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Abstract 
 
Energy sectors, mainly fossil fuel-fired power plants, contribute to the largest 
proportion of CO2 production than any other sector. Thus, employing the 
carbon capture and sequestration (CCS) method in this industry over new or 
existing facilities has the possibility for the largest reduction in CO2 emissions 
compared with other industries. The primary focus of this analysis was to assess 
the effectiveness of two types of solid adsorbents, metal-organic frameworks 
(MOFs) (Mg-MOF-74, Zn-MOF), and metal oxide (CuO) for the CO2 adsorption 
process. Scanning Electron Microscope (SEM), Fourier Transform Infra-Red 
(FTIR), Thermal Gravimetric Analyzer (TGA), Energy Dispersive X-ray (EDX), 
Brunner Emmet Teller (BET), and X-ray Diffraction (XRD) were applied to 
characterize the developed adsorbents. From the characterization findings, 
the analyses affirm the development of Mg-MOF-74, Zn-MOF, and CuO. The 
effectiveness of the prepared adsorbents was investigated as a function of 
the test variables: impact of pressure and adsorbent amount. The optimum 
conditions obtained for the CO2 uptake process for both types of adsorbents 
were 0.2 g of material amount and 3-4 bar pressure at room condition. Under 
the optimal parameters, Mg-MOF-74 showed the greatest CO2 adsorption 
uptake compared to other adsorbents within 150 min of adsorption time. The 
experimental results offer a deeper understanding of CO2 adsorption in the 
capturing point of a CCS process. The formulation of novel solid adsorbent 
materials for CO2 adsorption is also considered the Holy Grail by researchers.  
 
Keywords: Carbon Capture and Sequestration (CCS), CO2 adsorption uptake, 
Solid Adsorbents, metal-organic frameworks (MOFs), metal oxide 

 
Abstrak 
 
Sektor tenaga, terutamanya loji janakuasa bahan api fosil menyumbang 
kepada bahagian terbesar pengeluaran CO2 berbanding sektor lain. Oleh itu, 
menggunakan kaedah penangkapan dan penyerapan karbon (CCS) 
kepada industri ini berbanding kemudahan baharu atau sedia ada 
mempunyai kemungkinan pengurangan terbesar dalam pelepasan CO2 
berbanding dengan industri lain. Matlamat utama penyelidikan ini adalah 
untuk membandingkan prestasi pelbagai jenis penjerap pepejal, rangka kerja 
logam-organik (MOF) (Mg-MOF-74, Zn-MOF) dan oksida logam (CuO) untuk 
proses penjerapan CO2. Mengimbas Mikroskop Elektron (SEM), Fourier 
Transform Infra-Red (FTIR), Penganalisis Gravimetrik Termal (TGA), X-ray 
Penyerakan Tenaga (EDX), Brunner Emmet Teller (BET) dan Belauan X-ray (XRD) 
digunakan untuk mencirikan penjerap yang disediakan. Daripada keputusan 
pencirian, analisis mengesahkan pembangunan Mg-MOF-74, Zn-MOF dan 
CuO. Keberkesanan bahan penjerap yang disediakan telah disiasat sebagai 
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1.0 INTRODUCTION 
 
By the middle of the century (2050), net 
anthropogenic carbon dioxide (CO2) emissions must 
be close to zero to achieve the international efforts' 
goal of stabilizing the global mean temperature [1]. 
However, the ongoing development of fossil fuel-
burning electricity infrastructure indicates that future 
CO2 emissions have already been committed. The 
increased industrialization associated with cement 
and lime sectors also adds to the hysterical release of 
CO2 into the ambience. Every year, the amount of 
CO2 in the environment rises, enhancing the natural 
greenhouse impact and warming up the world.  
Therefore, Carbon Capture and Sequestration (CCS) 
has been introduced to reduce the concentration of 
CO2 that has been released. CCS has been 
adopted as a promising method for reducing, 
controlling, and storing excessive CO2 emissions into 
the atmosphere [2]. Each CCS method is unique in 
each category of sources of carbon emissions, for 
example pre-combustion, post-combustion, and 
oxygenated fuel combustion. For instance, pre-
combustion techniques include Integrated 
Gasification Combined Cycle (IGCC) power plants, 
hydrate-based technologies, and sorption. In terms of 
post-combustion, the CO2 separation techniques 
presently offered involve absorption, adsorption, 
cryogenic, and membrane techniques such as MEA 
distillation and purification. Adsorption seems to be a 
far better alternative and efficient process for CO2 
capturing due to its favorable characteristics, lower 
cost, and less capture constraints [3, 4, 5]. The solid 
adsorbents that are commonly used in adsorption 
are activated carbon, zeolites, alumina, metal oxides 
and metal-organic frameworks (MOFs) [6]. Thus, in 
the present study, the adsorption technique is 
preferred to be used to capture CO2 gas.  

