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Abstract Green synthesis of nanomaterials has received
increasing attention as an eco-friendly technology in
materials science. Here, we have used two types of
extractions from green tea leaf (i.e., total extraction and
tannin extraction) as reducing agents for a rapid, simple
and one-step synthesis method of mesoporous silica
nanoparticles/iron oxide nanocomposite based on deposi-
tion of iron oxide onto mesoporous silica nanoparticles.
Mesoporous silica nanoparticles/iron oxide nanocomposite
were characterized by X-ray diffraction, Fourier transform
infrared spectroscopy, scanning electron microscopy,
energy-dispersive X-ray, vibrating sample magnetometer,
N, adsorption and high-resolution transmission electron
microscopy. Mesoporous silica nanoparticles/iron oxide
nanocomposite was used as a solid adsorbent for removal
of lindane pesticide from aqueous solutions. The developed
system possesses the advantages of silica as core that
include large surface area and advantages of iron oxide
(shell) that include the capability to interact with chlori-
nated compounds and ability to release by using external
magnetic field. UV-Vis technique was used as a simple and
easy method for monitoring the removal of lindane. Effects
of pH and temperature on the removal efficiency of the
developed mesoporous silica nanoparticles/iron oxide
nanocomposite toward lindane pesticide were also inves-
tigated. Fourier transform infrared spectroscopy, high-
performance liquid chromatography and gas
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chromatography techniques were used to confirm the high
ability of mesoporous silica nanoparticles/iron oxide
nanocomposite for sensing and the capture of lindane
molecules with high sorption capacity (about 99%) that
could develop a new eco-friendly strategy for detection and
removal of pesticide and as a promising material for water
treatment.

Keywords Green synthesis - Mesoporous silica - Magnetic
iron oxide nanoparticles - Adsorption - Lindane

Introduction

Magnetic nanoparticles (NPs) have wide applications in
several fields such as medical applications (e.g., target drug
delivery, magnetic resonance imaging, cancer hyperther-
mia treatment) and nano-sorbents in environmental engi-
neering (Johannsen et al. 2007). Several techniques have
been used for the synthesis of iron oxides magnetite NPs
such as chemical precipitation method (Maity et al. 2010),
thermal decomposition of the organic iron precursor in
organic solvents (El-Ghandoor et al. 2012), polyol process
(Rockenberger et al. 1999), sol-gel method (Cai and Wan
2007), sonochemical synthesis (Dang et al. 2009) and
solvothermal synthesis (Zhang et al. 2011). Although most
of these methods could produce pure and well-defined NPs,
they are relatively expensive and dangerous to the envi-
ronment (Bhattacharya and Rajinder 2005). Green syn-
thesis methods have many advantages such as the (1)
reduction or elimination of hazardous wastes, (2) utiliza-
tion of sustainable processes, (3) uses of eco-friendly
chemicals, solvents or renewable materials (EI-Said
et al. 2014). Inactivated plant tissue (Padil and Cernik
2013), plant extracts (Shameli et al. 2012), exudates
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(Lukman et al. 2011) and other parts of living plants
(Parsons et al. 2007) were used as environmentally
friendly, non-toxic and safe reagents for synthesis of metal
NPs (Salam et al. 2012).

Tannin “gallotannic acid or tannic acid” is a mixture of
pentadin alloy glucose, pentagalloyl glucose and proan-
thocyanidins that could be extracted from several plant
sources as a colloidal solution in water. Due to its chemical
structure (Scheme 1), it could be used as a reducing agent
(Cataldo et al. 2013).

Lindane is one of the organochlorine pesticides, which
is considered as an environmental hazard that have an
estimated 9.3% dermal absorption rate and is absorbed
even more efficiently across abraded skin (Yavuz et al.
2007).

Several methods including catalytic dechlorination
(Simagina et al. 2003), photolysis (Wang et al. 2007),
hydrothermal decomposition (Prabowo et al. 2007),
reductive dechlorination (Chang et al. 2008), bacterial
degradation (Fouad and Mohamed 2011) and photodegra-
dation process (Fouad et al. 2015) were applied for the
decomposition of different types of pesticides “especially
organochlorine pesticides” from water.

