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Abstract 

This study aimed to evaluate the suitable isotherm adsorption model of curcumin 

adsorption onto zinc imidazole framework-8 (ZIF-8) particles. The adsorption 

was carried out through the batch-experimental method. In this study, prepared 

ZIF-8 particles and curcumin solution was used as a model of adsorbent and 

adsorbate, respectively. To support the isotherm adsorption data, suitable 

isotherm adsorption models (i.e., Langmuir, Freundlich, Temkin, and Dubinin-

Radushkevich models) were proposed. In addition to the isotherm adsorption 

model evaluation, physical characterization was also carried out to characterize 

the successful preparation of ZIF-8 particles. The scanning electron microscope, 

Fourier transform infrared, and x-ray diffraction were used to analyse the 

morphology, functional group, and crystallinity of prepared ZIF-8 particles, 

respectively. Here, the results of the isotherm adsorption show that the curcumin 

adsorption is suitable with all isotherm adsorption models and the Langmuir 

isotherm is most suitable for the adsorption of the curcumin solution onto ZIF-8 

particles. The Langmuir adsorption assumes the formation of a monolayer with 

Van der Waals interactions between the adsorbate-adsorbent. 

Keywords: Adsorption isotherm, Batch adsorption, Curcumin, Metal-organic 

framework. 
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1.  Introduction 

Zinc imidazole framework-8 (ZIF-8) is a class of metal-organic framework (MOF) 

that consists of metal ions and organic linkers/ligands in its structure [1-3]. MOF 

material is a new material that is being developed since it has unique characteristics 

including high micropore volume, large pore size, high crystallinity, and high metal 

content to reach the active site [4]. The larger surface characteristic of the MOF 

material is a result of its porous structure such as zeolites and activated carbon [5]. 

The ZIF-8 structure consists of a metal ion that binds to the N atom of a diatomic 

imidazole (C3N2H3
-). Zn2+ and Co2+ are metals commonly used for the synthesis of 

ZIF-8. Imidazole as a linker has several types that are commonly suitable used for 

ZIF-8 synthesis including imidazole (IM), 1-methylimidazole (MIM), 1-

ethylimidazole (eIM), and 2-nitroimidazole (nIM) [6]. The different combination of 

metal ions and linkers is of course correlated with differences in structure and 

properties. It has been previously mentioned that one of the materials belonging to 

the MOF class has a porous structure, making them applicable in various fields such 

as gas sensing, gas storage, and catalysis [7]. ZIF-8 attracts the attention of scientists. 

Recently, ZIF-8 has been studied and developed in the field of wastewater treatment 

as an adsorbent material. ZIF-8 can be used as an adsorbent due to it maintains very 

well high chemical stability in aqueous environments. Therefore, ZIF-8 is suitable for 

used to adsorb pollutants in water, dyes, and herbicides. Based on the studies of 

Majewski et al. [1], Lin and Chang [4], Holopainen et al. [5], Nordin et al. [6], and Lee 

et al. [7] apart from being chemically stable in water, ZIF-8 material also has a high 

adsorption capacity. Thus, ZIF-8 is one of the promising candidates for adsorbent 

material [1, 4-7]. However, to date, only a few studies have been conducted to 

investigate and evaluate the ability of ZIFs to remove pollutants from water. 

Based on our previous studies on the preparation and analysis of metal-organic 

framework [2, 3], here, we evaluated ZIF's ability isotherm adsorption of ZIF-8 

particles. The analysis was supported by several characterizations, including a 

scanning electron microscope (SEM) instrument, analysis of the presence of 

functional groups using Fourier Transform Infrared (FTIR) and analysis of the sample 

phase using X-Ray Diffraction (XRD), as well as UV-Vis spectrophotometers. The 

analysis of particle size using SEM was done using the same procedure with the 

previous study [8], and that using XRD analysis was done using the previous 

literature [9]. The analysis of FTIR was interpreted using a database in literature [10]. 

The UV-Vis was used for understanding concentration, which was read and 

interpreted using literature [11]. Then, data from UV-vis was calculated using 

standard isotherm adsorption, as explained in detail in reference [12]. 

The ZIF-8 material was specially selected and became an adsorbent model for 

removing pollutants, especially dyes in water due to the consideration of its porous 

structure; thus, it can adsorb pollutants. 

