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of Rose Bengal dye under UV-light.

INTRODUCTION

Nanoferrites are one of the beneficial ceramic semicon-
ductor materials ever revealed. Since, it is less cost and ease
of synthesis process, it can be used as substitute for any ceramic
materials for different application such as cancer treatment,
isolators, circulators, microwave absorbing materials, magnetic
resonance imaging, TV yolks, noise filters, memory devices,
transformer communications [1-4]. Nanoferrite MgFe,O. is a
vigorous nanomaterial which has vast applications in different
fields of heterogeneous catalysis, adsorption, magnetic techno-
logies and sensors [5].

In recent times, the demand for photocatalyst for the degra-
dation of several types of dyes has been increased. To enhance
the optic, electrochemical and photocatalytic properties of
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MgFe,0, nanoferrites were synthesized by sol-gel and solution combustion synthesis (SCS) methods through green and chemical methods. |
Green and chemical methods for sol-gel were processed with use of lemon extract and citric acid, respectively. A green and chemical |
method for solution combustion synthesis was followed by using Phyllanthus acidus leaf extract and urea, respectively. The influence of
synthesis approach on the behaviour of prepared nanoferrites were studied using powder X-ray diffraction (PXRD), Fourier transform |
infrared spectroscopy (FT-IR), scanning electron microscopy (SEM) and UV visible spectroscopy, vast variation in particle size, crystallinity, |
electrochemical and photocatalytic activity of the nanoferrites synthesized by various methods were witnessed. Powder X-ray diffraction |
(PXRD) result of prepared nanoferrites acquired by green and chemical approaches clarified phase structure as spinel and the crystalline
size found to be around 11-24 nm. The spinel surface morphology was witnessed for the synthesized nanoferrites. The tetrahedral and |
octahedral sites of the prepared nanoferrites were confirmed by FTIR spectra. MgFe,O, nanoferrites synthesized by green sol-gel approach |
exposed superior electrochemical activity by possessing very less charge transfer resistance. The results of EIS were correlated with the |
photocatalytic degradation of Rose Bengal dye. Photocatalytic property of the prepared nanoferrites was examined for photodegradation |
|
|

Keywords: Nanoferrites, Sol-gel, Solution combustion synthesis, Photocatalytic property, Phyllanthus acidus, Rose Bengal dye.

prepared materials, researchers have concentrated on various
studies. In order to achieve these properties various techniques
are made use to synthesize nanoferrites.

Various chemical approaches have been used to synthesize
nanoferrites like hydrothermal methods [6], micelle routes
combustion [7], sol-gel [8] and co-precipitation [9] had been
used to prepare nanoferrites in the presence of ambient condi-
tions. Nanoferrites prepared by such methods hold moderate
purity and chemical homogeneity.

In general, nanoferrites synthesized using sol-gel route
displays more crystallite size and high purity and are achieved
in a comparatively less processing duration. Furthermore, it
retains the benefit of better stoichiometric control with large
yield [10]. Solution combustion synthesis (SCS) is a fast, appro-
priate and easy technique for synthesizing the nanoferrites of
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size ranging from 1-100 nm. Starting materials of this method
demands mixture of fuels (glycine urea, hydrazides) and oxidizers
( nitrates). This technique depends on the volume or layer by
layer self-propagating combustion modes.

Chemical methods for the preparation of nanoferrites are
much costly, energy intensive and because of the use of toxic
reagents impose environmental risks. To evade these demerits,
a novel upcoming extension of nanotechnology i.e. green
nanotechnology is the center of research attraction. It offers
an eco-friendly and cost effective for production of novel nano-
materials using plant extracts. In recent times, biomaterials
have been used for the preparation of nanoparticles predomi-
nantly nanoferrites. Tragacanth gum [11], aloe vera extract [12]
have been used in the synthesis of ferrite nanoparticles. Also,
Citrus limon extract has been used as de-agglomerating and
reducing agent for the synthesis of silver nanoparticles [13].
Citrus extracts contains high amount of ascorbic acid and citric
acid acts as exceptional reducing agents [14,15]. Also added
motive behind selecting this particular plant is its less cost and
readily available fruit. Solution combustion synthesis (SCS)
methods have been accomplished by using biomaterials such
as extracts of ginger root and cardamom seeds [ 16]. Phyllanthus
acidus is a small, glabrous tree native to the coastal region of
north-east Brazil. The leaf extract is used to cure skin, asthma,
hypertension, coughs, emetic, cathartic diseases and as a food
[17]. Nevertheless, a use of Phyllanthus acidus is not stated in
the literature for the preparation of ferrite nanoparticles.

