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ABSTRACT 
Integrated Carbon Capture and Conversion (ICCC) technologies offer an efficient alternative to 
conventional Carbon Capture, Utilization, and Storage (CCUS) methods by simultaneously captur-
ing and converting CO2 into value-added chemicals. Dual-function materials (DFMs) are particu-
larly promising due to their capability to integrate adsorption and catalysis in a single step, thereby 
reducing both energy consumption and associated costs. This study models the dynamic behavior 
of CO2 adsorption within a laboratory-scale packed-bed reactor employing DFMs. The mathemat-
ical model incorporates momentum, mass, and heat transfer equations, implemented using COM-
SOL Multiphysics v5.6, and evaluates various axial dispersion models (ADMs) and mass transfer 
coefficients (MTCs). The results indicate that the Rastegar-Gu ADM, combined with an MTC of 8.3 
× 10-2 s-1, provides the most accurate representation of breakthrough and saturation times, as well 
as the total quantity adsorbed. Furthermore, relative errors associated with this model are con-
sistently lower than those observed in alternative models. These findings offer valuable insights 
for the scaling-up of ICCC technologies, underscoring the significance of precise Computational 
Fluid Dynamics (CFD) simulations in advancing sustainable CO2 capture and conversion solutions. 
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INTRODUCTION 
ICCC technologies represents an advancement over 

conventional CCUS methods[1]. The ICCC technologies 
are based on the in-situ conversion of the captured car-
bon into high-value chemical products, such as methane 
and methanol, thus eliminating the need for costly com-
pression and transport processes [1]. Among these tech-
nologies, DFMs emerge as a promising solution, facilitat-
ing the integration of CO2 adsorption (capture) and 
methanation (conversion), while simultaneously reducing 
energy consumption [2].  

However, there remains a gap between the research 
and development of DFMs and their industrial implemen-
tation [1, 2]. As a result, both numerical simulation and 
CFD are pivotal in the optimal design and scale-up of 
these processes.  

In the context of carbon dioxide adsorption, the nu-
merical simulation incorporates the three primary 

transport phenomena – momentum, mass and heat trans-
fer- coupled with equilibrium and kinetic adsorption mod-
els [3]. This approach is suitable for a range of adsorbent 
materials and their modifications [4]. Additionally, numer-
ical simulation offers a rigorous framework for the design 
and optimal mathematical description for cyclic carbon 
capture processes, such as Pressure Swing Adsorption 
(PSA) and Temperature Swing Adsorption (TSA) [5]. 

The dynamic behavior of the adsorption column is 
typically described by a “breakthrough curve”. This curve 
is generated as the mass transfer zone advances through 
the column and reaches the exit [6]. The shape of the 
mass transfer zone and, consequently the breakthrough 
curve, depends on the isotherm model, axial dispersion 
model, and mass transfer model [7]. 

Both the axial dispersion coefficient and the mass 
transfer coefficient are key parameters influencing the 
adsorption dynamic behavior [8]. Axial dispersion arises 
from turbulent mixing and molecular diffusion [4, 6] 
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The mass transfer coefficient reflects the rate at 
which the adsorbate is transferred from the gas phase to 
the solid phase within the particles. It may also account 
for the resistance effects associated with diffusion into 
the solid materials [6].  

In this study, the dynamic behavior of carbon diox-
ide adsorption from a nitrogen mixture using a 
Ru/Na2O3/Al2O3 DFM in a laboratory-scale packed bed is 
simulated using COMSOL Multiphysics v5.6. The momen-
tum, mass, and heat transfer phenomena are modeled 
and integrated through various physics modules. Fur-
thermore, several axial dispersion models (ADM) and 
mass transfer coefficients (MTCs) are evaluated. 

MATHEMATICAL MODELS 
This section presents the formulation of the mathe-

matical model. It outlines the assumptions, the geometry 
implemented in the software, and the physics modules, 
along with the equations utilized.  

Assumptions 
For simplicity, several assumptions have been made 

regarding the mathematical model. First, it is assumed 
that only carbon dioxide is adsorbed onto the DFM, and 
the linear driving force model is implemented to account 
for mass loss. Additionally, the gas mixture is considered 
ideal. Finally, the energy balance model is assumed to be 
homogeneous.  