2. Isotherm Adsorption Models 

2.1. Langmuir 

The Langmuir isotherm defines the adsorption process in the case of formatting 

multilayers as well as the monolayer. It depends on whether the adsorption is a 

physical or chemical process. Four assumptions in the Langmuir isotherm are each 
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site only adsorbs one adsorbate molecule, molecules are adsorbed by a fixed site, 

all sites have the same energy, and there is no interaction between the adsorbed 

molecules and the surrounding sites [13]. Figure 1(a) shows monolayer formation 

in adsorption. The Langmuir model is expressed by Eq. (1). 

1

𝑄𝑒
=

1

𝑄𝑚𝑎𝑥𝐾𝐿

1

𝐶𝑒
+

1

𝑄𝑚𝑎𝑥
                 (1) 

where Qe is the amount of adsorbed adsorbate molecules per gram of adsorbent 

(mg/g), Qmax is the capacity of the adsorbent monolayer (mg/g), Ce is the adsorbate 

equilibrium concentration (mg/L), and KL is the Langmuir adsorption constant 

referring to the energy of adsorption. 

 

Fig. 1. Illustration of monolayer and multilayer formation. 

In the Langmuir isotherm, there is a dimensionless factor or separation factor 

(RL) which is described in Eq. (2). RL parameters are used to support the adsorption 

process since these parameters are important to analyse each adsorption case 

separately whether adsorption is favourable or unfavourable. The decrease of RL 

value indicating the adsorption process is desirable. In essence, the RL predicts the 

affinity between adsorbent and adsorbate. 

𝑅𝐿 =
1

1𝑎+𝐾𝐿𝐶𝑒
                             (2) 

Separation factor (RL) have the following meaning: 

(i) RL > 1, unfavourable adsorption (the desorption process is dominant). 

(ii) RL = 1, linear adsorption (depending on the amount adsorbed and the 

concentration adsorbed). 

(iii) RL = 0, irreversible adsorption (strong adsorption). 

(iv) 0 < RL < 1, favourable adsorption (normal adsorption). 

2.2. Freundlich 

The Freundlich isotherm is based on the assumption that the adsorbent has a 

heterogeneous surface, and each molecule has different adsorption potentials thus 

form a multilayer on the adsorbent surface which allows the interaction between 

adsorbed molecules. The interaction between adsorbed molecules that form a 

multilayer assumes that the bonds are not strong [14]. Figure 1(b) shows multilayer 

formation in adsorption. The Freundlich isotherm is defined in Eq. (3). 

ln 𝑄𝑒 = ln 𝑘𝑓 +
1

𝑛
ln 𝐶𝑒                               (3) 
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where kf is the Freundlich constant, Ce is the concentration of adsorbate under 

equilibrium conditions (mg/L), Qe is the amount of adsorbate absorbed per unit 

of adsorbent (mg/g), and n is the value indicating the degree of linearity 

between the adsorbate solution and the adsorption. The description of the n 

value is in the following: 

(i) n = 1, linear adsorption 

(ii) n < 1, chemisorption process 

(iii) n > 1, physisorption process 

(iv) 0 < 1/n < 1, favourable adsorption 

(v) 1/n > 1, cooperative adsorption 

2.3. Temkin 

The Temkin isotherm assumes the correlation of the indirect adsorbate interaction 

with the isotherm adsorption. The adsorption heat of all the molecules decreases 

linearly with increased adsorbent coverage surface, and adsorption is characterized 

by a uniform distribution of the binding energy [15]. The Temkin isotherm can be 

explained by Eq. (4). 

𝑞𝑒 = 𝐵𝑇 ln 𝐴𝑇 + 𝐵𝑇 ln 𝐶𝑒                            (4) 

where BT is the adsorption heat constant (if the BT value is less than 8 kJ/mol, then 

the adsorption occurs physically), AT is the binding equilibrium constant, and T is 

the absolute temperature. 

2.4. Dubinin-Radushkevich 

The Dubinin-Radushkevich isotherm assumes the size of the adsorbent is in the 

micrometre range. The adsorption equilibrium relationship for the adsorbents is 

independently expressed from temperature using the adsorption potential (ε). The 

Dubinin-Radushkevich adsorption equilibrium model shows that adsorption 

following the pores’ filling mechanism is not a layer-by-layer form [16]. The 

Dubinin-Radushkevich is described by Eq. (5). 

ln 𝑞𝑒 = ln 𝑞𝑠 − (𝛽𝜀2)                 (5) 

where β is the Dubinin-Radushkevich isotherm constant, qs refers to the saturation 

capacity of theoretical isotherms, and Ɛ is the Polanyi potential (J/mol) is 

determined using Eq. (6). 

