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Abstract—This study evaluated the applicability of the adsorption of a widely used organophosphorous pesticide
named diazinon, from aqueous using a new composite consisting of nan-TiO, and polypropylene (Nano-PP/TiO,). The
Nano-PP/TiO, was prepared by wet heat with submerging in an ultrasonic chamber. Extraction and analysis of diazi-
non were accomplished with dispersive liquid-liquid-microextraction and gas chromatography. By using FTIR, SEM,
TEM, and BET technologies, specifications of Nano-PP/TiO, structure were determined. Adsorption equilibrium and
kinetics of diazinon were investigated in a batch reactor and the effects of adsorbent dose, contact time, and initial con-
centrations of diazinon were assessed. It was found that the two-parameter models arranged the data better than the
three-parameter, and the equilibrium data was represented properly by the Langmuir. Additionally, it was identified
that adsorption followed the pseudo-second-order kinetic model. To optimize the conditions for maximum adsorption
of diazinon, response surface methodology was implemented the effects of factors on the adsorption efficiency were
surveyed. The values of optimal initial diazinon concentration, contact time, and mass of Nano-PP/TiO, were obtained
at 10mg L, 32.2 min, and 2.25 g L', respectively. Based on the results, the Nano-PP/TiO, can be used as an effective
and efficient adsorbent for the removal of diazinon from aqueous.
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INTRODUCTION

Water supplies are a fundamental right and a primary require-
ment for humankind [1]. Insufficient access to safe and adequate
water leads to the spread of disease, causing critical public health
problems, such as infectious diseases and gastrointestinal cancer
[2,3]. In present times, contamination is one of the most import-
ant problems increasing gradually in the surrounding environment.
Pollution of aquatic environments by organic pesticides is one of the
most common types of environmental pollution that is often caused
by human activities [4].

These pesticides come in a variety of ways, including the dis-
charge of sewage, direct washing of pesticides, surface runoff, agri-
cultural drainage, erosion, and regional application [5-7]. Diazinon,
an organophosphorus pesticide, is widely used in agricultural activ-
ities and is identified as a pollutant in many water resources [8].
The World Health Organization (WHO) confirmed that its toxic-
ity was 350 ng L' for aquatic and about 90-444 mg Kg ™' of body
weight for humans [9].

Many methods, such as ozonation [10], photocatalytic degrada-
tion [11], electrocoagulation process using aluminum electrodes [12],
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and adsorption methods [13,14] have been developed to remove
diazinon from water resources and wastewater. Among them, due
to technological, environmental, and economic aspects, the appli-
cation of the adsorption process in the removal of diazinon is very
popular and the most attractive option [15-17].

Polypropylene (PP) is a semi-crystalline polymer of the thermo-
plastic polyolefin polymer family. In accordance with good process-
ing capability and chemical properties, PP is used as primary polymer
in technical applications for water treatment [18,19]. Additionally,
titanium dioxide is an inexpensive photo-catalyst that kills the bac-
teria due to its high reactivity and improves the performance of PP
when used in combination. So recently, titanium dioxide (TiO,) in
a mixture with PP has attracted much attention; however, this
depends on the mixing patterns, particle size, and carbon content
of the TiO, nano-powders [20].

Karyab et al. showed that polypropylene and titanium dioxide
nanocomposite can be used effectively to remove total organic car-
bon (TOC) from water. Also, in another study, they examined and
reported its efficiency in removing lightweight petroleum hydro-
carbons from contaminated water resources [21]. As mentioned,
the potential of Nano-PP/TiO, had been proved in the adsorption
of total organic carbon (TOC) from water resources. However, we
could not find any evidence related to removing diazinon by Nano-
PP/THO,. So the purpose of this study was to evaluate the adsorp-
tion potential of diazinon organophosphate pesticides by Nano-
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PP/TiO,, as an inexpensive and affordable adsorbent.
METHODS

1. Materials

A primary and effective study was done recently at the School
of Health Sciences in Qazvin University of Medical Science, Iran.
This study evaluated the adsorption of diazinon on polypropylene/
titanium dioxide nanocomposite which was done in a batch reac-
tor. A 1,000 mg L™ stock solution of diazinon was prepared by using
methanol. Methanol and diazinon were purchased from SIGMA-
ALDRICH. The PP fibers with a density of 0.91 g cm™, a length of
0.01 m, a diameter of 330 micrometers were prepared in Razi Insti-
tute, Iran. Nano-TiO, with a diameter of 20 nm, a bulk density of
046 g mL"', and a surface area of 10 to 45m’ g ' with a purity of
>99% was purchased from NANOSANY, Iran, which contained ana-
tase and rutile by volume of 80% and 20%, respectively.
2. Nano-composite Synthesis

