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Abstract
This study focused on a quantitative study of the CO2 adsorption dynamic within the adsorbent particle. It could 
drive and improve ideal pore characteristics and the adsorption process efficiency. The parameters operating  
conditions for the CO2 adsorption process of zeolite 5A pellet were studied using Aspen Adsorption. The  
effects of compression force (200–400 MPa), compression time (5–15 min), and addition of bentonite binder 
(0–15% wt. of bentonite binder) for zeolite 5A pelletization and temperature for CO2 adsorption ranging from 
298–373 K were studied. There was an error from the simulation of approximately 0.34–10.62% compared to 
the experimental results. The results showed that the interparticle voidage was reduced, and the appropriate mass 
transfer was required for good CO2 adsorption capacity. Reduction of interparticle voidage is achieved using a 
small compression force, a short compression duration, and a small bentonite binder, all of which significantly 
increase CO2 adsorption capacity. The mass transfer must be within the optimum range because it will decrease 
the contact time between the zeolite surface and the CO2 molecules. The CO2 adsorption increases with the 
gas phase temperature decrease. The result showed that the maximum CO2 adsorption by zeolite 5A was 7.078 
mmol CO2/g with 0 wt% bentonite binder, 200 MPa, and 5 min at 298 K, 1 atm pressure.
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1 Introduction

Nowadays, the emission of CO2 from various sources, 
such as combustion activities and industrial processes, 
has continuously increased atmospheric CO2 levels and 
significantly contributed to global warming, as CO2 is 
one of the main greenhouse gases. There are several 
solutions to reduce the carbon dioxide emissions. The 
most popular method is adsorption, adsorption is the 
adhesion of atoms, ions or molecules from a gas, liquid,  

or dissolved solid to a surface. At present, there are 
many studies involved in carbon dioxide adsorption. 
In previous works, activated carbon, zeolite, and silica-
based are usually used as adsorbents [1]–[5].
 Zeolite is a material with unique physical and 
chemical properties. Zeolites 5A is a microporous 
material suitable for the adsorption of various sizes 
of gas molecules. Moreover, its surfaces are formed 
with negatively charged oxides for gas adsorption. 
Many studies have been done on the CO2 adsorption of 
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Zeolite 5A. The commercial zeolite 5A granules with 
1.6–3 mm in diameter had a CO2 adsorption capacity 
of 3.75 to 4.50 mmol of CO2/g of zeolite at 90–100 
and 273–298 K, respectively [6], [7]. In addition,  
zeolite pellets were also used in CO2 adsorption 
with 1.35–3.32 mm in pellet diameter had a CO2  
adsorption capacity at 273–423 K, which varied from 
1.2 to 3.3 mmol of CO2 /g of zeolite [8], [9]. Based 
on the literature review, it was found that the CO2  
adsorption capacity on the zeolites 5A was enhanced 
when the partial CO2 pressure increased and was  
decreased with an increase in temperature. 
 Researchers have previously investigated 
the pressure impact on pellet properties during the  
pelletization process. Surface area and pore volume 
were observed to decrease as the pressure pelleted 
increased. It led to a reduction in CO2 adsorption 
capacity, poor CO2 internal mass transfer, and slow  
CO2 diffusion through porous materials. Due to pore 
blocking and collapse of pore structures under the 
press, pelletization resulted in slightly decreased 
adsorption compared to powder adsorbent [10]–[13].
 Previous simulations were done in the Aspen 
Adsorption research having the CO2 removal method 
of coal and gas-fired power stations. The parameters 
and other operating conditions for the Aspen Plus  
rate-based model were chosen to achieve a CO2  
removal with 85 percent. As the concentration of  
monoethanolamine (MEA) and the temperature  
increased, the removal efficiency also increased. As the 
MEA solvent loading was increased, the effectiveness 
of the removal process decreased. To understand the 
model behavior, the liquid and vapor phase temperature  
profiles, and CO2 loading in the absorber were studied 
[14]. Boonchuay and co-workers carried out a recent 
studyand showed that Zeolite 13X could adsorb CO2 
more than zeolite 5A because the polarity of  Na+ in zeolite  
13X is higher than the polarity of Ca2+ in zeolite 5A 
with CO2 molecules [15]. The physical properties and 
diffusion steps influenced CO2 adsorption capabilities.  
Hesam et al. [16] showed that the pressure swing  
adsorption (PSA) technique was used to remove carbon 
dioxide from a carbon dioxide/methane combination. 
These findings revealed that Zeolite 13X had a higher 
CO2 adsorption capacity than activated carbon and 
UTSA-16 MOF. In the PSA cycle, zeolite 13X had the 
best performance and could produce a methane product 
with a purity of 99.99 mole percent.

