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Abstract

A Series of magnetite (Fe;0,) nanocomposite based efficient photocatalysts was synthesized employing coprecipitation
method. Characterization of pure and different coated samples was achieved by using XRD, IR, specific surface area (Sget)
and SEM techniques. The results revealed that the formation of the magnetite crystal without any impurities. The SEM images
of this catalyst exhibited regular well crystalline microstructures with almost spherical shape and homogenous particle size in
the range of nano scale. The presence of sodium lauryl ether sulfate (SLES) resulted in an increase in crystallinity. This
increase led to a decrease in both of the particle size and the spherical shape regularity; however the particles boundary is still
preserved. The as-prepared samples recorded photocatalytic activities towards degradation of organic pollutants in waste
water. The sample coated with SLES displays the highest activity (with 90.1% efficiency in 180 min) due to the role of SLES.
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1. Introduction

We are aware that water is crucial to the survival of
all living things and plays a significant economic
role. A variety of industrial processes and other
economic activities depend on water. Due to the
increasing levels of pollutants brought into the
water from a variety of sources, Surface water
quality is significantly impacted by human activity
[1]. Due to the high concentrations of organics and
nutrients in untreated municipal wastewater, it has
been deemed to be the most harmful to water
ecosystems [2]. A number of chemical, physical,
and biological procedures can be used to treat
wastewater [3—4]. The most effective technique for
treating process or waste effluents to remove
colours, smells, oils, and organic contaminants was
adsorption  because of its straightforward
construction, low initial cost, and simplicity of use
[5]. There has been a lot of study done on
adsorbents that are effective and cheap. The
sorbents that have been documented include clay,
zeolites, siliceous minerals, industrial waste,
agricultural waste, and biosorbents including
chitosan and peat [6, 7].

Several studies have been concerned iron oxide
nanoparticles for the removal of chemical sorts like

gases, metals, and dyes as it has low diffusion
resistance and a large surface area [7- 9].
Numerous reviews elsewhere were focused on the
preparation of magnetic nanoparticles with suitable
morphology, tailored properties, and a fine size
distribution [14-16]. The co-precipitation technique
[17:19], the hydrothermal treatment [20-22], the
oxidative hydrolysis [23, 24], and the thermal
decomposition of iron-containing molecular are all
examples of colloidal magnetite nanoparticle
synthesis methods.

The most common method, co-precipitation, is one
of the simplest and most efficient ways to produce
controlled-size magnetite nanoparticles [28]. The
co-precipitation method produces magnetic Fe;O4
nanoparticles by aging stoichiometric mixtures of
ferric and ferrous hydroxides in an aqueous
solution [29]. The precipitation reaction typically
involves mixing Fe** and Fe*" in a molar ratio of
1:2, which is the exact stoichiometry for Fe;O4
[30]. For complete precipitation, a pH range of 8 to
14 is required. As shown in Equation (1), the
method's reaction mechanism is:

Fe*" + Fe'" + 8 OH «— Fe(OH), +
2Fe(OH); — Fe;04,+4H,0 ............. (1)

At the laboratory scale, magnetic nano-adsorbents

are emerging as remarkable functional materials
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with excellent ability to sequester micro-pollutants
and fast adsorption kinetics [31-41]. Most of the
time, magnetic nano-adsorbents have a lot of
specific surface areas and a lot of interconnected
porous networks [42, 43] that help micro-pollutants
adsorb to very high levels. According to Shahab
Shariati et al., have been employed sodium dodecyl
sulfate-modified Fe;O, NPs as an effective
adsorbent material to remediation cationic dyes
from aqueous solutions [44]. Wenjing Guo and
others [45] explained that the adsorbent coated
with cetyl pyridinium chloride (CPC) on Fe-MNPs
is effective at removing Sb(V). Cetylpyridinium
chloride's  surface  modification of these
nanoparticles did not alter their microstructure or
morphology, as demonstrated by this study, and the
particle sizes were approximately 5-10 nm. It was
discovered that Fe-MNPs@CPC nanoparticles
adsorb Sb(V) appropriately. In most types of
waters, Fe-MNPs@CPC removed Sh(V) at rates
greater than 90%, with a 99.71% removal rate in
well water. Another biological substance that has
been reported as a raw material for water treatment
is lignin. Wang and others [46] reported that lingo-
sulfonate, a surfactant derived from lignin, was
used as a stabilizer in the production of magnetite
nanoparticles with sizes between 100 and 200 nm.
Congo-Red and titan yellow dyes, with maximum
adsorbance capacities of 198.24 and 192.51 mg.g",
respectively, were found to adhere well to these
magnetic nanoparticles. COD is an important
metric for determining the amount of organic
matter in wastewater, particularly from natural
wastewater treatment systems [47-53]. Magnetite
nanoparticles reduced detergents and chemical
oxygen demand (COD) from real wastewater
samples taken from three different locations of a
wastewater treatment plant, while reducing total
nitrogen, phosphates, and the majority of the heavy
metals tested (cobalt, lead, zinc, copper, and
chromium) in a high to moderate manner [54].

