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a b s t r a c t
In this study, the modified 13X zeolite by copper nanoparticles (copper nanoparticles were coated 
on a bed of 13X), was used as an adsorbent for adsorption of fenitrothion from aqueous solutions 
in a batch process. The results indicated that the maximum adsorption rate was 97% (with values 
of 6, 0.2 g, 20 min, and 20°C for pH, adsorbent mass, contact time, and temperature respectively). 
Kinetic studies showed that the pesticide adsorption process could be well described using the 
pseudo-second-order (Type 1) kinetic model. Langmuir-Type 1 isotherm, as well, covers the equilib-
rium data with a maximum absorption capacity of 63.29 mg/g for modified 13X. The results of the 
tests showed that the temperature increase has a negative effect on the removal efficiency. The ther-
modynamic parameters showed that the adsorption of fenitrothion pesticide on modified 13X in the 
studied conditions was spontaneous and exothermic.
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1. Introduction

The presence of pesticides in soils, groundwater, and
surface water is currently an important concern through-
out the world because many of these materials are harmful 
to both human health and the environment. The increas-
ing application of pesticides in agriculture fields for con-
trolling pests is polluting water resources every day [1,2]. 
The pesticides are mostly non-biodegradable water pol-
lutants and pesticides are carcinogenic in nature. So tox-
icity of pesticides and their products after degradation 
is making these compounds a high-potential hazard by 
contaminating the environment [2]. Applied pesticides 
may transfer into water sources based on direct wash-
ing and irrigation [3,4]. Fenitrothion is a kind of organo-
phosphate pesticide. Volatile insecticides are also greatly 
used to remove flies and ticks, especially O. tholozani tick 
[5–10]. Pesticide’s harmful effects on human health and 
the environment significantly depend on chemical mate-
rial type, duration, exposure time, input concentration, 

and the amount of venom, [11,12]. Many research demon-
strated that pesticides are the reason for abortion, mental 
retardation, teratology effects, and some defects in body 
tissues and actions. Organophosphate toxins like fenitro-
thion have an effect on acetylcholinesterase and lead to 
severe nervous side effects [8,10]. Meanwhile, fenitrothion 
is easily absorbed into the skin and holds a synergic char-
acteristic with other toxins like pyrethrins [13].

The European Union determined a maximum allowed 
concentration of 0.5 µg/L for the combination of all pesti-
cides and 0.1 µg/L for individual compounds in drinking 
water [14].

Different methods like adsorption processes [15,16], 
advanced oxidation processes including Fenton [17], pho-
to-Fenton [18], UV/H2O2 [19,20], UV/TiO2 [21–23], and 
anodic Fenton [24,25] were used to eliminate pesticides 
from water and wastewater. Adsorption shows one of the 
most suitable methods for the elimination of pollutants 
from the environment. It is a means of limiting the mobil-
ity of pollutants to a wider area once they get adsorbed 
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[26–28]. Different types of sorbents were investigated for 
the removal of fenitrothion from the water and waste-
water such as agricultural soil [29], surfactant modified 
agricultural soil [30], organo-zeolites [31], and modified 
montmorillonite [32].

Zeolites like type X zeolites are mostly used as adsor-
bents. The type X zeolites framework is the same as nat-
urally occurring faujasites and they are the large pore 
zeolites among any other known zeolites. Na+ as the 
major alkaline cation and a 13.7 Å free diameter of the 
central cavity are the characteristics of 13X zeolites. 
Approximately 7.4 Å 12-member oxygen ring apertures 
allow for the transfer of molecules with a kinetic diameter 
of 8.1 Å [33,34]. Thus, zeolite 13X are good sorbents for pes-
ticide adsorption. The purpose of this study was to inves-
tigate the process of fenitrothion pesticide adsorption from 
an aqueous solution by modified 13X. These experiments 
were performed on a batch system. The effect of experi-
mental parameters of contact time, adsorbent dosage, initial 
fenitrothion concentration, and temperature on adsorption 
was studied. Finally, some isotherm and kinetic models 
have been used to study absorption. The thermodynam-
ics of the fenitrothion adsorption process from an aqueous 
solution by modified 13X has been investigated.