MOFs are gaining popularity in CO2 capture due 
to their great porosity and specific surface area. 
MOFs also have well-ordered and characterized 
porous structure together with their adjustable 
chemical functionality that can be adjusted 
according to our needs. Besides, the performance of 
the MOFs can also be altered by improving its CO2 

selectivity through different combinations of metal 
clusters and organic ligands or both. Alterations in 
structure and kind of organic ligand (for example 
phosphonates, imidazolates and carboxylates) as 
well as metal (i.e., Ca, Fe, Ag, Mg and Zn) lead to 
development of those MOFs that have the most 
permeable porosities, providing them ideal 
alternatives to capture and store gas [7]. Copper 
oxide (CuO) nanoparticles have gotten a lot of 
attention because copper is one of the most 
significant elements in current technology and is 
easily accessible [8]. Copper oxides are remarkably 
appealing among all metal oxides for improving the 
gas adsorption capabilities of AC and/or other solid 
adsorbents. This is mostly because copper oxides, as 
compared to other metal oxides, demand lower 
temperatures for both CO2 collection and 
regeneration. CuO is believed to have much superior 
performance on CO2 adsorption than copper (I) 
oxide (Cu2O) due to its higher electronegativity and 
specific exterior surface area contrasted to Cu2O [9]. 
Table 1 reviews some of the latest works on the CO2 
uptake applying Mg-MOF-74, Zn-MOF and CuO 
adsorbents.  

Yet, there is a lack of comparative works that 
have been carried out for the efficacy of two 
different types of materials (metal oxide and MOFs) 
for CO2 adsorption and separation purposes. So, 
there would be worthwhile looking at and comparing 
efficiencies of CuO, Zn-MOF and Mg-MOF-74 
adsorbents in their CO2 adsorption process. The Mg-
MOF-74, Zn-MOF and CuO solid adsorbents were 
developed and characterized to define the physical 
and chemical characteristics. The performance of 
the developed adsorbents was investigated and 
compared by studying the influence of quantity of 
adsorbent and pressure on the CO2 uptake process. 

 
 
 
 
 
 
 
 
 

fungsi pembolehubah ujian: kesan tekanan dan jumlah penjerap. Keadaan 
optimum yang diperolehi untuk proses penyerapan CO2 bagi semua penjerap 
ialah 0.2 g jumlah penjerap dan tekanan 3-4 bar pada suhu bilik. Di bawah 
keadaan optimum, Mg-MOF-74 menunjukkan kapasiti penjerapan CO2 
tertinggi berbanding penjerap lain dalam tempoh 150 minit masa penjerapan. 
Keputusan eksperimen memberikan pemahaman yang lebih baik tentang 
penjerapan CO2 dalam menangkap titik proses CCS. Pembangunan bahan 
penjerap pepejal baru untuk penjerapan CO2 juga dianggap sebagai ‘Holy 
Grail’ oleh para penyelidik. 
 
Kata kunci: Penangkapan dan Penyerapan Karbon (CCS), Penyerapan CO2, 
Penjerap Pepejal, rangka kerja logam-organik (MOF), oksida logam 
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Table 1 List of latest works on the CO2 uptake with modified 
adsorbents 
 
Adsorbent Experimental 

conditions 
Adsorption 
uptake 

Ref. 

Mg-MOF-74 CO2/N2 
(15:85 v/v), 
room 
temperature, 
0.5 g of Mg-
MOF-74 
adsorbent 
were in a U-
type stainless 
steel reactor 
(1.27 cm ID 
and 45 cm 
length). The 
gases were 
flowed 
through the 
chamber at 
a flowrate of 
10 mLmin-1. 

Adsorption of 
CO2 from Mg-
MOF-74 (S) at 
298 K was 350 
mgg-1. 

[10] 

Mg-MOF-74 298 K and 
1 bar 

8.61 mmolg−1 [11] 

Mg-MOF-
74,  
amine 
grafted 
MOF-74 
(MOF-74-
AMP) 

298.2 K and 
103.58 kPa 

Amine 
embedded 
MOF-74 (MOF-
74-AMP) has 
greater CO2 
uptake with 
0.0046 mol/g as 
contrasted to 
MOF-74 with 
0.002 mol/g 

[12] 

Zn-based-
MOF 
material 
(Zn-URJC-8) 

25 and 45 °C 1.28 and 
0.74 mmolg−1 

[13] 

Zn(II) metal–
organic 
framework 

273 K under 1 
atm 
 

CO2 adsorption 
capacity of 92.1 
cm3g−1  

[14] 