PP/TiO, nanocomposite was synthesized in three phases: acti-
vation of PP fibers, coating of PP fiber with nano-TiO,, and pol-
ishing. In the first and second phases, the PP fibers were activated
and coated through wet heating for 90 min at 65 °C in a stainless
steel chamber. Increasing contact time and temperature in PP acti-
vation was limited to prevent the fiber deformation. In various stud-
ies, activation of PP has been reported with different methods such
as dry heat and plasma [22-24]. Subsequently, the activated fibers
were coated with a nano-TiO, with a diameter of 20 nm. This coat-
ing phase was followed at 26 kHz and 100 W while keeping the tem-
perature at 40 °C in a sonication chamber with 0.5, 1,and 2mg L™
concentrations of nano-TiO, solution. In previous studies, the fea-
sibility of this method has already been reported [21]. Finally, the
morphology of the fractured surfaces was examined by field emis-
sion scanning electron microscopy (FE-SEM). FTIR spectroscopy was
employed to identify fiber-forming substances, using an EQUINOX55
FT-IR (Bruker Optics, Ettlingen, Germany). The pore size distri-
bution and pore volume of PP/TiO, nanocomposite were assessed
using multiple-point nitrogen adsorption through Brunauer-Emmett-
Teller (BET) surface area analyzer (Belsorp Mini II, Japan). By
using the amount of N, gas adsorbed at different partial pressures
(p/po) and a single condensation point (p/p,=0.98), BET analysis
was applied. Particle distribution and titanium particle weight con-
tent in the PP/TiO, nanocomposite were analyzed with image analy-
sis and EDS, using a Mira 3-XMU device equipped with an EDS
micro-analyzer (TESCAN Corporation).
3. Extraction and Analysis

Diazinon was extracted by dispersive liquid-liquid microex-
traction (DLLME) method by using toluene solvent. For this pur-
pose, 12 ml of sample was poured into a 12 ml vial that was specially
designed to achieve this objective. Thereafter, 50 pls of toluene was
injected into it, and the vial opening was covered with parafilm tape.
The vial was then placed in an ultrasonic chamber for 10 minutes
and centrifuged at 3,200 rpm for 3 minutes [4,25]. Finally, by uti-
lizing the GC syringe, the vial supernatant was removed and in-
jected into a gas chromatograph (Agilent 7890 FID, TCD capillary
column) while keeping the helium gas flow at 1 ml min", and the
injector temperature at 250 °C. The injector was operated at 1-4

splits and the initial column temperature was regulated at 70 °C for
2min. In a proper sequence, the temperature was increased at
three steps: (a) at 25 °C min™"' up to 150 °C and maintained at that
temperature for 2 min; (b) at 15°C min™" up to 220 °C and main-
tained at that temperature for 2 minutes, and (c) at 280°C (8°C
min™") for 7 min. A calibration curve was prepared by stocking the
solution including five concentrations of 100, 1,000, 5,000, 10,000,
and 1,000,000 micrograms per liter (ug L™) for the quantification
of sample analysis and injected into the gas chromatography with
three replications. R’ values calculated from trend lines were 0.9992.

Also, 21 spike samples at three concentrations including 5, 10,000,
and 20,000 pig L™ were assessed to control the quality of sample anal-
ysis. For the quality of control and analysis, the diazinon concen-
tration was measured in triplicate at each phase using a GC analyzer.
With a signal-to-noise ratio of three, the detection limit for diazi-
non ranged from 0.2 to 2 ug L™".
4. Batch Experiments and Validity Assessment

At the concentration of 1,000 mg L™, the stock solution of diaz-
inon was prepared by methanol. By utilizing a rotary shaker, batch
adsorption experiments were carried out at 100 rpm in 250-mL
flasks. Diluted diazinon stock solutions were prepared at concen-
tration of 5-2,000 ug L™ by diluting the diazinon stock solution
with distilled water at 23-25 °C ambient temperature and pH~7.5.
Under similar conditions, batch kinetic and equilibrium experi-
ments were conducted. Finally, by using Egs. (1) to (3), the amount
of adsorption at equilibrium, q, (mg g '), at time t, q, (mg g ), and
the percent of adsorption (%) was computed where C,, C,, and C,
are initial diazinon concentration (mg L"), equilibrium diazinon
concentrations (mg L™'), and diazinon concentration at time t (mg
L), respectively. V is the volume of the solution (L) and W is a
dried form of Nano-PP/TiO, (g).

