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Abstract: Mesoporous iron oxide nanospheres (MINs) have been successfully synthesized and have 

proven to be high-efficiency adsorbents. The morphology of the MINs is very uniform in spherical 

form, with an average particle size of 23-27 nm in the diameter range. MINs content has a fairly high 

BET surface area of 188.25 m2g−1 and a total volume of 0.14 cm3g−1 pores. Thus, seams were seen as 

potential CO2 sequestration reservoirs to reduce greenhouse gas emissions. The CO2 adsorption was 

favorable at low temperature and dry MINs conditions. However, MINs have a high adsorption capacity 

of 0.15 mmol/g. The CO2 adsorption isotherm of all coal samples according to the IUPAC classification 

of adsorption isotherms fits category I, which most likely explains adsorption confined to a few layers 

of molecules (micropores and mesopores). The balancing assessment using Langmuir, Henry, Dubbin, 

Temkin, Toth, Harkins-Jura, Elovich, Redlich-Peterson, and Josene model provided the best fit for any 

experimental adsorption data that predict heterogeneous surface properties of MINs.  
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1. Introduction 

The primary cause of global warming is the release of carbon dioxide (CO2) gas into 

the atmosphere. CO2 is the main greenhouse gas emitted by the electricity, gas production, 

mining, chemical and petrochemical industries, iron and steel industries, and cement industries. 

The Scripps Institute of Oceanography has recently measured that the global average 

temperature rose by 0.6 to 1 °C as the CO2 concentration increased from 315 ppm in March 

1958 to 398 ppm in January 2014 [1,2]. The International Panel on Climate Change (IPCC) 

forecasts that the average CO2 concentration may rise to 570 ppm by 2100, causing the global 

average temperature and mean sea level to rise by approximately 1.9 °C and 3.8 m, respectively 

[3]. 

One of the essential features of porous materials is the surface area since it closely links 

to efficiency in many applications, such as gas storage, gas separation, and catalyzing. The 

most common method of determining the surface area and pore volume of porous materials, 

including microporous and mesoporous materials, is to analyze the isotherms based on nitrogen 

or argon adsorption Brunauer-Emmett-Teller (BET). The porous metal oxide formed by 

organic metallic atom-atom connectors from materials (or classes of metallic atoms) also 
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attracts much interest in an arrangement with pores determined by the crystal structure, as 

shown by a large number of reviews they get.  

In recent years, various metal oxides, such as ferrous oxides, manganese oxides, 

aluminum oxides, titanium oxides, magnesium oxides, and nanoparticles of cerium oxides, 

have been used as pollutant-removal adsorbers [4]. Many scientists are interested in iron-based 

materials due to their chemical stability, biocompatibility, amphoteric surface activity, 

improved catalytic activity, and dispensability [5]. The most stable iron oxide under ambient 

conditions (alpha-Fe2O3) is widely used to treat catalysts, pigments, sensors, gas purification, 

and water [6,7]. 

The metal oxide obtained from metal organic frame work(MOFs) has various features 

that make them an essential part of the mesoporous metal oxide derived from organic metal 

frameworks to explore sorbents. Pores in MOFs form an integral part of the material's crystal 

structure and have a regularity degree not seen in some other sorbents [8].  

The adsorption of CO2 to MINs during sequestration and the desorption of CO2 from 

MINs by depressurization must therefore be understood. However, the deviation between 

Hysteresis is called adsorption and desorption of isothermal gas on porous materials. [9,10]. 

The adsorption of CO2 to MINs during sequestration and the mechanism for desorption of CO2 

from MINs by depressurization is therefore important to understand. However, there is a 

deviation in working conditions such as pressure and temperature between adsorption and 

isothermal desorption of gases on mesoporous materials called Hysteresis [11,12]. For the 

long-range storage sequestration of CO2, the mechanism of CO2 sorption Hysteresis is 

beneficial. Numerous CO2 sorption research studies are currently underway on various coal 

specimens not only for the practical assessment of the potential of MINs bed gas but also to 

understand the fundamental mechanisms of gas adsorption and desorption[13].  

