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a b s t r a c t

The perovskite-ty pe LaFe 0.9Co0.1O3 (LFCO1) and LaFe 0.1Co0.9O3 (LFCO2) nanoparticles (NPs) were prepared 
via sol–gel method. The structure and morphology of NPs were characterized by thermogravimetric anal- 
ysis (TGA), X-ray diffraction (XRD), infrared spectroscopy (FT-IR), scanning electron microscopy (SEM),
scanning tunneling microscopy (STM), energy dispersive X-ray spectroscopy (EDX), and Brunauer–
Emmett–Teller (BET). The average particle size of NPs is approximately between 20 and 40 nm. The abil- 
ity of calcined NPs to remove vitavax as a typical pesticide in aqueous solutions was assessed. The 
removal kinetic studies were conducted on LFCOs NPs with different contact time, temperatures, initial 
pesticide concentrations, and adsorbent doses to find the optimum conditions. The results showed both 
NPs can rem ove the vitavax from aqueous solution with a very high adsorption capacity. The removal 
proce ss follows first-order kinetics and the Langmuir adsorption isotherm model. The activati on energy 
and Arrhenius factor were obtained from temperature dependence of the rate constant. The thermody- 
namic parameters of the adsorption were also determined.

� 2013 Elsevier Inc. All rights reserved.

1. Introductio n

The use of pesticides, which constitute a major class of hazard- 
ous compound s, has increased markedly in recent years due to
their extensive applications in agricultu re. In some developing 
and transitional countries, there are more than half a million tons 
of obsolete, unused, banned, or outdated pesticides which endan- 
ger the environment and the health of millions of people. In the ab- 
sence of a clear strategy for obsolete pesticide managemen t,
significant amounts of obsolete pesticide s have been stockpiled 
over the years in developing countries [1].

The contaminat ion of surface and ground waters by pesticides 
is an important problem that scientists are dealing with for their 
effective eliminati on. The process of pesticide removal from water 
is of great importance because of well-known pesticide resistance 
to microbial degradation and its ability of accumulation in the 
environment as well as possible carcinogenic and mutagenic prop- 
erties [2]. Processes involved in pesticide s removal from agricul- 
tural waters include chemical oxidation [3–5], Fenton’s reaction 
[6], biological degradat ion [7], and specially adsorption techniques 
[8,9].

Among various water purification and recycling technologie s,
adsorptio n is a fast, inexpensi ve and universal method [10]. Many 
of the studies towards the solution for this problem have been in- 
volved determinati on of adsorptive behavior of pesticides on vari- 
ous adsorben ts such as kerolite, Al-pillared clay, bentonite, lignin,
quartz, calcite, kaolinite, a-alumina, and activated carbon materials 
[11–16]. The physical characteristics of the adsorbents such as sur- 
face area, porosity, size distribution , density, and surface charge 
have a major influence on the adsorptio n process. Thus, efforts have 
been focused on optimizing adsorption and developing novel alter- 
native adsorbents with high adsorptiv e capacity. In this regard, more 
attention has recently been paid to nanotechnolog y [17,18]. Com- 
pared with ordinary sorbents (microsized adsorbents), NPs offer a
significantly higher surface area-to-v olume ratio and a short diffu- 
sion route which results in high extractio n capacity, rapid extraction 
dynamics , and high extraction efficiencies [19,20]. Therefore, satis- 
factory results can be obtained with fewer amounts of the NPs.

Perovskite-ty pe oxides NPs that were generally formulated as
ABO3 (A is a rare earth metal with large ionic radius or alkali earth 
metals and B is a transition metal with a small ionic radius) are the 
novel and promising adsorben ts for the adsorption of various ana- 
lytes such as dyes, volatile organic compounds, pesticides [21–24].

The aim of the present study is to fabricate and characteri ze two 
perovskit e-type oxide NPs, LaFe xCo(1�x)O3 (x = 0.1 and 0.9) (LFCO1
and LFCO2) and to determine their efficiency in pesticide removal,
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Vitavax, from aqueous solutions. For this purpose, the influence of
the initial pesticide concentration, adsorben t dosage, temperature ,
and contact time for adsorption Vitavax on prepared LFCOs NPs 
was investigated . The kinetic, thermodynam ic, and adsorption 
studies for both LFCOs NPs were done and the results were com- 
pared with each other. Based on our knowled ge the application 
of nanoperovskit e oxides was investigated for the pesticides re- 
moval at the first time in this study.

