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ABSTRACT

In this paper, a novel microcrystalline sodalite was synthesized. In addition, the structural charac-
terization of this zeolite was done using the X-Ray Fluorescence (XRF), X-ray diffraction, scanning
electron microscope (SEM), and Fourier Transform Infrared Spectroscopy (FTIR) analyses. Cu,O
nanoparticles (30-60 nm) were loaded on the zeolite and utilized as an adsorbent to remove diazinon
in fixed bed column. The SEM energy-dispersive X-ray of modified zeolite shows that the amount of
copper loading on the zeolite was equal to 4.5 wt%. The thermodynamic parameters AH, AS, and AG
were evaluated in batch system. Thermodynamic parameters indicated that the sorption of diazinon
onto zeolite was feasible, spontaneous, and exothermic under studied conditions. The effect of bed
depth (5-15 cm), initial concentration (50, 75, and 100 mg/L), and flow rate (0.5, 1, and 1.5 mL/min),
as important variable parameters, was investigated on the column performance. Given the external
mass transfer resistance and the axial dispersion with non-linear isotherm, a general model was used
to predict the breakthrough curves of the fixed bed for diazinon sorption. The numerical calculation
of the model equations was done by the Computational Fluid Dynamics (CFD) software. There was
a good agreement between the experimental data and the predicted theoretical breakthrough curves.
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1. Introduction

At present, one of the important concerns about
environmental pollution is the existence of pesticide in
soils, groundwater, and surface water. This is because there
are numerous hazardous compounds in the structure of
pesticides that are harmful for both the environment and
human health [1]. In many agricultural areas, the organo-
phosphate pesticides are considered as examples of insec-
ticides that have widespread application in pest control. In
addition, different sources such as agricultural drainage [2],
wastewater treatment plants [3], and other water resources
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yield these pesticides. Pesticides are considered as a pri-
marily non-biodegradable environmental pollution that are
chiefly carcinogenic. Toxicity of pesticides and their post-
degradation products will seriously increase the levels of
pollution in both water and the environment. Hence, they
have become most noticeable throughout the world [4].
Diazinon, a kind of organophosphate pesticide, is used
as a control measure for pests in fruits, vegetables, and field
crops. However, excessive concentration of this insecticide is
harmful to organisms and blood. Therefore, the application
rate should be meticulously determined on the chance that
the toxicant brings contamination to groundwater or seawater
[5,6]. However, diazinon absorption into skin can easily occur.
Also, it can show the same characteristic with other toxins
such as pyrethrins [7]. The maximum permitted concentration
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of 0.5 ug/L has been determined by European Union for all
pesticides in drinking water [8]. To remove the toxicant from
water, several different treatment processes were used, such as
the adsorption processes [9,10], advanced oxidation processes
[11,12], and electrocoagulation process [6]. One of the most
effective methods to remove pollutants from the environment
is the adsorption method. In this method, an equipment is used
that is easy to use and readily available. However, the sorption
method is not energy consuming. Also, treatment using this
method is cost effective [13-17]. To eliminate diazinon from
water and wastewater, several sorbents such as agricultural
soil [18], surfactant modified agricultural soil [19], organozeo-
lites [20], and modified bentonite [21] were used.

Over the last 35 years, zeolites have been successfully
employed in the chemical industry and environmental pro-
tection based on their significant physical and chemical
properties including cation exchange, molecular sieving,
and adsorbing capability [22]. Zeolites fall into a desirable
class of advanced crystalline microporous inorganic materi-
als with amazing properties, which make them the best pos-
sible choice for applications such as the molecular sieving,
shape-selective catalytic, and ion-exchange processes [23].
They have microporous channel systems with high surface
areas. These properties are beneficial compared with the
other classical support materials that are of special impor-
tance to the adsorbent [24,25]. Sodalite is regarded as one
of the most typical artificial zeolites that is primarily a tra-
ditional zeolite mainly produced using the hydrothermal
crystallization method [26]. Small pore size (2.8 A) and con-
siderable ion-exchange capacity are the main characteristics
of this zeolite. Moreover, it has attracted great attention in
industry and is utilized in applications such as optical mate-
rial [27], hydrogen storage [28], and catalyst support [29].