MOF-FNP-
MeOH and 
MOF-FNP-
H2O 

1 atm and 
298 K 
 

The maximum 
CO2 adsorption 
capacity of 
3.28 mmolg−1 an
d 4.09 mmolg−1 

[15] 

CuO 25 °C 318 mgCO₂ g−1  [16] 
CuO and 
Cu2O 

25 °C 9.5 mmol CO2 [17] 

 
 
2.0 METHODOLOGY 
 
2.1 Chemicals and Materials  
 
Chemicals and materials used in the preparation of 
adsorbents were Magnesium Nitrate Hexahydrate 
Mg(NO3)2·6H2O, 2,5-Dihydroxyterephthalic Acid, 
Dimethylformamide (DMF), Ethanol, Methanol, 

Sodium Hydroxide, Copper (II) Chloride, 1,3,5 – 
tricarboxylate, Zn(NO3)2·6H2O and deionized water. 
All the chemicals were purchased from Capital Eng. 
Resource Sdn Bhd.   
 
2.2 Formulation of Adsorbents 
 
2.2.1 Formulation of Mg-MOF-74 
 
In the formulation of Mg-MOF-74, 1.424 g of 
Mg(NO3)2·6H2O as well as 0.334 g of 2,5-
Dihydroxyterephthalic acid were balanced and 
located in a beaker. Then, 135 mL of DMF was added 
into 9 mL of ethanol and deionised water, 
respectively with the ratio of 15:1:1. Mg(NO3)2·6H2O 
and 2,5-Dihydroxyterephthalic acid were liquefied in 
the solution of DMF, ethanol and deionized water 
and was kept in sonication for 30 minutes. The solution 
was dried in a 125 oC muffle oven for 26 hours prior to 
cooling to ambient temperature. The concentrated 
solution was separated and substituted with 
methanol twice per day for 3 days. The product was 
heated up in a furnace at 300 ˚C for couple hours 
before leaving to cool down to ambient conditions. 
The solid obtained was crushed to finer form and 
stored. 
 
2.2.2 Formulation of CuO 
 
In the formulation of CuO, 10 g of Copper Chloride 
(CuCl2) were weighed and mixed with 7 mL of NaOH 
to yield Copper Hydroxide (Cu(OH)2) solution before 
put in the oven at 200 °C for 4 hours. The material 
was further crushed to Copper Oxide adsorbent in a 
powder form. The copper oxide adsorbent was then 
stored at room temperature in a sampling bag. 
 
2.2.3 Formulation of Zn-MOF 
 
In the preparation of Zn-MOF, the adsorbent was 
formulated by liquefying of 1,3,5 – tricarboxylate in 12 
mL of ethanol at room temperature. Then, 9 g of 
Zn(NO3)2·6H2O in 12 mL of water was mixed in the 
prepared solution and stirred continuously before 
dried at 120 °C overnight. The resulting powder was 
subsequently heated in an oven at 200 oC for 4 hours.  
 
2.3 Characterization of Adsorbents 
 
The surface morphology of the developed materials 
was characterized by a Leo Supra VP Field Emission 
SEM at 20 kV employing a beam size of 3 and high-
vacuum conditions, and a ZEISS Merlin High-
Resolution SEM at 5-20 kV. Energy dispersive X-ray 
spectroscopy (EDX) was carried out applying the 
Oxford INCA 400 for the elemental analysis. FTIR 
spectroscopy was accomplished to investigate the 
surface functional groups employing Perkin Elmer 
FTIR-2000. The blend of KBr to adsorbent was fixed at 
1:10 mg. The specimens were tested, and spectra in 
the span of 4000 to 500 cm-1 were documented. The 
thermogravimetric analyser (TGA) model SDTGA1200 

https://doi.org/10.1016/j.jcis.2010.09.065
https://doi.org/10.1016/j.cattod.2021.11.025
https://doi.org/10.1016/j.cej.2022.140078
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was used to define the thermal stability of adsorbents 
from 25 °C to 900 °C under N2 conditions at a 
constant rate of 5 °C/min. X-ray diffractometer was 
applied to assess crystalline phase (XRDynamic 500 
diffractometer). The scanning was carried out at a 
diffraction angle of 2-theta with an extend of 5 ° to 
60 °. The BET surface area was reached using 
Micromeritics ASAP 2020 with N2 adsorption at 77K. 
 