2. Materials and methods 

2.1. Reagents 

The chemicals and reagents used in this work include La2O3

(99.9%), Fe(NO3)3�9H2O, (99.9%) and Co(NO3)2�6H2O (99.9%) ob- 
tained from Merck, Germany ; citric acid (CA) (99.5% purity), and 
nitric acid were purchased from Aldrich, USA. All chemicals were 
analytical grade and used without further purification. The sample 
solutions were prepared using deionized water throughout the 
experiments .

5,6-dihyd ro-2-methyl-N- Phenyl-1,4-oxa thiin-3-carboxam ide,
Vitavax, is a systemic carboxanilid e fungicide . Carboxanilide pesti- 
cides are used as a seed treatment for control of smut, rots, and 
blight on corn, and wheat and it has been used against Rhizoctonia
spp. of vegetable s and other diseases. They are used very often in
combination with other fungicides such as thiram or captan. Vitav- 
ax was supplied by Uniroyal Chemical Company . The used vitavax 
is the commercial fungicide with 75% wettable powder, 17% flow-
able, in combinati on with carboxin and thiram. The chemical struc- 
ture, molecular weight, and physical properties of vitavax were 
given in Table 1.

2.2. Preparation and characterizati on of the LFCOs NPs 

LFCOs NPs of the type perovskit e oxide were fabricated by sol–
gel method. The appropriate amounts of starting materials 
Fe(NO3)3�9H2O (99.9%) and Co(NO3)2�6H2O (99.9%) were dissolved 
in deionized water and La2O3 dissolved in nitric acid to form lan- 
thanum nitrate. The aqueous solutions of metal nitrates with nom- 
inal atomic ratios La: Fe: Co = 1: 0.9: 0.1 for LFCO1 and La: Fe:
Co = 1: 0.1: 0.9 for LFCO2 were mixed together in deionized water.
Then, citric acid (CA) was added slowly to the metal solution at
room temperature under the constant magnetic stirring 
(1000 rpm). The solution was concentrated by evaporation at
approximat ely 50 �C with stirring for 1 h to convert it to a stable 
complex. To make a gel, stirring was continued at �70 �C for 3 h.
The dry gel was obtained by letting the sol into an oven and heated 
slowly up to 110 �C and kept for 8 h in a baking oven. The gel was 
ground in an agate mortar and turned into powder. Then, LaFe 0.9-

Co0.1O3 (LFCO1) and LaFe 0.1Co0.9O3 (LFCO2) NPs were obtained by
calcinatio n of the precursors at 750 �C for 10 h in air.

The TGA of the gel precursor dried at 110 �C was taken using the 
Shimadz u50 Thermoanalyzer in the temperature range from 50 to
800 �C (10 �C/min) and a dynamic air atmosph ere. The crystal 
structure of calcined powders at 750 �C were determined by XRD 
in the region of (2h = 20–70�) using CuK a radiation (k = 1.5418 Å)
on a Rigaku D/MAX RB XRD diffractome ter equipped with a curved 
graphite monochromato r. The FT-IR spectra were taken by using 
KBr disks method on thermo Nicollet Nexus 870 FT-IR spectrome- 
ter. The specific surface areas (SSA) of NPs were measured by
applying the BET method over the relative equilibrium pressure 
of the N2 adsorption isotherms [25]. The structure and surface 
morphology of the NPs were studied using SS1 STM and all images 
were recorded in the constant -current mode at room temperature 
using a Remanium tip with a bias voltage of around 2 V in atmo- 
sphere. The microstructur e and elemental distribution on the sur- 
face were analyzed by scanning electron microscopy (SEM, LEO 
1450 VP, V = 30 kV) and energy dispersiv e X-ray spectroscopy 
(EDX, Inca 400, Oxford Instruments).

2.3. Pesticide removal experiments 

Pesticide adsorption by the LFCOs NPs was determined in batch 
experime nts at different contact times (5–40 min), fungicide (vit-
avax) concentratio ns (200–800 mg/L), different doses of adsorbent 
(from 1 to 3 g/L) and various temperatures (15–45 �C). The initial 
vitavax solution concentration for all batch experiments was ad- 
justed to 200 mg/L except for the experiments in which the effect 
of the initial vitavax concentratio n was tested. To get a homoge- 
neous solution, 0.2 g of vitavax was dissolved in 1 L of deionized 
water and pH value was adjusted using a Metrohm 620 pH meter.
A known mass of LFCOs NPs was then added to 10 mL of the vitav- 
ax aqueous solution and the obtained suspensi on was immediately 
stirred (1000 rpm) and then was centrifuged.