C,—-Cy)V
e:( OWE) (1)
C,—-C)V
qt:% )

%removal =

(COC;CE) %100 (3)

RESULTS AND DISCUSSION

1. Characterization of the Nanocomposite

The surface structure of PP fibers before and after treatment with
Nano-TiO, was analyzed using field-emission scanning electron
microscopy (FE-SEM). FE-SEM micrographs provided useful res-
olution and permit repeated multi-site imaging of surfaces.

Fig. 1 shows the surface of the nanocomposite before and after
treatment. As shown in Fig. 1(b), the surface of crude PP fiber was
smooth and without any inconsistency after the treatment process.
However, the surface of the nanocomposite was modifiable and
appeared to bulge after synthesis. The FE-SEM micrographs showed
that the dispersion of the Nano-TiO, particles was relatively good,
and only a few aggregations exist. Also, MAP analyses were used
to analyze the scratch surface and control the release of inhibitors.
Fig. 1(c) displays the position of Nano-TiO, in the adsorbent. It
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Fig. 1. Micrographs of scanning electron microscope. (a) Surface of PP fiber before treatment. (b) Surface of nanocomposite after treatment.

() Position of Nano-TiO, (red points) in the sorbent.

reveals a change of appearance with the presence of Nano-TiO, parti-
cles (red points) adsorbed onto the surface after the treatment pro-
cess. Fig. 2 shows the FT-IR spectra of the synthesized Nano-PP/
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Fig. 2. FI-IR spectra of the synthesized Nano-PP/TiO,.
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TiO,. Vibration peak at 1,570 to 700 cm ™' regions confirmed the
presence of grafting on the composite surface. According to results
of other studies, these peaks are thought to be formed due to the
adsorption of titanium dioxide on the PP fibers [26,27].

As presented in Fig. 3, the energy-dispersive x-ray spectroscopy
(EDX test) was performed to demonstrate the presence of titanium
on the PP surface. This figure shows the EDX spectrum for the
Nano-PP/TiO,. The peaks corresponding to nitrogen, carbon, oxy-
gen, and titanium are demonstrated in the spectrum, and the ele-
mental analyses have shown that the composition of elements
changed the after-treatment process. The weight of carbon, nitro-
gen, oxygen, and titanium after the treatment process in Nano-PP/
TiO, was 69.5, 6.8, 22.5, and 3.7%, respectively.

Change of composition of elements can be attributed to the
bonding of TiO, nanoparticles to the surface of the polypropylene
after-treatment process. The aggregation of TiO, may be caused by
surface reaction between the nanoparticles and polypropylene.
Moreover, the property improvement of PP/TiO, nanocomposite
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Fig. 3. EDX spectrum of synthesized Nano-PP/TiO, after treatment process.

may also be created due to the inherent stiffness and the disper-
sion qualities of TiO, [20].

The pore size distribution and pore volume of Nano-PP/TiO,
were measured by using multiple points of nitrogen gas adsorp-
tion/desorption based on the Brunauer-Emmett-Teller (BET) anal-
ysis. The total pore volume of Nano-PP/TiO, was 2.06cm’ g ' (p/
Po=0.98) with an average pore diameter of 2.48 nm and a surface
area of 51.52m’ g ', which demonstrated that the prepared Nano-
PP/TiO, had a high surface area and presents a high potential for
adsorption of diazinon from aqueous.