The adsorption/desorption of CO2 under subcritical conditions on dry MINs was 

calculated in this analysis. It was performed at 273 K with isothermal CO2 adsorption and a 

pressure of up to 1 bar. Desorption has been done by depressurizing CO2 from 1 bar in the 

meantime. Finally, the adsorption isotherm models were used to match the equilibrium 

adsorption results [14]. 

2. Materials and Methods 

 2.1. Chemicals.  

Here, the chemicals used are of pure grade in this analysis and used without 

purification. Without a further purification process, chemicals were used as they were 

collected. Ferrous sulfate (99%, Tianjin Kemiou Chemical Reagent, China), 2-

methylimidazole (Hmim) (Sinopharm chemical reagent Co. Ltd., China), ammonium 

hydroxide solution (NH3, 25-28%, Nanjing Chemical Reagent Co. Ltd., China), anhydrous 

ethanol solution (NH3, 25-28%, China) (99.7 percent, Sinopharm chemical reagent Co. Ltd., 

China). The adsorbent was prepared previously, synthesized, and characterized [15]. 

2.2. Characterization techniques. 

The devices and related models are illustrated in Table 1. 
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Table 1. List of instruments. 

Type of analysis Models 

X-ray diffraction (XRD) CRYSFIRE and CHEKCELL computer databases 

Transmission electron microscopy (TEM) TEM, FEI Teanci G2 F20, USA 

FTIR spectra Jasco -FTIR-4100 spectrophotometer 

UV-visible spectrophotometer HACH LANGE DR5000 

Brunauer-Emmett-Teller (BET ASAP 2020 (Micrometrics, USA) 

scanning electron microscope (SEM) JEOL-JSM-6510 LV 

pH metre HANNA (model 211) 

Sorptomat instrument ASAP 2010 (Micrometrics, USA) (Study CO2 adsorption and desorption) 

2.3. Preparation of adsorbent. 

Based on previously published studies, MINs [16] have been synthesized. In a typical 

synthesis, 1.89 g of ferrous sulfate was dissolved in 50 ml of methanol; 2 g of Hmim was added 

in 50 ml of methanol; afterward, ferrous sulfate solution and Hmim were mixed and stirred to 

complete the crystallization for 6 hours at room temperature. The sample was gathered by 

centrifugation. Then, and then dried at 60 ℃ overnight. 

3. Results and Discussion 

3.1. Characterization of MINs. 

3.1.1 X-ray diffraction (XRD) patterns. 

The XRD pattern of the as-prepared MINs was used to identify the crystalline phases 

and to estimate the crystalline sizes. Fig. 1 indicates several distinct peaks at 2θ intervals = 

21.7; 28.9; 30.85; 38.98; 45.92; 50.22; 53.42; 59.96; 60.44; 71.589 and 75.8° which correspond 

to the diffraction planes (012), (104), (110), (113), (024), (122), (214), (300), (1010) and (220), 

respectively. The observed diffraction peaks interact well in rhombohedral structure to 

crystallize α-Fe2O3 (JCPDS card N° 24-0072). The fact indicated that particular nanocrystals 

α-Fe2O3 could grow preferentially rather than randomly [17,18]. The mean size of the ordered 

α-Fe2O3 nanoparticles was measured at half maximum from the full width (FWHM) and the 

Debye-Sherrer formula according to the equation below (Eq. 1): 

D=
𝐾λ

𝛽 cosθ
                       (1) 

where K is the Scherer constant (0.89 Å), λ is the X-ray wavelength (1.54 Å), β is the line 

broadening at half the maximum intensity (FWHM) in radians, θ  is the Bragg angle, and B is 

the maximum of the Bragg diffraction peak. Of this Debye-Sherrer equation, the mean size of 

the as-prepared MINs was about 28 nm[19]. 