2. Materials and methods

2.1. Reagents and chemicals

Copper nanoparticles (60–80 nm) and fenitrothion 
pesticide (95%–96% active substance) were prepared from 
Sigma-Aldrich Company, (Germany) and X13 zeolite with 
the purity of more than 90% was purchased from Iran Zeolite 
Company, (Tehran, Iran). Also Cu(NO3)2 was prepared by 
Merck Company, (Germany) was also used. Different con-
centrations of fenitrothion in the range of 50–225 mg/L 
were prepared from the stock solution using doubly dis-
tilled water. pH of the solution was adjusted to 6 by adding 
H2SO4 (1 M) and NaOH (1 M). UV-Vis spectrophotometry 
technique (T90+ UV/Vis Spectrophotometer PG Instruments 
Ltd) analysis at the maximum wavelength (λmax) 271 nm 
[4,35] was used for the determination of the concentration 
of fenitrothion solution.

2.2. Instrumentation

The characterization of raw and modified 13X was 
investigated by the X-ray diffraction (XRD) patterns in a 
scan range of 10–70. Besides, Fourier-transform infrared 
(FTIR) (Shimadzu 4100, Japan) was performed in order 
to determine the functional groups of 13X zeolite before 
and after modification in the range of 400–4,000 cm−1. 
The specific surface area and pore size distribution 
were determined using the Brunauer–Emmett–Teller 
(BET) and Barrett–Joyner–Halenda method respectively 
based on measuring the volume of nitrogen gas adsorp-
tion and desorption by the surface of the material at a 
constant liquid nitrogen temperature (77 K). The scan-
ning electron microscope (SEM) device (Model S3400, 
Hitachi, Japan) was used to identify the surface of zeo-
lites. Also, energy-dispersive X-ray (EDX) spectra were 
carried out on an EDX Genesis XM2 attached to SEM.

2.3. Batch adsorption experiments

Adsorption experiments were performed in batch 
mode (at a constant temperature of 20°C on a magnetic 
mixer at 400 rpm). In each experiment, the pH of the solu-
tion was adjusted by pH meter and using H2SO4 (1 M) 
and NaOH (1 M). After each test, the solution was filtered 
using a centrifuge and the sample was prepared for analy-
sis and determination of the concentration of fenitrothion. 
Each experiment was repeated duplicate and its results 
were compared to each other without making mistakes. 
The experimental test error was below 5%. The fenitrothion 
removal efficiency in each experiment can be determined 
using the Eq. (1):
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where Ci and Cf are the initial concentration (mg/L) and 
the final concentration (mg/L) respectively. The fenitro-
thion sorption capacity by modified 13X at the time was 
calculated as follows:

q C C V
mt i t� �� ��  (2)

where qt (mg/g) is the amount of adsorbed fenitrothion at 
time t; V (L) and Ct (mg/L) are the volume of solution and 
fenitrothion concentrations at time t, respectively; and m is 
the amount of adsorbent (g).

The amount of exchanged fenitrothion ion, qe (mg/g) 
was obtained as Eq. (3):

q C C V
me e t= −( ) ×  (3)

where Ce (mg/L) is the concentration of fenitrothion ion at 
equilibrium.

2.4. Synthesis of Cu modified 13X

In the first step, 10 g of raw zeolite was stirred in 
150 mL distilled water for 1 h and then the mixture was 
placed in a stationary state for 20 min. Finally, the sus-
pension was filtered. This operation was repeated sev-
eral times. In the next step, the resultant was stirred for 
24 h in 200 mL of 0.1 M Cu(NO3)2 solution under mag-
netic stirring (400 rpm). Then, the mixture was centri-
fuged, washed with deionized water and dried using an 
oven at 103°C. For coating of nanoparticles on the zeolite, 
0.1 g of copper nanoparticles (60–80 nm) was poured in 
30 mL of distilled water and sonicated for 15 min. Then, 
6 g of prepared zeolite in the previous step was added 
to the copper nanoparticle suspension and shook mod-
erately for 2 h. Finally, the resulting mixture was dried 
slowly at 80°C for 24 h the products were passed through 
a sieve shaker after drying. The added value of copper 
nanoparticles was such that it was 3 wt.% of 13X zeolite.
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3. Results and discussion