2. Adsorption Isotherms

In this study, the capacity of Nano-PP/TiO, to absorb the diazinon

is determined by measuring the equilibrium isotherms to describe

the interaction between diazinon and Nano-PP/TiO,. The interac-
tion between the amount of diazinon removed from samples at
equilibrium by a unit of mass of Nano-PP/TiO, at constant tem-
perature (23-25 °C at pH~7.5) was expressed with equilibrium data.
This was fitted by three “two-parameter isotherms” including Fre-
undlich, Langmuir, and Temkin, and Redlich-Peterson (three-param-
eter isotherm). Linear expression of these isotherm equations and
the way to obtain the isotherm parameters are given in Table 1.
Where C, denotes equilibrium concentration (mg L"), g, is ex-
pressed as the amount of diazinon adsorbed in equilibrium (mg
g "), q,» indicates the maximum amount of adsorption (mg g '), b
is the adsorption equilibrium constant (L mg ™), Kf denotes adsorp-
tion capacity (mg g™), n is adsorption intensity, and K; is the bind-

Table 1. Isotherms parameters by linear regression method for the sorption of diazinon by nano-polypropylene-titanium dioxide composite

Isotherms  Linear expression Plot Parameters in model R* MPSD HYBRID Obtained
parameters
. 3 o Kp=exp(intercept) n=2.30
Freundlich In q=InKp+n" InC, Inq,vs.InC, n=(slope)”’ 0.996 3.97 0.17 K,=029 mg g
Type(I) C/q. q,=(slope)™ K;=0.38L mg’l;
=(1/K,q,,)+(C./q,,) (CJq) vs. C. K, =slope/intercept 0852 1721 042 =124mg g’
q q p P q g8
Type(Il) 1/q, q.,=(intercept)™ K,=6.88 L mg;
1 X . . .
=(1/K,q,,C.)+(1/q,, e vs: /G, K, =intercept/slope 0999 640 040 ,=0.908 mg g
(1K,q,C)(1/g,) pi/slop q g8
Langmuir Type(IIT) intercept K,=6.32L mg"’
ype(Ill) g, q,=intercep! ,=6.32L mg’};
—q,—(1/K)q/C, q. vs. q/C, K,=—(slope) ! 0.817 7.10 0.43 ,=0.16 mg gfl
Type(lV) q./C. q,,=—(intercept/slope), K;=5.17L mg
. 81 4 .51
=K,q,~K.q. /Cevs.- Q. K,=—slope 0817 843 05 qn=105mgg"’

. 3 qm=slope, K;=0.38 L mg™;
Temkin q.=qn InK;+q,, InC, q,vs.InC, K, = Exp(intercept/slope) 0.870 309.37 33.20 =124 mg g
Redrish In[(AgsCo/q.)—-1]=g  In[(ApC./q.)—1] g=slope, 0.750 475 256 Brp=1.074 (L mg '),
peterson In C,+InBgp vs.In C, Bgr=Exp(intercept) ’ ’ ’ Ap=1.07mgg" (Lmg")
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Table 2. Kinetic and isotherm models for adsobtion of diazinon on various adsorbents

A. Barazandeh et al.

Adsorbent Consistent kinetics Best fitted isotherm Reference
Clay/graphene oxide/Fe;O, Pseudo-second-order and Elovich Langmuir-Freundlich [14]
NH,Cl-induced activated carbon Pseudo-second-order Langmuir [29]
Alimentary industrial waste Pseudo-second-order Langmuir [31]
Treated Bentonite with dilute H,SO, Pseudo-second-order Langmuir [30]
Activated carbon and Loess soil Pseudo-second-order Freundlich [15]
Magnetite nanoparticles coated with methoxy B Freundlich [41]
polyethylene glycol

Nano-TiO,, Degussa Py -- first-order [9]
Fe;0,/Si0O, core/shell nanocrystals Pseudo-second-order Langmuir [35]
Mg-Al and Zn-Al layered double hydroxides intra-particle Langmuir [36]
Chitosan/carbon nanotube Pseudo-second-order Sips [16]
Nano-PP/TiO, composite Pseudo-second-order (type 1) Langmuir (type 2) Present study

ing constant representing the maximum binding energy (Temkin
isotherm constant as L mg™"). The applicable equation of the iso-
therm that described the adsorption process was analyzed by the
coefficients of the correlation, suchlike R* values [28-30].

The derived outcomes revealed that the models of adsorption
isotherm arranged the data in the sequence of Langmuir type 2,
Freundlich, Temkin, Langmuir type 1, Langmuir type 3, Langmuir
type 4, and Redlich-Peterson isotherm. The above sequence revealed
that the equilibrium data is properly arranged by the two-parame-
ter models rather than the three-parameter models. Similar results
were presented in the process where diazinon was removed from
contaminated water by adsorption onto NH,Cl-induced activated
carbon [29], and a pre-treated alimentary industrial waste [31].

