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INTRODUCTION

Carbon dioxide (CO₂) is a compound that 
triggers climate change and global warming [1, 
2], which leads to greenhouse effects, ocean acid-
ification, and chemical imbalances in Earth’s at-
mosphere [3]. CO2 comes from human activities, 
primarily production processes [4]. In 2000, the 
industry produced CO2 emissions of 25.51 billion 
tons, which increased by more than 50% to 37.79 
billion tons in 2023 [5]. This condition is quite 
concerning, so anticipatory actions need to be 

taken, one of which is processing CO2 emission 
gas before releasing it into the environment. CO2 
transformation through an absorption process in-
tegrated with a reaction process, namely using an 
alkaline solution in the form of KOH, can be used 
as an alternative step to solve this problem. The 
high solubility of KOH and good dissociation in 
water [6] allows CO2 gas dissolved in KOH so-
lution to easily interact with K+ and OH- ions to 
react, forming potassium carbonate product (see 
Figure 1). When CO2 gas transforms into potas-
sium carbonate product, the economic value of 
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ABSTRACT
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reaching 53.43% and K2CO3 product of 54.94 grams. These results indicate that integrating influential factors in 
the absorption and diffusion-reaction processes positively impacts CO2 capture. However, the process is not opti-
mal, as the KOH conversion is still far below 100%. Therefore, further research must be conducted by combining 
the previously studied influential factors such as reaction time, CO2 gas flow rate, and CO2 gas distributor holes to 
maximize KOH conversion and K2CO3 product yield. 
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CO2 emission gas will increase. The potassium 
carbonate product generated from CO2 capture 
can be used as a catalyst [7], food additive [8], 
and raw material for the ceramic industry [9].

Conventionally, potassium carbonate is pro-
duced from the Solvay process [10] and can also 
be produced through an electrochemical process. 
The Solvay process potentially requires high en-
ergy input and significant costs due to heating 
and separation processes and involves multiple 
raw materials, namely NaCl, CaCO3, and KOH 
[11]. While the electrochemical process poten-
tially yields more effective potassium carbonate 
production than the Solvay process, it requires 
advanced technology and expertise, thus neces-
sitating a substantial initial investment.  Based 
on these considerations, this research attempts to 
conduct observations using a different method, 
namely the carbonation method, where CO2 gas 
is contacted with a potassium hydroxide (KOH) 
solution. The use of the carbonation method has 
two advantages: first, it is more cost-effective as it 
only involves two reactants, namely CO2 gas and 
KOH, and second, it contributes to maintaining 
CO2 level stability in the atmosphere as it can be 
integrated with existing processes such as pow-
er plant chimney outputs and boilers which are 
sources of CO2 emissions.

Based on the literature review conducted, 
previous research has primarily focused on how 
much CO2 can be captured in KOH solution (see 
Table 1) and has not yet focused on how and how 
much K2CO3 product can be produced from the 
contact process between the two (CO2 and KOH). 
Looking at Table 1, it appears that the capture 
of CO2 into KOH is still relatively low, with the 
highest only able to absorb 800 mg of CO2 gas/
gram of KOH absorbent [12]. To address the 
problem of low CO2 capture, combination of fac-
tors affecting this process is needed to maximize 
the interaction between CO2 and KOH.

Theoretically, CO2 capture is directly influ-
enced by the pressure in the processing system 
(see Equation 1) [13].
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) will be 
more significant compared to without pressure 
(atmospheric) [14]. The steps taken by previous 
researchers who conducted the process in a pres-
surized system were very appropriate. The low 
CO2 capture in previous studies was likely due to 
the diffusion-reaction process running less than 
optimally, and the CO2 absorbed by water could 
be rereleased when CO2 did not interact well with 
KOH to react and form the K2CO3 product.

Referring to the low CO2 capture results (see 
Table 1), this research aims to integrate factors that 
influence the diffusion-reaction process to maxi-
mize CO2 capture and reaction product (K2CO3) 
by integrating variables of stirring speed, reaction 
temperature, and KOH concentration (absorbent). 
On the diffusion side, stirring performed in the pro-
cessing system will reduce the film layer (z) [19], 
and the process system temperature will increase 
the diffusivity coefficient (D) [20]; thus, the effect 
will increase the diffusion rate (JCO2) or molecular 
mass transfer of CO2 into the KOH solution. On 
the reaction side, referring to the Arrhenius equa-
tion, increasing temperature will increase the reac-
tion rate constant (k1) [21], and increasing KOH 
concentration in the process system will increase 
the value of CKOH. Therefore, integrating these 
three variables (temperature, stirring, and KOH 
concentration) is expected to positively impact 
the diffusion rate and reaction rate that occurs in 

Figure 1. Illustration of the reaction process between CO2 and KOH to form K2CO3
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the CO2-KOH system. Thus, this research aims to 
analyze the occurring phenomena and determine 
how much K2CO3 product is produced from the 
CO2 capture process by integrating influential fac-
tors, namely KOH concentration, reaction temper-
ature, and stirring speed.

Figure 2 describes the reaction illustra-
tion in Figure 1 in detail. When CO2 gas is 

introduced into the KOH solution, the CO2 gas 
bubbles into the solution. After the interaction 
between CO2 and KOH occurs, they react to 
form potassium carbonate (K2CO3) and water 
(H2O). When the diffusion-reaction process in 
the system has reached steady-state conditions, 
the diffusion rate will be equal to the reaction 
rate (see Equations 2–5).

Table 1. CO2 capture using KOH solution  
No. Raw materials Operational Condition Research results References

1 KOH and CO2 with 
99.9% purity.

Reaction temperature 25–65 °C, 
pressure 2–10 bar, KOH: 0.5–25 
grams, and using batch reactor.

The optimum temperature was obtained 
at 45 °C, with an adsorbent amount of 
0.5 grams and the highest absorption 
rate of 800 mg CO2/g KOH absorbent. 
The amount of K2CO3 product is not 

known.