Different researches investigated the application of sor-
bents for pesticides removal from aqueous solution and
water. For example, the capacity of MCM-41 and MCM-48, as
mesoporous silicas, was studied in the batch sorption process
for adsorption of fenitothion and diazinon from non-polar
solvent [30]. Atrazine, lindane, and diazinon were removed
from water using the organzeolite as a low-cost sorbent.
Accordingly, the impact of various operating parameters
was scrutinized on the adsorption of diazinon, atrazine, and
lindane onto organozeolite and isotherm of equilibrium that
are related to the abovementioned adsorption process [20].

The aim of this research was synthesis of micro-sodalite
zeolite with new procedure and its surface modification by
copper oxide (Cu,0). By modification of zeolite surface by
copper oxide, the performance of the sorption process is sig-
nificantly improved (copper oxide has high ability to form
m-complex by sulfur in diazinon structure). The application
of modified micro-sodalite in continues mode (fixed bed col-
umn) and study important parameters (bed height, flow rate,
and initial concentration) on the diazinon removal process.As
you know, The application of modified micro-sodalite in con-
tinues mode is too important. The effect of temperature on
the removal of diazinon is also explored in batch adsorption
experiments. In order to better understand the adsorption
characteristic, thermodynamic models were employed to
evaluate the sorption process. Also, the theoretical values
were obtained from the solution of the mathematical model
using the CFD software.

2. Experimental work and procedure
2.1. Reagents and chemicals

Diazinon pesticide with 95%-96% purity and copper
oxide (Cu,0) with a 30-60 nm particle size and the two for-
mulations, namely sodium metasilicate (Na,O,Si-5H,0) and
sodium aluminate (NaAlO,), were purchased from Merck
(Darmstadt, Germany). The solution pH was adjusted using
H,SO, (0.5 M) and NaOH (0.5 M). A UV-Vis spectrophotome-
ter technique was used to specify the diazinon concentration.
Spectra were recorded at maximum wavelengths (I max.)
247 nm [6,30].

2.2. Synthesis of micro-sodalite zeolite

In order to synthesize sodalite micro-zeolite, the hydro-
thermal crystallization method was employed using sodium
metasilicate (Na,O,5i-5H,0) and sodium aluminate (NaAlO,)
as silica and aluminum sources, respectively. Using the stan-
dard synthesis, solution A was prepared by dissolving 8.924 g
Na,0,Si-5H,0 (43% H,0, 29% Na,O, 28% SiO,) in 15 mL of
2.36 M NaOH solution at 70°C. In addition, solution B was
prepared through dissolving 0.341 g of NaAlO, in 5 mL of
2.36 M NaOH solution at 70°C. At the same time, solution A
was mixed with solution B dropwise and was kept there for
72 h under stirring before it could finally reach hydrothermic-
ity. After that, a Teflon-lined stainless-steel autoclave was used
to heat produced gel at 100°C for 48 h. Centrifuge (5,000 rpm)
was used at the end of the process to separate the sodalites.
Double-distilled water was also used to wash the sodalite sev-
eral times. After washing, sodalite dried overnight at 80°C.

2.3. Modification of sodalite zeolite by copper nanoparticles

Through the grains draining in a dispersed suspension
of nanoparticles, nanoparticles loading on zeolite grains
were carried out. To do so, 0.1 g of Cu,O nanoparticles in the
range of 30-60 nm was added into an Erlenmeyer flask con-
taining 10 mL distilled water. The mixture in Erlenmeyer
flask was sonicated for a few minutes to achieve a suspen-
sion with high uniformity. Subsequently, 2 g sodalite zeolite
was spilled into the flasks and shook moderately for 2 h.
At the end, the mixture in the flasks were dried at 80°C for
10 h. The loading rate of Cu,0 nanoparticles on the zeolite
was 4.5 wt% [31,32].