The high regression coefficient showed that the Langmuir iso-
therm was the most suitable model to describe the adsorption of
diazinon by Nano-PP/TiO, over the studied concentration ranges.
Also, it was confirmed that some homogeneity in the Nano-PP/
TiO, surface or inside the pores plays a role in the adsorption. It
describes monolayer adsorption of diazinon onto Nano-PP/TiO,
surface and the substances chemisorbed on the solid surface of ad-
sorbent are hardly removed because of stronger forces at stake [32].
Moreover, it suggests that there is negligible interaction between
the adsorbed molecules (diazinon) and adsorption sites in the Nano-
PP/TiO, fibers [14,33].

In addition, the large K; value (6.88 L mg™') implies a strong in-
teraction with the diazinon/Nano-PP/TiO, composite. As presented
in Eq. (4), the essential feature of the Langmuir isotherm can be
expressed by a dimensionless separation factor (R;) [31]:

R=1/(1+K;Cy) (Y]

where K; and C, are Langmuir isotherm constant (L mg ') and
initial diazinon concentrations, respectively. The value of the R/s
number divides the isotherm’s type into unfavorable (R;>1), linear
(R;=1), irreversible (R;=0), and favorable (0<R;<1) values and,
therefore, the separated factor (R;) was increased from 0.007 to
0.996, and as a C, was increased from 0.005 to 20 mg L.

In addition, the Redlich-Peterson equation was used as a con-
nection between Langmuir and Freundlich isotherms. This model
has three parameters and incorporates the advantageous signifi-
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cance of both models. The Redlich-Peterson isotherm model can
be applied to both a homogeneous and a heterogeneous system
for a wide concentration range, and it combines the properties of
the Freundlich and Langmuir isotherms in a single equation [34].

As presented in Table 2, similar results were obtained by other
studies in adsorption of diazinon from water by various adsorbents
including NH,Cl-induced activated carbon [29], alimentary indus-
trial waste [31], treated bentonite with dilute H,SO, [30], Fe;O,/
SiO, core/shell nanocrystals [35], and Mg-Al and Zn-Al layered
double hydroxides [36]. However, a different finding was reported
in using Nano-TiO,, Degussa P25 fitted to first-order model [9], acti-
vated carbon and Loess soil fitted to Freundlich model [15], and
chitosan/carbon nanotube fitted to Sips model [16].

The goodness-of-fit of isotherm equations was assessed by the
Marquardt percent standard deviation (MPSD), and hybrid frac-
tional error function (HYBRID) values, as presented in Egs. (5) and
(6), where q? and g are experimental and calculated mass of
diazinon adsorbed by PP/TiO, nanocomposite, N is the number
of observations in the experimental isotherm, and P is the num-
ber of parameters in the regression model [28].

1 XN qﬁxp_q?u
MPSD =100 (ﬁzl(T] (5)

x| Cal\ 2
100 &[ (g -q;")
HYBRID= —-¥ |~ i J 6

N‘Pf;{ q” ©

The values of the parameters and the coefficients of the correla-
tion, MPSD, and HYBRID which were obtained in this study are
listed in Table 1. MPSD and HYBRID values suggested that Fre-
undlich isotherm provides a better model of the sorption system.
It revealed that the difference between experimental data and antic-
ipated values by Langmuir isotherm is very low and it is showing
that this isotherm model is the best isotherm for predicting the
amount of diazinon adsorbed by Nano-PP/TiO,. The hybrid frac-
tional error function was developed to improve the fit of the sum
square of errors at low concentrations. In this study; it ranged from
0.17 for the Freundlich model to 33.2 for the Temkin model. Also
while evaluating MPSD, it was revealed that the Freundlich model



Adsorption of diazinon from water and wastewater onto a Nano-PP/TiO, composite

2441

Table 3. Kinetic models parameters by linear regression method for the sorption of diazinon by nano-polypropylene-titanium dioxide com-

posite
Kinetic models Linear expression Plot Parameters R? NSD ARE  Parameters
P=slope, .
=—4, ;
Elovich q=FIn(aP)+pInt qvs.Int a=(slope) ™" 0.54 8.51 2.09 f=-4058 mgil O
. a=—092mgg h
exp(intercept/slope)