[12]

2

KOH, activated 
carbon in the form of 

Polyacrylonitrile (PAN), 
and CO2 with 99.9% 

purity.

The activated carbon pretreatment 
process was carried out at 800 °C, 

followed by activation using OH 
(weight ratios 1:1 to 4:1), activation 

temperatures 600–900 °C.

Maximum CO2 adsorbed was 2.5 
mmol/g, achieved at a temperature of 

30 °C with a KOH:PAN ratio of 3:1, with 
no information on the amount of K2CO3 

product.

[15]

3 KOH and CO2.

KOH concentration variations of 
1–5 N/50 ml distilled water, room 

temperature, and atmospheric 
pressure.

The highest absorption was obtained at 
1 N KOH, which was 0.3750 mol CO2/

mol KOH.
[16]

4 KOH and CO2.

CO2 concentration 3–15% with 
CO2 flow rate 400–2000 cm3/min, 
process temperature 10–50 °C, 

KOH concentration 30–190 g/dm3, 
and pressure: 1–5 bar.

Maximum CO2 absorption of 0.76 g 
CO2/g KOH was obtained at a CO2 

concentration of 15% and pressure of 5 
bar. No information is available on the 

K2CO3 product.

[17]

5 KOH and CO2.
Absorption temperature 25–65 

°C, pressure 2–10 bar, and KOH 
concentration 0.01–1.21 mol/ dm3.

Optimal conditions were achieved at  a 
temperature of 35 °C, pressure of 4 bar, 

and KOH concentration of 0.412 mol/
dm3, with a CO2 removal efficiency of 

32.22%.

[18]

Figure 2. Diffusion-reaction process in K2CO3 synthesis using CO2 gas and KOH
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 ​​​– rate of concentration change 
(mol/dm³·s), 

	 kc – mass transfer coefficient (dm/s), 
	 k1 ​– reaction rate constant (dm³/mol·s).

The results obtained from this research are 
expected to complement existing research infor-
mation and provide insights into the impacts of 
the integration implemented (temperature, KOH 
concentration, and stirring speed) on the amount 
of K2CO3 product produced, whether it has posi-
tive or negative effects on the diffusion-reaction 
system. Additionally, it can contribute to the sci-
entific and technological advancement. 

MATERIALS AND METHODS

Materials and research equipment

The raw materials used were CO2 gas with 
99.9% purity obtained from CV. Purnama Jaya 
Gas, Cilegon, Banten, Indonesia. KOH Merck 
purchased from Shopee Indonesia marketplace 
was dissolved in distilled water to form a KOH 
solution with KOH concentrations of 6, 7, and 
8 molarity (M). The research equipment used in 
this study consisted of: (1) CO2 gas cylinder, (2) 
gas regulator, (3) flow meter, (4) overhead mag-
netic stirrer, (5) heating mantle, (6) three-holes 
gas distributor, (7) three-neck flask, (8) thermom-
eter, and (9) water tank. Equipment details are il-
lustrated in Figure 3.

Experimental procedure

Water was added to the water tank to a height 
of 100 cm (equivalent to 9800 Pa hydrostatic 
pressure). KOH solution with specific concentra-
tions (6, 7, and 8 M) was placed into the three-
neck flask, and then the stirrer was operated at 
predetermined speeds of 200 and 300 rpm. The 
heating mantle was switched on, and the operat-
ing temperature was set according to the reac-
tion temperature (30, 40, and 50 °C). When all 
parameters were reached, the CO2 gas regulator 
was opened to flow CO2 gas into the KOH solu-
tion at a flow rate of 2 dm3/minute. The reaction 

Figure 3. Illustration of K2CO3 synthesis research equipment.



187

Advances in Science and Technology Research Journal 2025, 19(4), 183–197

time was stopped after 150 minutes. The reaction 
product was separated from the liquid using filter 
paper. The filtered product was dried in an oven 
at 110 °C for 2 hours to evaporate the remaining 
water. The amount of product produced was cal-
culated using Equation 6.
	

𝑦𝑦𝐶𝐶𝐶𝐶2𝑃𝑃 = 𝐻𝐻𝐶𝐶𝐶𝐶2−𝐻𝐻2𝑂𝑂. 𝑥𝑥𝐶𝐶𝐶𝐶2         (1) 
 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧           (2) 
 
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (3) 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧   ≈ 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2
𝑑𝑑𝑑𝑑 =  𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 −  𝐶𝐶𝐶𝐶𝐶𝐶2)      (4) 

 
𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 − 𝐶𝐶𝐶𝐶𝐶𝐶2) =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾                 (5) 
 
𝑊𝑊𝐾𝐾2𝐶𝐶𝐶𝐶3  =  𝑤𝑤0 −  𝑤𝑤1         (6) 
 
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾  = 𝑉𝑉𝑉𝑉.𝑁𝑁.𝑀𝑀𝑀𝑀

𝑉𝑉𝑉𝑉           (7) 
 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 − 𝑘𝑘2 𝐶𝐶𝐻𝐻2𝑂𝑂 𝐶𝐶𝐾𝐾2𝐶𝐶𝐶𝐶3      (8) 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (9) 
 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (10) 

 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

2         (11) 
 
𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 + 𝑘𝑘1

  ′ 𝑡𝑡        (12) 
 
 

1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

=  1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾

+ 𝑘𝑘1
  ′ 𝑡𝑡           (13) 

 

𝑘𝑘1 = 𝐴𝐴 𝑒𝑒−𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅          (14) 

  
 
𝑆𝑆ℎ =  𝑘𝑘𝑐𝑐 𝑑𝑑𝑝𝑝

𝐷𝐷           (15) 
 
𝑆𝑆ℎ = 2 + 0.553 𝑅𝑅𝑒𝑒

  0.5 𝑆𝑆𝑐𝑐
  0.33        (16) 

 
𝑅𝑅𝑒𝑒 =  𝜌𝜌 𝑁𝑁 𝑑𝑑𝑝𝑝     2

𝜇𝜇           (17) 
 