MgFe,O, nanoferrite has efficient band gap of ~ 2.0 eV,
that helps to capture ultraviolet light and also fewer photo-
sensitive to the anodic corrosion [18-20]. These nanoferrite
has revealed various uses as magnetic recording media, photo-
catalyst, adsorption and heterogeneous sensors [21]. Itisrevealed
that oxygen vacancy defects present on the external layer of
MgFe,0O, nanoferrites leads to trap the photo-excited electrons
from the nanoferrite and increases the charge recombination
duration of photo-excited electron-hole pairs, which permit the
positive charge to produce hydroxyl and superoxide radicals,
thereby improving the photocatalytic performance.

In this work, we present the role of green and chemical
preparation methods on the crystalline structure, electrochemical
activity and photocatalytic performance. Present objective is
to synthesize nanoferrites of MgFe,O, via sol-gel and solution
combustion synthesis routes via green and chemical routs and
to relate their comparative features. Furthermore, discover the
nanoferrites that possess improved electrochemical and photo-
catalytic performance. Prepared nanoferrites were further examined
by UV-vis spectroscopy, FTIR, SEM and PXRD. Additionally,
the electrochemical and photocatalytic activity was examined
in the presence of UV light by degradation of Rose Bengal
dye. To our best of knowledge, no work has been reported on
synthesis of MgFe,O4 by green and chemical synthesis using
Phyllanthus acidus leaf and lemon extract.

EXPERIMENTAL

The chemicals used for preparation of nanoferrites such
as magnesium nitrate, ferric nitrate, Rose Bengal dye and urea
were procured from Sigma-Aldrich, U.S.A. The entire precursor
materials were of analytical grade and used as received without
additional purification.

Preparation of citrus lemon extract: Citrus lemon fruit
was washed cleanly with distilled water and then squeezed to
extract the juice of it. Further, 5 mL of citrus lemon extract
was diluted with 50 mL of double distilled water.

Green sol-gel route: For the preparation MgFe,O, nano-
ferrite, 0.5 M of ferric nitrate, 0.25 M of magnesium nitrate
and 0.25 M of citric acid were taken with 200 mL of deionized
water. This reaction mixture was stirred for 2 h at 60 °C to
attain uniform mixture and sol pH was retained at 6. The darkish
brown tinted sol was formed. The stable reaction mixture was
subjected to sudden increase in temperature to 80 °C. The dark
brown coloured sol was transformed into transparent thick
black gel. Further, thick gel was placed in muffle furnace at
200 °C for 2 h and final product obtained was fluffy, brown
coloured MgFe,O, nanoferrite. To prepare MgFe,O4 via green
sol-gel method, citric acid was replaced by citrus lemon extract
for the above procedure.

Preparation of Phyllanthus acidus leaf extract: P. acidus
leaves were obtained locally and the fresh leaves were cleaned
with deionized water in order to eliminate any possible con-
taminations and dust particles and then finally washed with
ethanol. The leaves extract were powdered by a sterile electric
blender to acquire a fine powder and collected in sterile poly-
ethylene bags prior to its use.

Green combustion method: Ferric nitrate, magnesium
nitrate as oxidizer and urea as fuel were taken in stoichiometric
quantity. For stoichiometric redox mechanism among a fuel
and an oxidizer, i.e. the relation between the net reduction
valencies of nitrates to the net oxidization valencies of fuel
ratio has to be one. The metal nitrates and fuel were taken in
minimum amount of deionized water and continuously mixed
to attain homogeneous solution. Further, reaction mixture was
placed in preheated muffle furnace at 550 °C. After a while, a
solution mixture was transformed into brown colour viscous
solution. Furthermore, the huge quantity of fumes evolved and
a fluffy mass was formed. Green combustion was processed
by using Phyllanthus acidus leaf extract as a substitute for urea.