. _ . — ~11.-v,
Fractional In g,=Ilnk+v Int nq, vs. Int k=exp(intercept), 0.53 7.77 2.06 K=Lllomg g™ b
power v=slope v=—0.28

o q.=intercept, K=0.007mgg ' h™’;
Zero order q=q— kot q Vst K= (slope) 0.82 481 1.29 =073 mg g !
. B q.=exp(intercept), K,=0.016 h™";
First order In(q,/q)=kit In(q,) vs. t k=~ (slope) 0.81 4.89 1.34 4,=023mg g
Pseudo-first _ q.=exp(intercept), K,,=—0.0028 h™%;
order In(q—q)=Inq,~k,t  In(q—q) vs. t k,,=— (slope) 0.82 59.31  14.49 g=221mg g’
I o q.=(intercept) K,=0.0408 mgg ' h'%
=q, . .81 . 16.
Second order  q, =q, +kit q vs.t k=slope 0.8 59.76 6.89 4,-098 mg g *
Type(I) t/q, q.=slope™’, K,=0483mg g h™
=1/ky,qo+t/q, vqvs.t k,,=(slope’)/intercept 091 2790 >88 qn=025mg g’
Type(Il) 1/q, q.=intercept ', K,,=0.508 mgg ' h™';
1/q; vs. 1/t . 0.34 59.37  16.71 ’ >
Pseudo-second =(1/ kzpcﬁ)(l/t)‘F(l/ qe) & k2p:(lntercept2)/ slope q,=0344mg g’
order Type(Il) g, q.=intercept, K,=—125mgg'h';
- (et q vs. g/t k= (slopexintercepyy 0 V14 262 o
Type(IV) q/t q.=—intercept/slope, K,,=—0.786mg g ' h™
=kzpq§—kzpqeqz q/tvs. q; ko= (slope?)intercept 039 4,504.11 741.71 q=254mg g’
ﬁgﬁifde gkt q vs. k,=slope 0.69 639 167 K,=—0063mgg h®

had a minimum error. This function is similar to the geometric
mean error distribution, which was modified according to the degree
of freedom of the system. It has to be emphasized that the error
obtained from MPSD and HYBRID seems essentially justified
[37,38].

3. Kinetic Study

As shown in Table 3, the parameters and mechanism of kinetic
adsorption of diazinon onto Nano-PP/TiO, were investigated by
applying widely used models, including Elovich, fractional power,
zero-order, first-order, second-order, pseudo-first-order, pseudo-
second-order, and intra-particle diffusion [14,28,39].

Low correlation coefficients confirm that Elovich, fractional power,
type II-IV of the linearized form of pseudo-second-order, and intra-
particle diffusion kinetic models do not provide a better regres-
sion. Results suggest that the adsorption of diazinon onto Nano-
PP/TiO, is most appropriately represented by a pseudo-second-order
(type T) kinetic model because it has a higher R* than other mod-
els. This model assumes that two reactions either in series or in
parallel are occurring; the first one is fast and reaches equilibrium
quickly and the second is a slower reaction and can continue for a
longer period [30].

As presented in Table 2, similar results were presented by other
studies in adsorption of diazinon by various adsorbents including
NH4Cl-induced activated carbon [29], alimentary industrial waste
[31], and chitosan/carbon nanotube [16]. However, a different find-

ing was reported by using Mg-Al and Zn-Al layered double hy-
droxides adsorbent, which was consistent with the intra-particle
diffusion kinetic model [36].

In addition, as presented in Egs. (7) and (8), the applicability of
the kinetic models was validated by the normalized standard devi-
ation (NSD), and average relative error (ARE). Here, qf ? is the
experimental mass of diazinon adsorbed by Nano-PP/TiO,, whereas
qu“Z is calculated mass of diazinon adsorbed by Nano-PP/TiO,.
While N is the number of observations in the experimental iso-
therm [28].