 
Figure 1. X-ray diffraction pattern of MINs. 
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3.1.2. Fourier-transform infrared (FTIR) spectroscopy. 

The functional groups present in MINs material were studied from the FT-IR in the 

range of 4000-400 cm−1. The FT-IR spectrum of MINs shows two bands at 2978 and 1622 

cm−1 assigned to the H-O-H stretching modes and the bending vibration of the free or adsorbed 

water molecules. Also, the characteristic peak of Fe–O's stretching mode was detected at 621 

cm −1, confirming the formation of α-Fe2O3 [20]. 

3.1.3. Brunauer-Emmett-Teller (BET) surface area. 

The adsorption isotherms of nitrogen at 77K and the corresponding BJH pore size 

distribution curves of MINs are shown in Figure 3. The present MINs material reveals well-

ordered mesostructures. The N2 adsorption-desorption isotherms are usually of type IV 

according to the IUPAC classification with a well-developed "Knee" at low relative pressure 

that tends to become almost parallel to the pressure axis at high pressures, indicating an 

essentially microporous character with hysteresis loops [21]. Well-defined steps in the 

adsorption-desorption curves occur between the relative pressure, P/P0, of 0.4–1.0, suggesting 

the existence of a narrow distribution of mesopores [22]. This was supported by the existence 

of desorption hysteresis loop (H3/H4 type), associated with slit-shaped pores, disclosing the 

simultaneous existence of micropores (< 2 nm) and mesopores (2-50 nm) [23]. The content 

MINs have a relatively high BET surface area of 188.25 m2g−1 and a total pore volume of 0.14 

cm3g−1. BJH's average pore size is 3.5 nm, which is beneficial for adsorption application [24]. 

 
Figure 2. N2 adsorption-desorption isotherms for the MINs material at 77 K. 

3.1.4. SEM and TEM analysis. 

The surface morphology of the iron oxide has been determined by scanning electron 

microscopy. The SEM image in Figure 3 indicates that the MINs materials are very uniform, 

spherical, and highly ordered mesostructures with an average diameter of ~28 nm [25]. The 

high-resolution TEM image (Figure 4) also reveals that the frameworks of MINs materials are 

spherical and highly crystalline. The crystallite sizes are mainly in the range 23-27 nm, which 

coincides with the data from XRD patterns [26]. 
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Figure 3. SEM image of MINs. 

 
Figure 4. TEM image of MINs. 

3.2. Experimental procedure. 

Pressure-controlled before/after the release of the stored gas onto the manifold sample. 

The gas (reservoir) has been contained; the pressure begins to decrease as adsorption occurs. 

The gas law is used to measure the adsorbed CO2 by measuring the forces' changes while the 

temperature is kept constant. Inside the sample tubes, the adsorbed volume was eventually 

determined after minus the void volume. The temperature was raised to 90 oC for the first hour 

to remove moisture for 60 minutes (1 hr). This follows a temperature increase of up to 150 oC 

at 10 oC/min—the extraction of any sorbate species for 480 minutes from the samples (8 

hours). The samples were ultimately subjected to CO2 gas adsorption using a bath temperature 

of 0 oC through a controlled circulating bath of water. Up to around 800 mmHg, the target 

pressure steadily increases at each target pressure point. 

To measure the adsorption of CO2 to coal, it is essential to accurately measure the 

quantity of the measuring device using the state gas equation. Thus, the state equation 

determined the gas adsorption volume from the gas pressure change within the measuring 

device. 

The adsorbed CO2 concentrations on MINs at temperature 273 K as pressure increased. 