3.1. Characterization of 13X zeolite

The raw and modified 13X were characterized using 
XRD, SEM, EDX and FTIR. Fig. 1a and b indicate that 
the XRD powder pattern of raw and modified 13X zeo-
lite. The results revealed that all 13X zeolite characteristic 
peaks exhibited at 2θ values of 10°, 11.6°, 15.4°, 20°, 23.3°, 
26.7°, 29.3° and 31° which were all presented to the typ-
ical pattern of crystalline 13X zeolite [36,37]. The XRD of 
modified 13X (with copper nanoparticles), indicates that 
no significant metal oxide peaks are found in the profiles 
of 13X zeolite, which may be attributed to the uniform 
dispersion of metal nanoparticles on 13X zeolite. The 
SEM image of the zeolite 13X (raw and modified zeolite) 
is indicated in Fig. 2a and b. As can be seen, zeolite has a 

 
Fig. 2. Scanning electron micrographs (SEM) image of 13X zeolite (a) raw zeolite and (b) Cu modified zeolite.

 

(a)

(b)

Fig. 1. X-ray diffraction of 13X zeolite (a) raw zeolite and (b) Cu 
modified zeolite.
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spherical, regular and crystalline structure with an aver-
age diameter of 90–120 nm which is preserved after the 
loading of nanoparticles. The EDX to determine the ele-
mental analysis of raw and modified 13X is presented in 
Fig. 3. Table 1 shows the EDX analysis results (amounts 
of elements) for raw and modified zeolite. The 13X zeolite 

was examined before and after modification for obtaining 
vibrational information about the species in materials by 
the FTIR spectroscopy device. Therefore, the wavelength, 
chemical bond, and bond type of raw and modified zeo-
lite by copper in the 400–4,000 cm−1 range are indicated 
in Fig. 4. The band located at 420–500 cm–1 corresponding 

 

(a)

(b)

Fig. 3. EDX spectrum of 13X zeolite (a) raw zeolite and (b) Cu modified zeolite.
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to quadrilateral internal vibrations (vibrations of lat-
tice atoms) and flexural oscillations O–Si–O and Si–O–Si, 
the peak at 500–650 cm–1 is ascribed to the elated to the 
external vibrations of the zeolite frame (external connec-
tions) and the presence of interlocking rings (double chain) 
in the zeolite structure, the vibrations of lattice atoms and 
symmetric tensile is shown at 650–730 cm–1, the strong 
broadband at 950–1,250 cm–1 is related to the T–O band 
(T = silica or aluminum) and its sharpness indicates the 
quadrilateral internal vibrations and asymmetric tensile 
oscillations. The peak at 1,050–1,150 cm–1 is ascribed to the 
external vibrations of the zeolite frame (external joints) 
and asymmetric tensile vibrations. The strong broadband 
at 3,520–3,630 cm–1 (centered at 3,740 cm–1) is represented 
using the stretching of water molecules adsorbed on OH 
groups [38–40]. The N2 adsorption–desorption isotherms 
and pore size distributions of 13X zeolite (raw and modified 
zeolite) are presented in Fig. 5. The results indicate that the 
N2 adsorption–desorption isotherms of modified and raw 
13X zeolite are Type III of the International Union of Pure 
and Applied Chemistry classification. Results show that the 
amount of adsorbed N2 is decreased with the impregnation 
of nanoparticles on a bed of 13X, which is due to the block-
age of the pores, especially at the micropores [41]. The BET 
results (Table 2) indicated that the micropore surface area 
and micropore volumes modified 13X are decreased from 
the raw 13X zeolite, whereas, the external surface area is  
almost constant.

3.2. Effect of contact time and pH

Fig. 6 shows the effect of the contact time on the fenitro-
thion removal efficiency by modified 13X. For these exper-
iments, the initial concentration of fenitrothion in aque-
ous solution (100 mL), pH, adsorbent dosage, and tem-
perature were 50 mg/L, 6, 0.2 g, and 20°C respectively. As 
shown in Fig. 6, the pesticide removal efficiency from the 
aqueous solution was reached the maximum value after 
20 min and then very little change in removal efficiency is 
observed. According to these results, the optimized contact 
time for fenitrothion sorption was determined 20 min on 
modified 13X.