𝜀 = 𝑅𝑇 ln [1 +
1

𝐶𝑒
]                  (6) 

Adsorption free energy per adsorbate molecule is calculated using Eq. (7). 

𝐸 =
1

√2𝛽
                   (7) 

where Ce is the final concentration of solute and E is the adsorbate energy per 

molecule as the energy needed to remove molecules from the surface. Adsorbate 

energy per molecule has the following value: 

(i) If E < 8 kJ/mol describes physisorption process. 

(ii) If 8 < E < 168 kJ/mol describes chemisorption process. 
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Efficiency adsorption (E) was calculated using Eq. (8). 

%𝐸 = (
𝐶𝑜−𝐶𝑒

𝐶𝑜
) × 100%                 (8) 

3. Method 

3.1. Materials 

Some of the main raw materials for the synthesis of ZIF-8 particles, including Zinc 

nitrate (Zn(NO3)2.6H2O) and 2-Methyl Imidazole (MIM) as precursor and 

methanol as a solvent. 

3.2. Method 

In this study, ZIF-8 particles were synthesized via an aqueous synthesis route. Zinc 

nitrate and 2-MIM precursors with appropriate composition were dissolved in 

methanol solution in a separate container. After each of the precursors in the different 

containers was completely dissolved in methanol, the two precursors were mixed to 

form a dissolved solution mixture. After that, the mixture solution was stirred for 8 

hours at room temperature until the solution turned white which was originally a 

colourless mixture of solutions. The white discoloration of the solution occurs due to 

the formation of a solid suspension of ZIF-8 particles. At this stage, the ZIF-8 

particles were successfully synthesized. Then, the solution mixture was centrifuged 

and filtered to separate the filtrate and ZIF-8 particles. The collected ZIF-8 particles 

were then dried using an oven under 50°C for 1 hour to evaporate the remaining 

methanol solvent. The illustration of ZIF-8 particle synthesis is shown in Fig. 2. 

 

Fig. 2. Illustration process of ZIF-8 particles synthesis adopted from [3]. 
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3.3. Physical characterization of ZIF-8 particles 

Several characterizations to confirm the success of ZIF-8 synthesis have been 

carried out, including analysis of the morphological structure of the sample using 

the SEM, analysis of the presence of functional groups using the FTIR (FTIR-4600, 

Jasco Corp, Japan), and analysis of the sample phase using XRD (PANalytical 

X’Pert PRO; Philips Corp., The Netherland). The analysis of particle size using 

SEM was done using the same procedure with the previous study [8], and that using 

XRD analysis was done using the previous literature [9]. The analysis of FTIR was 

interpreted using a database in literature [10].  

3.4. Adsorption experiments 

Isotherm adsorption was carried out through batch method in 500 mL-borosilicate 

glass. The adsorption is carried out by mixing a certain number of ZIF-8 particles 

as adsorbent into 200 mL-curcumin solutions with a certain concentration (i.e., 20, 

40, 60, and 80 ppm) under the stirring condition of 1000 rpm for 1 hour at constant 

pH, temperature, and pressure. We chose a rotation speed of 1000 rpm due to if the 

rotation speed is too slow, the ZIF-8 particles easily settle and cause the ZIF-8 

particles not to be dispersed in the adsorbate thus the contact between the adsorbent 

and the adsorbate is relatively weak. Although we know, the drawback is that if the 

rotation speed is too fast it will cause desorption.  

Curcumin was prepared by extracting turmeric (Curcuma Longa; obtained from 

the local market in Bandung, Indonesia) as our previous study [17]. The curcumin 

solution was chosen as the adsorbate model because it has the ideal molecular size 

as an organic molecule and for safety purposes. After all, many organic molecules, 

especially those used as dye models, have toxic characteristics [17].  

Before analysing the concentration of curcumin, curcumin solution was 

centrifuged and filtered to separate filtrate solution with adsorbent. After that, 2 

mL-curcumin solution filtrate was analyse using UV-VIS spectrophotometer 

(Model 705; JENWAY; Cole-Parner; US) at a wavelength of 280-500 nm to 

measure the absorbance of the curcumin solution.  

The absorbance of the curcumin solution was plotting, normalizing, and 

calculating based on Lambert-Beer analysis. The UV-Vis was used for 

understanding concentration, which was read and interpreted using literature [11].  

Then, data from UV-vis was calculated using standard isotherm adsorption, as 

explained in detail in reference [12]. The data obtained were then plotted and 

compared with standards adsorption isotherm models: Langmuir, Freundlich, 

Temkin, and Dubinin-Radushkevich model. 