2.4 CO2 Uptake Process 

 
The CO2 adsorption uptake was executed employing a 
fabricated stainless-steel column as a reactor. The 
reactor was linked to an instrument panel for 
demonstrating the operating temperature and 
pressure during the reaction. The tests were initially 
performed without the application of adsorbents to 
acquire pure CO2 concentration. Subsequently, a 
significant dose of adsorbent was loaded in the 
reactor prior to the initial temperature and pressure 
adjustment. The adsorption process occurred after 
CO2 was flowed and achieved the required pressure 
and temperature. The output gas was stored using a 
Tedlar bag and the concentration was determined 
by Agilent 6890 FID gas chromatography. After pre-
determined time span, the quantity of CO2 uptake 
during any time interval was calculated in such a 
way: 
qe = (V(Co - Ct))/m                                                        (1) 

where qe is the amount of CO2 uptake 
(mgCO2/gadsorbent), Co and Ct are respectively the CO2 
concentration of initial and subsequent times in 
mg/L. Parameters V and m indicate the size of the 
chamber (L) and the quantity of material (g) used. 
The impact of pressure (1-4 bar) and the amount of 
adsorbent (0.2-0.6 g) on CO2 adsorption was 
performed and reviewed periodically. 
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Characterization of Solid Adsorbents 
 
3.1.1 Scanning Electron Microscope  (SEM) 
 
The morphology and structure of surfaces of Mg-
MOF-74, CuO and Zn-MOF were monitored by SEM 
and depicted in Figure 1 with different 
magnifications. As can be seen in Figures 1(a) and 
(b), the SEM micrographs of Mg-MOF-74 show that 
the adsorbent had a rough and uneven exterior with 
porous structure. The particles can be further 
described having aggregate of cauliflower shaped 
morphology which represents the Mg-MOF-74 
particles. 

 

 

 

 

(a) 
 

(c) 

(d) 

(b) 



1103                            Nor Khonisah et al. / Jurnal Teknologi (Sciences & Engineering) 87:6 (2025) 1099−1109 
 

 

 

 
Figure 1 SEM micrographs of (a) 100x Mg-MOF- 74, (b) 5000x 
Mg-MOF-74, (c) 500x CuO, (d) 2000x CuO, (e) 1000x Zn-
MOF and (f) 2000x Zn-MOF 
 
 

The SEM images (Figures 1(c) and (d)) are the 
images of CuO adsorbent having resolution at 500x 
and 2000x, respectively. From the images, it is clearly 
seen that the surface is not smoother. The particles 
are getting agglomerated due to atomic diffusion 
because of the heat treatment during preparation of 
the sample. 

Figures 1(e) and (f) display the SEM images of Zn-
MOF which exhibit a rough and uneven surface. 
Also, the crystals agglomerated together on the 
surface increase the overall particle size of Zn-MOF. 

 
3.1.2 Energy-dispersive X-ray Spectroscopy Analysis 
(EDX) 
 
The elementary components and purity of the 
synthesized adsorbents were explored with EDX, as 
shown in Table 2. The EDX spectra of Mg-MOF-74 
shows that on the surface of adsorbent, elements 
such as Oxygen, Magnesium and Carbon were 
mostly present. Oxygen has the greatest ratio 
followed by Magnesium and Carbon. The existence 
of these components proves the successful synthesis 
of Mg-MOF-74 as these components will build 
charges on the exterior surface of the synthesized 
adsorbent which contributes to CO2 uptake process 
[18]. The results were similar to those reported by Xin 
et al. [19], with both studies showing that Mg-MOF-74 
had a high ratio of Oxygen, followed by Magnesium 
and Carbon. The EDX spectra also depicts the 
existence of other components like Potassium and 

Calcium at very minimal concentration representing 
impurities. 

In addition, CuO adsorbents contain Copper and 
Oxygen as the major compounds. When the 
adsorbent was produced, chlorine compounds are 
formed from copper (II) chloride when synthesizing 
the adsorbent. There are additional contaminants 
such as ferrum and calcium which come during the 
synthetization process of CuO. The composition of 
Zn-MOF was established to have carbon, oxygen, 
and zinc with ratios of 11.77, 41.73, and 46.50, 
respectively, as shown in Table 2. 

The existence of these compounds proves the 
success of the development of Mg-MOF-74, Zn-MOF 
and CuO. 
 
Table 2 Chemical constituents of Mg-MOF- 74, CuO and Zn-
MOF 
 

 
Elements 

                         Mass (%) 
Mg-MOF-74 CuO Zn-MOF 

O 53.631 18.79 41.73 
Mg 27.051 - - 
C 18.570 4.50 11.77 

K 0.353 - - 

Ca 0.395 1.10 - 

Cu - 43.00 - 

Cl - 27.90 - 

Fe - 4.71 - 

Zn  - 46.50 

 
 
3.1.3 X-ray Diffraction Analysis (XRD) 
 
XRD configurations for the adsorbents-synthesized 
Mg-MOF-74, Zn-MOF and CuO are demonstrated in 
Figures 2(a) and (b). As revealed in Figure 2(a), the 
diffraction pattern of Mg-MOF-74 was matched well 
with that study as reported in the literature [20]. The 
development of Mg-MOF-74 was proven by the 
existence of the characteristic bands at 12.63°, and 
18.98° in XRD pattern (blue line). The appearance of 
these characteristic peaks suggested the successful 
preparation of Mg-MOF-74.  The existence of 
diffraction bands at 25.5927o, 35.4036o, 37.9819o, and 
42.8128o suggest the formation of magnesium oxide, 
magnesium nitrate hydroxide hydrate and 
magnesium hydroxide during the preparation of the 
adsorbent. Furthermore, sharp peaks in this pattern 
confirm the crystalline structure of Mg-MOF-74. 

