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Abstract.  Nickel substituted cobalt-zinc ferrite nanoparticles with composition Coos5ZnosNixFez-xOas (x = 0.25, 0.5, 0.75, 1.0)
were synthesized using a wet chemical method named citrate precursor method. Various characterizations of the prepared
nanoferrites were done using X-ray powder diffractometry (XRD), Scanning electron microscopy (SEM), UV visible
spectroscopy and Fourier transform spectroscopy technique (FT-IR). XRD confirmed the formation of cubic spinel structure of
the samples with single phase having one characteristic peak at (311). The value of optical band gap (Eg) was found to decrease
with Ni substitution and have values in the range 2.30eV to 1.69eV. A Fenton-type system was created by photocatalytic activity
using source of visible light for removal of methylene blue dye. Observations revealed increase in the degradation of methylene
blue dye with increasing nickel content in the samples. The degradation percentage was increased from 77.32% for x = 0.25 to
90.16% for x = 1.0 in one hour under the irradiation of visible light. Also, the degradation process was found to have pseudo first
order kinetics model. Hence, it can be observed that synthesized nickel doped cobalt-zinc ferrites have good capability for water
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purification and its degradation efficiency enhanced with increase in nickel concentration.
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1. Introduction

Due to the efficient and versatile optical, magnetic,
electrical and chemical properties of spinel ferrites, these
materials are extensively studied by the researchers from
past decades. These properties make these materials
different from their bulk counterparts (Bhalla et al. 2021,
Agrawal et al. 2016, Singh et al. 2015, Thakur et al. 2008).
Spinel ferrites have a lot of applications in many fields like
supercapacitors, magnetic sensors, MRI imaging, catalysis
and as anti bacterial agents (Chahar et al. 2020, Samavati et
al. 2017, Salazar-kuri et al. 2017, Kalpakli 2015, Xiong et
al. 2014, Singh et al. 2014, Asghar et al. 2012, Yang et al.
2010, Mathur et al. 2008a, b). The spinel ferrites having
general formula XFe,O., (where X is any metal, for
example Mg, Co, Ni, Zn, Mn) are being synthesized by the
researchers from past some years. Magnetic ferrites like
cobalt ferrite (CoFe,04), manganese ferrite (MnFe;04), zinc
ferrite (ZnFe204), and copper ferrite (CuFe204) can be used
as an efficient catalyst for the photocatalytic process. There
are a lot of techniques for synthesizing spinel ferrite
nanoparticles like sol-gel autocombustion, microwave
combustion, co-precipitation and solvothermal etc. (Taneja
et al. 2021, Thakur et al. 2018, Chen et al. 2017, Ma et al.
2017, Kurtinaitiene et al. 2016, Sharma et al. 2016, Theopil
Anand et al. 2015, Atif et al. 2014, Mathur et al. 2010).
Among all these methods citrate precursor method has a lot
of advantages like lower time consumption, simple process,

*Corresponding author, Ph.D.,
E-mail: pthakur@ggn.amity.edu

Copyright © 2022 Techno-Press, Ltd.
http://www.techno-press.org/?journal=journal=anr&subpage=5

environmentally safe and low energy consumption. During
recent years, there is tremendous rise in the environmental
pollution because of the release of industrial wastewater
which contains phenolic derivatives, synthetic pigments,
and organic colouring contribution causing significant
environmental hazards. These contaminants cause serious
problems to aquatic life system due to their nondegradable
nature. The effluents released from the textile and dye
industries can be degraded using nanomaterials (Ikram et al.
2020, Raza et al. 2020, Girgis et al. 2015, Mondal et al.
2015). Many semiconducting materials like TiO,, ZnO, and
Sn304 etc. are being used as photocatalysts which behave as
sensitizers for redox processes that are light-induced
(Khademalrasool et al. 2020, Manzoor et al. 2018, Balgude
et al. 2020). Spinel ferrites are considered efficient
photocatalyst due to abundant availability, stability, non-
toxic nature and simple process for the synthesis (Chahar et
al. 2021, Chang et al. 2020, Balgude et al. 2020, Kapoor et
al. 2018, Mahmoodi et al. 2014).