The pesticide concentr ation was determined by UV–Vis spec- 
trophotometr y (Agilent 8453) at kmax 580 nm. The amount of con- 
taminant adsorbed was calculated using the following expression:

Removal efficiency % ¼ Co � Ce
Co

� 100 ð1Þ

where C0 and Ce are the initial and residua l concentrat ions of vitav- 
ax, respective ly. All experime nts were repeated twice and the mean 
of the two measureme nts was reported. All experime nts were done 
at the room temperat ure except for the experime nts that the effect 
of temperat ure was examined .

3. Results and discussion 

3.1. Charactrezat ion of nanoparticle s

The xerogels and nanopowde rs of perovskite-type oxides LaFe x-

Co(1�x)O3 with x = 0.1 and 0.9 were fabricated by sol–gel method in
the presence of citric acid as a chelating agent. The obtained NPs 
were characterized by TGA, FT-IR, XRD, BET, SEM-EDX, and STM 
methods .

3.1.1. TGA and FT-IR 
Fig. 1 shows the TGA and DTG curves of thermal decompo sition 

process of the LaFe 0.9Co0.1O3 (LFCO1) NPs. The total weight loss of
the xerogel was approximat ely 67% and the decompositi on process 
can be divided into three distinct steps. The first weight loss oc- 
curred during the heating step from room temperature to 180 �C
(24%) resulting from the dehydration and decompositi on of ni- 
trates. This is confirmed by the correspondi ng one weight loss 

Table 1
Basic propert ies of the pesticide.

Characteristic Pesticide 

Type Organic fungicide 
Commercial name Vitavax 
Chemical formula C12H13NO2S
Molecular weight (g/mol) 235.3 
Melting point (�C) 91.5–92.5
Solubility (mg/L) 170 at 25 �C
kmax (nm) 580 
Molecular structure 
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differential peak (149 �C) in the DTG curve. From 180 �C to about 
350 �C, a weight loss of about 13% was observed which attributed 
to the decompo sition of chemically bound groups. The third step 
from 350 to 650 �C (30%) is due to the oxidation or combustion 
of the chelate complex along with the forming of metal oxides cor- 
responding to the strongest weight loss different ial peak (359 �C)
in the DTG curve. No weight loss above 650 �C was detected on
the TG curve which indicates the formation of nanocrys talline 
LFCO as the decompositi on product. Hence, it is plausible to con- 
clude that the optimum calcination temperat ure is about 700 �C.

The FT-IR spectra of the LFCOs fresh xerogel and annealed xero- 
gel in the range of 600–2100 cm�1 were shown in Fig. 2. The dried 
gel of two samples shows the characteristic bands at about 1580 
and 1395 cm�1 corresponds to the stretchin g mode of M–O–C
group [26,27] and the anti-symme tric NO�3 stretchin g vibration 
[28], respectively . The absorption band around 1070 cm�1 is as- 
signed to C–O bond [29]. The bands correspond to O–H group,
NO�3 , and carboxylate impurities disappear as the gel was annealed 
at 750 �C. This indicates the possibilit y of metal carboxylate disso- 
ciation and conversion to metal oxides during the calcination 
process.

3.1.2. X-ray diffraction and microscopic analyses 
Fig 3 shows the XRD patterns of the LFCOs NPs prepared by sol–

gel method and calcined at 750 �C for 10 h. The diffractog rams re- 
veal that the crystalline perovskit e structure is the main phase for 
two synthesized solids. The most intense diffraction peak 
(2h = 32.58) is a single peak for all of the studied perovskit es
[30]. The orthorhombi c structure of LaFe 0.9Co0.1O3 (Fig. 3a) was 
confirmed by high-inte nsity peaks with 2h values 33, 47.4, 58.7 
and 68.2. The diffraction peaks for LaFe 0.1Co0.9O3 at 2h of 32.5,
48.3, 59.2 and 69 were doublet, and this pattern was indexed using 
a rhombohedral unit cell (Fig. 3b) [31]. The crystallite size was cal- 
culated using the XRD peak broadeni ng of the (2h = 32) peak using 
the Scherer’s formula:

Dhkl ¼
0:9k

bhkl cos hhkl
ð2Þ

where Dhkl (nm) is the particle size perpendicula r to the normal line 
of (hkl) plane, k (nm) is the wavelength of X-ray, bhkl is the full width 
at half maximum, and hhkl (Rad) is the Bragg angle of (hkl) peak. The 
crystallit e size of LFCOs-NPs calcinate d at 750 �C was about 35 nm.