This study aims to determine whether nanoparticles
may be used to create wastewater treatment
systems that are highly effective and require less
energy. Magnetite nanoparticles were chosen for
this study for two primary reasons: first, they don't
have any hazardous effects, and second, you can

use their magnetic qualities to separate them from
water more easily by using an external magnetic
field. Magnetite nanoparticles were functionalized
with some chemicals that served as a shell to guard
against oxidation and interaction with water
contaminated with a variety of contaminants.
Given that organic materials make up the bulk of
wastewater contaminants, Chemical Oxygen
Demand (COD) was chosen as a metric of
pollutants in wastewater.

2. EXPERIMENTAL

2.1. Materials

Ferric chloride anhydrous (FeCls) is prepared from
Merck (Darmstadt,Germany), hydrochloric acid is
prepared from(Riedel- de Haén), sodium hydroxide
(NaOH) was prepared from(Fisher) Sodium lauryl
ether sulfate 70% ( LESTAL -270 ) was prepared
from union chemicals factory (UCF) , was
prepared from Echo chem., iron wires, black tea
from Lipton and filter paper ( Gfl1-047). All
Solutions were prepared with distilled water.

2.2. Synthesis of Fe;O4 NPs

Using a chemical co-precipitation method Fe;O, NPs
were synthesized. 0.28 M of ferric chloride was
prepared by dissolving 45.42 mg of ferric chloride
and 52.2 grams of iron wire in 197.8 HCI (37%).
2M sodium hydroxide solution was prepared. Boil
the mixture to remove dissolved oxygen, which can
cause the resultant Fe;O, oxidized into Fe,0s, and
then add NaOH solution to the mixture until the pH
until the pH reaches to 10.5, then a black
precipitate of magnetite particles. The formed
magnetite was collected by permanent magnet and
washed by boiled water for three times. The
reaction was carried according to the following

equation:
Fe*" + 2Fe’" + 8OH — Fe;0,+4H,0 )
2.3. Coating with Coconut diethanol amide
(CDEA)

2 gm of CDEA (c.f. Fig. 1) was added to 500 ml of
magnetite ( pH of mixture is 9 ) and boil for 2
hours(supply the mixture with 200 ml of distilled
water along the reaction time to compensate the
evaporated water) collect by magnet and wash
several times with distilled water then dry at 105
°C.

2

/\/\/\/\/\)LN%;DH

k/DI—I

Fig. 1. Chemical structure of coconut diethanolamide
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2.4. Coating withsodium lauryl ether
sulfate (SLES)

2 gm of SLES (c.f. Fig. 2) was added to 500 ml
of magnetite ( pH of mixture is 9) as the same
recipe for coating with CDEA.

Fig. 2. Chemical structure of SLES

N7/

Na* 'O’S\O ©

2.5. Coating with Tea (polyphenols of
tannins)

Dissolve 20 gm of Lipton black tea (c.f. Fig. 3)
in 500 ml of distilled water. The resulted solution
was hoiled to remove dissolved oxygen. Magnetite
particles was added to tea solution and then boiled
for 2 h to compensate the evaporated water.
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Fig. 3. Chemical structure of tannic acid

It is obvious from three structures that the
function groups of these materials were different.

2.2 Techniques

On a Bruker diffractometer, X-ray
diffractograms of several substances has been
prepared were captured (Bruker D 8 advance
target). CuK second monochromator (R = 1.5405)
was used to run the patterns at 40 kV and 40 mA.
A scanning rate of 8o for the phase identification
and 0.80 for the line broadening profile analysis
was successfully accomplished. The Scherrer eq. 3
[55] was used to measure the crystallite size of the
phases found in the prepared solids:

d=KA/B1/2cosO ....cceevenenn. 3)