Geometry 
To replicate the experimental system, a one-dimen-

sional geometry was created in COMSOL along de x-axis. 
Two subdomains were defined: quartz wool and DFM. 
Figure 1 illustrates the final geometry implemented in the 
CFD model, while Image 1 depicts the laboratory-scale 
reactor used in the experiment.  

 
Figure 1. One-dimensional geometry employed in COM-
SOL. 

 
Image 1. Laboratory-scale DFM packed reactor em-
ployed. 

Governing transport phenomena equations 

Momentum Balance 

For the momentum balance, Darcy’s Law physics 
module was implemented. This module includes both the 
continuity equation and the Darcy’s law equation for 
pressure drop. The equation is expressed as follows:  

𝜕𝜕(𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝜌𝜌𝑓𝑓)
𝜕𝜕𝜕𝜕

+ 𝜕𝜕
𝜕𝜕𝜕𝜕
𝜌𝜌𝑓𝑓𝑢𝑢 = 0                 (1) 

𝑢𝑢 = −𝜘𝜘
𝜇𝜇
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

                               (2) 

Where: 𝑢𝑢 is the Darcy velocity (m/s), 𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐 is the DFM 
porosity, 𝜌𝜌𝑓𝑓 and 𝜇𝜇 represent the gas phase density 
(kg/m3) and viscosity (Pa∙s), respectively. Finally, 𝜘𝜘 is the 
permeability (m2), which was calculated using the inte-
grated Kozeny-Carman equations and 𝑃𝑃 is pressure (Pa).  

Mass Balance 
The Mass balance equations were modeled using 

transport of diluted species physics modules. The equa-
tion is expressed as follows. 

𝜕𝜕𝐶𝐶𝑖𝑖
𝜕𝜕𝜕𝜕
− 𝐷𝐷𝐿𝐿

𝜕𝜕2𝐶𝐶𝑖𝑖
𝜕𝜕𝑥𝑥2

+ 𝑢𝑢 𝜕𝜕𝐶𝐶𝑖𝑖
𝜕𝜕𝜕𝜕

= R𝑖𝑖   (3) 

Where 𝐶𝐶𝑖𝑖 denotes the gas phase concentration of 
each species (mol/m3), 𝐷𝐷𝐿𝐿 represents the axial dispersion 
coefficient (m2/s), and R𝑖𝑖 refers to the reaction or sink 
term (mol/m3∙s). 

Adsorption term 
To simulate the adsorption phenomenon, the linear 

driving force equation was implemented as a domain or-
dinary differential equation module, applied exclusively 
to the DFM subdomain.  

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝑘𝑘(𝑞𝑞𝑒𝑒 − 𝑞𝑞)    (4) 

In this equation, 𝑞𝑞 represents the quantity of carbon 
dioxide adsorbed onto the solid material (mol/kg),  𝑞𝑞𝑒𝑒 is 
the equilibrium quantity (mol/kg), and 𝑘𝑘 is the mass trans-
fer coefficient (1/s).  

Thus, the mass balance for carbon dioxide is ex-
pressed as follows: 

𝜕𝜕𝐶𝐶𝐶𝐶𝐶𝐶2
𝜕𝜕𝜕𝜕

− 𝐷𝐷𝐿𝐿
𝜕𝜕2𝐶𝐶𝐶𝐶𝐶𝐶2
𝜕𝜕𝑥𝑥2

+ 𝑢𝑢 𝜕𝜕𝐶𝐶𝐶𝐶𝐶𝐶2
𝜕𝜕𝜕𝜕

= −1−𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐

𝜌𝜌𝑠𝑠
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

  (5) 

For nitrogen, R𝑖𝑖 is equal to zero. 

Adsorption equilibrium 
 The Langmuir isotherm model was used to repre-

sent the equilibrium quantity (equation 6). To ensure an 
accurate depiction of these phenomena, the model was 
fitted to experimental data obtained with a Micromeritics 
ASAP 2020+ at pressures up to 760 mmHg and 320 °C 
for Na2O/Al2O3, a precursor to DFM. Table 1 presents the 
obtained parameters values.  