 Physical processes from simulations could 
produce the calculation results, but they could not  
generate the phenomenon, while experiments could 
provide new knowledge. The literature review and 
previous work [17]–[19] were found that most of them 
were studied based on experiments. Therefore, the 
motivation behind the current research is to identify 
the suitable conditions of CO2 adsorption on zeolite 
5A pellet by Aspen Adsorption simulation program 
simulation and comparison with experiments. The 
zeolite pellets had different shaping conditions,  
including 200–400 MPa compression forces, 5–15 min 
compression times, and 0–15% wt. of bentonite. The 
research should significantly help to reduce the need 
for extensive experiments and simulations.

2 Methods

2.1  CO2 adsorption experiment

Commercially zeolite 5A powder for the pelletization 
process was purchased from Thai Silicate Chemicals  
Co., Ltd., Thailand as shown in Figure 1. The  
bentonite clay used, as a binder of zeolite pellets was 
purchased from NIC Interchem Co., Ltd., Thailand. 
The zeolite powder was mixed with water and the 
appropriate amount of bentonite binder. Pelletization 
was performed using a hydraulic press machine with 
a force of 200–400 kPa for 5, 10, and 15 min. The 
zeolite pellet was calcined after drying. The zeolite 
pellets that resulted were cylindrical in shape, with a 
diameter of 0.5 cm and a height of 0.5 cm (Figure 2).  

Figure 1: Flowsheet adsorption process in Aspen 
Adsorption.
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B0P2T5, B0P3T5, B0P4T5, B5P3T5, B9P3T5, 
B15P3T5, B5P3T10, and B5P3T15 were the names given  
to the zeolite pellet samples based on their pelletized 
condition. The number following each symbol denoted 
the weight percent of bentonite binder, the compression  
force, and the compression times. When B, was denoted  
the weight percent of bentonite binder, P was denoted the 
compression force, and T was denoted the compression  
time. Nitrogen adsorption isotherm measurements 
were used to calculate the specific surface area. A 
Bell model BELSORP-mini equipment was used to 
investigate the surface area and porosity analyzer. The 
zeolite pellet sample was prepared by taking the entire 
pellet without breaking it.
 The adsorption column was packed with 1 g zeolite  
5A pellets. In a furnace attached to a CO2 analyzer 
(Handheld carbon dioxide meter, GM 70), the adsorption  
column was at atmospheric pressure, 298 K, a CO2 flow 
rate of 2 L/h, and the zeolite pellet of CO2 adsorption  
were investigated. 
 The CO2 adsorption capacity was defined in 
Equation (1). Where qe is the equilibrium adsorption 
capacity, C0 and C are the concentrations initial and 
equilibrium of CO2, respectively, v is CO2 flow rate; 
MW is the molecular weight of CO2, W is the weight 
of zeolite pellet, and t is time. The data were collected  
every 30 s for the first 20 min. After that, it was collected  
data every 5 min.

