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ABSTRACT: In this work, Zn2(BDC)2(DABCO) Metal-Organic Framework (MOF) was prepared  

by Zn = zinc acetate dehydrates, BDC = 1,4-benzenedicarboxylate, and DABCO = 1,4-diazabicyclo [2.2.2] octane. 

The MOF and its polyurethane (PU) nanocomposite were used to remove Methylene Blue (MB) as a 

harmful and toxic dye from an aqueous solution. Polyurethane polymer has been modified with 

 a zinc-based metal-organic framework by the press method to develop an efficient adsorbent for the 

first time. Samples were characterized by Fourier Transform InfraRed (FT-IR) spectroscopy to evaluate 

functional groups, X-Ray Diffraction (XRD) analysis of crystal structure, field emission scanning 

electron microscope (FESEM) to determine morphology and size, BET analysis for measurement  

of surface area, and Ultraviolet–Visible (UV–Vis) spectroscopy to study MB adsorption. Methylene blue 

adsorption was reported by changing the amount of adsorbent, MB concentration, pH, and 

temperature of the solution over time. According to the results, increasing the amount and percentage 

of adsorbent, pH, and temperature of the solution increased the percentage of adsorption efficiency. 

Also, the MOF and its nanocomposite can be a good choice for the adsorption of methylene blue  

as a cationic dye due to its high level and low material consumption. The results show that 

Zn2(BDC)2(DABCO) MOF and its PU nanocomposite can have good potential for the development  

of various adsorbents. 
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INTRODUCTION  

Toxic dyes are one of the main pollutants with harmful 

effects on the environment and living organisms [1]. 

Methylene blue is a toxic cationic dye in wastewaters of 
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various industries such as textile, paper, leather, plastic, 

food processing, cosmetics, printing, pharmaceutical, and 

dye production [2]. Methylene blue is one of the most 



Iran. J. Chem. Chem. Eng. Methylene Blue Adsorption from Aqueous Solution ... Vol. 41, No. 12, 2022 

 

Research Article                                                                                                                                                                4027  

common cation dye members and is widely used in the 

textile industry for dyeing cotton and wool fabrics [3]. 

MB with the formula [(CH3)2N(C6H3)NS+(C6H3)N(CH3)2Cl-],  

is one of the monovalent cationic dyes with S and N  

linkage [4]. The presence of MB dye in water reduces  

the transmission of sunlight, and reduces the natural 

photosynthetic activity and acute and chronic toxicity of 

ecosystems [5]. Methylene blue dye has several harmful 

effects including shortness of breath, nausea, vomiting, and 

gastritis. Therefore, various methods have been developed 

to remove organic dyes from an aqueous solution such  

as physical, chemical, and biological methods [6]. Among 

the various methods, adsorption technology is considered 

a competitive method of dye removal due to its high 

efficiency, economic feasibility, and design simplicity [7, 8]. 

The application of adsorbent is important for the absorption 

of pollutants from aqueous solutions under different 

conditions [9-14]. Today, the process of absorption from 

wastewater has been expanded due to the surface-active 

group [15-17].  In the last decade, dye adsorption has been  

a real challenge due to its widespread use worldwide [18-25]. 

Today, nanostructures have a good potential to absorb 

methylene blue dye due to their high surface area [26-28]. 

According to the results, the interaction between the 

adsorbent and the dye affects the efficiency of the 

adsorption process [29, 30]. The adsorption mechanisms are 

responsible for dye removal based on electrostatic 

attraction, ion exchange, surface complexity, and π-π 

interactions [31]. In general, there are many ways  

to improve physicochemical properties and adsorption 

performance in wastewater treatment technologies. That 

should be considered first, physical modification to improve 

the absorption behavior; second, stability in the 

environment; third, the loading of the target material inside 

the structure and the improvement of the surface area and 

absorption properties [32]. Nanocomposites consisting  

of two parts, organic and inorganic can play an effective role 

in improving adsorption [33].  Immobilization of the 

adsorbent on the solid support is also one of the ways to help 

the adsorption [34]. However, the main drawbacks of 

immobilization are the significant reduction in its efficiency 

due to the drastic reduction of the effective surface and their 

mass transfer, as well as the need to search for methods and 

equipment [35]. Therefore, the importance of this study is  

to investigate the adsorption of methylene blue cationic dye 
based on new materials and methods. 