Fig. 5 illustrates the experimental amounts of adsorbed CO2 on MINs at 273 K. The sum of 

adsorbed CO2 on the sample of MINs is estimated at 273 K. Since the MINs sample is 
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heterogeneous and has a low specific surface area (188.25 m2/g), it gives high adsorption on 

the MINs surface. According to the IUPAC classification, the shape isotherms of all CO2 

adsorption on MINs follow Form IV reflecting mono-multilayer adsorption. Hysteresis loop 

type 3; at high pressure, as the pores have been filled, the slope shows increased adsorbate 

uptake. The inflection point usually occurs near the completion of the first monolayer and 

capillary condensation in the mesoporous. Desorption isotherms lie above isothermal 

adsorption. And the amount of CO2 adsorbed in the gas process, the isotherm of desorption 

was higher than the isotherm of adsorption isotherm of desorption at 273 K, was obtained from 

depressurization after completion of adsorption experience. As illustrated in Figure 5, the 

adsorption of CO2 and the MINs desorption curves divergent degree of Hysteresis revealed 

[27]. CO2 adsorption and desorption isotherm tests of all samples of MINs describe a positive 

hysteresis between isothermic adsorption and desorption [28]. 

 
Figure 5. Adsorption and desorption of CO2 on MINs at 273.15 K. 

3.2.1. Adsorption isotherms. 

The theoretical models of isothermal adsorption provide a substantial explanation of 

adsorption behavior. Such models demonstrate the interaction of the adsorbent with the 

adsorbent and explain the nature and mechanism. They describe how the adsorbent interacts 

with the adsorbent and clarify the nature and mechanism of gas adsorption in the adsorbent[29]. 

Equilibrium isothermal data from two and three-parameter models provide useful information 

on adsorption mechanisms and surface characteristics, and adsorbent affinity [30]. Therefore, 

it is crucial to verify the experimental equilibrium curves' correct correlation to optimize the 

conditions for designing adsorption systems. Langmuir, Henry, Dubbin, Temkin, Toth, Harkin-

Jura, Elovich, Redlich Peterson, and Josene models were applied in this study to explore the 

adsorption behavior [31]. 

3.2.1.1. Henry's isotherms. 

This is the simplest isothermic adsorption. The volume of surface adsorbent is 

proportional to the adsorptive gas partial pressure [32]. This isothermic model describes a 

suitable fit for adsorption at relatively low concentrations so that all adsorbed molecules are 

isolated from their nearest neighbors [33]. In this way, the balance adsorbs concentrations in 

the liquid and adsorbed phases are related to the linear expression in Figure 6 and  Table 2. 
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3.2.1.2. Langmuir isotherms. 

Langmuir adsorption, which was primarily designed to describe adsorption in the gas-

solid phase, is also used to quantify and contrast the adsorption capacity of different adsorbents 

[34]. Langmuir isotherm accounts for the surface coverage by balancing adsorption and 

desorption (dynamic equilibrium) relative rates. [35]. The Langmuir equation can be written in 

linear form [36] (Figure 6 and  Table 2). 

3.2.1.3. Freundlich isotherms. 

Isotherm is valid for processes of adsorption occurring on heterogonous surfaces [37]. 

This isotherm provides an expression that describes the surface's heterogeneity and the 

exponential distribution of the active sites and their energies [38]. Freundlich isotherm linear 

form is as follows [39] in Figure 6 and  Table 2. 

3.2.1.4. Dubinin-Radushkevich isotherm. 

Dubinin-Radushkevich isotherm model [40] is an empirical adsorption model generally 

applied to express adsorption mechanisms with Gaussian distribution of energy on 

heterogeneous surfaces [41]. This isotherm is only appropriate for intermediate concentrations 

of adsorbents since it exhibits unrealistic asymptotic behavior and does not predict Henry's 

laws at low pressure [30]. The model is a semiempirical equation in which a pore-filling 

mechanism is accompanied by adsorption. It presumes a multilayer character involving Van 

Der Waal's forces, applicable to physical adsorption processes, and is a fundamental equation 

that describes the adsorption of microporous sorbents qualitatively by gasses and vapors [42] 

(Figure 6 and  Table 2). 

3.2.1.5. Harkin-Jura isotherm. 

Harkin-Jura isotherm model assumes the possibility of multilayer adsorption on 

absorbents' surface having heterogeneous pore distribution [43] (Figure 6 and  Table 2). 

