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okikhc@upnjatim.ac.id Technological developments in industry will lead to increased energy
consumption. Human dependence on fossil resources will trigger serious
problems with air pollution due to high CO2 gas emissions while nature's
ability to accept pollutant loads is very limited. To solve this problem, CO2
gas capture is carried out from the source. CO2 gas capture is done using
Carbon Capture and Storage (CCS) technology. This technology converts CO2
gas emissions into hydrocarbons through a hydrogenation process. One form
of this technology in the form of Gas Absorption Column is a type of reactor
in a closed column that uses absorbents in the form of KOH as a promoter.
The purpose of this research is to determine the optimum solution and gas
flow rates with variations of 2, 4, and 6 L/min on the KOH solution, and 10,
20 and 30 L/min on the gas flow rate, while the fixed variable is air injection
of 10 L/min. The methods used are sampling and alkalimetric methods. This
method is used when the absorption process runs for 20 minutes with a
sampling time of every 5 minutes which each sample will be analyzed in the
form of pH, temperature, and EC and dissolved CO2. The analysis showed an
effective flow rate of 2 L/min on solution and 30 L/min on CO2 gas. The
concentration captured was 114 mg/L by removing 52% of the absorbed
concentration. In addition, from the results of pH analysis, there was a
decrease due to mass transfer that occurred and inversely proportional to
temperature and EC which increased. It can be concluded that the flow rate
of the solution will affect the contact time of the adopted CO2 gas. Meanwhile,
the higher the CO2 gas flow rate, the greater the CO2 absorbed in the
absorpben.
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Introduction

Technological developments in the industrial area will cause the amount of energy emissions
consumed to increase. The energy emissions produced come from fossil fuels in the form of
petroleum, coal, and natural gas (Okonkwo et al.,, 2023). The fossil fuels used produce emissions
in the form of COy, NOy, and CH4. One of the CO; emissions accounts for 80% of emissions that can
cause global warming through greenhouse gases (Shu et al., 2023). Carbon dioxide gas or CO; is a
chemical compound that contains oxygen covalently bound to carbon produced in the incomplete
combustion process (Roussanaly et al., 2021). Carbon dioxide gas has the property of absorbing
sunlight in the form of infrared so that it can cause the temperature on Earth to increase (Zahro
et al, 2023). The increase in temperature on earth will result in damage to the ecosystem and
climate, to ensure that the sustainability of the earth is maintained, various ways are carried out
to minimize the emissions produced (Kurnia & Sudarti, 2021). One of them is Carbon Capture and
Storage (CCS). The technology is a form of carbon dioxide or CO; gas capture tool thatis used on a
large or small scale, and then will be used in industrial activities as an alternative energy source
(Hong, 2022). One form of application of Carbon Capture and Storage (CCS) technology is the Gas
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Absorption Column, a reactor that can capture CO> gas in a column equipped with packing that is
operated continuously (Dziejarski et al., 2023).

An absorption column is a process of absorption and collection of a substance passing through
a closed column or tube that has a different phase with the opposite flow direction (Nasir & Go,
2024). The opposite flow will cause a chemical substance to be transferred from the gas phase to
the liquid phase (Hanifa et al., 2023). The absorption column has three parts including the spray
where the gas diffuses with the liquid. In the packed tower section as a place to contact the touched
surface, the wider the contact area, the longer the residence time will be so that the absorption
process will increase. At the bottom, there is an influx of injected carbon dioxide gas (Zhou et al,,
2024). The dissolved gas from the outlet of the reactor will be fed to the final reservoir for further
analysis. The functional mass transfer that occurs in the absorption column is directly
proportional to the contact time in the column. Contact time can cause particles or substances in
the absorption column to diffuse (Huda et al., 2023). The absorbent used will be injected into the
top of the column. The absorption process that enters the column that meets between liquid and
gas has irreversible properties, while in diffusion distillation it will experience equimolar counter
diffusion. Counter-current flow is a contact flow direction that produces friction or friction
between substances to be large (Martin-Roberts et al, 2021). In addition, in the absorption
column, the type of packing will affect the diffusion time of the gas to the solvent. The type of
packing that is generally used is random packing which has a large surface type and a small cost.
With an irregular packing position, it will trap the residence time of the solution longer so that the
concentration of dissolved gas is higher (Mao et al., 2023).

In the absorption process, absoben is needed for solvent regeneration which is interpreted
as a stripping or desorption process (Arning et al., 2024). The desorption process is CO gas
captured by a solvent in the form of KOH which is a strong base with the results of the process
being rich in CO; which is absorbed in the final reservoir (Isya et al., 2021). To determine the CO-
gas dissolved effectively, a variable is carried out between the solution flow rate and the gas flow
rate. These variables are used to determine the optimum conditions in the desorption process by
analyzing the influence of pH, temperature, EC, and dissolved and remaining CO.. Based on the
research conducted, the basic flow rate will be obtained to absorb CO; gas.