The life is affected due to increasing population,
urbanization and industrialization. Water bodies are being
excessively contaminated and causing severe threat to
aquatic life forms and human beings. Organic dyes are
released from printing, food, textile and leather industries
(Bharagava 2018). These dyes are removed from water
using various methods like adsorption (Ojemaye et al. 2019,
Das et al. 2018), microbial degradation (Zhu et al. 2007),
chemical precipitation (Sen et al. 2016) etc. These all
processes are very costly, produce sludge and cause
formation of secondary pollutants. Photocatalytic degradation
using visible light can be opted as an efficient process for
dye degradation.

Main cause of water pollution is the Methylene blue
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(MB), C16H1sN3SCI, an organic dye which is released from
many textile and printing industries (Arora et al. 2019).
Many health issues are caused due to this dye like nausea,
vomiting, anemia, diarrhea and increase eutrophication
(Jack Clifton et al. 2003) resulting in an imbalance of the
aquatic ecosystem causing fatal effects to fauna and flora
(Ekambaram et al. 2018). In the past times, methods used
for treating industrial waste were chemical coagulation,
biological, and adsorption methods but these methods are
not efficient for the degradation of methylene blue dye from
water completely. So, now a days, methods used for
wastewater treatment are advanced oxidative processes
(AOPs) (Ge et al. 2011). In this process, the .OH radicals
are generated from oxidants like H,O;, Oz, and O.. The
improvement in efficiency of dye degradation can be done
by doping of transition metal ions and using different light
sources for the irradiation like UV light or visible light to
increase the generation of .OH radicals.

Researchers are using spinel ferrite nanoparticles for the
photocatalytic process due to their narrow band gap, high
stability and magnetic nature. Organic pollutants are being
removed by many researchers using spinel ferrite
nanoparticles. Dhiman degraded remazol brilliant yellow
and safranine-O using nickel ferrite prepared using
hydrothermal route by visible light induced photocatalytic
degradation (Dhiman et al. 2016). Also, methylene blue dye
was degraded at pH 2.5 by Sharma using MFe,O4 (M= Ni,
Co, Cu, Zn) in visible light and Fenton type system using
H»0, as a catalyst (Sharma et al. 2015).

The photo Fenton is really efficient for the dye
degradation as it produces more oxidative hydroxyl radicals
(.OH) that helps to stimulate the reaction (Kurian et al.
2015, Dutta et al. 2001). In this method, light sources,
semiconductors and oxidants are used to decompose the
organic pollutants. The organic pollutants are completely
decomposed into non toxic Co, and H,O. Cobalt ferrites
were used by Abulkalam to degrade methylene blue dye
using visible light radiations and H,O- (Kalam et al. 2018).
Also, by using nickel ferrite, the MB dye degradation
reached upto 99% by photocatalytic degradation using H20-
(Vinosha et al. 2018). The band gap of spinel ferrite
nanoparticles lies in the visible region. Due to this reason,
researchers have focused on the synthesis of nanoferrite
particles and studied morphological and optical properties
of these synthesized ferrites. The removal of methylene
blue dye using photocatalytic mechanism was studied by
Cao using CES- derived zinc ferrites (Cao et al. 2017).
Cobalt ferrites were synthesized using hydrothermal method
and degradation efficiency of the prepared ferrites for the
removal of Reactive Red 4 dyes was checked (Habibi et al.
2015). Aluminium doped zinc ferrites were used by Borhan
for the degradation of orange | dye (Borhan et al. 2014).
Also, the removal of cationic triarylmethane dyes was
processed by using cobalt ferrite nanoparticles (Sakti et al.
2020). Therefore, by introducing metal ion in the ferrite
lattice, we can alter various properties of the nanoferrite
particle. But the use of metal substituted cobalt zinc
nanoferrite to degrade the methylene blue dye have been
studied to a very limited extent. From the literature it has
been found that the transition metals act as good catalyst,
therefore we opted to investigate Ni doped Co-Zn

nanoferrites as photocatalyst for the degradation of
methylene blue dye. The present work investigates the
degradation of methylene blue dye from the aqueous
solutions by visible light induced photocatalytic activity
using Ni doped Co-Zn nanoferrites with composition
COo,szno_sNixFez.xO4 (X = 0.25, 0.5, 0.75 and 1.0)
synthesized by citrate precursor method which is simple,
easy to handle, economic and consumes less time.