2𝐶𝐶𝐶𝐶2  +   2𝐻𝐻2𝑂𝑂 ↔  2𝐻𝐻2𝐶𝐶𝑂𝑂3         (18) 
 
2𝐻𝐻2𝐶𝐶𝑂𝑂3   +     2𝐾𝐾𝐾𝐾𝐾𝐾  ↔   2𝐾𝐾𝐾𝐾𝐾𝐾𝑂𝑂3 +   2𝐻𝐻2𝑂𝑂       (19) 
 

	 (6)

where:	

𝑦𝑦𝐶𝐶𝐶𝐶2𝑃𝑃 = 𝐻𝐻𝐶𝐶𝐶𝐶2−𝐻𝐻2𝑂𝑂. 𝑥𝑥𝐶𝐶𝐶𝐶2         (1) 
 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧           (2) 
 
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (3) 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧   ≈ 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2
𝑑𝑑𝑑𝑑 =  𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 −  𝐶𝐶𝐶𝐶𝐶𝐶2)      (4) 

 
𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 − 𝐶𝐶𝐶𝐶𝐶𝐶2) =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾                 (5) 
 
𝑊𝑊𝐾𝐾2𝐶𝐶𝐶𝐶3  =  𝑤𝑤0 −  𝑤𝑤1         (6) 
 
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾  = 𝑉𝑉𝑉𝑉.𝑁𝑁.𝑀𝑀𝑀𝑀

𝑉𝑉𝑉𝑉           (7) 
 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 − 𝑘𝑘2 𝐶𝐶𝐻𝐻2𝑂𝑂 𝐶𝐶𝐾𝐾2𝐶𝐶𝐶𝐶3      (8) 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (9) 
 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (10) 

 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

2         (11) 
 
𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 + 𝑘𝑘1

  ′ 𝑡𝑡        (12) 
 
 

1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

=  1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾

+ 𝑘𝑘1
  ′ 𝑡𝑡           (13) 

 

𝑘𝑘1 = 𝐴𝐴 𝑒𝑒−𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅          (14) 

  
 
𝑆𝑆ℎ =  𝑘𝑘𝑐𝑐 𝑑𝑑𝑝𝑝

𝐷𝐷           (15) 
 
𝑆𝑆ℎ = 2 + 0.553 𝑅𝑅𝑒𝑒

  0.5 𝑆𝑆𝑐𝑐
  0.33        (16) 

 
𝑅𝑅𝑒𝑒 =  𝜌𝜌 𝑁𝑁 𝑑𝑑𝑝𝑝     2

𝜇𝜇           (17) 
 
2𝐶𝐶𝐶𝐶2  +   2𝐻𝐻2𝑂𝑂 ↔  2𝐻𝐻2𝐶𝐶𝑂𝑂3         (18) 
 
2𝐻𝐻2𝐶𝐶𝑂𝑂3   +     2𝐾𝐾𝐾𝐾𝐾𝐾  ↔   2𝐾𝐾𝐾𝐾𝐾𝐾𝑂𝑂3 +   2𝐻𝐻2𝑂𝑂       (19) 
 

 – mass of K2CO3 produced 
(grams), w0 – mass of product + filter pa-
per after oven drying (grams), w1 – mass 
of empty filter paper (grams).

 To further understand the phenomena, this re-
search attempted to model the occurring reaction 
process using a mathemical model in the form of 
reaction kinetics, which was conducted under op-
timal operating conditions. For this purpose, data 
on the decrease in KOH concentration over reac-
tion time was obtained from sample analysis us-
ing the acid-base titration method with 0.1 N HCl 
titrant. To ensure the accuracy and consistency 
of data, particularly for mathematical model cal-
culations, the titration process was conducted 3 
times, and the data was subsequently averaged. 
The KOH content from titration was calculated 
using Equation 7.  
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	 (7)

where:	CKOH – KOH concentration at a specific 
time (mg/dm3), Vt – titrant volume (dm3), 
N – HCl titrant normality (N), Mw – mo-
lecular weight (grams/mol), Vs – sample 
volume (dm3).

Determining parameters or observation vari-
ables in this research referred to the best results 
from previous studies. The KOH concentration 
variable in the 6–8 M range was based on CO2 cap-
ture research using eutectic solvents, which yield-
ed satisfactory results [22]. The stirring speeds 
of 200 and 300 rpm were selected based on the 
transformation of CO2 into Precipitated Calcium 
Carbonate (PCC) using Ca(OH)2, which produced 
optimal products [23]. The reaction temperature 
of 30–50 °C was adopted from relevant research 
on CO2 capture [12, 18], which yielded satisfac-
tory results, and the reaction system pressure of 
9800 Pa and CO2 gas flow rate of 2 dm3/minute 
was set according to the best conditions in PCC 
synthesis [23]. The drying temperature, which 
was set to 110 °C for 2 hours, was chosen based on 
research that produced optimal drying results [23]. 
By integrating the best parameters from previous 

research, the absorption and diffusion-reaction 
processes are expected to run optimally, and the 
resulting K2CO3 will be maximized.

To achieve the highest yield of K2CO3, CO2 
capture equipment typically uses a KOH solution 
as an absorbent in an absorber column. How-
ever, this research employs a different approach. 
The method implemented involves modification 
through a bubble reaction concept, utilizing a 
stirred semi-batch bubble reactor (Figure 3). This 
setup allows maximum interaction between CO2 
bubbles and the KOH solution, optimizing the 
diffusion-reaction process. 

Characterization techniques

On the dried reaction products, characteriza-
tion was performed through testing using instru-
mentation equipment in fourier transform infrared 
spectroscopy (FTIR) type Alpha II Bruker – ATR 
Germany to analyze its function group peaks and 
compare them with existing reference standards. 
This action was taken to ensure that the K2CO3 
product was formed. Scanning electron micros-
copy (SEM) testing using Zeiss – Germany was 
conducted to observe morphological changes and 
reinforce the FTIR test results.