While as for Zn-MOF, the main bands in the flake-
shaped MOF diffraction pattern were found at 2-
theta values of nearly 10.94°, 13.58°, 16.49°, 18.92°, 
23.04°, 25.27°, 28.75° and 30.17° which efficiently 
match with simulated XRD configurations, displaying 
that the pattern come to an agreement with the 
literature studies [21, 22]. Based upon XRD findings, 
we were able to detect that Zn-MOF derived from 

(e) 

(f) 
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zinc nitrate is characterized by strong bands, 
indicating the high crystalline character of the Zn-
MOF adsorbent obtained.   

Figure 2b displays the XRD spectrum of CuO 
adsorbent. The XRD patterns exhibit two main peaks 
at 2θ=32.87° and 2θ=40.23° that can be ascribed to 
the formation of the CuO crystal phase. 
 

 
(a) 

 
(b) 

Figure 2 XRD images of (a) Mg-MOF-74 (blue line) and Zn-
MOF (grey line) and (b) CuO (orange line) 
 
 
3.1.4 Thermogravimetric Analysis (TGA) 
 
The TGA profiles for prepared adsorbents are 
illustrated in Figure 3 with limit of the temperature 
within 0 to 900 ℃ in N2 atmosphere at a constant 
heating rate of 5 ℃/min. As shown in Figure 3, there 
are two stages of degradation that occurred in Mg-
MOF-74 (blue line). The first step in heat degradation 
is the elimination of the solvent (DMF or trapped 
water molecules) [23]. The minimum weight loss 
(8.936%) at first stage indicates that Mg-MOF-74 is 
stable up to this range of temperature (125.09 ℃). The 
severe mass decrease began at 310.71℃, which is 
due to the continuous decomposition of the organic 
ligand accompanied by the reduction of Magnesium 
[23]. A total degradation of 40 % of Mg-MOF-74 
adsorbent occurred at 500 ℃.  

In the TGA curve, mass loss under 200 °C was 
assigned to the discharge of humidity, water as well 
as organic solvents physically adsorbed by the 
samples. In Zn-MOF, approximately 20% of the mass 
loss occurs in the early stages at temperatures 

between 0 and 200 °C. The following mass loss (44%) 
in the span of 200 to 600 °C area might be correlated 
to the degradation of the ligand of 2,5-
dihydroxyterephthalic acid (DHTA). Furthermore, 
mass loss at 400 °C is indicative of structural 
decomposition. A fundamental fact regarding the 
properties of Zn-MOF corresponds to the thermal 
stability of the material up till 200 °C. As a result, this 
material can be applied in a variety of adsorption 
process environment up till 200 °C.  

The thermal stability of the porous CuO sample 
analyzed by TGA can be seen in Figure 3 (orange 
line). The TGA findings depict that there are two 
weight losses between 100 and 300 °C. The 
preliminary mass loss of about 40 % is because of the 
loss of humidity contents. The following weight loss in 
the 300-775 °C range is due to the breaking down of 
the framework of the CuO material. 

 

 
Figure 3 TGA images of Mg-MOF-74, Zn-MOF and CuO 

 
 
3.1.5 Fourier Transform-Infrared Spectroscopy  (FTIR) 
 
The chemical bond and adsorbent functional groups 
were evaluated by applying FTIR (Model Perkin Elmer 
FTIR-comm, US) at wavelengths between 4000 and 
600 cm-1 as presented in Figure 4. The FTIR result of 
Mg-MOF-74 (blue line) indicates a notable peak at 
3420.80 cm-1 which is preferable to the hydroxyl 
group of H-bonded OH broad stretching. 
Additionally, the absorption peak at 1327.18 cm-1 
appeared in the Mg-MOF-74 was assigned to the 
C=O carboxyl groups. The existence of carboxyl 
functional groups contributes to the ‘breathing 
effect’ as a result from the intraframework 
interaction which enhances the CO2 uptake 
capability of the material [24]. The "breathing effect" 
in metal-organic frameworks (MOFs) refers to the 
structural flexibility of the framework in response to 
external stimuli such as gas adsorption, temperature 
changes, or pressure variations. This phenomenon is 
particularly relevant in flexible MOFs, where the 
material undergoes a reversible transformation in its 
pore structure, expanding or contracting without 
losing its overall crystallinity. This structural flexibility 
allows the material to dynamically adjust its pore 
architecture, making it highly efficient for gas storage 
and separation applications. The presence of 