The morphology and the particle size of LFCOs NPs were studied 
by SEM and STM methods. Fig. 4 (a: dried xerogel, b and c: calcined 
xerogel) shows the SEM images for both samples LFCO1 and LFCO2 
NPs. As this figure shows LFCO1 NPs are not well-distributed . More 
than 80% of NPs are at the nano scale and it seems that the NPs 
were not grown with uniform size. However, the surface looks 

Fig. 1. TGA/DTG curves of the LFCO1 xerogel carried out from room temperature to
800 �C in air.

Fig. 2. FTIR spectra of the (a) LFCO1 fresh xerogel (i) the calcined powders at 750 �C
(ii) and (b) LFCO2 fresh xerogel (i) the calcined powders at 750 �C (ii).

Fig. 3. The XRD patterns of the (a) LFCO1 NPs and (b) LFCO2 NPs calcined at 750 �C.

88 H. Tavakkoli, M. Yazdanbakhsh / Microporous and Mesoporous Materials 176 (2013) 86–94



Author's personal copy

rough and nearly fully covered with the particles grown on it and 
the particle size distribution seems to be in the range 50–400 nm.
While the grains of LFCO2 sample are nearly spherical with 
approximat ely uniform particle size and their distribution is rang- 
ing between 30 and 60 nm with the average diameter of about 
40 nm.

The EDX analysis attached to SEM was used for further studies 
of the obtained product composition. Fig. 5 shows the EDX analysis 
for NPs which confirms the existence of La, Fe, Co, and O elements.

Figs. 6 and 7 show the STM micrographs of LFCO1 and LFCO2 
NPs, respectively which can be used to determine the particles size 

and height. The bright spots are higher than those of the dark and 
particles distribut ion on the surface is mapped obviously. The aver- 
age particle size and height for LFCOs NPs were 40 nm and 5 nm,
respectively (Fig. 6b). While the average size and height for LFCO2 
NPs were found 20 nm and 6 nm, respectively (Fig. 7b).

The BET measure ment shows that the SSA of the as-prepared 
powders for LFCO1 and LFCO2 calcined at 750 �C were 51.2 and 
42.8 m2/g, respectively.

3.2. Kinetic study of pesticide removal 

The kinetic study of the prepared and characterized LFCOs NPs 
as the adsorben ts for removal of vitavax from liquid solutions was 
investiga ted. The pH of vitavax solution was fixed at 7 for all batch 
experime nts because the vitavax was precipitated in both acidic 
and basic media.

3.2.1. Effect of adsorbent amounts and contact time 
By increasing amounts of LFCOs NPs, the removal efficiency in- 

creased due to increase in the accessible sites for the adsorptio n of
the analyte. Fig. 8 shows that the removal efficiency of vitavax with 
the initial dosage of 1 g/L increased from 37% to 23% at the fifth
minute of contact to 95% and 82% within 40 min under the opti- 
mum condition s for LFCO1 and LFCO2 NPs, respectively . However,
by increasing LFCOs dosage to 3 g/L, complete removal (100%) was 
attained after 25 and 30 min for LFCO1 and LFCO2 NPs, respec- 
tively. In addition, increasing the contact time from 5 to 40 min 
with different dosages of adsorbents led to decreasing in the con- 
centration of vitavax .

3.2.2. Effect of pesticide concentration 
The effect of vitavax initial concentrations was studied on the

adsorption to LFCOs powders under the determined optimum condi-
tions (Fig. 9). The removal percentage decreased from 100% with a con-
centration of 200 mg/L to 58% and 52% with a concentration of 800 mg/
L using LFCO1 and LFCO2, respectively. By increasing the initial analyte
concentrations, more vitavax is left unadsorbed in the solution due to
the saturation of the binding sites. This indicates that energetically less
favorable sites become involved with increasing vitavax concentration
in aqueous solutions. The equilibrium adsorption capacity of adsor-
bents was calculated by the following equation:

qe ¼
VðC0 � CeÞ

m
ð3Þ

where qe is the equilibrium adsorptio n capacit y of adsorbent in mg
vitavax /g adsorbent, V is the volume of vitavax solution in L, and m
is the weight of the adsorbent in g. The calculate d adsorption capac- 
ity of LFCO1 and LFCO2 NPs for the maximum investigate d vitavax 
concentrat ion (800 mg/L) was 155 and 139 mg/g, respectively.

