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a b s t r a c t
Due to the toxicity, carcinogenicity and low biodegradability of organic dyes, removing them from 
wastewaters is essential. In this respect, this study synthesized the iron oxide coated activated carbon 
and zeolite (clinoptilolite) adsorbents. Two adsorbents were applied to remove methylene blue and 
the corresponding parameters, including solution pH, adsorbent dose, initial dye concentration, and 
contact time, were optimized. According to the findings, the optimal contact time for the clinoptilolite 
and activated carbon magnetic nanoparticles was, respectively, 45 and 30 min. Meanwhile, pH did 
not significantly affect the adsorption process though changing pH from 7 to 9 which reduced the 
adsorption efficiency of the clinoptilolite magnetic nanoparticles from 98.6% to 96%. The prepared 
activated carbon and clinoptilolite adsorbents were so efficient that they remove 99% and 98.3% of 
the methylene blue from 100 ppm dye solutions, at pH 7. In general, the results demonstrated that 
coating the activated carbon and clinoptilolite particles with the Fe2O3 nanoparticles was effective in 
enhancing their efficiency of methylene blue removal from aqueous solutions within short times.
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1. Introduction

Over the last decades, the environment has been 
extensively polluted by the dye-containing wastewaters 
that mainly originate from the textile, leather, dyeing, and 
paper industries [1]. However, most dyes are designed and 
produced as complicated synthetic structures to maintain 
their stability over long periods and/or withstand against 
oxidation by solar radiation and oxidant agents. That is 
why most dyes cannot be degraded through conventional 
wastewater treatment processes [2]. Among various dyes, 
methylene blue (MB) has been commonly used in many 
industrial applications [3], such as production of colored 
paper, and dyeing hair, cotton, and wool [4].

The wastewaters contaminated by MB and similar 
dyes are of utmost importance since their emission to the 

ecosystem can alter the appearance of water resources and 
interrupt the life of aquatic species [5]. In this respect, many 
methods have been suggested to remove MB from water 
and wastewater, including coagulation and flocculation 
[3], membrane-based separation, oxidation and ozonation, 
electrical coagulation, and adsorption [6–8]. Among these 
techniques, adsorption has been proven to be more efficient 
from the perspectives of design, utilization, high removal 
capacity, insensitivity to toxic compounds, facile recovery, 
and low price [8–10].

However, the key to a successful adsorption process is 
the application of an appropriate adsorbent. The potential 
adsorbents, activated carbon (AC) and clinoptilolite, have 
been recently studied by many researchers. Though AC has 
many fine pores to help remove pollutants, its efficiency 
can be further improved [11]. Activated carbon, due to its 
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structure and high surface area, has been proposed as an 
adsorbent in air and water pollution control and catalytic 
supports in the chemical and petrochemical industries, and 
it is a suitable option for the effective removal of organic 
contaminations (especially hard-biodegradable pollutants) 
from aquatic environment, because of their high specific 
surface area, porosity, chemical inertness, and thermal 
stability. However, its use in large scales (in engineering 
processes) has been limited because of such problems as 
filtration, dispersion, creation of turbidity, and high cost of 
its reduction [12–14]. Also, zeolites, which are highly porous 
inorganic compounds composed of aluminum silicate and 
proper adsorption properties, have been used as commer-
cial adsorbents. To promote the adsorption efficiency of 
these adsorbents, many researchers have shifted toward 
adsorbent modification [15]. Though there are several 
approaches available to modify adsorbents, the formation 
of nanoparticles (NPs) has attracted more interest since it 
provides a high surface to volume ratio for the removal 
of organic compounds. However, separation of NPs from 
aqueous media is difficult. Therefore, separability of the 
adsorbent NPs should be improved by fixating them on 
different supports, for example, oxides, polymers, AC, and 
inorganic adsorbents. In this way, the use of adsorbent NPs 
would be more practical and economic [16]. Particularly, 
applicability, separability, and efficiency of the NPs would 
be enhanced if they present magnetic properties [17].