 (1)

2.2  Adsorption modelling 

A process simulator, namely Aspen Adsorption, 
was used to simulate the adsorption of CO2. Aspen  
Adsorption is a useful flowsheet simulator for the 
analysis, design, simulation, and optimization of 
various gas and liquid adsorption processes at both 
the industrial and the laboratory scales. This software 
application could simulate ion exchange, liquid phase 
adsorption, and gas phase adsorption processes that 
simplify involved both adsorption and reaction of gas 
adsorption systems [20]. It was an equation-oriented 
simulator and provided numerous data libraries that 
made designing and configuring the simple adsorption 
flowsheets [21]. 
 An adsorption model based on the following  
assumptions was formulated in this simulator. The 
mathematical model equations together with the 
correlation used for the estimation of mass and 
heat transfer parameters. Assumptions for physical  
adsorption process were as follow [22].
 Firstly, material balance is convection only. 
Secondly, momentum balance is Ergun’s equation.  
(Ergun equation for flow is used in a packed bed). 
Thirdly, energy balance is non-isothermal with no 
conduction (Non-isothermal operation of adsorption  
process has occurred in a packed bed). It is also 
commonly assumed that the heat transfer resistance 
between the gas and the solid phases is negligible 
and it reaches thermal equilibrium instantaneously. 
Fourthly, mass transfer coefficient is constant. The 
mass transfer mechanism is controlled by diffusion 
through macropores with contributions from Knudsen  
and molecular diffusion mechanisms. Fifthly, the 
kinetic model has Lumped resistance. Multiple  
resistances in series are included in external film  
resistance, surface resistance, diffusion in macropores,  
and diffusion in micropores. Lastly, the specific 
heat capacity of adsorbent is constant. Specific heat 
capacity of dry adsorbents is constant.The essential 
inputs required for starting the calculations were the 
physical properties of the column and adsorbents, feed 
conditions, mass transfer, and isotherm parameters, as 
shown in Figure 1. 

Figure 2: Zeolite 5A pellet adsorbent.
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 Some of these inputs were fixed while, others 
varied with operating conditions. For example, the 
porosity of the adsorbent was fixed during the study, 
while mass transfer parameters changed with operating 
conditions.
 Data for program modeling included the physical 
properties of the adsorbent column, the adsorbent, and 
the conditions of operation. The adsorbent material was 
zeolite 5A, and CO2 was adsorbates for this research. 
The adsorbents' physical properties and the packing 
column's are shown in Tables 1 and 2. Therefore, 
the main objectives of this research were to study 
the factors affecting CO2 adsorption and on zeolite 
5A at temperatures ranging from 298 to 373 K with 
the program Aspen Adsorption® simulation program  
(version V11, Aspen Technology, Inc., Bedford, MA, 
USA). 

2.3  The properties of zeolite 5A pellet adsorbent

Zeolites are three-dimensional aluminosilicates: A 
periodic array of SiO4/AlO4 composed of Si and Al 
tetrahedra linked through bridging oxygen atoms give 
rise to a periodic distribution of pores and cavities of 
molecular dimensions. This microporous adsorbent 
represents a breakthrough in adsorption due to its 
uniform pore structure (4 to 6 Å), comprehensive 
topology, high thermal, high hydrothermal, and high  
chemical stability. There are different criteria, including  
pore aperture, the shape of pores, dimensionality of the 
channel, and channel connections according to which 
the structure of zeolites can be classified. Zeolites can 
be found in nature or can be synthesized. The pore 
structures are controlled for synthesized zeolites by 
replacing negatively charged alumina with cations. 
Zeolites 5A is one group of zeolite having an LTA-type 

structure with the ideal unit cell equivalent to 8 α-cages 
and 24 cubic and the chemical formula Ca4,5Na3 

[(AlO2)12(SiO2)12]⸱zH2O. 
 The zeolite pellet was cylindrical with 0.5 cm 
diameter and 0.5 cm height, as shown in Figure 2. 
The zeolite pellet samples were named according 
to pelletized conditions B0P2T5, B0P3T5, B0P4T5, 
B5P3T5, B9P3T5, B15P3T5, B5P3T10, and B5P3T15 
were denoted B referring to wt% of bentonite 
binder, P represents the compression force, and T is  
compression time. 
 The zeolite 5A pellet was used to study the  
influence on the CO2 adsorption process. The physical 
properties of the adsorbents are presented in Table 1. 
It showed that the increasing bentonite content led to 
a reduction in the surface area. 
 The CO2 adsorption process with 2 L of CO2/h 
feeding was introduced into the packed bed reactor at 
the bottom of the adsorber at 298, 333, and 373 K with 
the atmospheric pressure. The CO2 went direct contact 
through the zeolite 5A pellet adsorbent in the packed 
bed reactor. The characteristics of the column used are 
shown in Table 2.