3.2.3. Effect of temperature 
The effect of temperature on the vitavax removal onto LFCOs 

NPs was carried out at 15, 25, 35 and 45 �C (Fig. 10). Increasing 
the temperature from 15 to 25 �C led to an increase in the removal 
efficiency for both adsorben ts. Consequentl y, it is plausible to say 
that the vitavax adsorption onto these NPs may be a kineticall y
controlle d process. Above 25 �C, increasing the temperature has 
no important effect on the removal rate at all.

3.3. Adsorption kinetic models 

The various kinetic models are available to investiga te the 
adsorptio n mechanis m. The first (Eq. 4) and second order (Eq. 5)
reaction rate equations are the most commonly applied models:

ln CðtÞ ¼ ln Co � k1t ð4Þ

Fig. 4. SEM images for (a) dried xerogel of LFCO1 NPs (b) calcined xerogel of LFCO1 
NPs (c) calcined xerogel of LFCO2 NPs.
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1
CðtÞ ¼ k2t þ 1

Co
ð5Þ

where k1 and k2 are the first-order and second-order rate constants,
respectively; C(t) is the concentration of vitavax at time t. Table 2 gives
a summary of the kinetic study of vitavax adsorption by NPs. As the table
shows the removal of vitavax by the NPs obeys the first-order kinetic
model by referring the values of correlation coefficients (R2).

To determine the activation energy, Ea, of the adsorption pro- 
cess, the well-known Arrhenius equation was employed . The val- 
ues of activation energy and the pre-exponenti al factor was 7.6 
kJ mol -1 and 1.4 min �1 for LFCO1 NPs, and 4.37 kJ mol -1 and
0.22 min �1 for LFCO2 NPs, respectively .

3.4. Adsorption isotherm models 

The equilibrium adsorption isotherm is fundamenta l in describ- 
ing the interactiv e behavior between solutes and adsorbent and it is
important for the design of an adsorption system. Several isotherm 
models such as Langmuir, Freundlic h, and Redlich–Peterson have 
been used to explain the nonlinear equilibrium relationship be- 
tween the solute adsorbed onto the adsorben t and that left in the 
solution. In this work, two common adsorption isotherm models 
of Langmuir and Freundlich [32,33] were used to study the adsorp- 
tion data. The linear form of the Langmuir isotherm is defined by:

Ce

qe
¼ 1

bqmax
þ Ce

qmax
ð6Þ

where the qmax (mg/g) is the surface concentrat ion at monolayer 
covera ge which illustrates the maximum value of qe and it can be
attained as Ce is increased. The b param eter is the Langmui r adsorp- 
tion equilibrium constan t which is relates to the energy of adsorp- 
tion. The values of qmax and b can be determine d from the linear 
regress ion plot of (Ce/qe) versus Ce.

The linear form of the Freundlic h isotherm is expressed as
follows:

log qe ¼ log KF þ
1
n

log Ce ð7Þ

where KF and n are constants of the Freundlic h equation. The con- 
stant KF represe nts the capacit y of the adsorbent for the adsorbate 
and n relates to the adsorptio n distribution . A linear regress ion plot 
of log qe versus log Ce gives the KF and n values.

Table 3 summarizes the constant s of both isotherms and the 
correspond ing correlation coefficients. The value of the correlation 
coefficients of the Langmuir isotherm was greater than that of the 
Freundlic h isotherm. This indicates that the adsorption of vitavax 
on LFCO1 and LFCO2 NPs is better described by the Langmuir 
model.

Fig. 5. Result of EDX analysis of the (a) LFCO1 and (b) LFCO2 NPs.
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The essential characteristics and the feasibility of the Langmuir 
isotherm is described in terms of a dimensionless constant separa- 
tion factor (RL) [34]:

RL ¼
1

1þ bC0
ð8Þ

The RL value indicates the shape of the isotherm as follows: irre- 
versible (RL = 0), favorable (0 < RL < 1), linear (RL = 1), or unfavor- 
able (RL > 1). The RL values for the adsorption on LFCO1 and 
LFCO2 NPs fall between 0 and 1; hence, the adsorption is a favor- 
able process.

