control, and regeneration of the
NaOH solution was not investigated. Future studies are encouraged to explore variable NaOH concentrations,
regeneration methods, and controlled operation parameters to enhance process optimization.

4. Conclusions

Based on the results of the CO: absorption experiment using NaOH as an absorbent, it was found that both the
NaOH flowrate and the valve opening angle significantly influenced the mass of CO. absorbed. Higher NaOH
flowrates, particularly at a 60° valve opening, resulted in greater CO- absorption due to the increased contact area
between the gas and the solution, optimizing mass transfer efficiency. Similarly, increasing CO- flowrates led to greater
absorption, with the effect being more pronounced at a 60° valve opening, where the higher Reynolds number induced
a more turbulent flow, enhancing the absorption process. Furthermore, the relationship between the L/V ratio (liquid-
to-gas ratio) and CO: absorption demonstrated a trend where the mass of CO- absorbed decreased as L/V increased.
This suggests that beyond a certain point, increasing liquid flow does not proportionally enhance CO: absorption,
highlighting the importance of optimizing the balance between gas and liquid flowrates. These findings have important
implications for gas absorption system design, particularly in optimizing operating conditions to maximize CO: capture
efficiency. The results align with previous studies on mass transfer in gas-liquid absorption systems, reinforcing the
role of turbulence and contact area in improving absorption rates. Future research could explore different absorbent
concentrations or alternative chemical solutions to further enhance CO: capture efficiency, contributing to more
effective carbon capture technologies.
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