Table 2: Parameters of adsorption process
Column Characteristics

Height of adsorbent layer, Hb (mm) 120
Internal diameter of adsorbent layer, Db (mm) 20
Adsorbent particle radius, Rp (cm) 0.25
Adsorbent shape factor 1.0

2.4  Mass transfer model

The mass transport models used to formulate the equations  
for the adsorbent bed and the adsorbent particles were 
essential parts of the overall model. The diffusion  

Table 1: Physical properties of Zeolite 5A pellet

Zeolite

Condition of Pelletization: 
Binder (wt%), Compression 

Force(kPa), Compression 
Time (min)

Density 
(kg/m3)

Specific 
Surface Area 

(m2/g)

Pore 
Volume 
(cm3/g)

Interparticle 
Voidage

Intraparticle 
Voidage

Heat of 
Adsorption 

CO2 (kJ/mol)

B0P2T5 0, 200, 5 1294.27 353.43 0.2523 0.156 0.045 –86.45
B0P3T5 0, 300, 5 1324.84 354.46 0.2541 0.157 0.047 –107.64
B0P4T5 0, 400, 5 1593.52 365.22 0.2600 0.334 0.045 –256.64
B5P3T5 5, 300, 5 1630.57 303.40 0.2162 0.307 0.061 –348.68
B9P3T5 9, 300, 5 1719.75 269.49 0.1920 0.281 0.041 –87.31
B15P3T5 15, 300, 5 1823.07 306.64 0.2174 0.333 0.045 –25.20
B5P3T10 5, 300, 10 1640.76 330.80 0.2331 0.246 0.052 –78.95
B5P3T15 5, 300, 15 1898.09 275.17 0.1961 0.483 0.034 –88.25
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coefficient could be generally obtained from the  
experiment. However, some data may be hard to reach 
because of the limitation of experimental conditions. It 
may be necessary to use a calculation method from the 
quasi-theoretical equation or the empirical equation.
 
2.4.1 Gas-phase binary diffusion coefficient

The kinetic theory was used to describe the gravity 
and the intermolecular force of mixed gas using the 
Lennard-Jones theory to evaluate intermolecular forces 
by the diffusion coefficient of the mixed gas. The  
assumptions were based on nonpolar molecules and no 
reaction. It could be calculated from Equation (2) [23].

 (2)

When DAA is the diffusion coefficient of A (cm2/s), T 
is the temperature (K), P is the pressure (atm), MA is 
the molecular weight of substance A, σA is the collision 
diameter of the substance A (Å), and K is Boltzman 
constant.

2.4.2 Mass transfer coefficient

The mass transfer constant within the adsorbent was 
determined from the theory of pore diffusion, in which 
the diffusion of the adsorbed molecular diffusion  
was used. Knudsen diffusion is determined by  
diffusion of the adsorbed molecules through porosity 
of the adsorbent. If the diameter of the pore is smaller 
than the mean distance of movement of the adsorbed  
molecule in each collision (Mean free path), the  
adsorbed molecule collides with the pore surface area 
of more absorbent material [24]. The CO2 molecule 
size is 3.34 Å, near the pore size of zeolite 5A. Hence 
Knudsen diffusion is a decent candidate, as shown in 
Equation (3). 

 (3)

When DKA is the Knudsen diffusion coefficient 
of substance A (cm2/s), Dpore is the substance’s  
diameter (Å). The diffusion constant within porosity 
was determined in Equation (4). 

 (4)

When Dpi is diffusion coefficient (cm2/s), and τ is  
winding value within the porous material.
 The tortuosity of porous media (τ) can be  
determined from Equation (5) [25].

 (5)

Where α = 0.75 and transfer constant in sorbent  
material can be calculated from Equation (6) [26].