To investigate the effect of the initial pH on the fenitro-
thion ions removal, some experiments were carried out at 
different initial pHs in the range of 2–9 at room tempera-
ture (i.e., 20°C) for 20 min (Fig. 7). As can be observed, 
increasing pH leads to an increase in the fenitrothion 
removal efficiency and it later reaches a maximum value at 

pH 6 and then decreases for modified 13X. The pHpzc value 
for the modified 13X zeolite was found between the 7–8 
pH range which indicates that the adsorbent surface was 
negatively charged at pH > pHpzc and become positively 
charged at pH < pHpzc and this will help in better adsorp-
tive removal [42]. It can be concluded that at a pH value 
less than the value of point of zero charges, the adsorbent 
surface becomes positively charged which leads to greater 
electrostatic interaction for fenitrothion sorption [43].

3.3. Kinetics of sorption

Many absorption phenomena are dependent on time 
with different adsorbents. To understand the dynamics of 
the reaction and to predict the rate of absorption with time, 
knowing the kinetics of these processes is very important. 
Several kinetic models are used for absorbance in discon-
tinuous processes, but due to the mathematical complex-
ity of these models, they cannot be easily applied. In this 
regard, reactions that change qt based on time can be simpli-
fied and easier for the kinetics of absorption. Models used 
in this field are Morris–Weber, pseudo-first-order kinetic 
and pseudo-second-order models. Of course, in the pseu-
do-first-order equations, it is assumed that the difference 
between qt and qe is the main propulsion force for the 
absorption action, and the adsorption rate is proportional to 
this force. To investigate the influence of penetration in the 
kinetics of the process, the Morris–Weber equation is used. 
The process of adsorption of particles from an aqueous solu-
tion onto the adsorbent occurs in several steps, where the 
total absorption process may be controlled by one or more 
of these steps. The first step involves the penetration of the 
absorbing material from the solution to the external surface 
of the absorbent. The penetration of the cavity is the sec-
ond stage, and if this is a controlling step, this phenomenon 
can be studied using the Morris–Weber equation. The third 
stage is penetration at the absorbent level. The third stage 
generally states that the final equilibrium is based on the 
very low concentration of absorbed material in solution 
and the loss of active sites in the adsorbent [44]. The first step 
involves the penetration of the absorbing material from the 
solution to the external surface of the absorbent, the pene-
tration of the cavity, which is the second stage, which, if this 
stage is controlling, can be studied using the Morris–Weber 
equation. The third stage is the penetration of the absorbent 
surface. In general, the third step states that the final equi-
librium is due to the very low concentration of absorbed 
material in solubilization and the loss of active sites in the 
adsorbent for absorption action. In this study, the sorp-
tion kinetic data for fenitrothion sorption onto modified 
13X adsorbent were analyzed using different kinetic mod-
els such as Morris–Weber, pseudo-first-order kinetic and 
pseudo-second-order Types 1-4 models. The details of 
the kinetic models were completely described in our pre-
vious study [43,45]. Kinetic results are indicated that in 
Table 3. As can be seen, the pseudo-second-order type-1 
equation offers the best correlation which indicates that 
the rate-limiting step in the fenitrothion uptake process is 
the chemical sorption reaction involving the exchange of 
the electrons between adsorbent and adsorbate. The pseu-
do-first-order is dominant for the kinetic of adsorption 
process for the high concentration of pollutants whereas 

Table 1
Amounts of the elements obtained by EDX analysis

Raw 13X Modified 13X

Element wt.% wt.%

O 51.08 46.35
Na 13.61 2.20
Al 16.62 15.68
Si 18.70 17.54
Cu – 18.23
Total 100 100
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(a)

(b)

Fig. 4. FTIR spectrum of 13X zeolite (a) raw zeolite and (b) Cu modified zeolite.
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the kinetic follows the pseudo-second-order at low con-
centration of pollutants [43]. The kinetic data also showed 
that the experimental data had a good harmony with the 
Morris–Weber equation, which shows that one of the other 
rate-limiting steps is the internal diffusion stage.

 

(a) (b)

Fig. 5. N2 adsorption–desorption isotherms 13X zeolite (a) raw zeolite and (b) Cu modified zeolite.

Fig. 6. Effect of contact time on the fenitrothion removal effi-
ciency.