Scheme 1 Chemical structure OH
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Due to the high stability of organochlorine pesticides in
for many years after their use (Shukla et al. 2006), thus
their removal by different degradation processes showed a
low efficiency. And in some instances, decomposition of
pesticides results in transformation products that are more
toxic, so they represent a greater risk to the environment
than the parent molecule (Bavcon et al. 2003). Among the
different methods for water treatment, the adsorption
method by using solid adsorbents has many advantages
over the other methods; these advantages include the
simple design, ease of using, low cost and ability for
recycling of the adsorbents. Much progress has been made
in recent years on adsorption application by using different
materials. Developing new adsorbent materials with high
efficiency and economic feasibility to remove these pol-
lutants is in demand to improve the water quality.

Mesoporous silica nanoparticles (MSNPs) have received
increasing attention in several scientific and technical fields
due to their unique features including large surface area,
capability for interacting with atoms, ions and molecules
on their surfaces and along their porous networks (Akhtar
et al. 2015; El-Said et al. 2010).
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Fouad et al. have previously reported on fabrication
of silica—gold nanocomposites for removal of methacri-
fos  (methyl (E)-3-dimethoxyphosphinothioyloxy-2-
methylprop-2-enoate) pesticides that show high ability
for removal of organophosphorus pesticides up to 90%
(Fouad et al. 2017). However, there is a high need for
the fabrication of cost-effective materials that have
ability to capture the pesticides molecules. Nanomateri-
als have wide applications in several fields including,
chemistry and environment, energy, medicine, agricul-
ture, information and communication, heavy industry
(E1-Said et al. 2011; Chen et al. 2012; Wang and Chen
2016). The nanomaterials may be unsafe for the bio-
logical system, since some of these materials could enter
in the body due to the small size and their higher
specific surface area and be a toxic at the cellular level
(Vishwakarma et al. 2010; Jin et al. 2005). Also, they
could easily bind with and transport toxic pollutants,
which when inhaled can cause a number of pulmonary
diseases in mammals. However, iron oxide nanoparticles
(Fe;04 NPs) are one of the biocompatible materials that
have been widely used for many biotechnology and
medical applications such as in magnetic resonance
imaging, cell recognition and drug delivery (Laurent
et al. 2008; Jain et al. 2005; Modo and Bulte 2005), in
addition to some clinical applications including detection
of liver tumors, metastatic lymph nodes, inflammatory
and degenerative diseases. Therefore, we have selected
Fe;O04 NPs as eco-friendly materials that also enable
easy method for extraction from the medium by using
external magnetic field.

In the present work, we reported a fast, non-toxic, and
green synthesis of magnetite MSNPs/Fe;O, nanocom-
posites by using extractions from green tea as reducing
and capping agents. The aim of this work is using
MSNPs/Fe;O, nanocomposite as a solid adsorbent
material for the removal and detection of organochlorine
pesticides (lindane). The magnetic feature of the devel-
oped MSNPs/Fe;O4 nanocomposites is an additional
advantage for magnetic separation of organochlorine
pesticides from wastewater based on applying an exter-
nal magnetic field as shown in Scheme 2. Our results
indicated that we have developed a simple and rapid
method to remove lindane from water by using green-
synthesized MSNPs/Fe;O, nanocomposite with high
efficiency.

This work has been started in May 2016, and it was
carried out at the laboratories of Faculty of Science, Assiut
University.

Materials and methods
Materials

Tetraethyl orthosilicate (TEOS, >99.9%) was obtained
from Merck; cetyltrimethylammonium bromide (CTAB,
>98%) was purchased from Sigma-Aldrich. Ferric chloride
and ammonia solution (NH4OH, 32%) were obtained from
Alpha Chemika. Standard pesticide such as lindane was
purchased from Riedel-de Haén. All other chemicals and
solvents were obtained as an analytical grade and used
without any purification. All the solutions were prepared
with deionized water (18.2 MQ cm), which was purified
with a Purite purification system.