Though many recent studies have attempted to promote 
the efficiency of adsorbents in the removal of various 
pollutants, specifically MB, from aqueous solutions using 
different adsorbents including modified bamboo hydrochar, 
chitosan, titanium composites, calcium alginate, modified 
ash, and rice husk [3,18–21], more advances are expected. For 
instance, coating of appropriate adsorbents, such as AC and 
clinoptilolite, by magnetic nanoparticles (MNPs) is expected 
to generate ideal adsorbents with a higher capacity of dye 
adsorption.

Clinoptilolite is known as a natural adsorbent that is 
widely distributed and abundantly found in nature. Hence, it 
is available as an affordable adsorbent. Also, its pre paration 
and modification cost as used in this study was relatively 
inexpensive. Therefore, this method can significantly increase 
the clinoptilolite capacity adsorption as a cheap adsorbent. In 
this method, it has been attempted to compare the adsorp-
tion capacity of clinoptilolite with activated carbon that is a 
commonly and widely used and an attractive adsorbent.

Since the AC and clinoptilolite adsorbents have a low 
tendency toward MB removal from wastewater, the objective 
of the present study was to promote their removal efficiency 
through coating the AC and clinoptilolite particles by iron 
oxide MNPs.

2. Materials and methods

2.1. Materials

Analytical grade MB (C16H18N3ClS), FeCl3.6H2O, 
FeSO4.7H2O, NaOH and AC were purchased from Merck 
Co., (Germany). The clinoptilolite was supplied by a mine 
located in Semnan, Iran. The supplied zeolite was milled and 
passed through a standard ASTM filter to reach the particles 
with 400 μm.

2.2. Synthesis of the magnetic nanoparticle–coated activated 
carbon and clinoptilolite

To synthesize the MNPs [22], 5 g of each adsorbent 
(powdered AC and the zeolite), 6.1 g iron chloride 
(FeCl3.6H2O) and 4.2 g iron sulfate (FeSO4.7H2O) were added 
to 100 mL distilled water in a 250 mL beaker and ultrasoni-
cated by a GOH2-ELMA ultrasonication device. After that, 
the pH level of the suspension was adjusted at 10 using 0.1 N 
NaOH, and the basic mixture was stirred for 24 h at 160 rpm 
and at room temperature. Then, 25 mL of a NaOH solution 
(6.5 M) was gently added to the resultant suspension and 
stirred for 1 h. The obtained solid particles were washed 
several times with distilled water and heated in an oven at 
300°C to activate the modified NPs.

2.3. Adsorption experiments

An MB solution with 2,000 ppm concentration was 
prepared as the stock solution and diluted to make the other 
solutions with different concentrations. The adsorption 
experiments were performed in a batch system containing 
50 mL sample with 50 ppm concentration and 0.5 g adsorbent 
per 50 mL of the solution. The system contents were stirred 
for 45 min at 120 rpm and at room temperature. The pH lev-
els of the examined solutions were adjusted using 0.1 N HCl 
and/or NaOH and measured by a Metrohm (Switzerland) pH 
meter. The adsorption process was optimized with respect to 
the adsorbent dose (0.1, 0.3, 0.5, 0.7, and 1 g per 50 mL of the 
solution), initial MB concentration (25, 50, 75, 100, 150, and 
200 ppm), pH (3, 5, 7, and 9), and the contact time (5, 15, 30, 
45, 60, and 90 min) by varying just one parameter and fixing 
the others at each trial. Also, the kinetics and isotherms of 
the process were studied. To analyze the samples and mea-
sure the residual dyes, a DR5000 UV/Vis spectrophotometer 
(HACH Co., USA) was used and the absorption intensity of 
the samples was recorded at the maximum wavelength of 
MB, that is, 665 nm. All the experiments were repeated three 
times and the average results were reported. To prevent any 
error in the obtained results, all utilized equipments were 
washed with acid and later with distilled water.