Exp Call
i~ 4

Exp

qi

1 N qup_ qCal
_ L
NSD=100 [N—_ 1;{—&@ D ®)

As presented in Table 3, for the consistent kinetic which was pseudo-
second-order (R*=0.91), the values of NSD and ARE were obtained
as 27.90 and 5.88, respectively.
4. Optimization of Adsorption

Based on the central composite design (CCD), response surface
methodology (RSM) was applied to design the experiments and
survey the impact upon the factors on the adsorption efficiency.
Table 4 exhibits the statistics of Linear, 2FI, Quadratic and cubic

100X
_Nz

i=1

ARE @)
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Table 4. Statistics of different models used to optimize the adsorption of diazinon from water by nano-PP/TiO,

Source Std. Dev. R-Squared Adjusted R* Predicted R® PRESS F-value P-value
Linear 0.52 0.588 0.549 0.436 11.36 7.72 0.0001
2FI 0.44 0.731 0.676 0.602 8.42 6.01 0.0005
Quadratic 0.35 0.847 0.793 0.695 6.46 3.69 0.0148
Cubic 0.29 0.915 0.866 0.743 544 0.73 0.404

Table 5. Analysis of variance (ANOVA) for response surface quadratic model in adsorption of diazinon by nano-PP/TiO,

s Sum of squares Mean squares F value p-Value Prob>F
onree Adsorption mg g Adsorption mg g Adsorption mg g Adsorption mg g

Model 17.94 1.99 15.94 <0.0001

A- initial diazinon 7.71 7.71 61.64 <0.0001

B- adsorbent dose 5.66 5.66 4525 <0.0001

C- Contact time 0.022 0.022 0.18 0.675

AB 3.03 3.03 2424 <0.0001

AC 0.025 0.025 0.20 0.659

BC 0.0008 0.0008 0.007 0.934

A 0.67 0.67 5.34 0.029

B’ 2.08 2.08 16.67 0.0004

c 0.026 0.026 0.21 0.650

Residual lack of fit 1.52 0.3 3.69 0.0148

CV, % 55.6

PRESS 6.46

R-squared 0.847

Adjusted R* 0.794

Predicted R’ 0.695

Adeq precision 14.95

models which were used to select the most appropriate model for
response surface factor in optimizing the adsorption of diazinon
from water by Nano-PP/TiO,. According to the output of Design-
Expert software (version 7.0), the Quadratic model had the high-
est fit for studying the adsorption behavior of diazinon from water
(F-value=3.69, P-value=0.0148). Therefore, the selected model was
analyzed by using ANOVA within the Design-Expert software in
the next step.

Table 5 provides information related to the analysis of variance
for Quadratic model level response. Assessing ANOVA for Response
Surface Quadratic Model in adsorption of diazinon by Nano-PP/
TiO, demonstrated that the model F-value of 15.94 implies that
the model is significant. The probability for the occurrence of “Model
F-Value” due to noise is 0.01%. Values of “Prob>F” less than 0.05
indicate model terms are significant. In this case, A, B, AB, A®, B’
were significant model terms.

The “Pred R-Squared” of 0.695 is in reasonable agreement with
the “Adj R-Squared” of 0.794. “Adeq Precision” measures the signal-
to-noise ratio. A ratio greater than 4 is desirable. The ratio of 14.95
indicates an adequate signal. This model can be used to navigate
the design space.

To create a model of the adsorption process, the final equation
in terms of actual factors predicted the optimized state of adsorp-
tion of diazinon and was obtained according to Eq. (9). From this
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equation, it can be concluded that adsorbent dose (factor B with a
coefficient of 0.87) has the highest impact on the removal of diazi-
non from aqueous.

Adsorption(mg/g)=+0.625+0.173(A)—0.879(B)— 0.006(C)—0.02(AB)
+0.0014(AC)+0.00015(BC)—0.0032(A%)+0.185(B*)+0.00008(C2)  (9)

In Fig. 4(a), a normal probability plot of the studentized residuals
checks for normality of residuals. Also, the plot of predicted ad-
sorption versus actual adsorption (mg g™') is presented in Fig. 4(b).
Fig. 5 shows the impact of contact time and mass of adsorbent
on the adsorption of diazinon by Nano-PP/TiO, in initial concen-
trations of 1 and 20 mg L™". By examining the slope of the related
graphs, it appears that the rate of adsorption increases with increas-
ing initial concentration of diazinon. The adsorption rate of diazi-
non was strongly related to the initial concentration of diazinon.
The maximum adsorption rate was 0.4 mg g in the initial con-
centration of 1 mg L™ (Fig. 5(a)); while in the initial concentration
of 20mg L™, the rate of adsorption increased to 2.25mg g (Fig.
5(b)). In addition, Fig. 5 shows that the optimum contact time is a
function of the initial concentration of diazinon and mass of ad-
sorbent, while the initial amount of diazinon in water is high and
the adsorbent mass is low. Whereas the rate of adsorption of diazi-
non by Nano-PP/TiO, reaches a maximum at minimum time. Con-
sider that abundant target molecules are available in the high con-
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Fig. 4. (a) Normal probability plot of the studentized residuals and (b) plot of predicted vs. actual adsorption of Diazinon by Nano-PP/TiO,.
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Fig. 5. Response surface graphs for adsorption of diazinon by Nano-PP/TiO, with interactions between contact time and adsorbent dose. (a)
Initial concentration of 1 mg L. (b) Initial concentration of 20 mg L. (¢) Trend of removal (%) in different initial concentration.