 (6)

Where ki is the mass transfer constant (1/s). And rp is 
the radius of the sorbent material (cm)

2.5  Adsorption isotherm

Adsorption isotherm describes the relationship between  
the balanced concentration and the number of  
adsorbates that are adsorbent at constant temperature 
for adsorption of the adipose. The dissolution on the 
hard surface is the relationship between the adsorption  
volume and the concentration of the solution.  
Equilibrium at any temperature [27].
 Langmuir isotherm was primarily designed and 
developed to explain gas-solid phase adsorption. It is 
now also used to compare and measure the adsorptive 
capacity of different adsorbents [27]. The Langmuir 
isotherm balances the relative rates of adsorption and 
desorption to account for surface coverage (dynamic  
equilibrium). Adsorption is proportional to the fraction  
of the surface of the adsorbent that is open while desorption  
is proportional to the fraction of the adsorbent surface 
that is covered [28].  

2.5.1 Langmuir isotherm

The Langmuir adsorption model explains adsorption 
by assuming an adsorbate behaves as an ideal gas 
at isothermal conditions. The Langmuir equilibrium 
equation can be expressed as Equation (7) [28]–[35].

 (7)
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 The Langmuir equation can be written as a linear  
Equation (8). 

 (8)

When q is the amount of adsorbed on the sorbent 
surface area per the sorbent volume (mg/g), qm is 
the maximum adsorption capacity (mg/g), Ce is 
the concentration of the absorbed substance at the  
equilibrium point (mg/g), And b is the Langmuir  
adsorption constant (L/mg) [20].

3 Results and Discussion

3.1  Effect of bentonite clay on CO2 adsorption 

The chemical formula of bentonite is varied depending 
on the dominating chemical element in the clay. For 
example, sodium bentonite has the chemical formula 
of Al2H2Na2O13Si4. The Na+ content of zeolite is like 
that of bentonite, and bentonite improves the strength 
of zeolite pellets. The quantity of bentonite binder 
(0–15 wt%) was required to find the suitable zeolite 5A 
pellet. The properties of zeolite 5A pellets are shown 
in Table 1. The CO2 adsorption of the zeolite pellet 
was tested and simulated at atmospheric pressure,  
333 K, and 2 L/h CO2 flow rate. The adsorption capacity  
as a function of time is present in Figure 3. Under 
the same adsorption condition, binderless zeolite 5A  
pellets showed higher CO2 adsorption capacities than 
zeolite 5A pellets with bentonite clay. It was observed 
that the CO2 adsorption capacity decreased with  
increasing content of bentonite clay [8], [35]–[38]  
because increasing the content of bentonite clay led to 
decreasing pore volume of zeolite 5A pellet. It was due 
to bentonite adhered to an external surface of 5A zeolite 
particle and provided sufficient mechanical strength to 
resist attrition loss for most commercial applications. 
Therefore, it was difficult for the CO2 molecules to 
reach the active site of adsorbents from Table 1. The 
interparticle, voidage of B0P3T5 was the lowest, which 
the zeolite particles within the pellet were very close 
(less interparticle) due to the absence of bentonite 
binder interference as shown in Figure 1. This allows 
the zeolite pellet without binder to have a greater 
attraction force between the zeolite surface and the 
CO2 molecules, resulting in high adsorption capacity.  
In addition, the error of simulation results with the 

experiment was about 0.88–2.05% [39].
 Moreover, earlier studies on bentonite to CO2 
adsorption indicated that the CO2 adsorption capacity  
was varied ranging of 0.11–0.32 mmol/g at 298– 
318 K and 1 atm [40]–[42]. The low adsorption capacity  
was observed because the structure of bentonite was 
composed of H2O and cations. These molecules were 
implicated at high relative humidity, preventing CO2 
molecules from passing through the interlayer gap. 
Furthermore, the CO2 adsorption capacity of zeolite 
5A powder was 3.8 mmol/g at 298 K and 1 atm.  
When bentonite was added to form zeolite pellets, the 
pressure drop in the column was reduced. The zeolite 
pellets were easy to regenerate and store. However, 
the CO2 adsorption efficiency of zeolites with binder 
was slightly lower than that of zeolites without binder. 
 