Mathematical model testing

The mathematical model used in this research 
was a simple mathematical model, namely the 
pseudohomogeneous reaction kinetics model (re-
ferring to Equation 8). Several assumptions were 
used, including that CO2 was continuously input 
and stopped when the reaction time ended, so it 
was assumed that CO2 was in excess. The reaction 
in the reverse direction was ignored. The concen-
tration measurement was in the KOH; therefore, 
the mathematical model calculation approach was 
based on changes in KOH concentration during 
the reaction process. Referring to these assump-
tions, Equation 8 was modified and simplified to 
become Equation 9.
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	 (9)

Equation 9 is identical to Equation 3 and is 
subsequently modified to become Equation 10.
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𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (3) 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧   ≈ 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2
𝑑𝑑𝑑𝑑 =  𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 −  𝐶𝐶𝐶𝐶𝐶𝐶2)      (4) 

 
𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 − 𝐶𝐶𝐶𝐶𝐶𝐶2) =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾                 (5) 
 
𝑊𝑊𝐾𝐾2𝐶𝐶𝐶𝐶3  =  𝑤𝑤0 −  𝑤𝑤1         (6) 
 
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾  = 𝑉𝑉𝑉𝑉.𝑁𝑁.𝑀𝑀𝑀𝑀

𝑉𝑉𝑉𝑉           (7) 
 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 − 𝑘𝑘2 𝐶𝐶𝐻𝐻2𝑂𝑂 𝐶𝐶𝐾𝐾2𝐶𝐶𝐶𝐶3      (8) 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (9) 
 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (10) 

 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

2         (11) 
 
𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 + 𝑘𝑘1

  ′ 𝑡𝑡        (12) 
 
 

1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

=  1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾

+ 𝑘𝑘1
  ′ 𝑡𝑡           (13) 

 

𝑘𝑘1 = 𝐴𝐴 𝑒𝑒−𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅          (14) 

  
 
𝑆𝑆ℎ =  𝑘𝑘𝑐𝑐 𝑑𝑑𝑝𝑝

𝐷𝐷           (15) 
 
𝑆𝑆ℎ = 2 + 0.553 𝑅𝑅𝑒𝑒

  0.5 𝑆𝑆𝑐𝑐
  0.33        (16) 

 
𝑅𝑅𝑒𝑒 =  𝜌𝜌 𝑁𝑁 𝑑𝑑𝑝𝑝     2

𝜇𝜇           (17) 
 
2𝐶𝐶𝐶𝐶2  +   2𝐻𝐻2𝑂𝑂 ↔  2𝐻𝐻2𝐶𝐶𝑂𝑂3         (18) 
 
2𝐻𝐻2𝐶𝐶𝑂𝑂3   +     2𝐾𝐾𝐾𝐾𝐾𝐾  ↔   2𝐾𝐾𝐾𝐾𝐾𝐾𝑂𝑂3 +   2𝐻𝐻2𝑂𝑂       (19) 
 

	 (10)
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where:	 𝑘𝑘1
  ′ =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 

 
 
 

Equation 10 can be modified into a second-
order equation, becoming Equation 11.

	

𝑦𝑦𝐶𝐶𝐶𝐶2𝑃𝑃 = 𝐻𝐻𝐶𝐶𝐶𝐶2−𝐻𝐻2𝑂𝑂. 𝑥𝑥𝐶𝐶𝐶𝐶2         (1) 
 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧           (2) 
 
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (3) 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧   ≈ 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2
𝑑𝑑𝑑𝑑 =  𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 −  𝐶𝐶𝐶𝐶𝐶𝐶2)      (4) 

 
𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 − 𝐶𝐶𝐶𝐶𝐶𝐶2) =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾                 (5) 
 
𝑊𝑊𝐾𝐾2𝐶𝐶𝐶𝐶3  =  𝑤𝑤0 −  𝑤𝑤1         (6) 
 
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾  = 𝑉𝑉𝑉𝑉.𝑁𝑁.𝑀𝑀𝑀𝑀

𝑉𝑉𝑉𝑉           (7) 
 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 − 𝑘𝑘2 𝐶𝐶𝐻𝐻2𝑂𝑂 𝐶𝐶𝐾𝐾2𝐶𝐶𝐶𝐶3      (8) 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (9) 
 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (10) 

 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

2         (11) 
 
𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 + 𝑘𝑘1

  ′ 𝑡𝑡        (12) 
 
 

1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

=  1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾

+ 𝑘𝑘1
  ′ 𝑡𝑡           (13) 

 

𝑘𝑘1 = 𝐴𝐴 𝑒𝑒−𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅          (14) 

  
 
𝑆𝑆ℎ =  𝑘𝑘𝑐𝑐 𝑑𝑑𝑝𝑝

𝐷𝐷           (15) 
 
𝑆𝑆ℎ = 2 + 0.553 𝑅𝑅𝑒𝑒

  0.5 𝑆𝑆𝑐𝑐
  0.33        (16) 

 
𝑅𝑅𝑒𝑒 =  𝜌𝜌 𝑁𝑁 𝑑𝑑𝑝𝑝     2

𝜇𝜇           (17) 
 
2𝐶𝐶𝐶𝐶2  +   2𝐻𝐻2𝑂𝑂 ↔  2𝐻𝐻2𝐶𝐶𝑂𝑂3         (18) 
 
2𝐻𝐻2𝐶𝐶𝑂𝑂3   +     2𝐾𝐾𝐾𝐾𝐾𝐾  ↔   2𝐾𝐾𝐾𝐾𝐾𝐾𝑂𝑂3 +   2𝐻𝐻2𝑂𝑂       (19) 
 

	 (11)

Therefore, the models to be developed are 
first-order (Equation 10) and second-order (Equa-
tion 11). Lastly, they are integrated to obtain 
Equations 12 and 13.