RESULTS AND DISCUSSION

The characterization of prepared nanoferrites was followed
by different techniques. PXRD technique was accompleshed
with Rigaku Ultima IV(Japan) ray diffraction diffractometer
using Cu Ko radiation (A = 0.15407 nm) over a range of 10°
to 70° at 40 kV and 30 mA. The scanning electron microscopy
(SEM) (Hitachi SU1510) was utilized to obtain the external
morphology of the prepared samples. The FTIR analysis was
performed using Perkin-Elmer spectrometer (spectrum 1000)
to examine the functional groups present in the prepared samples.
UV-DRS analysis and absorption spectra was acquired by UV-
Vis spectrophotometer (Perkin-Elmer spectrophotometer A 250)
furnished with integrating sphere application.

PXRD analysis: The reflections identified in PXRD spectra
of MgFe,0, sol-gel, green sol-gel and combustion, green comb-
ustion routes comprised of planes [440], [511], [422], [400],
[311] and [220] (Fig. 1). All the identified planes established
by specimens are totally allocated to the simple cubic phase
structure of MgFe,O4 with JCPDS card No. 88-1935. The
intensity of [422] plane observed to be more intense in nano-
ferrite synthesized by sol-gel than solution combustion synthesis
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Fig. 1. XRD pattern for MgFe,O, nanoferrites synthesized by sol-gel, green
sol-gel and SCS, green SCS routes

(SCS). It is clearly observed that the peaks were narrower in
green sol-gel PXRD spectra. This result may be observed due
to three features such as lattice domain size distribution, micro
strains (deformation of the lattice) and faulting (extended defects).
If the specimens comprises no defects and strains then the broad
peaks are result of lattice size distribution [22]. The particle
size of prepared nanoferrites was estimated using Scherrer’s
formula D = kA/Bcos 0 [23]; where 6 is the diffraction angle,

e
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B is the full width at half maximum of the plane, A is the wave-
length of X- ray (0.15418 nm) and k is constant (shape factor,
around 0.90). If the size of the particle is less then the surface
area of nanoparticles are expected to be high. The structural
parameters viz. stacking fault (SF) and dislocation density ()
are also tabulated in Table-1. Therefore, the result confirms
that synthesized green sol-gel MgFe,O, nanoferrite has less
size that may lead to larger surface area which enhances the
contact area of dye with the photocatalyst. Thereby increases
the photocatalytic performance of the green sol-gel MgFe,O,
nanoferrite.

TABLE-1
STRUCTURAL PARAMETERS FOR MgFe,0,
NANOFERRITES SYNTHESIZED BYSOL-GEL, GREEN
SOL-GEL AND SCS, GREEN COMBUSTION ROUTES

. Average particle  § (10 SF x
Specimens  Fwem AR SO0
SCS 0.4202 22.5 1.7934 0.3626
Sol-gel 0.7144 13.4 6.1000 0.4472
Green SCS 0.4030 20.0 1.6544 0.4181
Green sol-gel 0.7291 10.0 7.4270  0.3887

SEM analysis: The SEM analysis was accomplished to
study the external morphology of prepared MgFe,O, (Fig. 2a-d)
at various magnifications. It was observed that the prepared
nanoferrites showed flake type morphology which was non-
uniform in shape. Sol-gel and green sol-gel prepared nanoferrites

2015/04/01 16:40 FL D35 x400

2015/03/01 16:15 FL D35 x1.5k

Fig. 2. SEM images for MgFe,O, nanoferrites prepared by (a) sol-gel, (b) green sol-gel and (c) SCS, (d) green SCS methods
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presented very less clusters with porous morphology (Fig. 2a-b).
As seen in Fig. 2¢-d, the grain size and morphology of nano-
ferrites appear to be uneven and contains few clusters, which
are expected for both SCS and green SCS route. From the
primary interpretations of microscopy photographs, it is conc-
luded that the crystelline size of nanoferrites synthesized via
SCS route is considerably affected.

FTIR analysis: As shown in Fig. 3, the prepared samples
were subjected to FTIR analysis in the range 4000-400 cm™.
With the use of IR illumination, the bands in the functional
groups were identified by the study of its molecular/atomic
vibrations is a remarkable proof [24]. Peaks around 630-450
cm’ resulted due to the metal ionic vibrations. The two high
intense absorption peaks were witnessed which are accredited
to the frequencies of tetrahedral and octahedral sites at ~418
and ~549 cm™ [25]. Peak identified at ~1470 cm™ was ascribed
to the bending frequency of C-H group. The band at ~3327
cm’ was identified to the (O-H) hydroxyl group [26,27]. The
band around 1710 cm™ was due to the hydroxyl group bending
vibrations of water molecules present on surface of nano-
ferrites.
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Fig. 3. FTIR for MgFe,O, nanoferrites prepared by sol-gel, green sol-gel,
SCS and green SCS methods