2.4. Instrumentation

X-ray diffraction (XRD) patterns were investigated by a
GBC MMA diffractometer using the Cu Ka radiation. Scans
were recorded in an angular range from 5° to 70°. Scanning
electron microscope (SEM) model 53400, Hitachi, Japan, was
employed to examine the surface of the sodalite zeolite. Using
gold and palladium to enhance the quality of the image, the
sample was coated by a sputter coater with conductive mate-
rials. The density and thickness of coating were 30.00 nm
and 19.32 g/cm?, respectively. Energy-dispersive X-ray (EDX)
spectra were recorded on an EDX Genesis XM2 attached to
SEM. FTIR spectrometer (Shimadzu 4100) was used to obtain
the sodalite infrared spectra. This was done in order to deter-
mine the sodalite functional groups. Spectra were collected
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with a spectrometer using KBr pellets. In each case, the
homogenization of 1.0 mg of dried sodalite and 100 mg of
KBr was conducted with the aid of mortar and pestle. Later,
they were pressed onto a transparent tablet at 200 kgf/cm? for
5 min. Characterization of pellets was done using an FTIR
spectrometer in the transmittance (%) mode with a scan reso-
lution of 4 cm™ in the range 4,200-500 cm™.

2.5. Batch adsorption experiments

Batch adsorption experiments were performed using
temperature as an important variable. The adsorption of dia-
zinon on modified zeolite was conducted to study the effect
of temperature parameter (at constant parameters such as
pH, contact time, adsorbent dosage, and initial concentra-
tion), and determine the conditions that could lead to the
maximum amount of diazinon removal.

2.6. Column experiments

Continuous-flow experiments for diazinon removal
were done in a fixed bed column (columns were manufac-
tured by glass) with an inner diameter and length of 10 and
20 cm, respectively. At the top and bottom of the column, a
porous sheet (mesh 42) was attached. A uniform inlet flow of
solution into the column was provided by glass beads with
the height of 2 cm (1.5 mm in diameter), which was placed
at the bottom of column. To achieve different bed heights,
4.6, 8.1, and 12.5 g of sorbents were added to give 5, 10, and
15 cm of height, respectively. The flow rate and concentration
effect on diazinon sorption were investigated at 0.5, 1, and
1.5 mL/min and 50, 75, and 100 mg/L for a fixed bed depth
of 5 cm, respectively. The desired flow rate of diazinon solu-
tion at the column was provided by a peristaltic pump (pp40,
Miclins India). Samples collection was done at the effluent of
the column. Later, samples were analyzed for diazinon con-
centration by a UV-Vis spectrophotometer. Each experiment
was carried out in duplicate to obtain the reproducibility rate
and the mean value used for each set of values. The exper-
imental error was below 5%, and no significant differences
were observed in the experiment results.

The total quantity of diazinon sorbed in the column (M)
is calculated from the area above the breakthrough curve
(outlet diazinon concentration vs. time) multiplied by the
flow rate (F) (Eq. (1)):

M, =FC,I: [1 —C‘]dt 1)
CU
Dividing the diazinon (M ;) by the sorbent mass (M)
leads to the uptake capacity (Q) of the modified zeolite. The
total quantity of diazinon sent to the fixed bed column can be
calculated from Eq. (2):

Mtotal = CO'F'te (2)

where C, t and F are the inlet diazinon concentration
(mg/L), the exhaustion time (min), and the volumetric flow
rate (mL/min), respectively. Total removal of diazinon (%)
can be presented as the ratio of diazinon mass adsorbed

(M_,) to the total amount of diazinon sent to the column
(M) as Eq. (3):