https://www.sciencedirect.com/science/article/pii/S1026309813000977#f000005
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carboxyl groups enhances the breathing effect by 
increasing hydrogen bonding and electrostatic 
interactions between the framework and adsorbed 
CO₂. When gases such as CO₂ are introduced, their 
interaction with functional groups in the framework 
such as carboxyl (-COOH) groups leads to a 
conformational change in the structure. This can 
cause pore expansion (open phase) to 
accommodate more gas molecules or contraction 
(closed phase) after desorption. These interactions 
contribute to a more pronounced structural flexibility, 
allowing the MOF to dynamically adapt and optimize 
gas uptake. Structural flexibility enables the MOF to 
preferentially adsorb CO₂ over other gases, making it 
useful in carbon capture applications [25, 26]. 

The Zn-MOF configuration obtained was 
attributed to specific band peaks, which come to an 
agreement with the previous studies [27]. In Zn-MOF, 
the bands demonstrate peaks at 3353.91 cm–1 might 
be denoted by the high wave number that the 
stretching of the metallic cation and water molecule 
vibrations is associated with the hydroxyl group. 
Peaks of 804.02 to 2380.23 cm–1 could be attributed 
to symmetric stretching vibrations of the carboxylate 
cluster, suggesting Zn-MOF crystal formation. 

Figure 4 shows the FT-IR band of the synthesized 
copper oxide sample. The peaks at 2812, 3029.39, 
3129.06, 3312.01 and 3341.35 cm-1 appointed to the 
symmetric and asymmetric stretching vibration of the 
O–H bond. Peaks at 2114.35 and 1994.92 cm-1 
correspond to C=O stretching of amides and O-H 
stretching of phenolic compound respectively. 
Appearance of the peaks at 1592.94, 1397.84 and 
1274.770 cm-1 indicate stretching vibrations of the 
Cu–O bond of CuO particles. The existence of bands 
at 984.61, 894.72 and 824.48 cm-1 indicate unique 
modes of bending vibration of the Cu–O bond [28].  
 

 
Figure 4 FTIR images of Mg-MOF-74, Zn-MOF and CuO 

 
 
3.1.6 Brunauer Emmett Teller (BET) 
 
The nitrogen physisorption isotherms of the 
synthesized samples were measured by nitrogen 
adsorption–desorption multipoint at 77 K. The results 
are presented in Figure 5 and Table 3. The isotherms 
of all materials are of type IV with H3 hysteresis loop 
corresponding to the IUPAC classification, which 

indicates the existence of mesoporosity in all 
prepared samples. The corresponding specific 
surface area, pore volume and mean pore size of the 
adsorbents are recorded in Table 3. The specific 
surface area of Mg-MOF-74 is greater than that of 
the other samples which would be due to the higher 
mesopore volume of this material as well as the 
smaller crystal size. The high surface area is 
conductive to the CO2 uptake. The exterior surface 
area of Mg-MOF-74 calculated was approximately 
48.21 % greater than that of Zn-MOF and 85.36 % 
greater than that of CuO (Table 3). The exterior 
surface area and mesopore volume of CuO were the 
lowest. Figure 5 illustrates the isotherm linear plot for 
CO2 uptake and desorption of the various 
synthesized adsorbent samples. According to the 
IUPAC classification, [29] pores are classified as 
mesopores with pore diameters of 2 to 50 nm. As can 
be observed from Table 3, pore sizes around 6.5-15.86 
nm occur for all samples.  
 

 
Figure 5 N2 adsorption-desorption isotherms for Mg-MOF-74, 
CuO and Zn-MOF 
 
Table 3 The BET exterior surface area, pore size and pore 
volume of the formulated adsorbents 

 
Adsorbent BET surface 

area (m2 g-1) 
Pore size (Å) Pore volume 

(cm3 g-1) 
Mg-MOF-74 16.8118 158.5542 0.066639 
Zn-MOF 8.7069 65.5707 0.014273 
CuO 2.4619 71.2481 0.004385 

 
 
3.2 CO2 Adsorption 
 
Runs of tests were executed to study the impact of 
the amount of adsorbent and operational pressure 
on the CO2 uptake process. The work was carried out 
by varying the adsorbents amount between 0.2-0.6 g 
at operating pressure 1.0 bar and ambient 
temperature 27 ℃ respectively. As for the effect of 
operating pressure, the pressure varied from the 
range of 1 to 4 bars at room temperature. All the 
findings obtained are considered in the subsequent 
segments. 
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3.2.1 Impact of Adsorbent Dosage 
 
Figure 6 depicts the influence of changing amounts 
of Mg-MOF-74, Zn-MOF and CuO on CO2 uptake 
process.  