Metal-organic framework is a new class of coordination 

polymers [36]. These highly porous crystalline materials 

contain organic ligands as linkers and metal ions or clusters 

as metal centers [37, 38].  In recent years, MOFs have 

received much attention due to their unique properties for 

various applications [39, 40]. Metal-organic frameworks  

are typically synthesized by solution [41], solvothermal [42], 

hydrothermal [43], microwave [44], sonochemical [45], 

electrochemical [46], mechanochemical [47], and laser 

ablation methods [48, 49]. MOFs are a good candidate  

as dye adsorbent [50]. Recently, the metal-organic 

framework has been used as an efficient absorbent [51] and 
removal [52, 53] of an aqueous solution. These porous 

compounds have been expanded to adsorb methylene blue 

by copper-MOF [54], iron-MOF [55-58], nickel-MOF [59], 

zirconium-MOF [60], aluminum-MOF [61], and cobalt-

MOF [62]. Zn2(BDC)2(DABCO) is a good candidate MOF 

based on zinc metal (Zn-MOF) with various potential 

applications. This MOF is synthesized by self-assembly  

of Zn4O units and 1,4-benzenedicarboxylate and  

1,4-diazabicyclo [2.2.2] octane ligands [42, 43]. According to 

the functional groups in Zn2(BDC)2(DABCO), MB dye 

adsorption is important in the present study and the MOF 

can be a good candidate for MB dye adsorption. 

Recently, nanotechnology adsorption technologies 

have attracted the attention of the scientific community as 

a promising treatment method. Easy separation of water  

by polymeric [63]  and iron oxide [62, 64]  sorbents  is 

a useful adsorbent advantage during treatment. Eco-friendly 

nanocomposites were investigated for cationic dye-treated 

wastewater [65]. Polymer-based adsorbents have been 

developed for efficient removal due to the simplicity of the 

preparation method [66]. Polymer nanocomposite can play 

an important role in expanding the dye removal goal [67]. 

Polyurethane is a common polymer with excellent 

mechanical properties and good water resistance for 

widespread use in different applications. Recently, 

polyurethane nanocomposites have been reported to adsorb 

dyes from aqueous solutions [68]. The aim of this study  

was to develop a simple method for the preparation of zinc-

based MOF and its nanocomposite as an effective 

adsorbent in the adsorption of methylene blue dye. Due to 

the mentioned advantages such as a simple preparation 

method with lower cost, in this study Zn2(BDC)2(DABCO) 

MOF was used as adsorbent due to the simultaneous 

presence of the organic part and the possibility of 
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modifying and the inorganic part and the possibility of 

creating a high surface area. Also, Zn2(BDC)2(DABCO) 

MOF-PU nanocomposite was prepared by a pressing 

method due to the filling of the MOF pores with solvent 

and the impossibility of adsorption by the casting method. 

The novelty of the work, the MOF and its nanocomposite 

were first evaluated as methylene blue adsorbent from aqueous. 

 

EXPERIMENTAL SECTION 

Materials  

All reagents with high purity and analytical grade  

were purchased from Merck (Darmstadt, Germany). Ultra-

pure water was used for the preparation of all reagent 

solutions. Zinc acetate dehydrates (Zn(Oac)2.2H2O) salt,  

1,4 benzenedicarboxylic acid ligand, 1,4-diazabicyclo [2.2.2] 

octane ligand, and dimethyl formamide (DMF) solvent were 

used for synthesis of the Zn-MOF. The tetrahydrofuran (THF) 

solvent was used to dissolve the PU polymer (with 1400 g/mol 

molecular weight, Apilon 52 DE 40). Methylene blue 

(C16H18ClN3S) was used as the cationic dye.  

 

Preparation of samples  

The Zn2(BDC)2(DABCO) MOF was prepared by  

a solvothermal method using adding Zn (OAc)2.2H2O 

(0.132 g, 2 mmol) to the production of Zn2+ ions as a connector, 

BDC (0.1 g, 2 mmol) as a chelating ligand, and DABCO 

(0.035 g, 1 mmol) as a bridging ligand to 25 mL DMF  

as a solvent [42]. The precursors were sealed under reflux  

and stirred at 90 °C for 3 h. The MOF can be prepared  

at different times including 15 min [19], 3 h [48], 24 h [43], 

and 72 h [41] but the optimized time is 3 h [69]. Then, the 

reaction mixture was cooled to room temperature and 

filtered. The white crystals were washed with DMF to 

remove any metal and ligands that remained and dried  

in a vacuum for faster drying. DMF was removed from white 

crystals with a vacuum furnace at 150 °C for 5 h.  

The casting method is not suitable for the preparation of 

Zn2(BDC)2(DABCO) MOF-polyurethane nanocomposites, 

because the MOF pores are filled with solvent in this 

method, as a result, no porosity to absorb the MB. 