The equilibrium adsorption data were fitted into the 
Langmuir, Freundlich, and Temkin models to study the 
isotherms of the process. The percentage of MB removal or 
removal efficiency (R%) and the amount of MB adsorbed 
onto the adsorbents (qe, mg g–1) were calculated using Eqs. (1) 
and (2), respectively. In these equations, C0 and Ce are the 
starting and the equilibrium concentrations of MB in mg L–1, 
V (L) is the volume of the examined solution, and M (g) is 
the mass of the utilized adsorbent.
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The surface morphology of the prepared samples was 
determined by a Bruker scanning electron microscope 
(SEM). The crystallographic properties of the particles 
were unraveled through X-ray diffraction (XRD; model D8 
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advance) analysis. The chemical structure of the adsorbents 
was analyzed by making KBr pellets of the particles and 
recording their Fourier transform infrared (FTIR) spectra 
by a precise PerkinElmer spectroscope over the frequency 
range of 450–4,000 cm–1.

For the study of the regeneration and re-adsorption of 
MNPs (M.C and M.AC), consecutive experiments related to 
the reusability and regeneration of these adsorbents were 
performed in several adsorption/desorption cycles. To each 
cycle, 0.5 g of each adsorbent was added to 50 ppm MB solu-
tion for 45 min at pH 7 to reach the adsorption equilibrium. 
Then, to desorb it, we used 50 mL of 0.1 M NaOH for 180 min 
and to neutralize and prepare the adsorbent for adsorption, 
we washed them with ultrapure water in several stages.

3. Results and discussion

3.1. Characterization of the adsorbents

Fig. 1 shows the SEM images of the modified AC and 
zeolite particles. As it can be seen, the iron oxide NPs are well 

stabilized on the AC and zeolite particles, so that some iron 
oxide particles have filled some active sites and pores of the 
AC and zeolite particles, which has resulted in an enhance-
ment in their porosity and provision of smaller pores. Such 
changes are expected to improve the removal efficiency of 
the AC and zeolite adsorbents. The particle size of the 
obtained nano-adsorbents falls in the range of 10–90 nm.

FTIR analysis was performed on the four unmodified 
and modified samples to identify their functional groups and 
chemical compositions. Fig. 2 displays the corresponding 
FTIR spectra. In this figure, the broad peak observed from 
3,300 to 3,500 cm–1 in the spectra of all samples was related 
to the stretching vibrations of the surficial OH groups and 
the adsorbed water molecules. The vibrational band posi-
tioned at 1,600 cm–1 in the spectra of both activated carbon 
and clinoptilolite refers to the stretching vibrations of the 
surficial C=O groups. This peak can be clearly seen in 
the spectra of the unmodified and modified clinoptilolite 
samples. However, in the case of AC, its intensity was higher 
for the modified sample rather than the unmodified particles. 

 

  

 

  
(a) (c)

(b) (d)

Fig. 1. SEM images of the natural (a) modified clinoptilolite, (b) unmodified, (c) activated carbon, and (d) samples.
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It is worth mentioning that the peak positioned over the 
range of 400–500 cm–1 is just detected in the modified samples 
and represents Fe–O bond vibrations. The presence of this 
peak confirms successful coating of the iron oxide NPs on the 
AC and zeolite particles [23].

Fig. 3 exhibits the XRD patterns of the four adsorbent 
samples. According to this figure, the XRD pattern of the 
modified zeolite particles was consistent with the standard 
diffraction peaks of iron oxide NPs. Furthermore, the pres-
ence of the 30.5°, 36°, 43°, 47°, and 63° peaks that correspond 
to cubic Fe2O3 crystals indicates that Fe2O3 MNPs have been 
successfully deposited on the AC and clinoptilolite particles 
[24]. Moreover, this figure highlights a relatively sharp peak 
at 22° and a peak around 27° as the characteristic peaks of 
the clinoptilolite and AC crystals, respectively. In general, 
the XRD patterns confirm deposition of the iron oxide 
MNPs on the studied particles.