Fig. 7. Effect of pH on the fenitrothion removal efficiency.

Table 2
BET results of 13X zeolite (raw zeolite and Cu modified zeolite)

Sample SBET (m2/g) Vt (cm3/g) Wd (nm)

Raw 13X 7.597 0.69 3.64
Modified 13X (3 wt.%) 1.89 0.32 6.77
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3.4. Effect of adsorbent dosage

In order to investigate the effect of adsorbent on the 
removal efficiency of fenitrothion by modified 13X zeolite, 
different amounts of adsorbents (0.05–0.3 g), in different 
experiments with the initial concentration, pH, optimum 
contact time and temperature of 50 mg/L, 6, 20 min and 
20°C respectively were used. The results are presented in 
Fig. 8. It was observed that with increasing adsorbent, the 
removal efficiency increases. Hence, 0.2 g of modified 13X 
was selected as the optimum amount of adsorbent, and 
the same amount of adsorbent was used in the next exper-
iments. Increasing adsorption efficiency by increasing the 
amount of adsorbent can be explained in such a way that by 
increasing the adsorbent, more sites (for a certain amount 
of absorbent) are provided, so the absorption efficiency 
is expected to increase. At the same time, after increasing 
the amount of adsorbent (modified 13X to 0.2 g) since the 
amount of absorbance is constant (50 mg/L), so although 
adsorbent sites have been increased, overall, the absorption 
rate due to the constant because the amount of adsorbate 
(fenitrothion) does not increase [49].

3.5. Effect of initial concentration of fenitrothion on the adsorption

To investigate the effect of initial concentration on the 
adsorption process, various concentrations of aqueous 
fenitrothion solution were prepared and the adsorption 
process was performed under optimal conditions for the 
uptake of fenitrothion onto modified 13X at a concentra-
tions range of 50–225 mg/L (Fig. 9). As it is seen, by increas-
ing the concentration of fenitrothion in the solution, the 
absorption capacity has been reduced. To justify this, these 
active sites on the surface of the adsorbent have a con-
stant value, and when the concentration increases, these 
sites are occupied and the absorption capacity decreases. 

Fig. 8. Effect of amount of adsorbent on the fenitrothion removal 
efficiency.
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Table 3
Kinetic constants for fenitrothion adsorption

Morris–Weber equation [46,47]

q K t Ct � �id
0 5.

Kid (min–1) R2

4.6897 0.9725

Pseudo-first-order kinetic model [48]

log log
.

q q q K te t e�� � � �
�

�
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�
�2 303

K (min–1) qe (mg/g) R2

0.1313 5.666 0.8253

Pseudo-second-order kinetic model [43]
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q k q q
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q

t
t e e t
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2
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2
2 vs 8.2 × 10–3 28.99 0.9812
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The results of Fig. 9 are used for isotherm computing, that 
is, Langmuir (four various linear types), Freundlich, Temkin 
and Dubnin–Randkovich (D–R).

3.6. Isotherm model

Absorption isotherm models generally show the 
amount of absorbed material in equilibrium as a function 
of the equilibrium concentration of the solution sorbed in 
a solution on a specific sorbent at a constant temperature. 
The most widely used isotherm models that are used to 
identify the absorption process mechanism are Langmuir 
and Freundlich models. Other isotherms such as D–R 
and Temkin are also used to determine the absorption 
energy and to obtain more information about the absorp-
tion mechanism. In this research, four isotherm models for 
describing the fenitrothion adsorption mechanism onto 
modified 13X are investigated. The details of isotherm mod-
els were presented in the previous work [43,45]. The fit-
ted constants for the Langmuir (four various linear types), 
Freundlich, Temkin and D–R models along with regres-
sion coefficients are summarized in Table 4. From the 
regression coefficients (Table 2) it is found that the best 
fitting was obtained by the Langmuir-Type 1 compared 
to the other isotherm models. Also, results indicated that 
there was a good agreement between the experimental 
and predicted results in the following order Langmuir-
Type 1 > Langmuir-Type 2 > Temkin > Langmuir-Type 
3 > D–R > Langmuir-Type 4 > Freundlich.