	

𝑦𝑦𝐶𝐶𝐶𝐶2𝑃𝑃 = 𝐻𝐻𝐶𝐶𝐶𝐶2−𝐻𝐻2𝑂𝑂. 𝑥𝑥𝐶𝐶𝐶𝐶2         (1) 
 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧           (2) 
 
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (3) 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧   ≈ 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2
𝑑𝑑𝑑𝑑 =  𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 −  𝐶𝐶𝐶𝐶𝐶𝐶2)      (4) 

 
𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 − 𝐶𝐶𝐶𝐶𝐶𝐶2) =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾                 (5) 
 
𝑊𝑊𝐾𝐾2𝐶𝐶𝐶𝐶3  =  𝑤𝑤0 −  𝑤𝑤1         (6) 
 
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾  = 𝑉𝑉𝑉𝑉.𝑁𝑁.𝑀𝑀𝑀𝑀

𝑉𝑉𝑉𝑉           (7) 
 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 − 𝑘𝑘2 𝐶𝐶𝐻𝐻2𝑂𝑂 𝐶𝐶𝐾𝐾2𝐶𝐶𝐶𝐶3      (8) 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (9) 
 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (10) 

 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

2         (11) 
 
𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 + 𝑘𝑘1

  ′ 𝑡𝑡        (12) 
 
 

1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

=  1
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾

+ 𝑘𝑘1
  ′ 𝑡𝑡           (13) 

 

𝑘𝑘1 = 𝐴𝐴 𝑒𝑒−𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅          (14) 

  
 
𝑆𝑆ℎ =  𝑘𝑘𝑐𝑐 𝑑𝑑𝑝𝑝

𝐷𝐷           (15) 
 
𝑆𝑆ℎ = 2 + 0.553 𝑅𝑅𝑒𝑒

  0.5 𝑆𝑆𝑐𝑐
  0.33        (16) 

 
𝑅𝑅𝑒𝑒 =  𝜌𝜌 𝑁𝑁 𝑑𝑑𝑝𝑝     2

𝜇𝜇           (17) 
 
2𝐶𝐶𝐶𝐶2  +   2𝐻𝐻2𝑂𝑂 ↔  2𝐻𝐻2𝐶𝐶𝑂𝑂3         (18) 
 
2𝐻𝐻2𝐶𝐶𝑂𝑂3   +     2𝐾𝐾𝐾𝐾𝐾𝐾  ↔   2𝐾𝐾𝐾𝐾𝐾𝐾𝑂𝑂3 +   2𝐻𝐻2𝑂𝑂       (19) 
 

	 (12)

	

𝑦𝑦𝐶𝐶𝐶𝐶2𝑃𝑃 = 𝐻𝐻𝐶𝐶𝐶𝐶2−𝐻𝐻2𝑂𝑂. 𝑥𝑥𝐶𝐶𝐶𝐶2         (1) 
 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧           (2) 
 
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (3) 
 
𝐽𝐽𝐶𝐶𝐶𝐶2 =  −𝐷𝐷 𝑑𝑑𝐶𝐶𝐶𝐶𝐶𝐶2

𝑧𝑧   ≈ 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2
𝑑𝑑𝑑𝑑 =  𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 −  𝐶𝐶𝐶𝐶𝐶𝐶2)      (4) 

 
𝑘𝑘𝑐𝑐 ( 𝐶𝐶𝐶𝐶𝐶𝐶2𝑏𝑏 − 𝐶𝐶𝐶𝐶𝐶𝐶2) =  −𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾                 (5) 
 
𝑊𝑊𝐾𝐾2𝐶𝐶𝐶𝐶3  =  𝑤𝑤0 −  𝑤𝑤1         (6) 
 
𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾  = 𝑉𝑉𝑉𝑉.𝑁𝑁.𝑀𝑀𝑀𝑀

𝑉𝑉𝑉𝑉           (7) 
 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 − 𝑘𝑘2 𝐶𝐶𝐻𝐻2𝑂𝑂 𝐶𝐶𝐾𝐾2𝐶𝐶𝐶𝐶3      (8) 
 
− 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶2

𝑑𝑑𝑑𝑑 =  𝑘𝑘1 𝐶𝐶𝐶𝐶𝐶𝐶2 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (9) 
 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾         (10) 

 
 
− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
  ′ 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾

2         (11) 
 
𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑙𝑙𝑙𝑙 𝐶𝐶𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 + 𝑘𝑘1

  ′ 𝑡𝑡        (12) 
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 versus t (second-
order). A mathematical model that has an R2 value 
(coefficient of determination) approaching 1 in-
dicates that the mathematical model is valid and 
can be used to describe the phenomenon of the 
reaction process that occurs and predict conver-
sion under other operating conditions, as well as 
being applicable for reactor design in the future.

RESULTS AND DISCUSSION

Effect of KOH concentration

As shown in Figure 4, increasing KOH con-
centration leads to an increase in the produced 
potassium carbonate (K2CO3), with KOH con-
centrations of 6, 7, and 8 M yielding K2CO3 prod-
ucts of 21.01, 30.43, and 36.64 grams, respec-
tively. Using the K2CO3 product of 21.01 grams 
as the baseline, there was an increase of 44.84% 
in K2CO3 product quantity from 21.01 grams to 
30.43 grams and 80.30% from 21.01 grams to 
36.64 grams. This data shows that the increase in 
KOH concentration significantly impacts CO2 ab-
sorption. This phenomenon aligns with Equation 

5 because increasing the adsorbent concentration 
enhances gas-liquid molecular interactions, in-
creasing the diffusion and reaction rates [24].

Referring to Equation 5 and the results ob-
tained in Figure 4, increasing KOH concentration 
above 8 M could achieve maximum CO2 capture 
and optimal K2CO3 product yield. Although natu-
rally, too high of a KOH concentration increase in 
the gas-liquid reaction system will create a new 
barrier, namely an increase in KOH solution vis-
cosity [25], thus reducing CO2 gas diffusion into 
the KOH solution, and will affect the chemical re-
action rate between CO2 gas and KOH. However, 
since stirring was performed in the diffusion-re-
action system, the barriers that arise from viscosi-
ty effects on diffusion-reaction can be eliminated. 