Analysis of the specific superficial area of the synthe-
sized magnetic nanoparticles showed that BET surface 
area of AC magnetic nanoparticles adsorbent was reduced 
as compared with non-magnetic AC. It can be due to the 
high porosity of the active carbon structure and presence 
of Fe2O3 nanoparticles in its porosity [12]. Previous studies 
have reported that the oxidation action of ferric salt played a 
role as an activating agent for carbon materials, as Luo et al. 
[25] reported that the BET surface area of the carbon com-
posite due rice husk was detected to be 269.43 m2 g–1, which 
was smaller than that of the non-magnetic rice husk car-
bon (384.18 m2 g–1). The authors have concluded that the 
formation of Fe3O4 nanoparticles not only contributed to 
a reduction in BET surface area and pore volume but also 
reflected an increase in the average pore diameter [25]. 
Based on another BET analysis, the specific surface area of 
the modified zeolite by magnetic nanoparticles and the total 
pore volume have an increasing tendency in comparison 
with natural zeolite. This is due to the low porosity of 
clinoptilolite particles. This result is also confirmed in the 
study of Mockovčiaková et al. [26].

3.2. Effect of adsorbent dose in dye removal

The effect of the adsorbent dose in the removal of 
50 ppm MB by the zeolite and AC magnetic particles was 
evaluated at pH 7 within 45 min. For this purpose, 0.1–1 g 
of each adsorbent was added to 50 mL MB solution. The 
observed removal efficiencies are depicted in Fig. 4. As 
shown in this figure, increasing the amount of the modified 
zeolite and AC NPs from 0.1 to 1 g (2–20 g L–1) increased 
the percentage of MB removal from 94.5% to 99.9% and 
from 87.2% to 99.64%, respectively. According to these val-
ues, even adsorbent doses as low as 0.2 g per 50 mL can 
remove a noticeable amount of the dye molecules, which 
indicates that these two adsorbents are highly efficient in 
the adsorption of organic dyes. However, adding a greater 
quantity of the adsorbents promotes the dye removal due 
to the availability of more active sites for adsorption of the 
MB molecules. The other point is that the modified zeolite 
NPs are more efficient than the modified AC particles at 
lower adsorbent doses. The reason might be attributed to 
the possession of the more active sites by the zeolite MNPs. 
Also, the ion exchange property of the zeolite MNPs and 
their surficial negative charge should have been effective on 
their higher removal efficiency. Another point is the trend 
of removal efficiency. Though increasing the dose to 0.3 g 
enhances the MB removal, the removal trend smoothens 
at 0.5 g. This observation can be explained with respect 
to the fact that some active sites remain unsaturated at 
higher adsorbent doses and their presence does not affect 
the removal process. Therefore, 0.5 g adsorbent in 50 mL 
solution was selected as the optimal dose.

3.3. Effect of pH in dye removal

In adsorption processes, pH plays a key role in increasing 
the adsorption capacity by varying the surface properties of 
the adsorbents and their ionization extent [27]. Fig. 5 illus-
trates the effect of pH on the adsorptive removal of 50 ppm 
MB by 0.5 g AC and zeolite MNPs within 45 min. Though 
this figure links the maximum extent of solution decolor-
ization to acidic pH (pH = 3), the removal efficiency value 
does not significantly change with the increase of pH. 
Such behavior is in contrast with the observation of many 
other researchers, including Chen et al. [28], who adsorbed 
MB on the iron oxide coated silica and observed higher 
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removal efficiencies at pH levels above 6.5. Also, the study 
conducted by Nasrullah et al. [29] on the adsorptive removal 
of MB by alginate–AC grains showed that the removal 
of MB decreased at lower pH levels due to the existence of 
the H+ ions in the solution. Therefore, insensitivity of the 
AC and zeolite MNPs to pH can be considered as one of 
the advantages of the proposed adsorbents as they can be 
applied to various pH conditions with negligible loss of 
activity.

The zero-point charge (pHzpc) of the adsorbents was 
determined. The pH > pHzpc helps increase the adsorp-
tion of cations, while the pH < pHzpc helps enhance the 
adsorption of anions [30]. The results showed that the 
pHzpc for the M.C and M.A.C adsorbents was 2. Therefore, 
the solution pH was higher than pHzpc, and the absorbent 
surface had a negative charge; since MB is a cationic dye, 
adsorption in pH = 3–9 was well done. These results show 
that electrostatic binding between the absorbent and pollut-
ant would increase the removal efficiency. Fig. 6 shows that 
MB molecules are adsorbed onto the adsorbent intermediate 
surfaces and pores.