3.2  Effect of compression force on CO2 adsorption

The CO2 adsorption of the zeolite pellets, which were 
formed with compression force at 200, 300, and 400 
MPa, was tested and simulated under atmospheric 
pressure, 333 K, as shown in Figure 4. The result 
showed that pelletized zeolite, pelleted at 200 MPa 
has the highest adsorption capacity for CO2. When 
compression force, However, zeolite pellet increased, 
the surface area also increased. Zeolite 5A particle 
was compressed to break into small pieces, which 
led to the decreased pore volume of zeolite pellets. 
Therefore, CO2 molecules could not diffuse to the 
pore of the zeolite pellet [43]. Tables 2 and 3. showed 
interparticle voidage and mass transfer of zeolite pellet. 
It was found that B0P4T5 with the high compression 
force in the shaping process had the most interparticle 

Figure 3: CO2 adsorption capacity on different bentonite  
clay content.



7

B. Wongchalerm et al., “Simulation and Experimental Studies on Sustainable Process Optimization of CO2 Adsorption Using Zeolite 5A 
Pellet.”

Applied Science and Engineering Progress, Vol. 16, No. 2, 2023, 5861

voidage. Because the zeolite particle was broken into 
small pieces, there were more voids  inside the zeolite 
pellet. While the mass transfer value of B0P4T5 was 
the lowest because of over-compression forces making  
the particles being too close together. The internal cavities  
may not be sufficiently moved into the pores for CO2 
molecules thus CO2 adsorption capacity was minimized.

Table 3: Density and mass transfer coefficient for 
experimental

Zeolite 
Pellets

Mass Transfer Coefficient (ki) × 10–3 (1/s)
298 K 333 K 373 K

B0P2T5 2.35 2.49 2.63
B0P3T5 2.47 2.61 2.76
B0P4T5 2.33 2.46 2.61
B5P3T5 2.54 2.85 2.91
B9P3T5 2.08 2.20 2.33
B15P3T5 2.31 2.44 2.58
B5P3T10 2.69 2.84 3.01
B5P3T15 1.71 1.81 1.91

 The conflicting results revealed that as the 
compression force increased, the surface area of the 
pellets increased while CO2 adsorption decreased.  
The zeolite 5A particle was compressed to break into 
small pieces, resulting in a smaller zeolite 5A particle 
and an increase in the density of the zeolite 5A pellet 
from 1294.27 to 1593.52 kg/m3. As a result, getting 
CO2 molecules to reach the zeolite particles was harsh. 
At 400 kPa compression forces, limitation of mass 
transfer resulted in CO2 adsorption efficiency reduced. 

3.3  Effect of compression time on CO2 adsorption

The zeolite pellet with bentonite binder 5 wt% was  

varied compression time at 5, 10, and 15 min and tested 
CO2 adsorption under atmospheric pressure and 333 K as 
shown in Figure 5. Under the same adsorption condition,  
zeolite was pelletized at a shorter compression time 
showed higher adsorption capacity for CO2 than for 
which longer compression time. It was observed that 
the CO2 adsorption capacity decreased with increasing  
compression time. This was due to increasing  
compressive time led to decreasing surface area and 
pore volume. Therefore, the contact area between 
zeolite and CO2 molecule was decreased. Excessive 
and prolonged compression could cause permanent 
structural changes of the zeolite and a reduction of 
adsorption efficiency. In addition, zeolite pellets’ 
compression time for 15 min showed the lowest mass 
transfer, which was consistent with the results that the 
pore volume of zeolite pellet was reduced, it made 
more difficult of mass transfer of CO2 molecules. 
 The density of the zeolite pellet was increased by 
1630.57, 1640.76, and 1898.09 kg/m3 for compression 
periods of 5, 10, and 15 min, respectively. Furthermore, 
neither the BET surface area nor the CO2 adsorption 
capacity measurements followed a theoretical pattern.  
Compared to 5 min, the BET surface area was considerably  
lowed, and the CO2 adsorption capacity decreased after 
15 min compression time as shown in Figure 5. It was 
affected by a decrease in the amount of active sorbent 
and blocked pores [34], [44]. 