2. Experimental work
2.1 Synthesis

Nickel doped cobalt — zinc nanoferrites are synthesized
using citrate precursor technique. It is a wet chemical
method in which citric acid plays the role of a chelating
agent. Citric acid and metal nitrates are mixed to form a
homogeneous solution. For the synthesis of ferrite
nanoparticles, all the required metal nitrates that include
zinc nitrate (98% purity), cobalt nitrate (99% purity), nickel
nitrate (98% purity), and ferric nitrate (98% purity) were
dissolved in distilled water in proper proportion along with
citric acid to form a homogeneous solution. The mixture
was kept for continuous stirring along with heating at a
temperature of 80°C using a magnetic stirrer with a hot
plate. After some hours of heating, a dry precursor was
obtained and the whole moisture was lost from the sample
due to heating and we got the ferrite nanoparticles. The
sintering of obtained powder was done at a temperature of
800°C for 3 hours in a muffle furnace at a heating rate of
5°C/min to get the desired nickel doped cobalt — zinc
nanoparticles.

2.2 Characterizations

For the structural study of Ni substituted Co-Zn
nanoparticles with composition CogsZngsNixFezxOs (X =
0.25, 0.5, 0.75 and 1.0), the samples were characterized by
X-ray diffraction in a bruker X-ray diffractometer with
CuKo radiation having wavelength A=1.5405A with angle
scan of 20 values with a step size of scanning rate 0.02 from
10° to 70°. Fourier transform infrared spectroscopy (FTIR)
was analyzed on a Perkin Elmer FT-IR instrument in the
range 4000 cm™ to 400 cm™. The investigation of surface
morphology of the synthesized samples was done using a
Zeiss EVO40 scanning electron microscope (SEM). AXIS
X-ray photoelectron spectrometer (UK) with Al K alpha
monochromatic excited radiation was used for the analysis.
The absorbance of methylene blue at fixed time intervals
was checked by using UV visible spectroscopy. The
Quantachrome instrument was used to calculate BET
surface area from N, adsorption desorption isotherms.

2.3 Photocatalytic activity

The visible light induced photocatalytic degradation
process on methylene blue dye was performed using the as-
prepared Ni doped Co-Zn nanoferrite samples sintered at
800°C. For this process, 100 ml of 10 mg/L methylene blue
solution was taken in a beaker. After that, 5 mg of the Ni
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doped Co-Zn ferrite powder sample was mixed into it.
Then, the prepared aqueous solution was put in dark for 45
minutes on a magnetic stirrer at room temperature so that
adsorption desorption equilibrium can be attained between
prepared dye solution and ferrite catalyst. After that, 0.1 ml
of 30% H»0, was dropwise added to the solution so that a
Fenton type system can be created followed by exposing the
solution to visible light using a light source of 300W
tungsten lamp. The methylene blue dye samples were taken
after regular time intervals (0 min, 20 min, 40 min and 60
min respectively) to check the degradation of dye from the
aqueous solution. The absorbance of methylene blue dye
from the solution was checked by UV visible spectroscopy.

3. Result and discussion
3.1 X-ray diffraction spectroscopy

XRD patterns of synthesized nickel doped Co-Zn
nanoferrites prepared using citrate precursor method are
shown by Fig. 1. The diffraction peaks that are indexed to
lattice planes (220), (311), (222), (400), (422), (511), (440)
at different 20 values are shown by XRD patterns. All the
observed peaks revealed the single phase spinel cubic
structure having Fd-3m space group of the prepared ferrite
samples. The characteristic peak detected at (311) showed
the spinel phase whereas other peaks at (220), (222), (400),
(422), (511) and (440) planes showed cubic structure of the
synthesized ferrite nanoparticles (Rana et al. 2015, Sharma
et al. 2016, Mathur et al. 2008a, b).

The average crystallite size values were calculated by
using Scherer’s equation:

D= K4 1
" Bcosh @)

where D is crystalline size, K is the shape factor which is
dimensionless having typical value 0.89, 1 is X-ray
wavelength, £ is full width at half maxima of the diffraction
peaks and @ is diffraction angle. The values of average
crystallite size were calculated in the range 37 nm to 41 nm
for different concentrations of Ni ions.