Therefore, these nanocomposites were prepared by press 

method with different percentages of the MOF for the first 

time in this work. First, PU polymer was placed in  

a template and then placed at a temperature of 230 °C  

to form a homogeneous film. Then the MOF sample was 

uniformly put on the film and 50 kN was pressed at 130 ° C. 

The application of temperature is due to the fact that the 

film surface is ready to absorb the MOF, and the application 

of pressure in a short period of 2 min is due to the placement 

of the MOF on the film surface.  Finally, the sample was placed 

in a cold press machine to stabilize the MOF samples  

on the polymer. Based on MB adsorption, PU nanocomposites 

with 5 and 10 % of the MOF were shown better results and 

it was not possible to form a uniform nanocomposite with 

a higher percentage of the MOF. 

 

Characterization techniques 

FT-IR spectra were recorded on a Shimadzu 460 

spectrometer in a KBr matrix in the range of 400–4000 cm−1. 

The crystalline structure of the sample was investigated  

by X-ray diffraction utilizing Cu Kα X-ray radiation with 

a voltage of 40 kV and a current of 30 mA by X’pert pro 

diffractometer (X’ Pert Pro model, Panalytical, Peru).  

A field emission scanning electron microscope was employed 

to observe morphology and size (Sigma VP model, Zeiss, 

Germany). The surface area was determined using nitrogen gas 

sorption by the MOF samples at 298 K and 0.88-atmosphere 

pressure (BElSORP Mini model, Microtrac Bel Corp, Japan). 

Methylene blue adsorption was evaluated by UV–Vis 

spectroscopy (Genesys 30 model, Thermo Scientific, 

America).  

 

RESULTS AND DISCUSSIONS  

FT-IR 

FT-IR spectra of MOF are presented before and after 

methylene blue adsorption (Fig. 1). The IR bands of O–H 

stretching and N–H asymmetric stretching are characteristic at 

~3300 cm-1 [70-74]. Due to the presence of the hydroxyl group in 

the composition, the vibrational states at this wavelength  are 

assignable to the O–H broad absorption mode [71]. The peak at 

3050-3150 cm-1 is assigned with aromatic sp2 C-H stretch bands. 

The aliphatic C–H asymmetric stretching vibration is assigned at 

~2958 cm-1 [70, 71]. The O–H. . .O valance stretching vibration 

band is reported at ~2600 cm-1. The high-intensity peak of C=O 

stretching is assigned at ~1635 cm-1 for Zn2(BDC)2(DABCO) 

MOF. The bands of aromatic C=C stretching are shown at  

~1593 cm-1. The vibration of O–H bending from the water 

molecules adsorbed on the surface resulted in the absorption band 

at 1635 cm-1 [75]. The high-intensity peak of C=O carboxylic 

group is specified at ~1390 cm-1. The FT-IR result is according  

to the report of methylene blue removal by MOF adsorbent [53, 54].  

The MB adsorption is qualitatively approved by FT-IR spectra. 
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Fig. 1: FT-IR spectra of MOF a) before and b) after MB adsorption. 

 

The peaks at ~1315 cm-1 and 817 cm-1 are assigned with 

the–CN (amide) vibration and –CH2 (methylene) vibration, 

respectively which is reported in line with the results [73, 76]. 

After MB adsorption, new IR bands appear and many 

functional groups are undergone red or blue shifting [77]. 

These vibrations represent the interactions of methylene 

blue with functional groups of MOF adsorbent.  

 

XRD 

The XRD pattern of samples was measured in 2θ range 

5-50° that used to identify the crystalline structure (Fig. 2). 

The XRD pattern of MOF is similar to a previously 

reported pattern and the crystalline structure is preserved 

after the adsorption based on the previous report [41, 42]. 

The XRD of polyurethane approved the crystalline 

structure according to the previous report with two 

characteristic peaks [75]. The high percentage of PU 

polymer in the nanocomposite caused no observation of 

MOF characteristic peaks and the result is according  

to the previous report [78]. The results confirmed that there  

has been a slight amount of material in the amorphous state [74]. 