 

 
(a) 

 
(b) 

 
(c) 

Figure 6 CO2 Adsorption capacity for effect of dosage for 
(a) Mg-MOF-74, (b) Zn-MOF and (c) CuO 
 
 

The experiment was carried out at a fixed 
pressure 1.0 bar and ambient temperature. Based on 
the results obtained in Figure 6, adsorption capacity 
of the adsorbent decreases as the amount of 
dosage is increased whereby other parameters are 
kept constant. The trend is consistent with previous 
studies. For example, Foo and Hameed [30] reported 
that excessive adsorbent dosage leads to particle 
overcrowding, which reduces the availability of 
active adsorption sites and lowers the adsorption 

capacity per unit mass. Similarly, Wang et al. [31] 
observed that at higher dosages, agglomeration of 
adsorbent particles leads to a decrease in the 
effective surface area, thereby limiting adsorption 
efficiency. 

Our results further substantiate these findings, 
demonstrating that at a dosage of 0.2 g, Mg-MOF-74 
exhibited the highest adsorption capacity (145.09 
mg/g), followed by Zn-MOF (119.82 mg/g) and CuO 
(78 mg/g) within 150 minutes of adsorption time. This 
trend aligns with the findings of Li et al. [32], who 
reported a similar decrease in adsorption capacity 
with increasing adsorbent dosage in MOF-based 
systems, attributing it to the shielding of active sites 
due to particle clustering [33]. Aggregation of 
particles will also take place and consequently the 
available adsorption sites may decrease resulting in 
lower CO2 adsorption capacity [34]. Thus, the lowest 
adsorbent dosage (0.2 g) has the highest adsorption 
capacity. By highlighting the optimal dosage for 
maximum adsorption efficiency, our findings 
contribute to the optimization of adsorbent utilization 
in gas capture applications, particularly in CO₂ 
sequestration and environmental remediation. These 
insights are valuable for scaling up adsorption-based 
technologies while minimizing material waste and 
improving process efficiency. 

Mg-MOF-74 shows a better adsorption uptake of 
CO2 in comparison to all adsorbents prepared in this 
study. The superior CO₂ adsorption performance of 
Mg-MOF-74 observed in this study aligns with previous 
research, which highlights the role of functional 
groups and surface area in adsorption capacity. 
Studies have shown that metal-organic frameworks 
(MOFs) with a high density of open metal sites and 
functional groups, such as -COOH, significantly 
enhance CO₂ uptake [35, 36]. The presence of free 
and available carboxyl (-COOH) groups in Mg-MOF-
74 facilitates physical adsorption by providing 
additional interaction sites for CO₂ molecules, further 
improving adsorption efficiency [37]. 

Additionally, the surface area of an adsorbent 
plays a crucial role in determining adsorption 
capacity. The larger specific surface area of Mg-
MOF-74 (16.1695 m²/g) compared to Zn-MOF (8.7069 
m²/g) and CuO (2.4619 m²/g) supports the higher 
CO₂ uptake observed. Previous studies have similarly 
reported that higher surface areas and pore volumes 
enhance gas adsorption efficiency [38]. Our findings 
agree with the work of Caskey et al. [39], who 
demonstrated that Mg-MOF-74 exhibits exceptional 
CO₂ uptake due to its high surface area and strong 
CO₂-framework interactions. The contribution of this 
study to the field lies in reinforcing the importance of 
surface characteristics and functional groups in 
determining CO₂ adsorption efficiency. By directly 
comparing different adsorbents under controlled 
conditions, our results offer valuable insights into 
material selection for CO₂ capture applications. The 
findings further support the development of MOF-
based adsorbents for practical gas separation 
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processes, particularly in carbon capture 
technologies, where optimizing adsorption capacity 
and material efficiency are critical for large-scale 
implementation. 
 