where B1/2 is the full width at half maximum
(FWHM) of the principal diffraction peaks of the
present crystalline phases, 6 is the diffraction
angle, d is the mean crystalline diameter, X is the
X-ray wavelength, K is the Scherrer constant
(0.89), and d is the mean crystalline diameter.
JEOL-SEM scanning electron microscope was
used to investigate the surface features (SEM). By
using a Quantachrome AS1WinTM-automated gas-
sorption system to physically adsorb nitrogen gas
at 350 °C, the surface activity of the samples was
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assessed (USA). The materials were degassed at
200 °C for two hours before to each sorption
measurement. The samples' adsorption was utilized
to determine the particular [56]. FTIR spectra of
the solids were carried out empolying Shimadzu
Prestige-21spectrometer on KBr discs. All of pH
measurements were done by pH meter (Hanna —
Hi2211). Sensitive balance (Radwag AS270/c/2) is
used for weighting Fe, FeCl;, SLES, CDEA and
tea .Magnetic separation was done by permanent
magnet. Drying oven (Thelco /precision) is used
for drying the prepared sample. Distilled water
apparatus (HAMILTON -WSB/4) is used for water
distillation. Heater (CIMARE3-HP47130) and
Magnetic stirrer (Dinko D-11) are used. As stated
in our earlier research [48-53], chemical oxygen
demand (COD) was utilised to assess the
wastewater before and after the photocatalysis
procedure in accordance with the Standard
Procedures for Water and Wastewater Analysis
(APHA, AWWA, 1995).

3. Results and discussion

3.1. XRD investigation

Fig. 4 shows the XRD diffraction pattern of the
prepared solids. Investigation of Fig. 4 shows that;
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the magnetite crystal with a characteristic peaks (2
20),(311),(400),(422),(511)and (44 0)
with a cubic spinel structure (JCPDS file PDF
n0.65-3107). The absence of diffraction peaks at (1
13), @210, @21 3)and (2 1 0) are the
characteristic peaks belong to maghemite and
hematite, respectively [57]. This confirms that no
other iron compounds in the obtained magnetite. In
comparison of the magnetite nanoparticles with the
coated samples, the diffraction peaks of XRD
patterns do not change. The result obtained might
indicate that the crystal structure of the magnetite
nanoparticles does not considerably influenced by
the coating agent. On the other hand, the degree of
crystallinity was strongly dependent on the
treatment. The degree of crystallinity was 13.5,
20.6, 25.5 and 27.3 au., for Fe;O4 magnetite
treated with arginine, treated with tannic acid and
sample treated with SLES, respectively. The
calculation of the crystallite size via employing the
Scherrer equationof pure magnetite, magnetite
treated with arginine, treated with tannic acid and
sample treated with SLES were 12.4, 159, 15.3

and 15 nm, respectively. Thus, we can deduced
that the crystallite size significantly affected by
coating agent.

3.2. Scanning Electron Microscope (SEM)

The structure of different solids of both pure
and functionalized can be investigated by scanning
electron microscope (SEM). Fig. 5 shows widely
size-distributed and disorganized particles. As
seen, the surface morphology of Fe;0, is a rough
with irregular size of particles. Upon coating, this
surface was well-covered by the studied modifiers
exhibiting the successful route of modification.

3.3. FT-IR Investigation

Fig. 6 show FT-IR spectra of pure Fe;0, and
coated samples. Investigation of Fig. 6 revealed
that the stretching vibration bands around 3400 and
1630 cm™ express the vibration of H,O still present
in the samples and bands in 570 and 468 cm’
which is the representative absorption bands of the
Fe-O bond of bulk Fe;0,[58].

I’ @.u)

+ SLES

+ Tannic acid

Fe O

a4

20 30 40

50

60 70 80 90

2 Theta, degree

Fig. 4. XRD patterns of prepared samples

A deep investigation of Fig. 3 reveals that the
bands related to the Fe-O bond (in 570 and 468 cm’
' respectively) were displaced to high
wavenumbers of around 600 and 490 cm™.
Additionally, the band near 600 cm™ split, was
producing the bands in 631.4 and 582.9 cm’'. This
might be explained by the fact that the breakdown
of bonds caused the inlocalized electrons on the
particle surface to rearrange, leading to the
development of finite size [59].
3.4. Texture properties of the prepared solids
N, adsorption/desorption isotherms of the
prepared solids were represented in Fig. 7. The
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isotherm graphs of all prepared solids indicate to
type IV of H3 hysteresis loop in which a relative
pressure P/P° increase > 0.75. The increase of
relative pressure might be attributed to the
capillary condensation of the solids. Investigation
of Fig. 4 revealed that the modification of NPs
increase pore diameter and mesopore volume.
These results reflect that SLES and tannic might be
mesoporous agent for NPs. The total pore volume
of the synthesized solids is shown in Table 1
together with the computed Sggr. The data from
Table 1 demonstrated the treatment of the sample
have obvious effect on total pore volume.
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Fig. 5. Scanning electron microscope (SEM) images of (a) pure, (b) treated by arginine (c) treated by tannic
acid (d) treated by SLES
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Fig. 6. FTIR spectra for magnetite nanoparticles
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Fig. 7. N,- adsorption

-desorption isotherm of different prepared samples
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Table 1: Surface characteristics of the prepared solids
Solid SgeT m2/g T°ta'3 pore - volume Mean pore radius r* (nm)
' Vp,cm’/g
Fe;0, 32.38 0.05036 3.11
+ Arginin 35.24 0.0345 1.96
+ Tannic acid 42.05 0.0907 431
+ SLES 54.35 0.0447 1.64

As a result, treatment NPs both increase surface
area and reduce pore size. Therefore, the treated
solids may serve as effective organic pollutant
adsorbents.