Preparation of MSNPs

MSNPs were prepared by using CTAB surfactant as the
structure-directing agent according to the previously
reported method (Fouad et al. 2017). In a typical synthesis
procedure, 24 mL of deionized water (DIW), 9.6 g of
0.5 M NaOH and 1.0 g of CTAB were added in 100-mL
beaker under vigorous stirring at room temperature. 2 mL
of TEOS as the silicon source was dropwise added to the
mixture and stirred continuously for 8 h. The product
material was filtered off, washed three times with DIW and
ethanol, and then, dried overnight at 60 °C. The final
product was calcined at 550 °C for 5 h to remove all
CTAB from the MSNPs.

Preparation of two types of green tea extractions

Two types of extractions were obtained from green tea leaf
and used for the synthesis of MSNPs/Fe;0,4 nanocomposite
as following:

(1) The first type of the green tea leaf extraction (total
extraction) was obtained by boiling about 5 g of dried
green tea in 50 mL of DIW for 60 min, the color of
the aqueous solution was changed from watery to
yellow and the mixture was allowed to cool to room
temperature. The aqueous extract of green tea was
separated by filtration with Whatman filter paper and
centrifuged at 1000 rpm for 5 min to remove any
heavy biomaterials.

(2) Second type of the green tea leaf extraction (tannin
extraction) was prepared by boiling about 5 g of dried
green tea in 50 mL of ethanol for 60 min. The
mixture was allowed to cool to room temperature and
to evaporate ethanol under vacuum evaporation to
obtain the tannin.
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Scheme 2 Graphical
scheme for removal of lindane
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Green synthesis of MSNPs/Fe;04 nanocomposites

Magnetite MSNPs/Fe;O,4 nanocomposite was synthesized
based on using tea extraction as follows:

Typically, 0.4 g of the prepared MSNPs was dispersed
in 50 mL of DIW, and then, 1.11 gm of FeCl;-6H,O was
added, and the solution heated at 80 °C under mild stirring
for 10 min. Then, 50 mL of tea extractions was added, and
immediately the yellowish color of the ferric chloride
solution changed into reddish brown color and its pH was
strong acidic (about 1). After 5 min, hot ammonia aqueous
solution was added to the mixture until it became alkaline
(about pH = 8). NH,OH was added with rate of 1 mL/min
for allowing the precipitation of magnetite uniformly under
mild stirring for about 60 min at 100 °C. The mixture was
allowed to cool down to room temperature. And the
MSNPs/Fe;0, nanocomposite was purified by washing
three times by using DIW and ethanol. Finally, the MSNPs/
Fe;04 nanocomposites were dried overnight at 80 °C and
calcined at different annealing temperatures for 5 h.

Measurements

The chemical, crystal structure and morphologies of
MSNPs and MSNPs/Fe;04 nanocomposites were charac-
terized by HRTEM analysis by using a JEOL-2000
instrument operated at high voltage 120 kV. X-ray
diffraction (XRD) analysis of test samples was performed

* @ Springer
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with a Philips (The Netherlands) diffractometer (Model
PW 2103, A = 1.5418 108, 35 kV and 20 mA) with a source
of CuKa radiation (Ni-filtered). The diffraction patterns
were recorded in the range of the diffraction angle 20 from
10° to 90° with a step of 0.06°. Fourier transform infrared
(FTIR) spectra of MSNPs and MSNPgs/Fe;0,4 nanocom-
posite were measured by using a Nicolet™ iS™10 FTIR
spectrometer in the wave number range 400-3800 cm ™.
The samples have been admixed with KBr under vacuum
and at pressure of 1.88 tons/cm® Thermogravimetric
analysis (TGA) was conducted by using Shimadzu ther-
mogravimetric analyzer model (TGA-60H) in the temper-
ature range of 0-750 °C, with a heating rate of 10 °C/min
under air atmosphere. Nitrogen adsorption was recorded
for mesoporous silica using a model NOVA 3200 auto-
mated gas sorption system (quanta chrome, USA). Mag-
netic properties of the samples were measured using a
vibration sample magnetometer (VSM; susceptibility meter
4700). UV-Vis spectroscopy double beam PC scanning
spectrophotometer UV Evolution 300 from Labomed a
computer data system is UV Win 5 software v 5.0.5 used
for measuring wavelength and absorbance. Spectropho-
tometer range from 200 to 900 nm using I-cm matched
Stoppard quartz cells was used for monitoring the rate of
pesticides removal. High-performance liquid chromatog-
raphy (HPLC) for the tested samples was promptly ana-
lyzed wusing Agilent 1100 high-performance liquid
chromatography system fitted with a diode array detector
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and an autosampler. Gas chromatograph (GC) using Agi-
lent 6890 equipped with a Ni®® electron capture detector.
Raman spectra were recorded with a Bruker Senterra
Raman microscope (Bruker Optics Inc., Germany) with
785 nm excitation, 1200 rulings mm ™" holographic grating
and a charge-coupled device (CCD) detector. The acqui-
sition time was 3 s with power of 50 mW.