Total diazinon removal % = ﬁ x 100 3)
total

2.7. Mathematical model

The CFD simulation with its fixed bed reactor packed with
porous spherical particles was used to solve sets of ordinary
and/or partial differential equations similar to the one used
for modeling, predicting, and optimizing the performance of
water treatment processes, sorption operations, aquifer flow
behavior, etc. Using the finite element method, the numeri-
cal solution was obtained by the CFD model. It depends on
the mass, momentum, and energy conservation equations of
the system, which is made up of diazinon, a modified zeolite
bed, and tank walls. The finite element analysis accompanied
by adaptive meshing and error control is run by the soft-
ware with the aid of a series of numerical solvers. It is very
important to follow six basic steps as explained earlier when
the model in CFD approach is being set up. In the present
research, the model was used to determine account axial dis-
persion, external mass transfer, interparticle diffusion, and
non-linear adsorption isotherm [33,34]. The following model
governs the equations for component i:

We can write the continuity equation in the bulk-fluid
phase as [33,34]:

2 —_—
oC, :_Uacbi +D, 0 Czbi _Mpb%
ot 0z 0z € ot

@
b

0.
With regard to the film diffusion, the sorption term —~
can be written as follows: ot

aqi 3kﬁ
E = H(Cbi - Cpi,R:RV ) 5)
prp

To replace the film diffusion expression back into Eq. (4)
and rearrange the results, the following equation is used:

azcbi ) aCbi acbi 4

booz? oz ot

3k,(1-¢,)
Rppp

(Cbi - Cpi,R:Rp ) =0 (6)

Continuity equation inside the macropores:

The intraparticle mass balance in the radial direction
explains the pore diffusion, which is expressed by the fol-
lowing equation in spherical coordinates:

ac ag, 18 ,0C,
pi _ i 2 Py | =
P +(1 gp)p” ot 8*’D*"'[R; A @)

Initial and boundary conditions:

C, =C,(0,2)=0 ®)

C,=C,(0,R,z)=0 9)
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The three elements in this equation, namely the scaled
bulk concentration, c,, scaled intraparticle concentration, Ci
and scaled particle dlmenswn are expressed as mentloned
earlier: c;=C,/C , c . Cw/Cm, R/R

The component Langmuir 1sotherm model eased the
calculation of the concentration inside spherical particle Cp‘

[28,29]:

qubt o1 1
e e a9
050
and regarding the following relation:
oc
9, _ 99, % (15)
ot oc, ot
where:
1+b6,Cye
% qmz z( 07 p]) (16)

acm‘ (1+bC c )

0i~pj

We can restate the model Egs. (6) and (7) into the follow-
ing semi-dimensionless equations:

d%, o, oC, 3k;(1-¢
L Cfl + = e ﬁ( p)(Cbi ~Cpir=R ):0 17)
0z 0z ot Rp, PR

:PP’ + ppi ZTpi 18
rs (18)

aq. |oc, &,D 62 2¢ D . oc. .
ot Rp2 67 R:r or

Initial and boundary conditions turn into:

¢, =¢,(0,z)=0 (19)

¢, =¢c,(0,R,z)=0 (20)
oc,, L

z=0:—%=—"(, —c 21
82 DL( bi ur) ( )
C

z=L:—%=0 22
= (22)

aC”-

r=0:—=0 (23)
r
oc. Rk

=l =2 e —c ) (24)
or D, mRek

On the assumption that diazinon molecules are larger
than micro-sodalite pores, the only sorption phenomenon
occurs on the zeolite surface. Therefore, we neglect the dif-
fusion of poison particles into the pores of the adsorbent and
only solve the equations related to the mass transfer around
the column considering the adsorption term.