Material and Methods
In the research conducted on the absorption of CO; gas, it is necessary to prepare the tools
and materials used in the form of a Gas Absorption Column reactor, KOH absorbent, and analysis
of pH, temperature, EC and dissolved and remaining CO». The reactor used is self-designed with
the following reactor specifications:
1. CO2 gas cylinder with a capacity of 2 m3 a diameter of 0.14 m and a height of 1.2 m.
2. The initial and final reservoirs can accommodate 150 L or 0.15 m3 of water with a length
of 0.73 m; width of 0.6 m; and 0.46 m high.
3. The absorption column is made of acrylic with a length of 1.4 m and a diameter of 2.5
inches in which there is a riching solvent with a size of 10 mm x 10 mm.
4. Centrifugal type pump with a capacity of 12 L/min and compressor with a capacity of 25
L/min.
5. The size of the reactor is 1.84 m long: 2.17 m high and 0.9 m wide.

The circuit of the CO; gas absorption device is in Figure 1.

Research Variables

According to scientific articles from Robiah et al. (2021) and Oktarina et al. (2023) the var-
iables used in the study as the basis for determining bound variables and independent variables
with the following details:
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a. Bound Variables
The bound variable used is in the form of a relationship between the parameter and the
correlation obtained. The parameters used consist of pH, temperature, Electrical Con-
ductivity (EC), and dissolved CO gas. In addition, the effect of the airflow rate used is 10
L/min. From the absorption process carried out, the type of absorbent used during the
analysis was in the form of KOH in the form of a solution with a concentration of 0.01 M.

b. Independent Variable
The free variables used are the flow rate of the solution and the flow rate of the gas with
different speeds. The flow rate of the solution used consists of 2, 4, and 6 L/min. As for
the CO; gas flow rate used, it consists of 10, 20, and 30 L/min. From each flow rate of the
solution and the gas injected into the reactor, an analysis will be carried out for 20
minutes with every 5 minutes sampling will be carried out to determine the concentra-
tion of CO; gas captured during the process.

Research Methods

CO; gas absorption with KOH solution absorbent uses two types of methods including the
sampling method and the alkalimetric method. The method is used after going through the gas
absorption process in the reactor. The results of the absorption process in the reservoir will be
analyzed using these two types of methods. The first method uses the sampling method by taking
a 200 ml solution in the initial and final reservoirs to analyze pH, temperature, and Electrical Con-
ductivity (EC). Sampling was carried out at times 0, 5, 10, 15, and 20 minutes. The process was
carried out for 20 minutes every time one process on each of the specified variables. Furthermore,
the second method was carried out using the alkalimetric method which is a wet acid titration
analysis used to determine the concentration of dissolved CO gas. Wet acid titration is carried out
in two stages. The first stage is carried out an initial titration by determining the starting point of
the solution using a sample in the form of a KOH solution with a concentration of 0.01 M in an
initial reservoir of 50 ml and an indicator is added in the form of phenolphthalein (PP) which
works in a wet route. After obtaining the value of the titration results, then titrated the outlet tub
by taking 50 samples and adding an indicator in the form of metal orange (MO) which works in
the acidic route. From each sample that is taken and has been added, the indicator will then be
titrated using an HCl solution until the color changes from pink to clear and orange to reddish-
orange. In the second stage of the titration, BaCl; is added to the catch basin outlet sample as much
as > 10% of the T (final titration) - T (initial titration) value. Add methyl orange indicator (MO)
into the solution until it turns orange to reddish-orange and titrate using HCl solution with a con-
centration of 0.1 M. Record the titration results obtained and record the results. Record the titra-
tion results obtained and process in the form of a graph.

Results and Discussion

The observation shows that in the absorption process in KOH solution the greater the
concentration, the higher the coefficient of mass transfer. The analysis shows the reaction formed
between the KOH solution and CO; as follows:

2 KOH + CO; - K2CO3 + H20

The results of research conducted for the initial concentration of each parameter were
obtained as a starting point in determining the final concentration in each sample (Chai et al,,
2022). The concentration results obtained are derived from the effect of variations in solution flow
rate and gas flow rate obtained as follows:
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Table 1. Initial concentration on the KOH solution of each parameter

Sample Analysis Test
Solution Flow Rate CO: Gas Flow Rate Tempera-
pH EC
ture
10 L/Min 9.5 27.5 0.200
2 L/Min 20 L/Min 9.5 28.5 0.211
30 L/Min 9.5 28 0.213
10 L/Min 9.5 28.5 0.214
4 L/Min 20 L/Min 9.5 27.6 0.214
30 L/Min 9.5 28.4 0.213
10 L/Min 9.5 29.1 0.202
6 L/Min 20 L/Min 9.5 29.5 0.202
30 L/Min 9.5 29.5 0.202