To explain the pH insensitivity of AC, one should note 
that the pores and overall physical structure of AC, not its 
chemical properties, determine its adsorption capacity. In 
the case of the clinoptilolite MNPs, however, the situation 
is rather different. The efficiency of MB removal is lower at 
acidic pH and maximizes by increasing pH to 5 and 7. Lower 

adsorption of MB on the modified zeolite at acidic pH levels 
can be associated with the competition of protons with the 
cationic group of MB in accessing the adsorption sites [3]. On 
the other hand, at acidic pH, the OH– ions form a complex 
with the other ions including the MB molecules and reduce 
their adsorptive removal by the zeolite MNPs [3,5]. The dif-
ference between the responses of the two adsorbents to pH 
roots is the fact that clinoptilolite is a cationic ion exchanger 
with the negative surficial charge, the combination of which 
with iron oxide NPs increases its adsorption capacity by 
producing very fine particles [22]. Since pH variations lead 
to chemical changes in the active sites and ionization of 
different functional groups, altering the pH can change the 
surface charge of the adsorbent particles and influence their 
adsorption capacity.

3.4. Effect of the contact time of the adsorption

Three consequent steps of mass transfer happen simulta-
neously with adsorption of a pollutant onto a porous 
adsorbent. The first step is fluid and pollutant film diffusion. 
In the next step, the solvent and dye molecules diffuse from 
the surface of the adsorbent particles toward their inter-
nal pores. In the last step, the adsorbate is adsorbed on the 
internal active sites. This process requires a relatively long 
time [3,31]. As it can be seen in Fig. 7, prolonging the contact 
time from 5 to 90 min. increases the removal efficiency of 
the unmodified zeolite and AC from 33% to 54.8% and from 
32% to 61%, respectively. At 45 min, both adsorbents remove 
45% of the MB molecules, while modification of the zeolite 
and AC particles with the iron oxide NPs, respectively, gives 
98.3% and 99% MB removal at the equilibration time of 
45 min. It means that coating with iron oxide improves the 
adsorption capacity of both adsorbents noticeably.

According to Fig. 7, the greatest extent of MB removal by 
the zeolite MNPs occurs within 15 min, at the beginning of 
the process, while the highest removal efficiency by the AC 
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MNPs happens within the first 5 min. The reason is that there 
are more dye molecules with a high rate of mass transfer 
toward the adsorbent surface at the initial stage of the 
adsorption process. However, as time passes, the adsorbent 
sites are saturated with the MB molecules and the number of 
available active sites and free MB molecules reduces [32]. The 
superior activity of the AC MNPs suggests that its NPs are 
mainly composed of large pores, which enable it to adsorb 
the dye molecules immediately. On the other hand, the pores 
of the zeolite MNPs seem to be as small as or smaller than 
the MB molecules, which results in requiring a longer time 
for MB adsorption and equilibration. Even though initial 
adsorption of MB onto the zeolite MNPs requires a longer 
time compared with the AC MNPs, its equilibration time for 
MB adsorption (45 min) is much shorter than that of carbon–
alginate carbonate (about 8 h) [3] and iron oxide modified 
silica (about 1.5 h) [28].

3.5. Effect of initial dye concentration on adsorption

The increase of initial dye concentration has a key role 
in solutions since it acts as a driving force in overcoming 
the resistance against mass transport between the solu-
tion and adsorbent surface. Therefore, this factor controls 
the equilibration of the dye molecules with the adsorbent 
particles [28]. Fig. 8 depicts the adsorption of various dye 
concentrations (25–200 ppm) on 0.5 g of the clinoptilolite 
and AC MNPs at pH 7 within 45 min in 50 mL of MB. It 
can be observed from this figure that increasing the initial 
concentration of MB leads to a slight decrease in the adsorp-
tion efficiency of both adsorbents. The decrease of the 
removal percentage from 99% to 95% is due to the accumu-
lation of charge on the surface of the MNPs, which leads to 
the fast occupation of the adsorption sites and, therefore, 
restriction of MB diffusion toward the sites located deep 
inside the particles.