3. Results and discussion
3.1. Characterization of sodalite zeolite

The XRD, EDX, SEM, and FTIR were used to struc-
tural characterization of the sodalite zeolites. The XRD of
sodalite and modified sodalite by Cu,O nanoparticles are
shown in Figs. 1(a) and (b). As can be seen in Fig. 1(a), the
XRD shows the peaks at 20 values of 14.1°, 20.1°, 22.4°, 24.5°,
27.7°,31.9°,34.9°, 37.9°, 43.1°, 45.7°, and 48.1°. They were all
given by Treacy and Higgins [35], which showed a success-
ful synthesis of micro-sodalite zeolite indicating a desirable
crystallinity. The Cu-modified sodalite also showed good
agreement with works carried out previously [26,28,36,37].
The crystalline phase SEM image helps create a useful tech-
nique to determine the crystals morphology and size. Fig. 2
shows the SEM image of a modified sodalite. As can be seen,
the spherical micro-sized particle has been formed with an
average size of 20 um. Fig. 3 presents the elemental analy-
sis of Cu-modified sodalite by means of EDX. The presence
of Cu peaks in EDX spectrum was explained in detail, and
the amounts of elements were given in Table 1. Fig. 4 shows
the FTIR analysis of modified sodalite in the 600-4,200 cm™
range. The peak located at 702 cm™ matches the bond of Al-O
fragment. In addition, the strong broad peak at 998.9 cm™ is
connected to the asymmetric stretching mode of the tetrahe-
drally coordinated Si [38,39]. The peak at 1,639 cm™ is the
result of the free water bending vibration. The strong broad
band at 3,400-3,700 cm™ (centered at 3,467 cm™) is attributed
to the stretching of hydroxyl group (OH-) of silicate lattice
[40-42]. The appearance of a new absorption peak at 434 cm™
is the result of the formation of single four-membered ring of
sodalite unit [39].

3.2. Effect of temperature on adsorption of diazinon

The effect of temperature on the adsorption was investigated
in the temperature range of 20°C-50°C at pH 6 and adsorbent
dosage of 0.2 g into 100 mL (50 ppm) of solutions. The equilib-
rium contact time for adsorption was maintained at 20 min. The
results indicate that the percentage of adsorption decreases with
every increase in temperature from 20°C to 50°C. This implies
that the adsorption process is exothermic in nature. The effect
of temperature on the removal efficiency is shown in Table 2.
Results of Table 2 were used for determination of changes in
Gibbs free energy (AG), heat of adsorption (AH), and entropy
(AS) of the diazinon sorption from aqueous solutions.
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Fig. 1. X-ray diffraction of synthesized sodalite zeolite: (a)
sodalite and (b) Cu-modified sodalite.

3.2.1. Effect of temperature on thermodynamics parameter on
adsorption of diazinon

The variation in the extent of sorption with respect
to temperature has been explained based on thermody-
namic parameters. Various thermodynamic parameters
such as enthalpy change AH, free energy change AG, and
entropy change AS were calculated using Egs. (25)—(27).
The values of these parameters are presented in Table 3.
Thermodynamic parameters AH, AS, and AG were calcu-
lated using the following equations:

E
K =—¢ 25
“T1-F (25)
logK =ﬂ+A—S (26)
¢ 2303RT 2.303R
AG=-RTInK, 27)

where F is the fraction of diazinon sorbed at equilibrium.
The values of these parameters summarized in Table 3
showed that the enthalpy change AH is negative (exo-
thermic) due to the decrease in adsorption on successive
increase in temperature. The negative AG values showed
the thermodynamically feasible and spontaneous nature of
the sorption. The positive value of AS reveals the increased
randomness at the solid-solution interface during the fixa-
tion of the diazinon on the active sites of the sorbent.

20 .0k Vv-¥30. a8k 20.64m

Fig. 2. Scanning electron micrographs of sodalite zeolite.
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Fig. 3. The EDX spectrum for copper-modified sodalite.

Table 1
Amounts of the elements obtained by EDX analysis
Element Wt%
(¢} 49.13
Na 17.07
Al 14.55
Si 14.75
Cu 4.5

3.3. Simulation parameters

The parameters for diazinon adsorption modeling are
presented in Table 4. The correlation of Chung and Wen [43]
was used to determine the axial dispersion coefficient D, in
a fixed bed column:

D, = Re 0.48 Lo (28)
(0.2+0.011%Re™ )| p,,
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Fig. 4. FTIR spectrum of sodalite zeolite.