DRS analysis: Diffuse reflectance spectroscopy (DRS)
was used to examine the absorbance and band gap. The UV-
DRS data was obtained in the wavelength range around 200-
800 nm. The wavelength and its absorbance acquired from the
DRS analysis for the sample (Fig. 4). At a corresponding wave-
length of 499 nm maximum absorbance was observed, which
falls in visible light region of solar spectrum. From the acquired
results, it is evidently observed that green sol-gel nanoferrites
create blue shift near the reflectance edge of MgFe,O, and
causes decline in the band gap energy.

Kulbeka Munk function is used to obtain absorption spectra
for the prepared MgFe,O, nanoferrites to determine the E,
and is known by
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Fig. 4. Reflectance spectra for MgFe,O, nanoferrites prepared by sol-gel,
green sol-gel, SCS and green SCS methods

Then Tauc relation is restructured from the Kulbeka Munk
relation to obtain eqn. 2

[F(R)hv]2 =C(hv -Eg) 2)

Here E, = energy band gap C; hv = photon energy, a propor-
tionality constant as displayed in Fig. 4, (F(R)hv)® is obtained
using eqn. 2. The optical band gap is determined by taking
(F(R)hv)* versus energy of photon (hv) and a stroke is plotted
towards the x axis = 0. The optical band gap for MgFe,O, nano-
ferrites prepared in sol-gel, green sol-gel green combustion
and combustion methods found to be 2.3, 2.6, 2.7 and 2.8 eV,
respectively. In any case, an optimum bandgap will ease excit-
ation of an electron from the valence band to the conduction
band in the green sol-gel prepared MgFe,O, nanoferrites thus
increasing the photocatalytic activity of material. The varia-
tion band gap in prepared samples can be ascribed to internal
transitions in a partially filled Mg p-orbital. It seems clear that
p-orbitals play a significant role in the photoexcitation and
photocatalytic activity.

EIS analysis: Electrochemical behaviour of synthesized
nanoferrites was evaluated by electrochemical impedance spectro-
scopy (EIS). The EIS data comprises a semi-arc at higher freq-
uencies corresponding to resistance and a slope at middle and
low frequencies corresponds to capacitance. The acquired nyquist
data signified the highly inclined diffusion line for sol-gel
prepared MgFe,O, nanoferrite which suggests more prominent
capacitive behaviour. The nyquist plot around low frequencies
tends to vertical axis. The semi-arc formed at high frequencies
is due to the consequence of charge transfer resistance intro-
duced in the boundary amid of the porous electrode surface
and electrolyte solution [28]. The green sol-gel synthesized
MgFe,O4 nanoferrite exhibited fewer charge transfer resistance
related to nanoferrite by other routes (Fig. 5). The charge transfer
resistance for nanoferrites synthesized by green sol-gel, sol-gel,
SCS and green SCS methods were 32, 51,97 and 74 Q, respec-
tively. It noticeably specifies the significant drop in the charge
transfer rate which in turn increases the electron-hole pair
recombination time. The result justifies that the enhanced efficient
photocatalytic activity of green sol-gel MgFe,O, nanoferrite.
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Fig. 5.

Photocatalytic analysis: The photocatalytic activity of
the prepared materials was examined by degrading the Rose
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Bengal dye under UV-light irradiation. Photocatalytic reactor
was used to conduct the experiment. The dye of 20 ppm in 250
mL of distilled water and 40 g of photocatalyst was added.
The reaction mixture was stirred under the illumination of UV-
light for 45 min. By analyzing absorption spectra (Fig. 6a-d),
MgFe,0, nanoferrites prepared by green sol-gel executed a
much higher degradation potential than those of other method.
log C/C, versus time plot has been displayed for degradation
of Rose Bengal dye (Fig. 7a). In the absence of photocatalysts
under UV light, there is no significant variation in the concen-
tration of Rose Bengal dye, signifying the inefficiency of self-
degradation of Rose Bengal dye molecules. In absence of light
source there is no degradation observed. MgFe,O4 nanoferrites
prepared by sol-gel revealed the higher photocatalytic perfor-
mance with the Rose Bengal dye degradation ratio of 98.6 %
in 45 min. On contrary, MgFe,O, nanoferrites of green combus-
tion, combustion and sol-gel degraded was 71.5, 66.2 and 80.3
% of Rose Bengal dye, respectively. Hence, it is assumed that the
improved photocatalytic activity for composites for green
sol-gel nanoferrite is due to the size, optimum band width and
less charge transfer resistance.
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Fig. 6. Absorption spectra for MgFe,O, Nanoferrites prepared by (a) combustion, (b) green combustion, (c) sol-gel and (d) green sol-gel