𝑞𝑞𝑒𝑒 = 𝑞𝑞𝑠𝑠𝑠𝑠𝑠𝑠 𝐾𝐾𝐿𝐿 𝑃𝑃𝐶𝐶𝐶𝐶2
1+𝐾𝐾𝐿𝐿𝑃𝑃𝐶𝐶𝐶𝐶2

     (6) 

Table 1: Langmuir isotherm model parameters. 
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Stream Description Value 
qsat Saturated quantity  mol/kg 
KL Equilibrium  

constant 
x- Pa- 

Energy Balance 
The energy balance was modeled using the heat 

transfer on porous media physics module. The equation 
is expressed as follows: 

𝐴𝐴𝑐𝑐(𝜌𝜌𝐶𝐶𝑝𝑝)𝑒𝑒𝑒𝑒𝑒𝑒
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝐴𝐴𝑐𝑐𝜌𝜌𝑓𝑓𝐶𝐶𝑝𝑝,𝑓𝑓𝑢𝑢
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
− 𝐴𝐴𝑐𝑐𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒

𝜕𝜕𝑇𝑇2

𝜕𝜕𝑥𝑥2
= 𝑄𝑄𝑎𝑎𝑎𝑎𝑎𝑎 (7) 

Where: 𝑇𝑇 is the system temperature (K), 𝐴𝐴𝑐𝑐 the 
cross-sectional area (m2), 𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒 represents the effective 
heat transfer coefficient (W/m·K), and 𝑄𝑄𝑎𝑎𝑎𝑎𝑎𝑎 denotes the 
heat of adsorption (W/m3). 

Boundary conditions 
The equations for the boundary conditions at the 

boundaries of the geometry (Figure 1) are expressed as 
follows:  

𝒏𝒏 ∙ �𝜌𝜌𝑓𝑓𝑢𝑢� = 𝜌𝜌𝑓𝑓𝑈𝑈0                                                     (8) 

𝒏𝒏 ∙ �−𝐷𝐷𝐿𝐿
𝜕𝜕𝐶𝐶𝑖𝑖
𝜕𝜕𝜕𝜕

+ 𝑢𝑢𝐶𝐶𝑖𝑖� = 𝒏𝒏 ∙ (𝑢𝑢𝐶𝐶𝑖𝑖,0)                              (9)    

−𝒏𝒏 ∙ �−𝐴𝐴𝑐𝑐𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
� = 𝐴𝐴𝑐𝑐𝜌𝜌𝑓𝑓∆𝐻𝐻(𝒏𝒏 ∙ 𝑢𝑢)                        (10)    

 
Equations (8-10) represent the Danckwerts form for 

the inlet conditions for the momentum, mass, and energy 
balance, respectively. Here, 𝑈𝑈0 is the initial Darcy veloc-
ity,  𝐶𝐶𝑖𝑖,0 the initial concentration of each gas in the inlet 
mixture (calculated using ideal gas equation), and ∆𝐻𝐻 the 
sensible enthalpy (KJ/mol) [9] 

𝒏𝒏 ∗ �𝜌𝜌𝑓𝑓𝑢𝑢� = 𝑝𝑝0                                                     (11) 

𝒏𝒏 ∗ �−𝐷𝐷𝐿𝐿
𝜕𝜕𝐶𝐶𝑖𝑖
𝜕𝜕𝜕𝜕
� = 0                                                 (12)    

−𝒏𝒏 ∗ �−𝐴𝐴𝑐𝑐𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
� = 0                                         (13)  

On the other hand, equations (11-13) describe the 
outlet boundary conditions. Here,  𝑝𝑝0 represents the bar-
ometric pressure at the outlet, defined as zero. This con-
dition ensures that Darcyʼs Law physics module calcu-
lates the barometric pressure drop [9]. 