 

FESEM 

The FESEM images were shown for MOF before and 

after methylene blue adsorption and its nanocomposite 

(Fig. 3). SEM results were shown MOF nanostructures 

with rod morphology and diameter size of about 100 nm 

(before methylene blue adsorption) and about 90 nm (after 

methylene blue adsorption). As a result, homogenization 

has reduced the size for better MB adsorption. The FESEM 

of MOF-PU nanocomposite was shown in the form of  

an image from the cross-section. As a result, the presence 

of the MOF on PU polymer surface is confirmed. The result 

 
Fig. 2: XRD Pattern of a) MOF before MB adsorption, 

b) MOF after MB adsorption, c) PU polymer, and d) MOF-PU 

nanocomposite. 
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Fig. 3: FESEM images of a) MOF before MB adsorption, b) MOF after MB adsorption, cross-section image of 

MOF-PU nanocomposite c) in 20 μm scale bare, and d) in 200 nm scale bare. 

 

 
Fig. 4: The absorption/desorption N2 curve related to MOF 

a) before and b) after MB adsorption. 

 

is according to the previous report on copper adsorption  

by MOF-5 and its polyurethane nanocomposite [78]. 

 

BET  

The Brunauer–Emmett–Teller (BET) analysis was used 

for the determination of the surface area of the MOF by N2 

adsorption before and after methylene blue adsorption (Fig. 4). 

The purpose of BET is to explain the physical adsorption of 

gas molecules on a solid surface as an analysis technique for 

measuring the specific surface area of materials. The surface 

area of the MOF was investigated by exiting the solvent  

at 150 °C for 5 h. Based on the results, it was found that type I 

Nitrogen isotherms (according to IUPAC classification) [79]. 

The surface area of MOF was decreased with methylene 

blue adsorption from 762 m2/gr to 21 m2/gr. The decrease  

in the surface area indicates that methylene blue is almost in 

almost all MOF pores after adsorption. The result is 

according to the previous report for methylene blue 

adsorption by Fe-type MOF [55]. 

 

UV–Vis spectroscopy 

The methylene blue adsorption was investigated by 

UV–Vis spectroscopy. The calibration curve of methylene 

blue was examined at λmax = 664 nm with a concentration  

of 0.5, 1, 2, 3, and 4 mg/L (Fig 5. a). The goal is to achieve 

high absorption even with small amounts to show 

capability adsorption capacity. The adsorption diagram  

was investigated by different MOF amounts including 0.125, 

0.25, and 0.5 g for 2 mL methylene blue concentration at 4 mg/L 

at various times including 0.5, 1, 2, 3, and 4 h (Fig 5. b). 

The efficiency was calculated as follows: 
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Fig. 5: a) The calibration curve of MB and b) the diagram of MB adsorption in different MOF amounts. 

 

 
Fig. 6: The diagram of MB adsorption by a) MOF and 

b) MOF-PU nanocomposite in different MB concentrations. 

 

A%=
(A0-At)

A0

×100                                                                (1) 

Based on the results, the increase in MOF amount 

 was resulted in the increase of methylene blue adsorption 

due to the increase in surface area. These results are based 

on the report of MB adsorption by Ni-metal organic framework 

[39] and sulfonated chitosan montmorillonite composite [80]. 

The methylene blue adsorption was evaluated in different 

methylene blue concentrations including 2, 3, 4, and 5 mg/L 

by 0.5 g MOF (Fig. 6 a) and different percentages of 

nanocomposite including 5 and 10 % at different times (Fig. 6 b). 

The increase in methylene blue concentration resulted in to 

increase in adsorption by MOF. The adsorption of MOF-PU 

nanocomposite was examined at a constant concentration of 

4 mg/L for methylene blue solution. According to the 

nanocomposite result, the increase in MOF percentage  

was resulted in to increase of methylene blue adsorption  

due to an increase in surface area. It can be concluded that 

the obtained nanocomposite provides a large surface area 

for the adsorption process. Due to its small size and increased 

surface area and porosity, applications are expanding in various 

fields [69, 78].     

 
Fig. 7: The diagram of MB adsorption by a) MOF and b) MOF-

PU nanocomposite in different pH. 

 

The pH of the methylene blue initial solution was 8.6.  

By changing the pH of the solutions, positive or negative 

charges are created on the surface of the environment [62]. 

The adsorption was studied in different pH of the solution 

including acidic (pH=4), neutral (pH=7), and basic (pH=9) 

for 0.5 g MOF with 4 mg/L of methylene blue 

concentration and 10% nanocomposite with 4 mg/L of 

methylene blue concentration (Fig. 7). According to  

the results, higher pH caused more active sites and reduced 

competition between positive charges and increased 

methylene blue adsorption through electrostatic gravity. 

Thus, high numbers of OH- will be available on the 

surface. Therefore, the adsorbent surface tends to have 
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Fig. 8: The diagram of MB adsorption by a) MOF and b) MOF-

PU nanocomposite in different temperatures (40, 60 and 80 °C 

percent adsorption are for MOF and the graphs are stacked.  