Results and discussion

Chemical and structural features of MSNPs
and MSNPs/Fe;04 nanocomposite

In the present work, MSNPs have been synthesized using
TEOS as source of silicon in the presence of CTAB as a
cationic surfactant under basic conditions. The chemical,
morphological and cryptographical features of the prepared
MSNPs and MSNPs/Fe;O, nanocomposite were investi-
gated, also the optimum conditions for the preparation of
MSNPs/Fe;0,4 nanocomposite, were investigated by using
the SEM, HRTEM, FT-IR, EDX, XRD, nitrogen adsorp-
tion and Raman spectroscopic analyses.

Effect of concentration of green tea extracts
on the crystallography and structure of Fe;0, NPs

In order to optimize the green synthesis of Fe;04, we have
used different concentrations of the tea extractions to
investigate the effect of the amount of tea on the chemical
structure of iron oxide NPs by using XRD. Figure la—
shows the XRD patterns of the as-prepared iron oxide NP
samples by using different amounts of green tea (1, 5 and
8 gm) to reduce 1.11 gm of FeCl;-6H,0; these results
demonstrated that using the extraction from 1 gm of green
tea results in obtained Fe,O3; NPs as shown in Fig. la. By
increasing the amount of green tea until 5 gm, Fe;O0, NPs
was obtained (Fig. 1b). Furthermore, by increasing the
amount of extracted tea over 5 gm results in decreasing the
intensity of the XRD peaks that related to the adsorption of
green tea extraction onto the surface of Fe;O, NPs
(Fig. 1c). Thus, we have selected the usage of the extrac-
tion from 5 gm of green tea as optimum amount of tea
under these conditions for the further experiments.

Structure analysis and phase change of Fe;0, NPs

To obtain Fe;O4 NPs in pure form, we have studied the
effect of annealing temperature on the chemical structures
as well as the crystallography of the Fe;O4 NPs. Figure 2a—
d shows the XRD patterns of the as-prepared iron oxide
NPs and calcined samples at different annealing tempera-
tures (200, 400 and 600 °C). These results reveal several

prominent peaks at 20 values including 32.82°, 35.40°,
44.17°, 49.35°, 53.71° and 63.87°, which well matched
with the planes (220), (311), (222), (400), (422) and (511),
respectively; these results indicated the formation of Fe;04
monoclinic structure [reference: POWD:01-089-0951]. In
addition, the intensity of all XRD peaks was increased by
increasing the annealing temperature that indicates the
decomposition of the all organic materials (tea’s extrac-
tion) and increase in the crystallinity of Fe;O04 NPs.

Uses of tannin extraction for the fabrication of Fe;04 NPs
and MSNPs/Fe;04 nanocomposite

Furthermore, we have used tannin extracted instead of total
extraction from green tea for synthesis of Fe;O, NPs.
Figure 3a shows the XRD pattern of the as-prepared iron
oxide NPs that have been prepared by using tannin, which
indicated the formation of Fe;O4 NPs. Thus, tannin is the
active ingredient compound in green tea that is responsible
for the formation of Fe;O4 NPs. Finally, we have applied
the optimum conditions for fabrication of MSNPs/Fe;0,
based on deposition of Fe;04 onto MSNPs in the presence
of tannin as a reducing agent. Figure 3b represents the
XRD pattern of MSNPs/Fe;O, nanocomposite, which
demonstrated the appearance of a new peak at 260 equal 23°
accredited to (100) that indicates the successful formation
of MSNPs/Fe;0,4 nanocomposite.