The trend observed in this research (in Figure 
4) also occurs in syngas synthesis with CO2, CH4, 
and H2O reactants from existing references [26]; 
although the research conducted was different, 
the concept is the same. When the concentration 
of methane (CH4) reactant is increased, and the 
CH4/CO2 ratio increases from 0.538 to 3.03, the 
syngas product produced, mainly hydrogen (H2), 
also increases from about 31% to 39% [26]. Other 
research shows similar trends to this study (see Ta-
ble 2). As shown in Table 2, increasing absorbent 
concentration positively impacts CO2 capture. 

Figure 4. Effect of KOH concentration on K2CO3 
product at 200 rpm and reaction temperature of 30 °C

Table 2. Effect of absorbent concentration on CO2 capture
Range of absorbent concentration % reactant conversion, product mass, or % removal References

Monoethanolamine (MEA) concentration: 
15–40% CO2 removal percentage increased from approximately 54% to 93% [27]

Monoethanolamine (MEA) concentration: 
10–30% CO2 removal percentage increased from approximately 34% to 76% [28]

KOH concentration: 6,7, and 8 M The increase in CO2 capture is marked by an increase in K2CO3 yield, 
which is from 21.01 to 30.43 and 36.64 grams, respectively.

This 
research
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Effect of stirring speed

The increased stirring speed positively im-
pacted the amount of potassium carbonate prod-
uct produced (see Figure 5), with the potassium 
carbonate product increasing from 36.64 grams to 
41.26 grams (an increase of 12.61%). A similar 
phenomenon to this research also occurred in oth-
er studies (see Table 3), where increase stirring 
speed positively impacted process performance.

The results in Table 3 prove that increasing 
the stirring speed in this study reduced diffusivity 
barriers in the form of film layers (see Figure 2 
and Equation 2). Increased stirring will reduce the 

film layer and interphase contact, increasing the 
mass transfer coefficient from the gas to the liq-
uid phase [31]. Other impacts include increased 
interaction with CO2 gas nuclei, increased veloc-
ity and shear stress of each fluid, creation of mi-
cro mixing, and maximum molecular interaction 
between the gas-liquid fluid system, allowing the 
reaction process to proceed optimally  [32, 33].

Based on the visual observation in Figure 5, 
no vortex has occurred at a stirring speed of 300 
rpm yet, so there is potential to increase the speed 
above 300 rpm to its maximum stirring speed to 
produce even more K2CO3 product. The maxi-
mum allowable stirring speed is before a vortex 

Table 3. Effect of stirring speed on reaction process performance and waste degradation
Stirring speed (rpm) % reactant conversion, product mass, or % removal References

100–400 The sugar waste removal percentage increased from 71% to 83.4% [29]

200–500 The rapeseed oil conversion increased from approximately 41% to 71% [30]

200 and 300 K2CO3 product increased from 36.64 grams to 41.26 grams This research

Figure 5. Effect of stirring speed on K2CO3 product at KOH concentration 8 M and reaction temperature of 30 
°C

Figure 6. Illustration of vortex phenomenon in CO2 gas-liquid absorbate reaction process
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forms, creating a whirlpool current, as shown in 
Figure 6. When this condition occurs, CO2 gas 
bubbles escape through the vortex before contact-
ing the KOH solution. 

The vortex phenomenon, as shown in Figure 
6, was experienced in research on converting CO2 
gas into Precipitated Calcium Carbonate (PCC) 
[23]. When the stirring speed was increased from 
400 to 500 rpm, excessive vortexing occurred 
(forming a whirlpool), and CO2 gas bubbles were 
observed escaping through this whirlpool, caus-
ing the PCC product yield to decrease from 7.64 
grams (at stirring speed of 400 rpm) to 6.55 grams 
(at stirring speed of 500 rpm). 

Effect of reaction temperature

The increase in reaction temperature in-
creased the amount of K2CO3 produced (Figure 
7). As shown in Figure 7, the products obtained 
at reaction temperatures of 30, 40 and 50 °C 
were 41.26, 45.33, and 54.94 grams, respec-
tively. When calculated as percentages with the 
baseline at 30°C, there was an increase of 9.86% 
from 30 to 40 °C and 33.16% from 30 to 50 °C. 

A similar phenomenon was also observed in in-
vestigations conducted on biodiesel synthesis 
[34], where increasing the reaction temperature 
from 150 to 180 °C significantly increased tri-
glyceride conversion to biodiesel [34]. 

The research data and reference [34] show 
that the reaction temperature factor significant-
ly enhances the reaction process. Referring to 
the Arrhenius equation (Equation 14), as pre-
viously explained, an increase in reaction tem-
perature will cause an increase in the reaction 
rate constant (k1).
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where:	k1 – reaction rate constant (units depend 
on reaction order), A – frequency factor 
(units depend on reaction order), Ea​ – ac-
tivation energy (J/mol), R – universal gas 
constant (8.314 J/mol. K), T – absolute 
temperature (K).

Other research results showed a similar trend, 
where increasing the liquid temperature increased 
CO2 capture (Table 4).

Figure 7. Effect of reaction temperature on K2CO3 product at KOH concentration of 8 M 
and stirring speed of 300 rpm

Table 4. Effect of temperature on CO2 capture
Temperature range (°C) % reactant conversion, product mass, or % removal References

Absorbent: Monoethanolamine (MEA); 
temperature: 20.9 and 39.5 °C CO2 capture increased to 81% at 20.9 °C and 95% [35]

Absorbent: biphasic; temperature: 
30 and 60 °C

CO2 capture increased from 6% to 12% when the temperature 
was raised from 30 to 60 °C [36]

Absorbent: KOH solution; temperature: 
30 to 50 °C

CO2 capture increased as evidenced by the K2CO3 produced, 
which increased from 41.26, 45.33, and 54.94 grams for 30, 40, 

and 55 °C system temperatures, respectively
This research
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However, increasing the system temperature 
in gas-liquid reactions at specific temperatures 
can decrease the reaction rate. This phenomenon 
occurred when the system temperature increase 
exceeds its maximum point, resulting in reduced 
solubility CO2 gas in the KOH solution. Observa-
tions of H2 gas solubility in water show that at 298 
K, the solubility of H2 (xH2) was 0.00135994, and 
when the temperature increased to 323.50 K, H2 
solubility decreased to 0.00123925 [37]. There-
fore, increasing the reaction system temperature 
must be done carefully in gas-liquid reaction sys-
tems, as it can have positively and negatively af-
fects the reaction rate.