3.2.1.6. Temkin isotherm. 

Temkin isotherm model considers the effects of indirect adsorbing/adsorbing 

interactions on the adsorption process; it is also assumed that the adsorption heat (Hads) of all 

layer molecules decreases linearly due to increased surface coverage [44] (Figure 6 and  Table 

2). 

3.2.1.7. Elovich isotherm. 

The equation that defines this model is based on a kinetic principle that assumes that 

adsorption sites increase exponentially with adsorption; this implies multilayer adsorption [45]. 

The equation was first developed to describe the kinetics of chemisorption of gas onto solids 

[46,47] (Figure 6 and  Table 2). 

3.2.1.8. Redlich-Peterson isotherm. 

The isotherm Redlich-Peterson is a mix of the Langmuir and Freundlich isotherms. The 

numerator is from the isothermic Langmuir and has the advantage of approaching the Henry 

region at infinite dilution [47-49] (Figure 6 and  Table 2).      
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 Figure 6. Adsorption isotherm models. 

3.2.1.9. Toth isotherm. 

The Toth isotherm is another empirical modification of the Langmuir equation aiming 

to reduce the error between experimental data and the predicted value of equilibrium data. This 

model is most useful in describing heterogeneous adsorption systems that satisfy both low and 

high-end boundary adsorbate concentrations [50]. This isothermic model has applied to model 

multiple multilayers and heterogeneous adsorption systems. This approved that the MINs have 

a heterogeneous surface, fitted to the Freundlich model (Figure 6 and  Table 2).  

3.2.1.10. Jossen isotherm. 

The Jossens isotherm model predicts a simple equation based on the energy distribution of 

adsorbate-adsorbent interactions at adsorption sites [51]. This model assumes the adsorbent has 

a heterogeneous surface in terms of its interactions with the adsorbent [52,53] ( Figure 6 and  

Table 2). 

3.2.2. Adsorption kinetics and mechanism studies. 

The CO2 adsorbed relation between time and quantity was illustrated in Figure 7. The 

adsorption rate decreased as the cycle's duration increases as it achieves equilibrium [54]. 
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Table 2. Isotherms and their linear forms for the adsorption of CO2 onto MINs. 

Isotherm Equation Value of parameters 

Henry qe = KHEPe 
The constants KHE are calculated by the plot of qe vs. 

Pe with slope KHE 

qm exp (mmol/g) 0.15698 

qm (mmol/g) 0.14706 

KHE 0.14706 

R2 0.9166 

Langmuir 
pe

qe
=  

1

qmKL
+

pe

qm
 KL and qm calculated from a linear plot of p/qe vs. pe 

qm (mmol/g) 0.149 

KL (bar-1) 4.08 

RL 0.86 

R2 0.96091 

Freundlich log qe = log KF +
1

n
 logPe 

The slope of the plot of log Pe vs. log qe
 gives 1/n, 

and the intercept yields the adsorption capacity, KF 

(mmol/g) 

qm (mmol/g) 0.15 

KF 0.15 

1/n 0.833 

R2 0.99871 

Dubinin–Radushkevich ln qe = ln QDR −  KDRε2 

The slope of the plot of ln qe vs. ɛ2 gives KDR 

(mol2/kJ2), and the intercept yields the adsorption 

capacity, QDR (mmol/g) 

QDR 0.13 

KDR 5.22 

R2 0.934 

Harkin-Jura 

 

𝐵 and𝐴 are Harkin-Jura constants that can be 

obtained from plotting 1/𝑞e
2 vs. log Pe 

B -0.2691 

A 0.00023 

R2 0.6029 

Isotherm Equation Value of parameters 

Temkin qe =  βT ln KT +  βT lnPe 
The parameters βT and KT are the Temkin constants 

that can be determined by the plot of qe vs. ln Pe 

βT 0.0457 

KT 2.86 

R2 0.899 

Elovich 

 