3.5. Catalytic degradation

The photocatalytic activity under sunlight of the
synthesized samples for catalytic degradation of
organic pollutant from wastewater supplied from
Tafahna station (Gharbia governorate, Egypt) after
primary precipitation. The samples have low
degradation activity by carrying out the
experiments without primary precipitation.

However, the catalytic activity was remarkably
improved by carrying out primary precipitation
(c.f. Fig. 8). All samples recorded photocatalytic
activity towards degradation of organic pollutants;
however the solids of Fe;O,@SLES showed the
highest activity referring that increasing the
functional groups in SLES has a positive role in the

Egypt. J. Chem. 67, No. 1(2024)

oxidation of organic pollutants. This refers that by
increasing the functional groups increasing the
efficiency of oxidation as it is enhanced the
electron transfer and inhibits the electron-hole pairs
recombination. So, our study reported that the
presence of multi-function groups which display a
different active sites for adsorption which
represents a synergetic factor for photo-catalysis
process. The relatively higher catalytic role of this
sample might be attributed to the coexistence of
Fe;0, and multi-functional groups.

These results lead us to conclude that catalytic
activity is related to the presence of function
groups and their type present in the sample, and
Fe;O0,@SLES is an efficient catalyst for organic
pollutant degradation. On the other hand, in case of
Fe;0,@tannic acid and Fe;O,@Arginin a clear
decrease of organic pollutant removal efficiency
(83% and 64%, respectively) was observed as
indicated in Fig. 8.
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Figure 8. Organic pollutant degradation activity of various prepared solids at different degradation time

The decrease in organic pollutant degradation
was due to the fewer available active site on their
surfaces or due to the steric of these function
groups as shown in tannic acid (c.f. Fig. 3, section
2.5).

A possible catalytic mechanism could be
assigned to that irradiation of the synthesizes
catalysts by sunlight leads to establishment of free
active oxygen species: OH’, 0,7, and H,O™
radicals. The presence of SLES accompanied with
Fe;0, structure led to an increase in the functional
group with catalytically active interfaces. Eqs (4-7)
represent a possible course for the boosted catalytic
degradation of Fe;O,@SLES sample against
organic compounds. The produced samples'
increased interface contact makes it easier for
electrons and holes to move between the
conduction and valence bands of FeO and Fe,0;,
respectively. A more efficient interelectron transfer
occurs between the catalyst's components as a
result of the creation of such heterojunction. This
separated the photo-induced electron-hole pairs
and decreased the likelihood of electron-hole pairs
recombining, which is essential for the
photocatalytic reaction.

Fe304 + AV — Fe3O4(é) + F9304(h+)

“4)

F9304(é) + 02 — FC304 + Oz"
)

F9304(h+) + OH’ i FC304 + OoH
(6)

Organic compound + O,- — CO, + H,0
(7N
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4. Conclusions

Fabrication of Fe;O4 has been achieved by
employing coprecipitation method. Treating the
prepared Fe;O, by CDEA, Tannic acid and SLES
was carried out. The XRD displays that the highest
intensity peaks were at 26=34.87°, which related to
the reflection plane (400) and referred to the major
peak of Fe;O, crystallites. The average crystallite
size of Fe;O,4 nanoparticles was found to be 15 £3
nm. The results of SEM revealed that the sample
containing widely size-distributed and disorganized
particles. Textural investigation revealed that the
modification of NPs increase pore diameter and
mesopore  volume. All  samples recorded
photocatalytic activity towards degradation of
organic pollutants; however the solids of
Fe;0,@SLES showed the highest activity referring
that increasing the functional groups in SLES has a
positive role in the oxidation of organic pollutants.
The order of photocatalytic activity was
Fe;O,@SLES > Fe;O,@tannic  acid >
Fe;O,@arginin > Fe;O4. These modifiers could
enhance the photocatalytic activity of Fe;O4 by
decreasing its band gap energy and thus absorption
efficiency and adsorption capacity was increased as
a result of increase in total surface area and
adsorption active sites.
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