4.  Results and Discussion 

4.1. Physical characterizations  

Figures 3(a) and (b) show the results of the characterization of ZIF-8 particles using 

a scanning electron microscope with magnifications of 1000 (a) and 2000x (b). 

Based on the SEM result, the ZIF-8 particles that have been prepared have a 

hexagonal morphology, agglomeration, and inhomogeneous particle size. 



1084        R. Ragadhita and A. B. D. Nandiyanto 

 
 
Journal of Engineering Science and Technology               April 2022, Vol. 17(2) 

 

 

Fig. 3. SEM images of prepared ZIF-8 particles. 

Figure 4 shows FTIR spectra of ZIF-8 particles. The peak characteristic in the 

area of 1590 cm-1 shows a vibration of C=N stretching. The absorption band in the 

area between 1300-1500 cm-1 is the whole stretching of the ring structure. The 

existence of the Zn-N bond is shown in the vibration region of 450 cm-1 [12, 18, 19]. 

 

Fig. 4. FTIR spectra of prepared ZIF-8 particles. 

Figure 5 shows diffraction patterns of ZIF-8 particles. Based on the results of 

XRD spectra, ZIF-8 particles have high intensity and sharp peaks. The sharp peak 

intensity indicates that the product is pure in the crystalline phase. It means ZIF-8 

particles have a good crystallinity structure. The peaks that indicate the success of 

the synthesis of ZIF-8 particles are indicated by the presence of main peaks in the 

regions 2θ = 7.30; 10.35; 12.00; and 18.35, respectively [6, 15, 20]. The results 

showed that the pure ZIF phase formation was successfully carried out in this study. 

 

Fig. 5. XRD peal of prepared ZIF-8 particles. 
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4.2. Curcumin adsorption onto ZIF-8 particles 

Figure 6 shows isotherm adsorption of prepared ZIF-8 particles. Table 1 shows 

parameter values of all model isotherm adsorptions. Isotherm adsorption analysis 

was performed to determine the characteristics and possible mechanisms of 

particular adsorption [12]. After fitting the data to the isotherm adsorption model, 

overall, the adsorption results from the ZIF-8 particles prepared is suitable with all 

isotherm model due to the correlation coefficient is relatively high (R2 > 0.80). 

Here, the most suitable adsorption model is the Langmuir isotherm. This 

compatibility is known from the value of the highest correlation coefficient (0.959) 

for Langmuir isotherm (see Table 1). Based on Table 1, the suitability of the 

adsorption isotherm if sorted consecutively is Langmuir > Freundlich > D-R > 

Temkin. The detailed description for each model is discussed as follows. 

 

Fig. 6. Isotherm adsorption (a) Langmuir, (b) Freundlich,  

(c) Temkin, and (d) Dubinin-Radushkevich of prepared ZIF-8 particles. 

The Langmuir isotherm (see Figure 6(a)) is the most suitable isotherm model in 

this study compared to other isotherm models. Equations (1) and (2) were used to 

analyse Langmuir adsorption parameters such as qmax, KL, RL, and R2. The results 

of the Langmuir parameter are shown in Table 1. The Langmuir isotherm assumes 

that the adsorption occurs on the surface of the monolayer adsorbent and there is 

no interaction for each adsorbate molecule adsorbed. Monolayer adsorption occurs 

due to the weak adsorbate-adsorbent interaction which is shown by the KL value. 

Based on the Langmuir parameter value, adsorption allows favourable adsorption 

due to the RL value is in the range 0 < RL < 1.  

The Freundlich isotherm (see Figure 6(b)) is the second most suitable isotherm 

model. The Freundlich parameter that has been analysed shows the unique 

characteristics of the adsorption such as the values of Kf, n, 1/n, and R2. The 

Freundlich parameter was calculated using Eq. (3). Based on 1/n parameter (0 < 

1/n < 1), adsorption is favourable adsorption in the heterogeneous surface. It means 

adsorption occurs normally adsorption with the physisorption process.  
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The Temkin isotherm (see Figure 6(c)) was studied using Eq. (4) to determine 

the parameters of AT, BT, and R2. The Temkin isotherm assumes that the heat of 

adsorption decreases linearly if the bonding energies are uniformly distributed. The 

Temkin isotherm model is the third model that is also suitable for curcumin 

adsorption onto ZIF particles. Based on the Temkin isotherm, adsorption energy 

confirming the physisorption process due to its value of E < 8 kJ/mol. 