Initial values 
The initial values for each of the main transport 

equations are presented as follows:  

 𝑝𝑝𝑡𝑡=0 = 𝑝𝑝𝑜𝑜𝑜𝑜     (14)     

𝐶𝐶𝐶𝐶𝐶𝐶2,𝑡𝑡=0 = 0        𝐶𝐶𝑁𝑁2,𝑡𝑡=0 = 𝑝𝑝𝑜𝑜𝑜𝑜
𝑅𝑅∗𝑇𝑇𝑜𝑜𝑜𝑜

      (15)                         

𝑞𝑞𝐶𝐶𝐶𝐶2,𝑡𝑡=0 = 0     (16)    

𝑇𝑇𝑡𝑡=0 =  𝑇𝑇𝑜𝑜𝑜𝑜     (17)                                             

Where: 𝑝𝑝𝑜𝑜𝑜𝑜is the initial barometric pressure and 𝑇𝑇𝑜𝑜𝑜𝑜is 
the initial temperature.                                     

Mixture properties calculation 
The mixture properties, including density, viscosity, 

heat capacity and thermal conductivity, were calculated 
using a thermodynamics module. Each property was 
modeled as a function of temperature, pressure, and mo-
lar composition. However, to reduce computational time, 
these calculations were based on the inlet mixture com-
positions and a constant inlet barometric pressure. 

Computational aspects 
As previously mentioned, COMSOL Multiphysics 

v5.6 CFD software was used. A mesh of ninety-nine (99) 
elements was created in conjunction with the one-dimen-
sional geometry. A dynamic study was conducted from 0 
to 540 seconds. MATLAB was employed as comple-
mented software to perform various calculations. 

METHODOLOGY 

Axial dispersion coefficient models 
Several models were evaluated to identify the most 

suitable for representing the dynamic behavior of the ad-
sorption process. These models, along with their respec-
tive equations, are presented in the table below: 

Table 2: Axial dispersion models evaluated. 

Model Equation 
No model (NM) 𝐷𝐷𝐿𝐿 = 𝐷𝐷𝑚𝑚 
Wakao-Funazkri 
(WF)[] 𝐷𝐷𝐿𝐿 =

𝐷𝐷𝑚𝑚
𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐

(20 + 0.5𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) 

General model 
(GM) [] 𝐷𝐷𝐿𝐿 = 0.7𝐷𝐷𝑚𝑚 + 0.5𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢 

Rastegar-Gu (RG) 
[] 

𝐷𝐷𝐿𝐿 =
𝑑𝑑𝑝𝑝,𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢
𝑃𝑃𝑃𝑃𝑧𝑧

 

 1
𝑃𝑃𝑃𝑃𝑧𝑧

= 0.7𝐷𝐷𝑚𝑚
𝐿𝐿𝐿𝐿

+ 𝑑𝑑𝑝𝑝,𝑐𝑐𝑐𝑐𝑐𝑐

𝐿𝐿
𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐

0.18+0.008𝑅𝑅𝑅𝑅0.59 

Mass transfer coefficient constants 
Table 3 represents a list of evaluated mass transfer 

coefficient (MTC) constants. 

Table 3: Mass transfer constants evaluated. 

Reference Value 
[] 2.2 ∙ 10−2 [1/s] 

[] 6.7 ∙ 10−2 [1/s] 

[] 8.3 ∙ 10−2 [1/𝑠𝑠] 
 
The evaluation of both axial dispersion models 

(ADM) and mass transfer coefficient constants (MTC) 
were performed simultaneously by pairing each model 
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with its MTC. As a result, twelve tests were conducted, 
divided into three sets of simulations. 

Table 4: Sets of simulations performed. 

Set Description 
A k =  2.2 ∙ 10−2 [1/s] with all ADM evaluated 

B k = 6.7 ∙ 10−2 [1/s] with all ADM evaluated 

C k = 8.3 ∙ 10−2 [1/𝑠𝑠] with all ADM evaluated 

Breakthrough and saturation times 
Two key design parameters for adsorption columns 

are the breakthrough 𝑡𝑡𝑏𝑏 and saturation time 𝑡𝑡𝑠𝑠. These pa-
rameters correspond, respectively, to the time when the 
mass transfer zone reaches the end of the column and 
the time when the column is fully saturated or in equilib-
rium with the flowing gas [12].  

These parameters will be compared to verify that 
the mathematical model can be extrapolated to the de-
sign and optimization of an industrial scale reactor.  