Fig. 6. (a) STM images of LFCO1 NPs for the area of 30 � 300 nm, (b) height profile along the white line.

Fig. 7. (a) STM images of LFCO2 NPs for the area of 200 � 200 nm, (b) height profile along the white line.
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3.5. Adsorption thermodynam ics 

The thermodyna mic parameters, the standard Gibbs energy 
change, DG�, the standard enthalpy change, DH�, and the standard 
entropy change, DS�, were calculated using the experimental data 
obtained at various temperatures by the following equations.

DG
�
¼ �RT ln Ke ð9Þ

ln Ke ¼ � 1
RT

� �
DH

� þ C ð10Þ

DS
�
¼ DH

� � DG
�

T
ð11Þ

where Ke is equilibrium constan t which can be calculate d by plot- 
ting ln(qe/Ce) versus qe and extrapolat ing to zero qe. R is the univer- 
sal gas constant (8.314 JK�1mol�1) and C is a constan t. Table 4
shows the thermody namic paramete rs of the vitavax onto the 
NPs. The negative values of the standard Gibbs free energy at vari- 
ous temperat ures indicate the spontaneo us nature of the adsorptio n
of vitavax from aqueous solutions by LFCOs NPs [35]. The positive 
values of the standard enthalpy suggest the adsorptio n is an endo- 
thermic process. The positive values of standard entropy change re- 
flect the increasing randomness at the solid/liquid interface during 
the adsorptio n of vitavax on the NPs.

4. Conclusi ons 

The LFCO1 and LFCO2 NPs namely LaFe 0.9Co0.1O3 and LaFe 0.1-

Co0.9O3 were prepared by the sol–gel method and heat treatment 
at 750 �C. Systematic studies were carried out to characterize and 
examine the structural, morphological , and removal pesticide effi-
ciency of LFCOs NPs. The XRD patterns reveal that the LFCOs NPs 
have good crystallini ty with orthorhombi c and hexagonal struc- 
ture for LFCO1 and LFCO2, respectively . The SEM and STM images 
show regular morphology and particle size distribution on the sur- 
face. The FTIR spectroscopy also confirmed the structure of ob- 
tained NPs.

The present study showed that the prepared NPs are efficient
adsorben ts of vitavax fungicide in a short time. In addition, it
was found that the percentage of removal of vitavax by LFCO2 
NPs is less than that for LFCO1 NPs at the same condition s. The ki- 
netic study revealed that the first-order kinetic model describes 
the removal process of vitavax onto the NPs. Also, the adsorption 
obeyed the Langmuir isotherm. Thermod ynamic study indicates 
that the adsorption of vitavax is feasible, and spontaneou s in
nature.

Fig. 8. Effect of stirring time on removal of vitavax in different doses of (a) LFCO1 
NPs (b) LFCO2 NPs. Experimental Conditions: initial pesticide concentra- 
tion = 200 mg/L, initial pH 7, temperature = 25 �C.

Fig. 9. Effect of initial pesticide concentration on removal of vitavax. Experimental 
Conditions: LFCOs-NPs dosage = 3 g/L, initial pH 7, stirring time = 30 min,
temperature = 25 �C.
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Fig. 10. Effect of temperature on removal of vitavax. Experimental Conditions:
LFCOs-NPs dosage = 1 g/L, initial pesticide concentration = 200 mg/L, initial pH 7,
stirring time = 40 min.

Table 2
Adsorption kinetic study for removal of vitavax by the NPs.

Adsorbent qe,exp First-order model Second-order model 

K1 (min�1) R2 K2 (mg�1 L min �1) R2

LFCO1 155 0.07 0.971 0.002 0.69 
LFCO2 139 0.04 0.993 0.001 0.92 
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A comparison of the experimental conditions and removal effi-
ciency of some pesticides via different adsorben ts is given in Ta-
ble 5. The results indicate that the proposed synthesized 
adsorbents are superior to the reported ones. One of the most fea- 
tures of this study is that the contact time for complete removal of
vitavax by LFCOs NPs is less than that of other adsorben ts.
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