The fitting curve of the Dubinin-Radushkevich adsorption isotherm (see Figure 

6(d)) was analysed to determine the Dubinin-Radushkevich parameters such as the 

values of qs, E, and R2 using Eq. (5). Based on the Dubinin-Radushkevich isotherm, 

adsorption allows a physisorption process on the surface of the adsorbent. 

Table 1. Parameter of isotherm adsorption. 

Model Parameter Value Note 

Langmuir Qmax (mg/g) 11.668 Adsorbent capacity. 

KL (L/mg) 0.049 Weak interaction adsorbate-

adsorbent due to the adsorption 

energy (KL value) is relatively 

small. 

RL 0.289 0 < RL < 1 describes favourable 

adsorption. 

R2 0.959 The correlation coefficient. 

Freundlich KF (mg/g) 1.650 The adsorption capacity of the 

adsorbent. 

1/n 0.402 0 < 1/n < 1 indicates favourable 

adsorption that occurs in 

heterogenous adsorbent 

surface. 

n 2.589 n > 1 explains physisorption 

process. 

R2 0.8568 The correlation coefficient. 

Temkin AT (L/g) 1.0023 Temkin equilibrium binding 

constant. 

ΒT (J/mol) 957 ΒT < kJ/mol indicates 

physisorption process. 

R2 0.8139 The correlation coefficient. 

Dubinin-

Radushkevich 

Qs (mg/g) 1.406 Capacity adsorption of 

adsorbent. 

Β 

(mol2/kJ2) 

-0.0014 D-R constant. 

E (kJ/mol) 27.027 E < 8 kJ/mol indicates 

physisorption. 

R2 0.8483 The correlation coefficient. 

Based on isotherm adsorption, The adsorption of curcumin solution onto the 

ZIF-8 particles is predicted to follow the Langmuir isotherm with the following 

assumptions: (a) the adsorption occurs on a homogeneous surface, allowing the 

formation of a monolayer on the adsorbent surface; (b) no adsorbate-adsorbent 

interactions; as well as (c) each site energy that adsorbs the adsorbate molecule has 
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uniform energy [13] and based on Eq. (8), the adsorption efficiency of curcumin 

adsorption onto ZIF-8 particles is 25%.  

Apart from the analysis based on the Langmuir isotherm, other adsorption 

isotherms such as Freundlich, Temkin, and D-R were also considered. Based on 

Freundlich, Temkin, and Dubinin-Radushkevich isotherms, the adsorption of 

curcumin molecules onto ZIF-8 adsorbent shows physical process adsorption. 

Physical adsorption occurs when the intermolecular force is greater than the force 

attraction between molecules or relatively weak attractive forces between adsorbate 

with the adsorbent surface [21]. This force is called the Van der force Waals thus 

the adsorbate had abilities to move from one part of the surface to the other surface 

parts of the adsorbent.  

In addition to the presence of monolayer adsorption, Freundlich isotherm also 

confirms the presence of multilayer adsorption, this is probably due to the pore 

structure of the ZIF adsorbent [22, 23]. The existence of a porous structure must 

exist confirmed by further analyses such as nitrogen uptake analysis, which will be 

carried out in our future work. In this case, we proposed the adsorption mechanism 

as we can see in Fig. 7. 

 

Fig. 7. The proposed adsorption mechanism [12]. 

In addition, the use of filtration before the analysis part may cause inaccurate 

results because a significant amount of curcumin dye adheres to the filtration paper. 

A sufficient time for separating layers is more appropriated. However, our research 

has a weakness because too small particles are easily dispersed in the adsorbate 

even though they have been separated by a centrifugation method and it will still 

interfere with the concentration calculation in UV-VIS spectroscopy. Therefore, 

even though the adsorbate and adsorbent have been separated by means of the 

centrifugation method, they must still be separated manually. 

5. Conclusion 

Evaluation of the curcumin adsorption onto ZIF-8 adsorbent particles has been 

successfully evaluated. The adsorption results show that the adsorption of curcumin 



1088        R. Ragadhita and A. B. D. Nandiyanto 

 
 
Journal of Engineering Science and Technology               April 2022, Vol. 17(2) 

 

onto ZIF-8 particles shows compatibility with the Langmuir model which assumes 

that the adsorption occurs by forming a monolayer on the adsorbent surface. Physical 

adsorption characterizes the adsorption in this case. Physical adsorption is adsorption 

that occurs because of the Van Der Waals force (relatively weak attractive force) 

between the adsorbate and the adsorbent surface. The pore structure of the ZIF 

particles provides additional adsorption by forming a multilayer structure on the 

adsorbent surface. 
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