Effect of KOH flow rate and CO; gas flow rate on dissolved CO;

The initial titration results, it is continued with further titration to determine the
concentration of CO; gas dissolved in the KOH absorbent. Then the reaction formed from the
absorption results is the K;CO3 solution. The K>CO3 solution used will be titrated with HCI solution,
the reaction that occurs is as follows:

KOH + HCI = KCI + H20

In the second stage, the analysis of the remaining KOH that does not form a new solution is
carried out by adding BaCl; solution as much as > 10% of the value of T (final titration) - T1 (initial
titration). From the titration, the following reaction occurs:

K,CO3 + BaCl; &> 2 KCl + BaCOs3

Titration is carried out using HCl, from this titration the volume of HCl is obtained which
shows the concentration of residual solution that does not react to form a new solution. From
these results, the efficiency of CO; gas absorbed by absorbents will be determined (Robiah et al.,
2021). The following are the results of CO, gas efficiency on the solution flow rate and gas flow
rate.

Table 2. Effectiveness of dissipated CO2 Gas in K2CO3 Solution

KOH flow rate (Liters/min) CO2 Gas Flow Rate (Liters/min) % CO2 Absorbent
10 40%
2 20 44%
30 48%
10 36%
4 20 40%
30 44%
10 36%
6 20 40%
30 43%

From table 2 above, it will be interpreted in the form of a graph that explains the relationship
between the flow rate of laruan and the flow rate of CO; gas to the concentration removed in the
solution.
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Figure 1. Relationship Between Solution Flow Rate and CO2z Gas Flow Rate to Removed Concentration

The graph above shows that if the flow rate of the absorbent solution is higher, it will result
in flooding. Flooding occurs due to the collection of liquid in the column area because the space
initially traveled by CO; gas and air becomes full due to the accumulation of excess liquid. Flooding
will cause liquid to hold up or liquid trapped in the column (Nugroho et al., 2023). From this event,
the concentration of CO gas captured will be small. For this reason, the effective solution flow rate
is shown at 2 liters/minute with the smaller the speed, the longer the gas absorption to contact
time (Putro et al.,, 2023). Meanwhile, the flow rate of gas mixed with air through the bottom area
of the column with the opposite flow direction will cause friction between fluids. The friction
occurs in gas-to-liquid phase mass transfer, so that the gas that is absorbed is higher. Absorbents
that capture CO; gas with solution flow rates and gas flow rates that are at the optimum point will
show the maximum percentage of saturation points so that absorption runs effectively (Chotimah
et al, 2022). From the results of the study, the greater the gas flow rate, the higher the
concentration of CO; gas absorbed. Looking at the research data shows a large flow rate at 30
liters/minute as the concentration of CO; gas injected.

Looking at the results of the relationship between the flow rate of solution and gas to the
percentage of CO captured, the highest concentration was obtained reaching 48% with a solution
flow rate of 2 liters/minute and a CO; gas flow rate of 30 liters/minute which has been mixed with
air with a flow rate of 10 liters/minute.

Effect of pH on K>C03 Solution

The influence of pH during the absorption process has an impact on the sample results in the
outlet tub which shows a decrease from a strongly alkaline solution to a weak acid. This is shown
in Table 3 as follows.

Table 3. pH Concentration with solution flow rate and CO; gas flow rate

. Solution Flow Rate CO; Gas Flow Rate Sample Analysis Test

Solution Type ) .

(L/min) (L/min) pH

KOH Solution 10 6.9

2 20 6.4

30 6.2

10 6.9

4 20 6.4

30 6.3

To be continued...
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10 7
6 20 6.5
30 6.3

Table 3 above, will be interpreted in the form of a graph that explains the relationship
between the flow rate of laruan and the flow rate of CO; gas to the pH parameter.
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Figure 2. Relationship of pH with solution flow rate and COz gas flow rate

The graph above shows that the effect of pH will have an impact on the absorption of CO; gas.
Changes in pH that decrease are influenced by the flow rate of the solution and the CO; gas
injected. This effect shows that the higher the injected gas, the more acidic the pH in the solution,
on the other hand, the lower the injected gas, the more neutral the pH in the solution (Dewi et al.,
2024). This is best compared with the solution flow rate, the solution flow rate follows the injected
gas but with the residence time in the column with a small solution flow rate, the absorption
process will be more effective (Huda et al., 2022). This will make the concentration of dissolved
gas higher. The results of the analysis prove that the effect of pH is related to the concentration of
CO; gas captured because CO; gas has high acidic properties (Yuliani et al., 2023).