3.4  Effect of temperature on CO2 adsorption

The adsorption temperature is an important parameter 
to measure the kinetics of an adsorbent to evaluate its 
suitability for the adsorption application required. The 

Figure 4: CO2 adsorption capacity on different  
compression force.

Figure 5: CO2 adsorption capacity on different  
compression time.
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CO2 adsorption kinetics of zeolite pellets are shown 
in Table 3. At a given temperature, the mass transfer  
coefficient increased with increasing temperature. It 
was indicated that increasing temperature allowed 
gaseous molecules to diffuse at a greater rate, but it 
reduced the chance for the CO2 to be restrained or 
trapped by fixed energy adsorption sites on the zeolite 
5A adsorbent surface. The adsorbed capacity along the 
axial direction of adsorption time was at adsorption  
temperatures 298, 333, and 373 K, as shown in Figure 6.  
CO2 was adsorbed quickly on the zeolite 5A adsorbent 
surface at the initial stage of the adsorption process, 
then the rate became slower with time, and it was 
reached adsorption equilibrium. It was observed that 
the CO2 adsorption processes at the high temperature 
reached faster than at the low temperature [45], [46]. 
 The adsorbed capacity of CO2 was increased 
with decreasing temperature. It was indicated that 
adsorption purification was improved as we know that 
adsorption is an exothermic process. The more intense 
the adsorption, the heat is more released [28].
 
4 Conclusions 

Experiments could be conducted to test fundamental 
hypotheses, which are impossible to evaluate with 
computer simulations. A simulation clearly could not 
be used to test fundamental hypotheses, because the 
outcome of simulation is simply determined by the 
hypothesis upon the simulation. The Aspen Adsorption  
was developed for the adsorption process to help for 
some experiment data reduction. The appropriated 
model was selected for getting mass transfer and 
isotherm parameters in the adsorber. It was found 

that there was an error of about 0.34–10.62% when 
compared to the experimental results. The impact of 
pelletization on CO2 adsorption of zeolite 5A pellets 
was simulated under 200, 300, and 400 kPa pressure, 
compression times at 5, 10, and 15 min, 0, 5, 9, and 
15 wt% of bentonite binder at 298, 333, and 373 K 
temperature. According to IUPAC the CO2 adsorption 
isotherm was obtained, followed by a type-I isotherm 
classification, representing a monolayer adsorption 
mechanism. 
 The effect of content of bentonite clay, compression  
force, compression time, and temperature on CO2 
adsorption were carried out. The mass transfer,  
interparticle voidage, and intraparticle voidage of 
zeolite 5A pellets were proved that they were the  
important factors for simulation adsorption efficiency. 
CO2 adsorption capacity increased with the decreasing 
temperature.  The B0P2T5 without the binder gave the 
highest CO2 adsorption capacity of 7.078 mmol CO2/g 
under 200 kPa pressure and 5 min of compression time. 
The bentonite binder increased, interparticle voidage 
increased. Therefore, the gap between the zeolite 
particles was reduced and the attractive force between 
the zeolite surface and the CO2 molecule was also 
reduced, resulting in a decreased adsorption capacity. 
Increased compression force at 400 kPa was resulted 
in zeolite particle size decreasing and getting a large 
BET surface area. 
 On the other hand, the mass transfer of B0P4T5 
was low because the zeolite particles were too densely 
packed. The internal space may not be enough to allow  
the CO2 molecules to move inside. Therefore, the 
CO2 adsorption capacity was the lowest at a high 
compression force. The effect of compression time 
was the same as compression force. The compression 
time increased, mass transfer decreased. Moreover, 
simulation of industrial-scale CO2 adsorption units in 
various situations with numerous beds, more complex 
cycles, and development of adsorbents, and additional 
research of the subroutines, have been planned for 
future development. 
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