For the study of the regeneration of M.C and M.A.C, 
several adsorption–desorption cycles were made. As was 
previously mentioned, the MB removal rate was more than 
98% with fresh M.A.C and M.C, and after first adsorption–
desorption cycles, the MB removal rate was 87.5% and 83% 
for M.C and M.A.C, respectively. These confirm the fact 
that the existing chemical bonds are somewhat weak [33]. 
However, the contact time duration of adsorbents with 

NaOH was long; therefore, some adsorption sites decrease 
due to stronger chemical bonds.

3.6. Adsorption isotherm

Adsorption isotherms are the equations that describe 
the status of adsorbate equilibration between solid and liq-
uid phases and facilitate assessment of adsorption processes 
[34]. In this study, the process of MB adsorption on the 
examined adsorbents was analyzed in the framework of the 
Langmuir, Freundlich, Dubinin–Radushkevich, and Temkin 
isotherms. The fitness of the adsorption data into the three 
isotherms was evaluated using the associated regression 
coefficients (R2).

In general, the Langmuir isotherm supposes that the 
adsorbent surface is covered by homogeneous adsorption 
sites with equal energies and considers that the adsorbed 
molecules do not interact with each other. This isotherm 
can be written by the following relationship [29]:

C
q bQ Q

Ce

e
e= + ×

1 1

0 0

 (3)

where Ce (mg L–1) is the equilibrium concentration of the 
MB molecules adsorbed onto the AC and zeolite MNPs, 
b (L mg–1) is the constant of the Langmuir isotherm that is 
related to adsorption heat, Q0 (mg g–1) is the maximum 
adsorption capacity, and qe (mg g–1) is the amount of MB 
adsorbed on the adsorbents [29].

The isotherm parameters extracted by plotting the 
above linear equation are outlined in Table 1. As shown in 
the table, the qm value of the modified clinoptilolite NPs was 
52 mg g–1 that is greater than that of the modified AC NPs, 
that is, 35 mg g–1. The comparison of different adsorbents 
for MB adsorption in Table 2 shows that M.C and M.A.C 
adsorbents used in this study had a further adsorption 
capacity compared with some adsorbents reported in other 
studies. The reason is that the clinoptilolite MNPs have a 
greater surface area and more pores, according to the SEM 
images. The extracted Langmuir parameters were used to 
calculate the RL factor based on the following equation:

R
bcL = +
1

1 0

 (4)
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The RL values can indicate the favorability of MB 
adsorption onto the studied adsorbents, so that RL values 
greater than unity represent unfavorable adsorption, and 
zero RL shows irreversibility of the process; also, the values 
lying in the range of zero to unity demonstrate favorable 
adsorption [3]. Since the obtained RL values of the AC and 
zeolite MNPs were 0.23 and 0.09, respectively, the studied 
adsorption reactions are favorable.

The Freundlich equation is an empirical model that 
expresses the physisorption of the adsorbates on adsorbent 
materials. This model presumes multi-layer adsorption on a 
heterogeneous surface and concerns exponential reduction 
of the adsorption energy with the increase of adsorbed 
molecules [35,36]. The linear form of this model is as follows:

log log log10 10 10
1q K
n

Ce f e= +  (5)

Here, Kf is the Freundlich constant that depends on 
the adsorption capacity of the adsorbents and 1/n refers to 
adsorption intensity [27].

The Temkin relationship can be expressed using the 
following equation, in which A and B are the Temkin con-
stants. The values of these constants are presented in Table 1.

q A B Ce e= +   ln  (6)

According to the obtained R2 values, adsorption of MB 
onto the AC (R2 = 0.92) and clinoptilolite (R2 = 0.972) MNPs 
is more consistent with the Freundlich model (Fig. 9). It 
means that the surface of the synthesized adsorbents is 

inhomogeneous and a portion of the process involves local 
adsorption rather than layered MB adsorption. A similar 
study on arsenic adsorption onto the 0.5 g L–1 adsorbent has 
also reported the consistency of the observed process with 
the Freundlich isotherm [22].