3.7. Effect of temperature on adsorption of fenitrothion

The effect of temperature on the uptake of fenitrothion 
from aqueous solution was investigated at a temperature 
range of 20°C–50°C. The experiments were carried out under 
optimum conditions in the previous stages. The results are 
shown in Table 5. As the results show, the increase in tem-
perature in the experiments carried out by the modified 
13X absorbent decreased the removal efficiency of fenitro-
thion from an aqueous solution, although this amount is 
not significant. In justifying this, it can be said that as the 
temperature increases, the thickness of the boundary layer 
increases around the adsorbent, and therefore, the transfer 
of the absorbed component from the solution to the adsor-
bent active sites is more difficult, which leads to a decrease 
in the removal efficiency. Increasing the temperature can 
decrease the number of active sites available for sorption. 
The negative effect of the temperature on the removal efficiency 
indicates that the fenitrothion adsorption is exothermic.

Table 4
Isotherm constants for fenitrothion adsorption

KL (min–1) qm (mg/g) RL R2

Langmuir equation [50]

Type 1: 
C
q q K q

C
C
q

Ce

e m L m
e

e

e
e= ( ) +





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1 1 vs 0.322 63.29 0.0585–0.0136 0.9994

Type 2: 
1 1 1 1 1
q q K C q q Ce m L e m e e

= ( ) +






vs. 0.488 60.61 0.0394–0.009 0.9876

Type 3: q q
K

q
C

q
q
Ce m

L

e

e
e

e

e

= −




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1 vs. 0.492 60.64 0.0391–0.009 0.9623

Type 4: 
q
C

K q K q
q
C

qe

e
l m l e

e

e
e= − vs. 0.474 61.07 0.0405–0.0093 0.9385

Freundlich equation [51]

log log logq K
n

Ce F e� � � � � � 1

K (min–1) n R2

27.08 5.089 0.9126

Temkin equation [52,53]

q B K B Ce T e� �ln ln

KT B R2

21.6282 8.3485 0.9696

D–R equation [54,55]

ln lnq qe m� ���2
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�

�
��

�

�
��RT

Ce
ln 1 1

R2 qm β
8 × 10–8 92.638 0.9564

Table 5
Effect of temperature on the removal efficiency

Temperature (°C) Removal efficiency of fenitrothion (%)

20 97.01
30 94.67
40 87.24
50 75.83
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3.8. Effect of temperature on thermodynamics parameter 
on adsorption of fenitrothion

Using the data in Table 5, the thermodynamics of 
absorption processes are discussed and various thermo-
dynamic parameters such as the Gibbs free energy (ΔG), 
enthalpy (ΔH) and entropy (ΔS) parameters are calculated 
using Eqs. (4)–(6).

K
F
Fc
e

e

�
�1

 (4)

log
. .

K H
RT

S
Rc �

�
�

� �
2 303 2 303

 (5)

�G RT Kc� � ln  (6)

where Fe is the fraction of fenitrothion sorbed at equilib-
rium. The values of these parameters are presented in 
Table 6. As the results are clear, the enthalpy variations 
(ΔH) are negative, which indicates that the adsorption reac-
tion is exothermic. Also, the positive values of ΔS reveal 
that the solid phase and liquid phase interface increases 
randomly during the stabilization of the ions on the adsor-
bent surface. The negativity of ΔG values at all three tem-
peratures also indicates that the fenitrothion adsorption 
reaction is self-contained in aqueous solutions at all three  
temperatures.

4. Conclusions

The modified 13X zeolite by copper nanoparticles 
(copper nanoparticles were coated on a bed of 13X), was 
used as an adsorbent for adsorption of fenitrothion from 
aqueous solutions in a batch process. The raw and modi-
fied 13X characterized by XRD, FTIR, SEM, EDX, and BET. 
These results show that the copper nanoparticles are well 
dispersed on the high surface 13X zeolite support by sim-
ple impregnation. The optimum conditions of fenitrothion 
sorption were found to be as follows: a sorbent dose of 0.2 g 
in 100 mL of solution and contact time 20 min. The kinetic 
data showed that the uptake process was controlled by a 
pseudo-second-order equation (Type-1). Results obtained 
from this study were well described by the theoretical 
Langmuir (Type-1). Thermodynamic studies demonstrated 
negative ΔG and ΔH and positive ΔS. Results showed the 
exothermic nature of the adsorption.
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