Based on the observations, increasing the 
KOH concentration from 6 to 8 M, along with stir-
ring speeds of 200 and 300 rpm and reaction tem-
peratures between 30 °C and 50 °C, generally led 
to an increase in CO2 capture, as indicated by the 
higher yield of K2CO3. This phenomenon can be 
explained in more detail by connecting it with the 
diffusion-reaction concept presented in Equations 
2 to 5 and relating it to Equations 15 to 17 [38, 39].
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− 𝑑𝑑𝑑𝑑𝐾𝐾𝐾𝐾𝐾𝐾

𝑑𝑑𝑑𝑑 =  𝑘𝑘1
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	 (17)

where:	Sh – Sherwood number (dimension-
less), dp –  CO2 bubble  diameter (m), 
N – stirring speed (rps), m – adsorbent 
mass (gram), μ – viscosity (kg/m·s), Re 
– Reynolds number (dimensionless), Sc – 
Schmidt number (dimensionless).

Referring to Equations 15 to 17, increasing 
the stirring speed, without causing vortex forma-
tion (as illustrated in Figure 6), will enhance the 
Reynolds number, Sherwood number, and mass 
transfer coefficient (kc). This, in turn, leads to a 
higher diffusivity rate and subsequently increases 
the reaction rate between CO2 and KOH (refer to 
Equations 4 to 5). On the other hand, increasing 
KOH concentration will increase solution viscos-
ity, which affects the mass transfer coefficient (kc) 
(referring to Equations (15) to (17)). However, in 
this study, the stirring process could potentially 
eliminate the impact of increased KOH concen-
tration on the reduction of mass transfer coef-
ficient (kc) for CO2 gas. This hypothesis is sup-
ported by reaction results showing that increased 
KOH concentration can increase K2CO3 product 
(see Figure 4). According to Equation (17), the 

stirring speed (N) is proportional to the increase 
in Reynolds number. On the other hand, the in-
crease in viscosity due to higher KOH concen-
tration is inversely proportional, which can lead 
to a decrease in the Reynolds number. When the 
effect of the increased stirring speed outweighs 
the increase in viscosity, the Reynolds number 
will rise. Under these conditions, the interaction 
between CO2 and KOH in the system, which in-
volves the diffusion-reaction process, will also 
intensify, leading to a greater production of the 
reaction product (K2CO3). Based on theoretical 
reasoning and observed phenomena, it is likely 
correct to assume that the reduced mass transfer 
due to increased viscosity can be counterbalanced 
by raising the stirring speed. Furthermore, an in-
crease in KOH concentration will impact the rate 
of the chemical reaction. According to Equation 
(3), the reaction rate is dependent on the KOH 
concentration (CKOH). Therefore, as the concen-
tration of KOH rises, the reaction rate will also 
increase. It is essential to ensure that the diffu-
sion-reaction process operates optimally so that 
the resulting products meet the desired targets. 
The temperature of the KOH solution used in 
CO2 capture influences both the diffusion and re-
action process. During the reaction process, an 
increase in system temperature raises the reaction 
rate constant (k1), as described by the Arrhenius 
equation (Equation (14). On the other hand, in the 
diffusion process, higher system temperatures re-
duce the viscosity of the KOH solution. This de-
crease in viscosity results in a higher Reynolds 
number, which subsequently leads to an increase 
in the mass transfer coefficient (kc). Therefore, 
the results obtained in this study, which showed 
an increase in K2CO3, are logical. However, all 
parameters certainly have their optimal point. If 
we refer to CO2 capture observations conducted 
using 2-(1-piperazinyl) ethylamine sarcosinate 
as an absorbent at temperatures of 57 to 77 °C, 
where CO2 capture decreased when the tempera-
ture was raised above 67 °C [40]. Future research 
should investigate temperatures above 50 °C. 
This approach will help validate this phenome-
non and determine whether different absorbents 
exhibit similar trends, as each compound has its 
own unique characteristics.

When examining the reaction product at a 
temperature of 50 °C, with a KOH concentra-
tion of 8 M and a stirring speed of 300 rpm (as 
shown in Figure 8), we observed that the optimal 
operating conditions in this study resulted in the 
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formation of white crystals that are identical to the 
K2CO3 available in the market. The comparison 
between FTIR test results in Figure 9 and the one 
from the K2CO3 standard from reference [41], as 
well as the comparison with wavenumbers from 
existing textbooks [42, 43], indicates that the 
product obtained in this study is K2CO3 (see Table 
5). In Table 5, the peaks in the product from this 
research fall within the wavenumber range from 
existing references [42, 43] and are similar to pure 
K2CO3 standard [41]. The SEM test results in Fig-
ure 10 reinforce the FTIR test results from Figure 

9, where the morphology of the reaction product 
obtained in this study (Figure 10) has character-
istics identical to pure K2CO3, namely having a 
rough and irregular surface [44] and composed of 
large and small particles [45]. Thus, based on the 
FTIR and SEM test results conducted and com-
pared with existing references, the desired prod-
uct K2CO3 has been formed in this reaction study. 
Upon further analysis, the data in Figure 11 shows 
that for the product amount of 54.94 grams ob-
tained at a reaction time of 150 minutes (Figure 
7), the KOH compound converted into products 

Figure 8. Reaction product at reaction temperature of 50 °C, 8 M KOH concentration, 
and stirring speed of 300 rpm