methods



506 Shetty et al. Asian J. Chem.

s
| | \
=
-0.6
—=—Dark

==m===Photolysis

100

90 g Dark

== Photolysis

80 Sol-gel

=g== Combustion

70 =a=— Green sol-gel
=== Green combustion

60
b

50

40

Degradation of Rose Bengal (%)

=—t—Sol-gel 30
08 Combustion
—a—Green combustion 20
—=#—Green sol-gel
10 a
-1.0
0 llp—
0 10 20 30 40 50 0 10 20 30 40 50

Time (min) Time (min)

Fig. 7. (a)log C/Cyversus time and (b) percentage degradation of rose bengal for MgFe,O, nanoferrites prepared by sol-gel, green sol-gel and
combustion, green combustion methods

The maximum removal efficiency in lab scale experiment h* + OH —— OH* 5)
for an initial concentration of C, and final concentration C of B N
dye solution after reaction was calculated by following 0. +e 0, (6)
formula: H,0 + 0,* —— HO,* + OH (7
Efficiency (%) = S =C 00 (3) H,0 + HO,* —> H,0, + OH* ®)
. S : H,0, —> 20H* )
Photocatalytic mechanism: The valence electrons in
MgFe,O, nanoferrites get excited to conduction band upon O,* + OH* + Rose bengal dye* —
irradiation of UV light (Fig. 8a). After the generation of electron- CO, + Water molecule + Inorganic ions (10)

hole pair, the excited electron reacts with surface oxygen mole-
cule to produce free oxygen radicals. The oxygen radicals react
with water molecules to form HO,", later it produces H,O..
Likewise, hole reacts with hydroxyl ion of water molecule to
generate hydroxyl radicals. These superoxide radicals produced
from electron-hole pair reacts with dye molecules. The dye
molecules are degraded into CO,, water and organic ions.

Recycling experiments were carried out to examine the
stability of the photocatalyst so that it can be used for practical
applications. To reuse the photocatalyst from the reaction
mixture an external bulk magnet is used. The extracted photo-
catalyst was washed with ethanol and dried for each run. Further,
the photocatalyst is used for the next 4 more runs for the degra-
dation of Rose Bengal dye. At the end of experiment, the photo-

MgFe,04+ hv —— MgFe,04 (e + h*) 4) catalyst was extracted again for the further run. The graph is
IE 1007 4= gun 2™ Runy 3”Run 4"Runs 5" Run
[b]
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Fig. 8. (a) Mechanism for photocatalytic degradation of dye by MgFe,O4 NPs, (b) Percentage degradation of Rose Bengal dye by green
sol-gel nanoferrites for recycling experiment
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plotted for all 5 runs with respect of percentage degradation.
(Fig. 8b). The results showed almost consistency in the decom-
position rate for all the 5 runs ensuring the stability of photo-
catalyst.

Conclusion

The synthesized MgFe,O4 nanoferrites via chemical and
green methods successfully degraded the Rose Bengal dye under
UV light. FTIR and PXRD results gave the specific information
regarding the structural composition and crystalline size,
respectively for the nanoferrites. DRS signified that MgFe,O,
nanoferrites can absorb both UV light and visible light, maxi-
mum visible light absorption being at 499 nm. Photocatalytic
activity of MgFe,O, nanoferrites developed by various techni-
ques were compared for the efficient degradation of Rose Bengal
dye and MgFe,O, nanoferrites prepared by green sol-gel method
was confirmed to be competent photocatalyst under UV illumi-
nation as compared to other photocatalysts. The EIS spectrum
indicates that the higher photocatalytic performance of green
sol-gel nanoferrites are usual due to less charge transfer resis-
tance. Major degradation of Rose Bengal dye resulted due to
holes as analyzed by scavenging experiment. MgFe,O, nano-
ferrites can be recycled and used at least five times without
much change in degradation efficiency. Thus, MgFe,O4 nano-
ferrites prepared by green sol-gel method can be exploited for
wastewater treatment of dye/textile under UV irradiation.
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