Chemical and structural features of MSNPs/Fes;0,
nanocomposite

The surface morphologies of MSNPs and MSNPs/Fe;0,
nanocomposite have been studied by using SEM. Fig-
ure 4a, b represents the SEM images of MSNPs and
MSNPs/Fe;04 nanocomposite, respectively, which indi-
cated the formation of tiny MSNPs; aggregation of the
particles and small grains are present at the surface. In
addition, Fig. 4c, d shows the HRTEM images of MSNPs
and MSNPs/Fe;0, nanocomposite, respectively, which
indicate the formation of a quasi-spherical in shape
MSNPs/Fe;0, with polydispersed size distribution. The
aggregation of small nanocomposite is a result of magnetic
features effects during the preparation of MSNPs/Fe;0,
nanocomposite for HRTEM analysis. TGA of the as-pre-
pared MSNPs/Fe;O4 nanocomposite is shown in Fig. 5 that
represented the weight loss versus temperature until
750 °C in air, which demonstrated the presence of three
weight loss stages. The first stage showed weight loss of
about 7.931% in the sample at around 195 °C that likely is
due to the elimination of the water molecules absorbed by
MSNPs/Fe;0, nanocomposite. The second stage demon-
strated weight loss of about 6.265% in the sample at around
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Fig. 1 XRD pattern of the as-
prepared Fe;O4 NPs using total
extraction from a 1 g of green
tea, b5 gof greenteaandc 8 g
of green tea

Fig. 2 XRD pattern of the a as-
prepared Fe;O4 NPs, b Fe;0,
NPs annealed at 200 °C,

¢ Fe304 NPs annealed at 400 °C
and d Fe;O4 NPs annealed at
600 °C

B
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Fig. 3 XRD pattern of a as-
prepared Fe;O4, NPs by using

C))

(b)

{Iron oxide using tannine extraction|

MSNPs/Fe304 nanocomposite

tannin and b MSNPs/Fe;0,4
nanocomposite

80

Fig. 4 a SEM of MSNPs, b SEM of MSNPs/Fe;0, nanocomposite, ¢ HRTEM of Fe;04 and d HRTEM of MSNPs/Fe;O,4 nanocomposite

410 °C that could be caused by the decomposition of the
tea extractions that absorbed on the nanocomposite surface.
The third stage showed the presence of little weight loss of
about 2.499% at about 600 °C that could be related to the
decomposition of the residual organic materials of the tea
extracts, and then, the sample weight was almost constant,
which indicates the thermal stability of the sample. Fig-
ure 6a shows the FT-IR spectra of MSNPs and MSNPs/
Fe;04 nanocomposite, indicating that the Fe;04 molecules
were deposited onto silica NPs. FT-IR spectrum of MSNPs
shows a broad peak at 1077 cm ™', which could be assigned
to Si—O—Si bond of silica, and the peak at 960 cm~ ! can
be attributed to Si—OH bond and broad peak at 3400 cm ™'
that corresponding to O-H bond. FTIR spectrum of

MSNPs/Fe;0,4 nanocomposite (Fig. 6a) demonstrated that
functionalized silica particles with iron molecules result in
reducing the intensity of Si—O—Si and Si—OH peaks
significantly, also the deposition of Fe;O4 molecules was
characterized by two strong absorption peaks at around 560
and 440 cm™', which correspond to the Fe—O stretching
vibration band of Fe;O0, (Wu et al. 2004). Raman spec-
troscopy was also used to confirm the deposition of Fe;0,
into MSNPs; Fig. 6b shows the Raman spectrum of
MSNPs, which revealed a peak at 1363 cm™' corre-
sponding to mesoporous silica (SiO,), while Raman spec-
trum of MSNPs/Fe;O4 nanocomposite  (Fig. 6b)
demonstrated the appearance of two new wide peaks at 730
and 1438 cm™' corresponding to Fe;O4 phases, which
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Fig. 5 TGA of MSNPs/Fe;04 nanocomposites

indicated the formation of MSNPs/Fe;0,4 nanocomposites.
Furthermore, EDX spectral analysis of MSNPs/Fe;O,
nanocomposites reveals the presence of carbon, silicon,
oxygen and iron in synthesized nanocomposite as shown
in Fig. 6¢c. The appearance of peak of carbon in EDX
spectra is due to the presence of organic molecules (tea
extracts).