centration of diazinon on the surface center of Nano-PP/TiO, which
increases mass transfer. Hence proving that the mass transfer had
to be reinforced when the target molecules were accumulated at the
interface of two phases of aqueous-adsorbent [32].

During the optimum conditions, the highest removal percent of
the CCD method was equal to 69.3%. Results showed that a con-
tact time of 32.2 min Nano-PP/TiO, with the dosage of 2.25g L,
and initial diazinon concentration of 10 mg L™ were achieved as
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Fig. 6. Response surface graphs for adsorption of diazinon with interactions between contact time and initial diazinon concentration in dif-
ferent adsorbent dose of Nano-PP/TiO,. (a) Adsorbent dose of 0.5 g L™". (b) Adsorbent dose of 2g L.

optimum conditions. Fig. 5(c) shows response surface graphs for
the removal of diazinon from aqueous by Nano-PP/TiO,. The re-
moval percentage of diazinon by Nano-PP/TiO, was increased to
98% by increasing the initial concentration of diazinon from 0.5 to
10mg L' and then a decline in the concentration was observed at
the higher concentrations. At lower concentrations of diazinon,
the specific surface area was high and more available to the diazi-
non molecules, but at concentrations higher than 10mg L™, a
decrease in the mass transfer occurred. Consequently, there was a
lack of available unoccupied sites of Nano-PP/TiO,. The same results
were reported by Farhadi et al. [40]. which demonstrated that the
removal of diazinon from water by Zero-valent iron supported on
biopolymer chitosan was enhanced by increasing the initial con-
centration of diazinon from 10 to 100 mg L' [40].

Fig. 6 shows response surface graphs for adsorption of diazi-
non with interactions between contact time and initial concentra-
tion of diazinon in the different mass of Nano-PP/TiO,. These
graphs revealed that the maximum capacity of Nano-PP/TiO, occurs
in the minimum mass of adsorbent. The maximum adsorption
rate was 2.3 mg g ' in the mass of 0.5g L' (Fig. 6(a)); while with
increasing adsorbent dose to 2 g L', the adsorption decreased to
lower than 0.9 mg g‘1 (Fig. 6(b)). It shows that the optimum ad-
sorbent dose of Nano-PP/TiO, is a function of the initial concen-
tration of diazinon and contact time; while the initial amount of
diazinon in water is high, and the contact time is low, the rate of
adsorption of diazinon reaches a maximum at the minimum mass
of Nano-PP/TiO,. It indicates that by virtue of the rapid diazinon
adsorption process through the adsorbent, the absorption time is
short. Therefore, increasing the adsorbent mass does not affect the
absorption rate.

CONCLUSION

The results of this study reveal that a smooth nanocomposite
without bumps can be produced by coating polypropylene fibers
with nano-titanium dioxide in wet heat under submerging in an
ultrasonic chamber. The adsorption equilibrium and kinetic data
were in better correspondence with Langmuir and pseudo-second-
order reaction; that means the adsorption processes are well de-
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scribed by two-stage diffusion. Results showed that the optimum
condition occurred with the initial diazinon concentration=10 mg
L', contact time=32.2 min and mass of Nano-PP/Ti0,=2.25g L™
with the maximum removal efficiency of 69.3%. Based on the cen-
tral composite design (CCD), response surface methodology (RSM)
revealed that the adsorption capacity of diazinon by Nano-PP/TiO,
was enhanced with the increase in adsorbent concentration, while
removal per unit weight of adsorbent increased with the decrease
in adsorbent concentration. Briefly, it can be concluded that Nano-
PP/TiO, has a moderate adsorption affinity toward the organo-
phosphate pesticides, making Nano-PP/TiO, a viable and efficient
sorbent for the treatment of water and wastewater containing such
contaminants.
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