Figure 9. FTIR test results at reaction temperature of 50 °C, 8 M KOH concentration, 
and stirring speed of 300 rpm
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(K2CO3 and water) was only 53.43%. This data 
indicates that the K2CO3 product can still be in-
creased above 54.94 grams. The amount of K2CO3 
produced can be increased using two methods: 
extending the reaction time beyond 150 minutes 

or increasing the CO2 inlet flow rate above 2 dm3 
per minute. Increasing the CO2 flow rate into the 
reaction system above 2 dm3 per minute is a more 
advantageous step, as the reduction of CO2 will 
be more significant, and the amount of K2CO3 

Table 5. Comparison of FTIR wavenumbers from this research and standard K2CO3 reference [41]
Bonds Wavenumber ranges  (cm-1) Standard K2CO3 peaks [41] Peaks from this research Intensity trend

O-H 3.200–3.600   [42] 3.131 3,170.26 Moderate

C=O 1.690–1.760   [42] 1.753 1,643.81 Strong

C-O 1.050–1.300  [42] 1.353 1,357.24 Strong

K-O 400–1.000  [43] 674 693.71 Strong

Figure 10. SEM test results at reaction temperature of 50 °C, 8 M KOH concentration, 
and stirring speed of 300 rpm

Figure 11. KOH conversion at reaction temperature of 50 °C, 8 M KOH concentration, 
and stirring speed of 300 rpm
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produced will also be higher within the same peri-
od. However, this condition will only occur when 
the ratio of 1 mol CO2 to 2 mol KOH is still main-
tained (see Equation (10)). However, if the reac-
tion ratio forms a new ratio of 2 mol CO2 to 2 mol 
KOH, then there is potential for KHCO3 to form 
instead of K2CO3 (see  Equation 18–19) [46]. So, 
when CO2 interacts with KOH in solution, potas-
sium bicarbonate (KHCO3) can be produced when 
the stoichiometric ratio is not 1:2, meaning 1 mole 
of CO2 reacts with 2 moles of KOH.
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𝑆𝑆ℎ =  𝑘𝑘𝑐𝑐 𝑑𝑑𝑝𝑝

𝐷𝐷           (15) 
 
𝑆𝑆ℎ = 2 + 0.553 𝑅𝑅𝑒𝑒

  0.5 𝑆𝑆𝑐𝑐
  0.33        (16) 

 
𝑅𝑅𝑒𝑒 =  𝜌𝜌 𝑁𝑁 𝑑𝑑𝑝𝑝     2

𝜇𝜇           (17) 
 
2𝐶𝐶𝐶𝐶2  +   2𝐻𝐻2𝑂𝑂 ↔  2𝐻𝐻2𝐶𝐶𝑂𝑂3         (18) 
 
2𝐻𝐻2𝐶𝐶𝑂𝑂3   +     2𝐾𝐾𝐾𝐾𝐾𝐾  ↔   2𝐾𝐾𝐾𝐾𝐾𝐾𝑂𝑂3 +   2𝐻𝐻2𝑂𝑂       (19) 
 

(19)

Mathematical model

In Figures 11a) and 11b, it can be seen that the 
R2 values (determination coefficients) produced 
have similar values of 0.9712 (first-order) and 
0.9720 (second-order). However, looking at the re-
sulting k1’ values, the first order value is negative 
at -0.0056 minute-1 while second-order is positive 
at 0.0027 dm3·mol-1·minute-1. Theoretically, the k1’ 
value cannot be negative, so it can be confirmed 
that this research follows the second order reaction 
kinetics model. The reaction rate constant (k1’) 
value of 0.0027 dm3·mol-1·minute-1 means that for 
each addition of 1 mol KOH, the reaction rate only 
increases by 0.0027 mol/ dm3 per minute. Looking 
at this description, the reaction between CO2 and 
KOH falls into the category of slow reactions, as 
evidenced by the resulting conversion, which only 
reached 53.43% after 150 minutes (Figure 12).

CONCLUSIONS

The integration of stirring speed, KOH solution 
concentration, and reaction temperature positively 
impacted CO2 capture, as evidenced by increased 
K2CO3 product yield. The most significant increase 
in K2CO3 was achieved when the KOH concentra-
tion parameter was increased from 4 M to 8 M, 
increasing by 80.30%. Overall, the best operating 
conditions were obtained at 8 M KOH concentra-
tion, 300 rpm stirring speed, and 50 °C reaction 
temperature, with a K2CO3 mass of 54.94 grams 
and KOH conversions of 53.43%. Mathematical 
model calculations in the form of reaction kinetics 
using the pseudo homogeneous approach showed 
that the CO2-KOH gas reaction system follows a 
second-order reaction system with a k1’ value of 
0.0027 dm3·mol-1·minute-1 with R2 obtained ap-
proaching one at 0.9720. the simple process system 
with relatively high K2CO3 product mass suggests 
that this alternative CO2 capture technology using 
a KOH solution warrants further development. 
Although this research has its limitations, such 
as the need for further observation to maximize 
product yields and achieve KOH conversion rates 
approaching 100%, the findings provide valuable 
insights. This study highlights how key process pa-
rameters specifically KOH concentration, system 
temperature, and stirring speed significantly affect 
the CO2 absorption process and the resulting potas-
sium carbonate (K2CO3) product. The success of 
this research is expected to support the develop-
ment of environmentally friendly technologies for 
mitigating CO2 emissions while serving as a foun-
dation for future advancements at the pilot plant 
scale. As a next step, it is essential to explore how 
the previously studied parameters (KOH concen-
tration, system temperature, and stirring speed) 

Figure 12. Mathematical model calculation results: (a) first-order, (b) second-order
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interact with other factors, such as CO2 gas flow 
rate and reaction time, over a broader range. This 
approach aims to maximize KOH conversion and 
K2CO3 yield. Once optimal production conditions 
are achieved, the subsequent step will involve 
refining the reactor design to align it with actual 
process conditions and implementing a real-time 
monitoring system. This refinement will enhance 
process control and ensure effective implementa-
tion at an industrial scale.
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