Magnetic measurements

The magnetic behavior of the prepared MSNPs/Fe;O,
nanocomposite was performed by using VSM at room
temperature. Figure 6d shows the hysteresis loop obtained
from the magnetization (M) versus field (H) data for
MSNPs/Fe;04. The magnetic hysteresis loop (M—H curve)
of MSNPs/Fe;0,4 nanocomposite demonstrated a typical
behavior of ferromagnetic materials at room temperature.
The value of their saturation magnetization (M) was
40 emu/g. The excellent magnetic feature was necessary
for magnetic separation of organochlorine pesticides from
wastewater by applying an external magnetic field on
MSNPs/Fe;0,4 nanocomposite (Lu et al. 2004). The mag-
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netic susceptibility of the materials was demonstrated in a
simple laboratory setup with a handheld magnet. MSNPs/
Fe;0,4 nanocomposite could be completely separated from
the aqueous solution within 5 min.

Nitrogen sorption isotherm

The morphology and surface features of the prepared
MSNPs and MSNPs/Fe;O,4 nanocomposite were charac-
terized using the nitrogen sorption isotherm (Nunes et al.
2006). Analysis of the nitrogen adsorption/desorption
branches of MSNPs showed a BET surface area of
818 m*/g and a total pore volume of 0.64 cm’/g. The
pore size, calculated from the desorption isotherm using
the BJH theory, was found to be 33 A in diameter with a
uniform distribution. MSNPs/Fe;O4 nanocomposite has
been fabricated based on deposition of Fe;O, onto
MSNPs by using total green tea extraction and tannin
extraction. Our results demonstrated that loading of
Fe;0, particles onto the surface of MSNPs results in
decrease in the BET surface area to become 93.12 m?*/g
as shown in Table 1.
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Fig. 6 a FTIR spectra of MSNPs, MSNPs/Fe;O4 nanocomposite,
pure lindane and lindane adsorbed onto MSNPs/Fe;O, nanocompos-
ite, b Raman spectra of MPSNPs and MSNPs/Fe;0, nanocomposite,

Table 1 Surface area and pore volume of the synthesized MSNPs
and MSNPs/Fe;0,4 nanocomposites

Sample SBET (rnzlg) Vp (cm3/g) R (A)
MSNPs 818 0.7 33
MSNPs/Fe;04 93 0.31 58

Detection of lindane using the MSNPs/Fe;04
nanocomposite

The high stability of the organochlorine pesticides and their
long resistance time in the environment is an environ-
mental challenge; therefore development of simple, easy of
use, cost-effective with high capability for recycling
adsorption process by using solid adsorbents is urgently
needed. The absorption of lindane by using MSNPs/Fe;0,
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¢ EDX image of MSNPs/Fe;O4 nanocomposite and d Magnetization
curve of MSNPs/Fe;0,4 nanocomposite at room temperature

nanocomposite as solid adsorbent was confirmed by FT-IR
technique. As shown in Fig. 6a, pure lindane showed its
characteristic peaks, especially the functionality of C—-Cl
was observed at 1385 cm™'. Upon the binding of MSNPs/
Fe;04 nanocomposite, the increase and shift of FTIR peaks
were observed, which confirmed the adsorption of lindane
into MSNPs/Fe;0,4 nanocomposite.