Table 2
The effect of temperature on the removal efficiency

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

20 95.32
30 91.2

40 85.33
50 77 44

Liquid film mass transfer coefficient for each component
was obtained wusing the correlation of Wilson and
Geankoplis [44]:

109

&€
P

The value of liquid diffusivity coefficient (D, ) was
obtained by means of the following equation [45]:

Sh, Re'?SC® for 0.0015<Re <55 (29)

Dm, =2.74x10°(MW,) " (30)

Eq. (31) was used to calculate the mean absolute
percentage deviation (%Error) experimental data:

6. -6
%EI‘I‘OI‘ _ 100 Z‘nj?t i,exp z,calc‘ (31)

ndat [?)

i,exp

3.4. Effect of flow rate

One of the most important parameters during the evalu-
ation of adsorbents performance in fixed bed column is the
effect of the flow rate [46]. To evaluate the flow rate effect
on the column performance, different flow rate (0.5, 1 and
1.5 mL/min) was used; the initial diazinon concentration
and bed height were also constant at 5 cm and 50 mg/L,
respectively. The experimental and predicted breakthrough
curves at different flow rates for the effluent diazinon con-
centration vs. time are shown in Fig. 5. As can be seen, the
predicted data can be fitted well with the experimental
breakthrough data. Fig. 5 shows that the diazinon uptake
was very rapid at lower flow because of more availability of
reaction sites to sorb diazinon from aqueous solution. In the

Table 3
Thermodynamic parameter for adsorption of diazinon onto ze-
olite

AH AS T AG R?
(kJ/mol) (kJ/mol K)  (°C) (kJ/mol)
-1,059.8 3.253 20 —-7.342 0.91
30 -5.891
40 —4.582
50 -3.312
Table 4

Adsorption modeling parameters

Pollutant Diazinon
Particle diameter (d) 20 um
Bed diameter (d,) 2 cm
Bed porosity 0.37
Langmuir model (g, ) 61.32 mg/g
D, (m?/s) 0.41 x 107
Mw(Diazinon) 30435 g/mOI

1.2 4

O mi/min0.5Q= © ml/min1 Q= A ml/min1.5 Q= === Theoretical

0 100 200 300 400 500 600 700
Time {min)

Fig. 5. Breakthrough curves for diazinon sorption onto modified
zeolite at different flow rate.

next step of process, because of gradual occupancy of the
sites, the diazinon uptake from aqueous solution reduces.
Increasing the flow rate will decrease the adsorbed diazi-
non. Also, the break point time decreases, and the steeper
breakthrough curve is observed. Another point should be
made that is by increasing the flow rate, solute does not
have enough residence time to reach the adsorption equilib-
rium; therefore, the diazinon solution without occurrence of
equilibrium leaves the column [47,48]. Table 5 shows sorp-
tion capacities, maximum diazinon sorption, or removal
efficiency with regard to the flow rate. It was found that the
total sorbed diazinon quantity, maximum diazinon sorp-
tion, and the values related to the percentage removal of
diazinon declined with every increase in flow rate.
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Table 5
Column data and parameters obtained at different flow rates
Flow rate t, t, ol M, q Removal %Error
(mL/min) (min) (min) (mg) (mg) (ng/g) efficiency (%)
0.5 100 370 9.25 4.86 1,080 52.54 4.38
1 70 200 10.00 4.78 1,062 47.8 3.18
15 50 140 10.5 4.5 1,000 42.86 4.75
3.5. Effect of initial diazinon concentration 127 4 mg/l50-0C O mg/75-0C A mg/100-0C ——Theoretical

The effect of initial diazinon concentration (50, 75 and
100 mg/L) on the sorption of diazinon by modified zeolite at
fixed bed column can be seen in Fig. 6. The constant values
of 5 cm and 0.5 mL/min were used for bed height and flow
rate, respectively. It was found that the trend of the fitted
curve agrees well with the experimental breakthrough data.
As can be seen in Fig. 6, the breakthrough curves becomes
much steeper upon any increase in the initial concentration
because the increase in the solute concentration in the solu-
tion causes an increase in the driving force in favor of mass
transfer. Thus, the diazinon ion in the solution will exchange
faster with ion attached to the modified zeolite, and this situ-
ation will lead to the rapid exhaustion of zeolite. The adsorp-
tion data (sorption capacities, maximum diazinon sorption,
or removal efficiency) were presented in Table 6. It was found
that the decrease in the breakthrough and exhaustion time is
caused by any increase in the initial concentration of diazi-
non from 50 to 100 mg/L.