60 and 80 °C percent adsorption is for MOF-PU nanocomposite 

and the graphs are stacked). 

 

a negative charge and thus increases the affinity for the exchange 

of OH- ions with the cationic solution [81]. In general, changes 

in the pH of the solution caused various interactions such 

as attraction or electrostatic repulsion, and hydrogen bond 

interaction that affect the adsorption efficiency [82]. 
Methylene blue is a cationic dye. At low pH, the H+ 

concentration is high; therefore, the MOF surface charge 

is positive, which in turn reduces the adsorption of 

methylene blue. By increasing pH, OH- concentration 

gradually increased and methylene blue adsorption on 

MOF increased [83].  

Methylene blue adsorption was evaluated in various 

temperatures including 25 (ambient), 40, 60, and 80 °C 

For 0.5 g MOF with 4 mg/L of methylene blue 

concentration and 10% nanocomposite with 4 mg/L of 

methylene blue concentration (Fig. 8). The adsorption 

percentage of MB is 95% (25 °C) and 100% (40, 60, and 

 
Scheme 1: Structure of MB  

 

80 °C) for MOF and 50% (25 °C), 98% (40 °C), and 100% 

(60 and 80 °C) for its nanocomposite in 1 h.  The increase 

in temperature was resulted to increase of methylene blue 

adsorption because of kinetic energy and Brownian motion. 

Based on the previous report, temperature is directly related 

to the potential for adsorption by sorbent [63]. Obviously, 

temperature significantly increases the absorption of MB. 

By increasing temperature, the adsorption capacity 

increases, indicating that adsorption is an endothermic 

process. Increasing temperatures may cause swelling in the 

porosity and volume of the adsorbent pores, enabling MB 

molecules to penetrate rapidly on the surface and inside  

the adsorbent internal pores [84]. 

 

Adsorption mechanism 

The Chemical structure of methylene blue 

(C16H18N3SCl) is shown in Scheme 1. Methylene blue is  

a heterocyclic aromatic chemical compound with dimethyl 

amino groups in its structure. The mechanism of MB dye 

adsorption on the sample surface can be inferred from  

the analysis of FT-IR results, in which the presence of 

functional groups on the surface was confirmed [85, 86]. 

According to a previous report, adsorption performance has 

an important relationship with pore structures [87]. The 

adsorption mechanism in aqueous solution is based on 

MOF and its nanocomposite by coordinating the covalent 

bonding of N group as negative charge with MB dye as 

positive charge [29, 30] and electrostatic interactions [87, 88]. 

It is also based on the functional groups of 

Zn2(BDC)2(DABCO) MOF such as BDC ligand (COO-) 

and DABCO ligand (N:) with the compounds of methylene 

blue cationic dye. Also, π–π stacking and hydrogen 

bonding sequences of MOF and MB dye help to absorb 

dye [29, 30]. Another interaction could involve hydrogen 

bonding between the donor and receptor groups of the 

MOF-MB system [89]. Hence methylene blue as one of the 

most common members of cationic dyes can be a good 

choice for adsorption by MOF. Kinetics and removal 

mechanisms have been reported for methyl orange as an 

acidic anionic dye [90].  
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CONCLUSIONS 

In this research, Zn2(BDC)2(DABCO) MOF adsorbent 

was synthesized by solvothermal method at 90 °C for 3 h via 

the self-assembly metal centers and linkers using DMF 

solvent. Its structural properties were characterized by FT-IR, 

XRD, FESEM, and BET. Such a synthesized adsorbent has  

a good surface area (762 m2/g). Based on the results, the MOF 

and the MOF-PU nanocomposite were proposed as good 

candidates for methylene blue adsorption. The effect of different 

parameters including MOF amount, MB concentrations, pH, 

and temperature was shown on methylene blue adsorption by 

MOF and its PU nanocomposite. The potential of this method 

is that  the dye is adsorbed by the sorbent and nano sorbents 

can be removed from the environment. Therefore, the 

strength can be a convenient and cost-effective method  due to 

due to its easy and low-cost fabrication, large surface area, 

and low material consumption. The results showed that MOF 

and its PU nanocomposite can be an economical source of 

methylene blue sorbent from an aqueous solution for the 

development of environmental applications. But the 

limitation is probably its production on an industrial scale. 

Also, this method is safe and has no potential risks, so it can 

have good potential.  Future vision can be developed using this 

nanocomposite.  
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