The slope of the plot of ln qe/pe vs. qe
 gives Ke, and 

the intercept yields the adsorption capacity, qm 

(mmol/g) 

qm 0.113 

Ke 31.8 

R2 0.96103 

Redlich-Peterson 

 

The parameters β and A are the Redlich-Peterson 

constants that can be determined by the plot of ln 

pe/qe vs.            ln Pe 

β 0.077 

A 0.15 

qe (mmol/g) 0.46 

R2 0.986 

Toth 

 

The constants n and KL are calculated by the plot of 

ln (qe/qm-qe ) vs. ln pe with slope n and intercept n ln 

KL 

n 0.6719 

KL 12 

R2 0.62953 

Jossens 

 

H and F can be calculated from a linear plot of ln 

pe/qe vs. qe 

H 0.25 

F 0.179 

R2 0.713 
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Figure 7. Adsorption of CO2 vs. time at 273 k. 

The adsorption kinetics analysis defines the CO2 uptake rate, and this rate precisely 

regulates the CO2 uptake vs. time at the interface of the solid-gas phase. At first, the degree of 

elimination of measured CO2 by adsorption was high, then slowly slowed down until it reached 

an equilibrium above which the removal rate increased significantly. Its optimum adsorption 

was calculated at 202 minutes and is therefore known as the time of balance [55]. 

3.2.2.1. The pseudo-first-order. 

The kinetic model equations underneath the pseudo-first-order kinetic models are used 

to match the experimental findings. And follow the adsorbing kinetics of tested MINs. 

Pseudo-first - order formula by Lagergren [56,57]. 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 − (
𝐾1

2.303
) 𝑡                                               (2) 

The ln (qe - qt) vs. t plot gives a straight line with the -K1 slope and intercept ln qe 

3.2.2.2. The pseudo-second-order. 

The experimental data related to a kinetic model of the pseudo-second-order. The 

kinetic model of the pseudo-second order[58,59]. 

𝑡
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=

1

𝐾2𝑞𝑒
2 +

t

qe
                                                    (3) 

The K2 and qe values for the CO2 adsorbed amount determined from the slope and linear 

plot intercept of t/qt vs. t. 

3.2.2.3.Webber (intraparticle diffusion). 

Weber assumed an empirical relationship with four parameters for a wide range of 

adsorption systems, which gave an excellent interpretation of the data pattern [60]. 

𝑞𝑡 =  𝐾𝑖 𝑡
1
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The Kdif and C parameters were calculated from the qt vs. t1/2 linear plot. 
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Only the initial stages of adsorption (initial sharp rise) is necessary for the external 

resistance to mass transfer surrounding the particles. The second linear portion is the normal 

adsorption processes, with the regulation on intraparticle diffusion. If the plots do not pass 

through the origin, the pore diffusion is not the only rate-limiting step. Still, other kinetic 

models can also regulate the adsorption rate, all of which can function simultaneously [61,62]. 

3.2.2.4. Elovich. 

The equations which describe this model are based on a kinetic principle, which implies 

that adsorption sites increase exponentially with adsorption; this indicates multilayer 

adsorption [45]. 

𝑞𝑡 =  
1

𝛽
ln(𝛼𝛽) +

1

𝛽
 𝑙𝑛𝑡                                               (5) 

The constants α and β were obtained from a line plot qt vs. ln t on the slope and intercept. 

The Elovich equation indicated that the adsorbent's active sites are heterogeneous and 

give different chemisorption activation energies. As the amount of CO2 increased, the constant 

α (attached to the rate of chemisorption) increased, and the constant β (attached to the surface 

coverage) decreased [63]. 
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Figure 8. Results of applying the kinetic models to the data obtained from CO2 adsorption on the surface 

of MINs: Pseudo first order; Pseudo second-order; Webber Intra-particle diffusion and  Elovich model. 