Total quantity adsorbed 
In addition to the 𝑡𝑡𝑏𝑏 and 𝑡𝑡𝑠𝑠 parameters, the total 

quantity adsorbed (𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) is considered to assess the 
mathematical model and its relevance. Equation 18 pre-
sents the mathematical formula for its calculation [12]. 

𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐹𝐹𝑜𝑜𝑜𝑜𝐶𝐶𝑖𝑖,𝑖𝑖𝑖𝑖
𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐

∫ 1 − 𝐶𝐶𝑖𝑖,𝑜𝑜𝑜𝑜𝑜𝑜(𝑡𝑡)
𝐶𝐶𝑖𝑖,𝑖𝑖𝑖𝑖

𝜕𝜕𝜕𝜕𝑡𝑡𝑠𝑠
0     (18) 

Where: 𝐹𝐹𝑜𝑜𝑜𝑜 is the volumetric flow (m3/s), 𝐶𝐶𝑖𝑖,𝑜𝑜𝑜𝑜𝑜𝑜(𝑡𝑡)
𝐶𝐶𝑖𝑖,𝑖𝑖𝑖𝑖

 rep-

resents the breakthrough curve, and 𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐 is the total 
mass of DFM inside the reactor (kg). To facilitate the 
rapid calculation of 𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, the breakthrough curve data 
for each run were first fitted to the Thomas model, as 
shown in Equation 19.  

𝐶𝐶(𝑡𝑡)
𝐶𝐶𝑖𝑖

= 1

exp�𝑘𝑘𝑇𝑇𝑞𝑞𝑇𝑇𝑚𝑚𝑏𝑏
𝐹𝐹𝑜𝑜𝑜𝑜

 −𝑘𝑘𝑇𝑇𝐶𝐶𝑖𝑖𝑡𝑡�+1
    (19) 

By using the non-linear fitting tools in MATLAB, the 
values of 𝑘𝑘𝑇𝑇 and 𝑞𝑞𝑇𝑇 were determined. Subsequently, nu-
merical integration was performed. 

RESULTS 

Breakthrough and saturation time 
The breakthrough and saturation times obtained 

from the experimental set are presented in Table 5, while 
the results for each simulation set are shown in Tables 6-
8.  

To assess the accuracy of the simulation results, the 
relative error (RE) was calculated by comparing the sim-
ulated data with the corresponding experimental meas-
urements. This comparison offers a quantitative 

evaluation of the model's predictive capability and under-
scores its potential reliability under the tested conditions. 

Table 5: Experimental breakthrough and saturation 
times. 

Set 𝒕𝒕𝒃𝒃 (min) 𝒕𝒕𝒔𝒔 (min) 
Experimental   

 
A comparison between the simulation results with-

out the implementation of the ADM and the general 
model shows that the breakthrough and saturation times 
are closely aligned, both displaying similar trends of de-
creasing relative error as other mass transfer coefficient 
constants (MTC) are evaluated.  

 
Figure 2. Axial dispersion model comparison. Set A 

Table 6: Breakthrough and saturation times. Set A. 

ADM 𝒕𝒕𝒃𝒃 (min) RE 𝒕𝒕𝒃𝒃 
(%) 

𝒕𝒕𝒔𝒔(min) RE 𝒕𝒕𝒔𝒔 
(%) 

No Model     
General Model     
WK     
RG     

 
In contrast, the Rastegar-Gu model demonstrates a 

significant improvement over the previously discussed 
models. The application of this model results in more 
closely spaced breakthrough and saturation times, lead-
ing to a steeper breakthrough curve. This corresponds to 
a shorter mass transfer zone, a characteristic that must 
be accurately represented in a DFM-packed bed, as ob-
served in the experimental breakthrough curves (Figure 
2-4). Furthermore, the Rastegar-Gu model consistently 
exhibits the lowest relative error for both breakthrough 
and saturation times across all three simulation sets, of-
fering superior predictive capability under the evaluated 
conditions. 

The application of the Wakao-Funazkri model 
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results in a broader breakthrough curve, characterized by 
breakthrough times of less than 0.20 minutes and satu-
ration times exceeding 9 minutes. Moreover, this model 
shows significantly high relative errors, approaching 
100% when compared to experimental data. These re-
sults suggest that the model lacks the precision required 
to accurately represent the dynamics observed in the ex-
perimental setup. 