3.2.2 Impact of Pressure 
 

Impact of pressure upon CO2 uptake is a vital 
influence for the real application performance of the 
adsorbent; thus, the impact of pressure was 
examined, and findings were shown in Figure 7. The 
quantity of CO2 adsorbed was determined for 
different operating pressure within 150 minutes of 
adsorption time. The observed increase in CO₂ 
adsorption capacity with rising operating pressure 
aligns with findings from previous studies. Several 
researchers have reported that increasing pressure 
enhances gas adsorption due to the higher 
frequency of gas molecules colliding with the 
adsorbent surface, leading to improved pore filling 
and adsorption efficiency [37, 40]. For instance, 
Caskey et al. [39] demonstrated that Mg-MOF-74 
exhibits a significant increase in CO₂ uptake at higher 
pressures, attributing it to the strong interaction 
between CO₂ molecules and open metal sites within 
the MOF structure. Similarly, Mason et al. [38] 
reported that the adsorption capacity of MOF-based 
adsorbents follows a pressure-dependent trend, 
where moderate pressure conditions (e.g., 2–3 bar) 
optimize adsorption without causing excessive 
saturation or diffusion limitations. 

Our findings further support these observations, as 
the results indicate that 2 and 3 bar are the optimal 
operating pressures for CO₂ adsorption across Mg-
MOF-74, Zn-MOF, and CuO. This trend can be 
explained by the increase in gas particle collisions 
with the adsorbent surface, leading to higher 
adsorption rates. However, excessive pressure may 
lead to saturation, where additional pressure does 
not significantly enhance uptake due to limited 
available adsorption sites [35]. 

In addition, the CO2 uptake capability of the 
materials is mostly subject to aspects, for instance 
specific surface area, pore size, and pore volume. 
Adsorption capacity increases in the direction CuO < 
Zn-MOF< Mg-MOF-74, reaching, accordingly, 78.59 
mg/g, 125 mg/g, 149.70 mg/g. Mg-MOF-74 shows 
better adsorption uptake of CO2 in comparison to all 
MOFs prepared in this study. The form of the isotherm 
exposes that the prepared Mg-MOF-74 is mesoporous 
structure with highest surface area (16.1965 m2/g) 
(refer Table 3). As exterior areas rise with rising 
pressure, a lot of active sites are accessible, heading 
to greater uptake of CO2. Moreover, the effect of the 
exterior area is essential in CO2 uptake process [30]. 
This shows that other factors have an impact on CO2 
adsorption.  

Understanding the relationship between pressure 
and adsorption performance is critical for designing 
efficient CO₂ capture systems, particularly for 
industrial applications where pressure conditions can 
be optimized to maximize adsorption efficiency while 

minimizing energy costs. Furthermore, the 
comparative analysis of Mg-MOF-74, Zn-MOF, and 
CuO under varying pressure conditions offers 
valuable insights into the performance of different 
materials, aiding in the selection of the most suitable 
adsorbent for specific applications.  

 
(a) 

 
(b) 

 
(c) 

Figure 7 CO2 adsorption uptake for the influence of pressure 
for (a) Mg-MOF-74, (b) Zn-MOF and (c) CuO 
 
 
4.0 CONCLUSIONS 
 
In this study, Mg-MOF-74, Zn-MOF, and CuO 
adsorbents were synthesized and evaluated for their 
effectiveness in carbon capture and sequestration. 
The structural integrity of the synthesized materials 
was confirmed, with Mg-MOF-74 and Zn-MOF 
retaining their characteristic crystalline forms, 
ensuring their suitability for adsorption applications. 
The significant findings of this study highlight that 
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MOF-based adsorbents, particularly Mg-MOF-74, 
exhibit superior CO₂ adsorption performance 
compared to metal oxides. Mg-MOF-74 
demonstrated the highest CO₂ uptake due to its 
larger specific surface area (16.1695 m²/g) and the 
presence of free -COOH groups, which enhance 
physical adsorption interactions. In contrast, Zn-MOF 
and CuO displayed lower adsorption capacities, 
suggesting that MOF-based adsorbents hold greater 
promise for efficient CO₂ capture. Key operational 
parameters, including pressure and adsorbent 
dosage, were found to substantially influence 
adsorption performance. The study determined that 
an optimal operating pressure of 2–3 bar maximized 
CO₂ uptake across all adsorbents, as increasing 
pressure enhanced gas collisions with the adsorbent 
surface and improved pore filling. However, 
excessive pressure beyond this range may lead to 
saturation effects, limiting additional adsorption. 
Furthermore, adsorbent dosage played a crucial 
role, with 0.2 g identified as the optimal amount for 
maximizing adsorption capacity. Increasing the 
dosage beyond this threshold led to a decline in 
adsorption efficiency due to the overlapping of 
adsorption sites and particle overcrowding. 

While this study provides valuable insights into the 
performance of Mg-MOF-74, Zn-MOF, and CuO for 
CO₂ capture, further research is necessary to explore 
key aspects such as temperature effects, long-term 
stability, hybrid adsorbents, real-world applications, 
and kinetic and isotherm modeling. This research 
contributes to the ongoing development of efficient 
adsorbents for CO₂ capture, laying the foundation 
for future advancements in sustainable carbon 
sequestration technologies. 
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