Removal of lindane using the MSNPs/Fe;0,4
nanocomposite

Purification of water from the pesticides traces represents an
environmental challenge due to their high stability and long
resistance time in the environment. Here, we have applied
MSNPs, Fe;04 and MSNPs/Fe;O4 nanocomposite as a solid
sorbent for removal of lindane at low concentration. In order
to optimize the conditions of the removal process and the
removal efficiency of MSNPs/Fe;O, nanocomposite, we
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have investigated the effects of temperature and pH of the
medium. Figure 7a shows the UV-Vis spectra of lindane
before and after being treated with MSNPs/Fe;04
nanocomposite for different treatment periods up to 7 h,
which illustrated that the UV-Vis spectrum of standard
solution of lindane showed an absorbance peak at wave-
length of about 273 nm and the intensity of this absorption
peak was decreased with the increase in the contact time.
Figure 7b shows the time profile of lindane removal with
MSNPs/Fe;04 nanocomposite, which indicated that the
uptake percentage of lindane was increased with the increase
in the contact time until reaching the saturation phase after
5 h. Also, it confirmed that the lindane adsorption is a rapid
process with almost 60% lindane being removed within
approximately 5 h, which indicates the high affinity between
the lindane pesticide and the MSNPs/Fe;0,4 nanocomposite.
Furthermore, we have studied the behavior of lindane pes-
ticide in solutions of different pH values within the range
from 3 to 12. Figure 7c shows the UV-Vis spectra of lindane
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in different pH solutions, which showed an absorption peak
for lindane in neutral solution centered at about 270 nm, and
this peak was shifted to longer wavelengths with the increase
in the pH of alkaline solution (pH at 9 or 12) to 286 nm. The
shifting of the absorption peak of lindane in alkaline medium
dechlorination of lindane indicates that lindane pesticide is
unstable in alkaline medium. Thus, we have performed all
the next experiments in the neutral medium. Figure 8a shows
the absorbance spectra of different concentrations of lindane
within range from 1 to 40 ppm, which demonstrated that the
intensity of the absorbance peak at wavelength of about
273 nm was increased as the concentration of lindane
increased. Figure 8b shows the UV-Vis spectra of 10 ml of
lindane pesticide solution (40 ppm) after treatment with a
wide range of concentrations of MSNPs; lindane solution
showed an absorbance peak at 273 nm, which demonstrated
that the intensity of this peak was slightly decreased with the
increase in the amount of the solid adsorbent and reached the
saturation at 40 mg of MSNPs after stirring for 6 h at room
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Fig. 7 a UV spectra of 40 ppm of lindane solution after being treated with 70 mg of Fe;0,/MSNPs nanocomposite for different treatment time
up to 7 h, b influence of the treatment time on the removal percentage, ¢ UV spectra of lindane solution of different pH values from 3 to 12
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temperature. This weak removal efficiency of MSNPs is due
to the difficulty binding between silica surface and the lin-
dane pesticides. Then, we have used the same doses from
Fe;04 NPs for treating the lindane solution as shown in
Fig. 8c, which indicated that the intensity of the absorption
peak of lindane was decreased, and this decreasing was
higher than that observed by using the same amount of
MSNPs. Finally, we have used the same doses from Fe;O,/
MSNPs nanocomposite for treating the lindane solution that
showed the strongest decrease in the absorption in compar-
ison with MSNPs or Fe;O, at the same dose (Fig. 8d). Fig-
ure 8¢ shows the relationship between the removal
efficiency and the amount of adsorbent, which indicated the
removal percentage of lindane by using the same range of
amounts of MSNPs, Fe;0,4 or Fe;04/MSNPs nanocompos-
ite, which demonstrated that for the treatment of the lindane
solution with MSNPs, the maximum removal percentage
reached up to 7.5% by using 40 mg of the solid adsorbent;
moreover, there is no further effect by increasing the amount
of adsorbent over 40 mg. But in case of the usage of Fe;0,

Weight of sorbent (mg)

by using different amounts of Fe;O,/MSNPs nanocomposite and
e influence of amount three different solid adsorbents on removal of
lindane