3.6. Effect of bed height

The adsorbent quantity in the fixed bed column has con-
siderable effect on the diazinon uptake. The effect of chang-
ing bed height (from 5 to 15 cm) in fixed bed column onto
diazinon removal from aqueous solution by modified are
presented in Fig. 7. These experiments had been performed
at 0.5 mL/min flow rate and 50 mg/L of initial diazinon con-
centration. Fig. 7 shows that the increase in the bed height
from 5 to 15 cm leads to an increase in the treated solution
volume (V  =F x t).

In general, increasing the bed height provides enough
time for the solute to adsorb into sorbent mass, and there-
fore, it stays more into the column and treats more volume
of the wastewater. It was found that the increase in bed
height leads to an increase in the adsorption capacity and
removal efficiency of diazinon by modified zeolite. The
maximum uptake of 1,820 pg/g for diazinon was observed
at the maximum bed depth, namely 15 cm. The diazinon
uptake increases with the bed height caused by the increase
in the adsorbent quantities in the beds with more height.
The more adsorbent quantity provides more adsorption
sites for the diazinon binding. Furthermore, the bed height
increases from 5 to 15 cm leading to an increase in the break-
through time. This is simply due to the fact that the solute
resides more in the column with the more availability of the
adsorption sites [46,47]. In different bed heights, the diaz-
inon uptake capacity with the modified zeolite remained
almost constant (Table 7). Because the uptake capacity
probably has a strong dependence on the amount of sorbent

0 200 400 600 800 1000
Time (min)

Fig. 6. Breakthrough curves for diazinon sorption onto modified

zeolite at different initial concentration.

available for the adsorption [46]. As can be seen in Table 5,
an increase in breakthrough time (t,), exhaustion time (t),
and removal efficiency due to the increase in bed height
are observed. As seen in Fig. 7, there is a good agreement
between the experimental and predicted values.