From the optimum condition and maximum saturation point in a state of captured CO; levels,
an effective solution flow rate of 2 liters/minute and a gas flow rate of 30 liters/minute with the
help of air injection of 10 liters/minute were obtained. From the results of the effective flow rate
and gas, the pH obtained is 6.2 which is a weak acid.

Effect of temperature on K>C03 Solution

The influence of temperature during the absorption process has an impact on the sample
results in the outlet tub which shows an increase from the solution at low temperature to high
temperature. This is shown in Table 4 as follows.

Table 4. Temperature concentration with solution flow rate and COz gas flow rate

Solution Type Solution Flow Rate CO2 Gas Flow Rate Sample Analysis Test
(L/min) (L/min) Temperature
10 27.9
2 20 28.4
KOH Solution 30 28
10 28.7
4 20 27.8
30 28.5
6 10 289
To be continued... 20 29.5
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30 29.6

Table 4 above, will be interpreted in the form of a graph that explains the relationship
between the flow rate of laruan and the flow rate of CO; gas to temperature parameters.
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Figure 3. Relationship of temperature with solution flow rate and COz gas flow rate

The graph above shows that the absorption process is influenced by the temperature in the
rich solvent. This is directly proportional to the solubility of CO; gas that is injected so that when
there is an increase in temperature, the concentration of CO; gas will be higher (Parningotan &
Dewi, 2021). When the CO- gas is high, it will cause the concentration of CO- gas in the liquid to
increase because of the reaction between the absorbent solution and the absorbate so that the
heat temperature increases. The results of the study conducted state that increasing temperature
can increase the value of the reaction rate constant so that the reaction rate increases. In addition,
an increase in solution temperature also affects gas diffusivity (Ihsanpuro et al., 2023). This is
evidenced by the effect of increasing temperature will be able to increase the diffusivity of gas at
its concentration value. The increase occurs when the temperature exceeds the initial
concentration so that the mass transfer of substances is characterized by hot conditions (Zavira
etal, 2022).

Effect of EC on K>C03 solution

The influence of EC during the absorption process has an impact on the sample results in the
outlet tub which shows an increase from a solution with low electrical conductivity to a high
electrical conductivity. This is shown in Table 5 as follows.

Table 5. EC Concentration with solution flow rate and CO2 Gas flow rate

Solution Type Solution Flow Rate CO; Gas Flow Rate Samplgérgalysw
(L/min) (L/min) EC
10 0.214
2 20 0.227
30 0.230
10 0.225
KOH Solution 4 20 0.227
30 0.228
10 0.213
6 20 0.214
30 0.216
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Table 5 above, will be interpreted in the form of a graph explaining the relationship between
the laruan flow rate and the CO; gas flow rate to EC parameters.
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Figure 4. Relationship of EC to solution flow rate and CO2 gas flow rate

The graph above shows that the absorption process is influenced by the electrical
conductivity that occurs in rich solvents. This is in line with the flow rate of CO; gas that is input
with high pressure. When CO; gas is injected with a high concentration, this will result in the
concentration of dissolved CO- gas increasing due to the reaction between the absorbent and the
absorbent so that the electrical conductivity increases (Nannuba et al., 2022). The increase in the
concentration of electrical conductivity during the absorption process is influenced by the
presence of ions that move freely. The presence of these ions allows the solution to conduct
electricity (Arisukma et al., 2021). A solution that conducts high electrical power is because its
molecules can be perfectly ionized. Therefore, the CO gas absorption process in the EC parameter
increases the presence of ions that are completely free and can move freely in a solution that can
conduct electricity (Ramadhanti, 2023).

The concentration of electrical conductivity that shows a significant increase in the results of
the study was obtained at 0.230 pmhos/cm with the optimum solution flow rate at a speed of 2
liters/minute with a gas flow rate at a speed of 30 liters/minute which has been mixed with air at
a speed of 10 liters/minute.

Conclusion

Based on the discussion above, it can be concluded that carbon dioxide or CO gas emissions
using the absorption method can effectively capture 48% of the CO; gas concentration into the
absorbent. This is due to the flow rate of the KOH solution, which is getting smaller, the higher the
chance of contact time between the solution and CO; gas in the absorption column, while at the
CO; gas flow rate the higher the concentration, the greater the CO; gas absorbed by the absorbent.
In addition, it has been strengthened by testing the results of the pH influence parameter which
has decreased significantly to an acidic solution, for temperature and EC parameters which show
an increasing concentration due to mass transfer during the process.
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realize the form of Carbon Capture and Storage (CCS) technology to support the achievement of
SDGs targets.
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