From a different perspective, the use of mass trans-
fer coefficient constants of 6.7 ∙ 10−2 s-1 and 8.3 ∙ 10−2 s-1 
leads to a significant reduction in the relative error asso-
ciated with both breakthrough and saturation times. For 
example, for the general model, the relative error in sat-
uration time is reduced by half, as observed in the simu-
lation without an implemented model. Moreover, the rel-
ative error for breakthrough times decreases substan-
tially by nearly one-third for the case without any model 
implemented and by one-sixth for the general model. 

 
Figure 3. Axial dispersion model comparison. Set B 

Table 7: Breakthrough and saturation times. Set B. 

ADM 𝒕𝒕𝒃𝒃 (min) RE 𝒕𝒕𝒃𝒃 (%) 𝒕𝒕𝒔𝒔(min) RE 𝒕𝒕𝒔𝒔 (%) 
No Model     
General     
WK     
RG     

 
The most favorable results are obtained with a mass 

transfer coefficient constant of 8.3 ∙ 10−2 s-1, combined 
with the Rastegar-Gu axial dispersion model. This combi-
nation demonstrates superior consistency, yielding com-
parable reductions in relative error for both breakthrough 
and saturation times. 

 
Figure 4. Axial dispersion model comparison. Set C 

Table 8: Breakthrough and saturation times. Set C. 

ADM 𝒕𝒕𝒃𝒃 (min) RE 𝒕𝒕𝒃𝒃 (%) 𝒕𝒕𝒔𝒔(min) RE 𝒕𝒕𝒔𝒔 (%) 
No Model     
General     
WK     
RG     

Total quantity adsorbed 

Table 9: Experimental total quantity adsorbed. 

Set 𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(mmol/g) 
Experimental  

 
The results for 𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, representing the total quantity 

adsorbed are presented in Table 9 for the experimental 
data and in Table 10 for each set of simulation runs. Due 
to the high relative errors observed, the Wakao-Funazkri 
axial dispersion model was excluded from the evaluation 
of 𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡. This decision highlights the model's limitations 
in accurately representing the adsorption dynamics un-
der the tested conditions, rendering it unsuitable for fur-
ther analysis in this context. 

Table 10: Results for the total quantity adsorbed for 
every set of runs. 

Set A B C 
ADM 𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(mmol/g) 
No model    
General     
Rastegar-Gu    
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Table 11: Results for the relative error, comparison be-
tween experimental and simulated 𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡. 

Set A B C 
 ADM Relative error (%) 
No model    
General    
Rastegar-Gu    

 
For all three simulation sets, the total quantity ad-

sorbed exhibits only minor variations, with relative errors 
consistently around 15%. Regarding breakthrough and 
saturation times, the general model shows no significant 
improvement compared to simulations conducted with-
out an implemented model. However, the Rastegar-Gu 
model remains the best option. In contrast to the behav-
ior observed for breakthrough and saturation times, the 
relative error for 𝑞𝑞𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 increases in simulation sets B and 
C. Despite this, the combination of the Rastegar-Gu axial 
dispersion model and a mass transfer coefficient con-
stant of 8.3 ∙ 10−2 s-1 still provides the most accurate re-
sults in this context. 

CONCLUSION 
This study compares various axial dispersion mod-

els and mass transfer constants used in the mass balance 
model of a packed-bed adsorption column. Additionally, 
it provides valuable insights into the CFD simulation of 
the carbon dioxide adsorption process utilizing DFMs. 
The general model does not demonstrate significant im-
provement, as its results are comparable to those ob-
tained from the simulation set where no axial dispersion 
coefficient model was applied. 

The findings indicate that the Rastegar-Gu axial dis-
persion model, combined with MTC of 8.3 ∙ 10−2 s-1, pro-
vides an effective approach for accurately replicating the 
adsorption behavior of DFMs. These results represent a 
crucial starting point for the design, optimization, and 
scaling of dual-function reactors, facilitating their further 
development in CO2 capture and utilization technologies.   
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