If the experimental CO2 adsorption results are set at 273 k and air pressure Kinetic 

models, values were obtained for their respective parameters, as shown in Table 2. 
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Table 3. Kinetic models. 

Models Parameter MINs 

Pseudo-First-order kinetic K1 (min-1) 0.008 

R2 0.8124 

Pseudo-second-order kinetic K2 (g mg−1 min−1) 0.106 

R2 0.438 

Intraparticle diffusion Ki (mgg-1min1/2) 0.0274 

X (mgg-1) 1.923 

R2 0.9629 

Elovich β (g/mg) 0.43 

α (mgg-1.min-1) 1.22E-05 

R2 0.94 

The order in which the kinetic models were fitted to the experimental data is as follows: 

intra-particle diffusion > Elovich > pseudo-first-order > modified pseudo-first-order > pseudo-

second-order. 

Applying the intraparticle diffusion model obtained the best fit for the experimental 

results. 

It has been stated that the adsorption processes perform the following three main stages: 

external superficial adsorption, intraparticle diffusion, and the final balance. Figure 8 two linear 

stages due to the CO2 adsorption process in the aerogels, corresponding to the intraparticle 

diffusion and the equilibrium plateau, while external diffusion is absent. In principle, intra-

particle diffusion is carried out in the mesopores; therefore, the adsorption rate was very high. 

The equilibrium plateau between CO2 and the MINs was reached, and the adsorption rate at 

this stage was slower. 

The second-best fit to the experimental data was obtained by applying the Elovich 

model. Therefore, there was an energetic heterogeneity of the superficial adsorption sites. The 

other models studied had a smaller correlation coefficient. Hence, they do not explain the 

adsorption processes that occurred with the same reliability. However, it is essential to mention 

that the pseudo-second-order model presented the worst adjustment, confirming that 

chemisorption was not involved in this process, meaning that the interactions between the 

adsorbate and the adsorbent were physical. 

The α and β constants obtained by applying the Elovich model have units of (mgg-1.min-

1) and (g/mg), respectively. The values of α determine the initial adsorption speed. Their values 

were 1.22E-05 mgg-1.min-1) for the materials MINs indicating that the initial adsorption rate is 

related to the capacity of CO2 adsorption under these conditions.  

The constant β presents the smallest value in the material 0.43 g/mg; therefore, this 

material had the highest capacity for adsorption of CO2 because it had the highest volume of 

mesopores [64]. In another work, it has also been reported that pseudo-first-order or pseudo-

second-order models have not been the best fit for data obtained from the kinetics of CO2 

adsorption at the solids' surface. 

4. Conclusions 

 Mesoporous iron oxide (MINs) sample was tested for CO2 adsorption/desorption at a 

temperature of 273 K and pressure up to 1 bar. The adsorption capacity of MINs was 0.15 

mmol/g. According to the IUPAC classification of adsorption isotherms, the CO2 adsorption 

isotherm of MINs sample follows type IV, which most probably describes the adsorption 

limited to a few molecular layers (micropores and mesopores). The adsorption and desorption 

isotherm results demonstrate Hysteresis between adsorption and desorption isotherms for the 
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MINs sample. According to hysteresis classifications, the Hysteresis during CO2 adsorption 

and desorption process for MINs sample type H3 describe pores' shape that slits. Freundlich 

adsorption isotherm models presented the best fit with experimental data. This indicates that 

the adsorption occurs at the heterogeneous surface as the adsorption sites have varied affinities. 

Stronger binding sites are occupied first, and the binding strength decreased with increasing 

degree of occupation by predicting that material exhibits heterogeneous surface properties. The 

intraparticle diffusion model presents the best fit to the experimental data. This model was used 

to analyze the rate of data from the experiments. Both the intraparticle diffusion and the 

equilibrium plateau models resulted in estimations that agreed with the experimental data. The 

kinetic study showed that the Elovich model presents the second-best fit to the obtained data 

so that on the surface of the materials, the energy distribution is presented during the CO2 

adsorption process 
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