for the treatment, the maximum removal percentage reached
up to 30% by using 60 mg. On the other hand, usage of
Fe;04/MSNPs nanocomposite as solid adsorbent for the
treatment of lindane solution shows the highest removal
percentage that reached 65% by using 70 mg of the
nanocomposite, due to the large surface area and the high
capability of Fe;O,4. So, functionalization of mesoporous
silica with Fe30,4 is an important issue for the removal of
lindane solution, since the mechanism of removal depends
on the interaction between the chlorine atoms of lindane and
the Fe;O,4 NPs. In addition, the excellent magnetic feature
was necessary for magnetic separation of lindane pesticides
from wastewater by applying an external magnetic field on
MSNPs/Fe;0,4 nanocomposite to release by using external
magnetic field. Furthermore, HPLC technique was used to
confirm removal of lindane by using MSNPs/Fe;0,
nanocomposite. HPLC technique showed that lindane has
one sharp peak at retention time of 3.2 min; the decrease in
the area of this band intensity and the area under the peak
reflects the removal of the lindane. These results shown in
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Fig. 9a, b demonstrated that by the increase in the addition of
MSNPs/Fe;0,4 nanocomposite amount to lindane solution, a
marked decrease in the peak area and the integration area
percentage was observed. From Fig. 9c, it was found that
using of 60 mg of MSNPs/Fe;0, nanocomposite as solid
adsorbent results in decreasing the absorbance unit (mAU)
from 49 to 14. The effect of sorbent concentrations within
range from 0.02 to 0.06 gm on the remove capacity of lin-
dane was investigated by using MSNPs/Fe;O, nanocom-
posite. Our results indicated that the amount of adsorbent is
an important parameter which affects the ability of a sorbent
for a sorbet. Finally, to verify the UV-Vis data for the
removal of lindane by using MSNPs/Fe;0,4 nanocomposite,
we have used GC technique to monitor the lindane removal
by using 8 different concentrations of MSNPs/Fe;0,
nanocomposite over a wide range from 10 to 130 mg. Fig-
ure 10 shows the GC chromatograms of lindane solution
before and after the treatment with different doses of
MSNPs/Fe3;0,4 nanocomposite (10, 30, 50, 70, 90, 110 and

C))
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130 mg), which demonstrated that the GC chromatogram of
lindane standard solution has one sharp peak at retention
time of 2.5 min (Fig. 10a); the band intensity and the area
under the peak of lindane solution were decreased as the
amount of the solid adsorbent (MSNPs/Fe;04 nanocom-
posite) increased (Fig. 10b-h), which reflects the removal of
the lindane. Then, we calculated the mole percent of lindane
based on the areas under the curves by using Eq. 1, and these
data are listed in Table 2, which illustrates that the removal
of lindane was increased by increasing the amount of the
solid sorbent within range from 10 to 130 mg, and it reached
its maximum removal efficiency at 110 mg of MSNPs/Fe;0,
nanocomposite, which is in good agreement with the UV-Vis
results. From Eq. (1), GC data indicated that the removal
efficiency of the developed solid adsorbent against lindane
pesticide was about 99% at 90 mg of MSNPs/Fe;0,
nanocomposite.
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Fig. 9 a HPLC chromatogram of lindane solution, b HPLC chromatogram of lindane solution after treatment with MSNPs/Fe;O4
nanocomposite and ¢ influence of amount sorbent on removal uptake of lindane
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Fig. 10 GC chromatograms for lindane solution before and after treatment with different doses a O ppm, b 10 ppm, ¢ 30 ppm, d 50 ppm,
e 70 ppm, f 90 ppm, g 110 ppm and h 130 ppm of MSNPs/Fe;0,4 nanocomposite

Table 2 Influence of amount of MSNPs/Fe;0,4 nanocomposites on
the removal uptake based on GC technique

Weight of sorbent (mg)

Mole % of lindane (%)

0 100
10 73.8
30 324
50 20.7
70 3.5
90 12
110 0.5
130 0.4
Conclusion

Here, we have reported a rapid, single step and completely
green synthetic method for Fe;O, particles. The MSNPs/
Fe;04 nanocomposite has been characterized by SEM,

XRD, EDX, FTIR and HRTEM. Particle size analysis of
MSNPs/Fe;04 nanocomposite was 30 nm. MSNPs/Fe;O0y4
nanocomposite was used in the treatment of water from
lindane pesticide as a model of OCP. Removal percentage
of this type of pesticides exceeds 99% by using 90 mg of
MSNPs/Fe;0, nanocomposite. This nanocomposite pos-
sesses high capability for lindane capture, which could
explore a new biocompatible and eco-friendly strategy for
pesticide removal, and appears to be the new promising
material in water treatment application.
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