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RESULTS & DISCUSSION

INTRODUCTION & AIM

The rapid growth of industrial activities has significantly increased atmospheric carbon n- At constant temperature, CO. uptake
dioxide (CO2) concentrations, making CO. a major contributor to climate change, global 2 8 increases with pressure and approaches a
warming, sea-level rise, and glacier melting. If current trends continue, atmospheric CO: - olateau, indicating Langmuir-type
concentrations are expected to exceed 570 ppm by the year 2100 [1]. Conventional CO: - monolayer adsorption, Adsorption

capture methods, particularly amine-based absorption processes, are widely applied but remain
energy-intensive due to the high regeneration energy required for solvent [2].

211999092 —

decreases with increasing temperature,
confirming the exothermic nature of CO:
adsorption on MOF-5. At higher pressures,
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These limitations have driven the development of adsorption-based separation technologies E _ saturation of adsorption sites occurs
such as PSA, VSA, and TSA, which offer lower energy penalties than absorption methods [3]. . I ading 1o minimal changee uptakei
Their performance strongly depends on the adsorbent used. Metal-Organic Frameworks . Bl These trends in Figure 3 validate the
(MOFs), particularly Zn-MOF-5, have shown high CO: uptake and rapid adsorption due to T S S S S R suitability of the Langmuir model for

Pressure (bar)

their high surface area and tunable pore structure [1,4]. describing CO- equilibrium adsorption on

Figure 3: Langmuir Isotherm for CO, on MOF-5 MOF-5 and are consistent with reported
literature [7].

CO: uptake increased with temperature from T | | —anr

57 280 to 320 K, contrary to equilibrium o
Figure 1: Microscopy images of (a) MOF-5_n (SEM), (b) MOF-5_m (SEM), and (c) MOF- thermodynamic  expectations for exothermic
5 _m (light microscope) [5] adsorption [8]. This behaviour indicates that of-

Kinetic effects dominated the process, as higher
temperatures enhanced molecular mobility and
mass transfer, leading to faster CO- uptake in the
simulated system [9]. The results in Figure 4
highlight the importance of distinguishing
between equilibrium-controlled and rate-
controlled adsorpti on when interpreti ng % T e e A
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Figure 2: CO: adsorption mechanism in metal-organic frameworks (MOFs) [6] simulation outcomes. e

5 . Figure 4: Temperature effect on CO2 adsorption
Experimental investigation of CO. adsorption under varying operating conditions Is often a5r —m
time-consuming, costly, and limited in its ability to systematically evaluate multiple interacting i — b CO: uptake in Figure 5 showed little variation
variables. While Zn-MOF-5 has demonstrated strong CO. adsorption potential, there is limited - across 1-10 bar, indicating low pressure

sensitivity under the simulated conditions.
Although Zn-MOF-5 typically exhibits

validated simulation-based analysis that simultaneously captures equilibrium behaviour,
adsorption Kinetics, and the combined effects of temperature, pressure, and flow rate.
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This study addresses this gap by developing and validating a MATLAB—Excel simulation 2 Increased adsorption with pressure [10], the
framework to model CO- adsorption on Zn-MOF-5 and to quantitatively evaluate the influence 15 observed trend suggests that kinetically
of key operating parameters on adsorption performance. i limited adsorption is dominated by internal

05+ diffusion, with pressure effects potentially
METHOD o m w w @ @ w w w w  Underestimated in simplified models [11].
Time (s)

Figure 5: Effect of Pressure
CO: adsorption modelling was carried out using MATLAB for equilibrium and Kinetic

calculations, while Excel was used for regression and statistical analysis. Equilibrium
adsorption was described using the Langmuir isotherm, which predicts the maximum
adsorption capacity:

The LDF kinetic profile in Figure 6 showed rapid
CO2 uptake within the first 200 s, followed by a

Jsat P (1) gradual approach to equilibrium between 400-600
Qe = — 5

Adsorbed concentration g_i (mmol/g)

1+bP s. Beyond 600 s, adsorption plateaued at
Adsorption kinetics were modelled using the Linear Driving Force (LDF) model, which approximately 21.19 mmol-g!, indicating 5
describes the rate of CO. uptake by the adsorbent: saturation of active sites and equilibrium 0
d . . L. 0 200 400 600 800 1000
f =kipr(g. — qe) (2) gg%orlgtloq_ hu_ndsrhthe_ stuohed cor_ldtltlc;ns (tilo nglr:, Time interval (s
with the integrated form: )- This be aviouris consistent wi _ _ _ _
g, = g (]__e_kLDFt) 3) theory, where adsorption rate decreases as the Figure 6: LDF evaluation of CO, adsorption using
‘ ¢ driving force toward equilibrium diminishes. MOF-5

The Langmuir and LDF models were implemented in MATLAB using iterative loops over the
temperature—pressure range to generate equilibrium and transient adsorption data. This

approach enabled evaluation of how temperature, pressure, and flow rate influence CO. CONCLUSION
adsorption behaviour on Zn-MOF-5.

MATLAB outputs were exported to Excel for regression and ANOVA analysis to quantify the
effects of operating variables (temperature, pressure, and flow rate of 10-100 kmol/h) on
adsorption performance. Statistical indicators such as R= Significance F, and p-values were
used to validate the model and assess parameter significance.

The simulation model successfully reproduced CO- adsorption behaviour on Zn-MOF-5, with a
simulated uptake of 21.196 mmol g % deviating by only 0.59% from experimental data.
Temperature was identified as the dominant parameter influencing adsorption, followed by
pressure, while flow rate had negligible effect. The results confirm Zn-MOF-5 as an effective
CO. adsorbent and demonstrate that MATLAB-based simulations combined with Excel
Table 1: Simulation parameters validation provide a cost- and time-efficient approach for adsorption process modelling.
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