Dubinin–Radushkevich isotherm is an empirical model 
that is applied to express the adsorption mechanism [37]. 
Isotherm is generally expressed as follows:

In q X Ke m= ′ − ′ln ε2  (7)

where ε = Polanyi potential (ε = RT ln (1 + (1/Ce))); R = 
universal gas constant (J deg−1 mol−1); T = temperature in Kelvin; 
Ce = equilibrium concentration (ppm); qe = equilibrium 
amount adsorbed (mg g−1); Xḿ = adsorption capacity (mg g−1); 
K´ = constant related to the energy of adsorption (mol2 kJ−2). 
This approach was used to determine the physical and 
chemical adsorption processes of MB with its mean free 
energy; E per molecule of the adsorbate can be computed 
using the following equation [37,38]:

E
K

=
− ′
1
2

 (8)

The adsorption apparent energy and Dubinin–
Radushkevich isotherm constants are shown in Table 1. If the  
E magnitude between 8 and 16 (kJ mol–1) shows that the 
adsorption follows a chemical process, while the values of 
E less than 8 (kJ mol–1), the adsorption process is a physical 
nature [39-42]. On the basis of the Dubinin–Radushkevich 
isotherm, this internal adsorption is a chemical bond.

Table 1
Isotherm parameters of methylene blue adsorption onto the clinoptilolite and activated carbon magnetic nanoparticles

Dubinin–RadushkevichTemkinFreundlichLangmuir

R2E 
(kJ mol–1)

K´  
mol2 kJ–2)

Xḿ 
(mg g–1)

R2BAR2KfNR2KL 
(L mg–1)

qm 
(mg g–1)

Adsorbent

0.83610.60.00114.65015.51.70.9295.60.7490.9550.2335M.A.C
0.77410.20.00124.660.82322.716.60.97220.3380.8730.0952M.C

Table 2
Comparison of M.C and M.A.C adsorption capacity with other adsorptions in some previous studies for MB adsorption

Adsorbent Adsorption 
capacity (mg g–1)

Optimal 
pH

Adsorbent 
dose (g L–1)

Equilibration 
time

References

Banana peel 20.8 mg g–1 7.2 1 24 h [37]
Modified zeolite 8.7 6.43 0.1 30 min [39]
Carbon–alginate composite 35.9 8 10 8 h [40]
Magnetic γFe2O3/SiO2 nanocomposite 18.4 7 1 30 min [28]
Zeolite 1.3 5 1 10 min [43]
Beer brewery waste 4.92 7 0.25 24 h [44]
Activated carbon of  Nasturtium microphyllum 67.5 7 0.8 0.5 h [45]
Natural zeolite 23.6 6.7 0.01–0.05 1,000 min [46]
M.C 52 7 10 45 min Present study
M.A.C 35 7 10 45 min Present study
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4. Conclusion

According to the physiochemical properties of the 
modified activate carbon and zeolite particles, the Fe2O3 
nanoparticles have completely covered the surface of the 
adsorbent structures and have led to an increase in their 
porosity. The results showed that the adsorption process 
was affected by contact time, adsorbent dose, and initial 
methylene blue concentration. The activated carbon mag-
netic nanoparticles equilibrated in a shorter time compared 
with the clinoptilolite magnetic nanoparticles. Based on the 
results of this study, the application of 0.5 g modified acti-
vated carbon and clinoptilolite nanoparticles to the removal 
of 100 ppm methylene blue results in 99% and 98.35% 
removal efficiency, respectively. The corresponding adsorp-
tion processes are more consistent with the Freundlich 
isotherm. Furthermore, the capacity of the activated carbon 
and clinoptilolite magnetic nanoparticles for adsorption of 
methylene blue is 35 and 52 mg g–1, respectively. Therefore, 
it can be concluded that both adsorbents are highly efficient 
in removing the methylene blue from the dye containing 
wastewaters.
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