4. Conclusions

The new method used to synthesize micro-sodalite zeo-
lite crystals was investigated in this paper. Results suggested
that synthesis of this zeolite was performed successfully. To
modify zeolite for removal of diazinon from water, Cu,0
nanoparticles were loaded on the surface of zeolite. Here
depending on thiophenic sulfur compounds (i.e., diazinon)
form either m-complexes using delocalized electrons of the
aromatic ring or a direct S-M (i.e., sulfur group of diazinon
and cupper) bond using the lone pair of electrons of the sul-
fur atom present in the plane of the ring. Thermodynamic
studies demonstrate negative AG and AH, and positive AS.
Results showed the exothermic nature of the adsorption. The
effect of bed depth, initial diazinon concentration, and flow
rate on the performance of fixed bed column for removal of
diazinon by modified zeolite was investigated. It was found
that the operating parameters have some effect on the break-
through behavior of single component systems in packed
bed column. Subsequently, it was realized that the break-
point increases with bed height and decreases with feed flow
rate and initial diazinon concentration. A general model was
utilized to describe the transport and adsorption phenomena
of the diazinon fixed bed adsorption column. The predic-
tion models were validated with experimental breakthrough
curves. The CFD prediction can be used for analyzing the
experimental study of the sorption process in a packed bed.
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Table 6
Column data and parameters obtained at different initial concentration
Initial concentration (mg/L) ¢, (min) t, (min) M, (mg) M (mg) gq(ug/g) Removal efficiency (%) Y%Error
50 100 370 9.25 4.86 1,080 52.54 4.38
75 80 290 10.87 4.9 1,100 45.08 3.17
100 60 230 11.5 5.04 1,120 43.83 2.55
Table 7
Column data and parameters obtained at different bed heights
Bed height (cm)  f, (min) t, (min) M., (mg) M, (mg) q(ug/g) Removal efficiency (%) Y%Error
5 100 370 9.25 4.86 1,080 52.54 4.38
10 150 750 18.75 13.1 1,630 69.77 9.31
15 200 1,180 29.53 22.8 1,820 77.42 10.91
12 O cmb L= O cml10L= A cm15L=  e==Theoretical qTI - Inltlal Zeolite CapaCitY’ mg/g
R — Radjial distance in the particle, m
1 Re — Reynolds number, puvdp/pw
Rp — Radius of particle, m
08 r — Scaled radial distance in the particle R/R,
t — Time, s
< 06 t, — Breakthrough time, s
t, — Initial breakthrough time, s
04 V, — Initial solution volume, 1
Vf — Final solution volume, 1
02 w, — Zeolite dosage, g
0 & ; : : : ‘ Greek symbols
0 500 1000 1500 2000 2500
Time (min) g, — Bed porosity
Fig. 7. Breakthrough curves for diazinon sorption onto modified & - Partlcl? .p0r051ty.
zeolite at different bed heights. v - Interstitial Ve10c1ty (Qf Agep), m/s
P, — Density of particle, kg/m?
Symbols p, — Density of water, kg/m?
w, - Viscosity of water, Pa s
A — Cross-sectional area of the adsorber, m?
b, — Langmuir constant, min™ Subscripts
C, — Concentration of solute i in the fluid phase of
the column, kg/m? j — Integer value
Cy — Scaled concentration of solute i in the fluid L — Liquid phase
phase of the column C, /C, p — Pore phase
C, — Equilibrium concentration, mg/L
c, — Initial concentration of solute 7, mg/L References
C, - Concentration of solute i in the fluid phase [] PH. Howard, Handbook of Envi ol Fate and E Data
% : 3 1. Floward, randbooK Or Environmen ate an Xposure Data:
Wlt{“g the pores O),f the Zfeoh’;e, kg'/n'} he fluid For Organic Chemicals, Volume III Pesticides, CRC Press, Lewis
Cyi — Scale C‘on‘centratlon of solute 1In the flui Publishers, Inc, Chelsea, Michigan, 1991.
phase within the pores of the zeolite C /C, [2] R.Budd, A. O'Geen, K.S. Goh, S. Bondarenko, J. Gan, Efficacy
D. — Pore diffusion coefficient of component 7, m?/s of constructed wetlands in pesticide removal from tailwaters in
d : _ Particle diameter, m the Central Valley, California, Environ. Sci. Technol., 43 (2009)
4 : . ' 2925-2930.
iﬂf - Eie iactor }n Eq' (3(1))’ }1’:1 g/glcycle [3] N. Stamatis, D. Hela, I. Konstantinou, Pesticide inputs from the
o ife factor in Eq. (31), h/cyc € ) sewage treatment plant of Agrinio to River Acheloos, western Greece:
k.~ —  External mass transfer coefficient of solute ;, m/s occurrence and removal, Water. Sci. Technol,, 62 (2010) 1098-1105.
L — Bed height, m [4] G.Z. Memon, M. Bhanger, M. Akhtar, F.N. Talpur, ].R. Memon,
_ Adsorption of methyl parathion pesticide from water usin,
Q Flow rate, L/s P yl p p g
el . . watermelon peels as a low cost adsorbent, Chem. Eng. J., 138
q, — Equilibrium zeolite capacity, mg/g (2008) 616-621
9, ~—  Adsorption equilibrium constant defined by |51 M Banace, A. Mirvagefei, G. Rafei, B. Majazi Amiri, Effect

Langmuir equation of component i, mg/g
Zeolite capacity in packed bed, mg/g

of sub-lethal diazinon concentrations on blood plasma
biochemistry, Int. J. Environ. Res., 2 (2008) 189-198.
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