The values of lattice parameter ‘a’ were calculated using
equation:

a = dpg(h? + k2 +12)'/2 (2

where dnq is interplanar spacing; h, k, | are miller indices
and a is lattice parameter. There is regular increase in the
value of the lattice parameter and the values are 8.40A,
8.42A, 8.44A and 8.46A for Ni?* ions concentration x =
0.25, 0.50, 0.75 and 1.0 respectively. The increase in values
of lattice parameter may be because of the large ionic radii
of nickel ions (i.e. 0.72A) in comparison with ferric ions
(0.63R).

The theoretical density was calculated using the below
given equation:

8M

Ptheoretical = W (3)

where, N is Avogadro number, M is molecular mass of the
sample and ‘a’ is the lattice parameter. A decreasing trend
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Fig. 1 X-ray diffraction patterns of Ni doped Co-Zn
nanoferrites

Table 1 Various XRD parameters calculated using X-ray
diffractometry

Experimental

Con_centrqtion C_rystallite Thgoretical density Porosity

of nickel ions size (nm) density (g/cm?q) (glemd) (%)
0.25 40 5.33 8.25 53.18
0.5 41 5.32 7.99 50.15
0.75 37 5.26 7.42 41.04
1.0 38 5.25 7.11 35.25

was shown by the calculated theoretical density with
increase in nickel concentration and its value lie in the
range 5.33 g/cm? to 5.26 g/cm? for the prepared samples.
The value of bulk density was calculated and it was found
in the range 8.25 to 7.11 g/cm?® and it showed a decreasing
trend with increasing x value. The formula for calculation
of bulk density is

mass

Apuik = —volume (4)

The porosity percentage was calculated using following
equation

. dexp.
Porosity% = (1 - ———) x 100 (5)
dtheoretical

The value of the porosity percentage decreased from
54.18% to 35.14% with increasing value of x. The porosity
decreased due to increase in grain size with substitution of
Ni?* ions in place of Fe® ions. The calculated parameters
are given in Table 1.

3.2 SEM/EDS analysis

To study the morphology and shape of the nanoferrite
particles, the Scanning electron microscopy (SEM) analysis
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Fig. 3 XPS spectrum of synthesized Ni doped Co-Zn
nanoferrites for x = 1.0

was done. Fig. 2 shows the SEM image and energy
dispersive X-ray spectroscopy having elemental analysis of
COoAszno,sNixFEQ.xO4 for x =1.0.

Cubic sized grains having average grain diameter ~100
nm are shown by SEM images. The difference in average
grain size is due to agglomeration and cluster formation by
the synthesized ferrite nanoparticles. EDS spectrum
confirms that there is no impurity and extra element in the
synthesized nanoferrite sample.

3.3 X-ray photoelectron spectroscopy

Low resolution full scan XPS spectrum of Ni doped Co-
Zn nanoferrites for x = 1.0 is shown in Fig. 3. The spectrum
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Fig. 4 FT-IR spectra of Ni doped Co-Zn ferrites for
different concentrations of Ni ions

shows the peaks which correspond to the binding energies
of Co 2p, Zn 2p, Ni 2p, Fe 2p and O 1s (Nesbitt et al. 2000,
Vinuthna et al. 2013, Bera et al. 2001).The binding energies
at around 1024 and 1046 eV are exhibited by the Zn, which
are attributed to Zn2ps, and Zn2pi, electrons present in
Zn?* oxidation state respectively. The peaks around 714 eV
and 727 eV are designated to Fe2ps» and Fe2pi, states. The
presence of Fe®* cations at octahedral site of the spinel
structure is depicted by the peak at 714 eV and the peak at
727 eV reveals the Fe?* cations present at tetrahedral sites.
The major peaks with binding energy values at 793eV are
attributed to the Co2py; states. The presence of Ni element
was observed in the range 852-858 eV and 865-875 eV
corresponding to Ni 2ps2 and Ni 2py. electrons present in
the Ni?* oxidation state respectively. The presence of
oxygen was depicted by O1s spectrum in two different
binding energy states in the range 531 eV to 542 eV.

3.4 FTIR Spectroscopy

Fig. 4 depicts the Fourier transform infrared spectra of
the samples displaying chemical composition of the
prepared ferrites via the modes of vibration for nickel doped
cobalt — zinc ferrite nanoparticles.

The bands observed at 601 cm™ and 426 cm? are
attributed to the intrinsic stretching vibrations of metal ions
at tetrahedral sites (A-sites) and octahedral sites (B-sites)
(Coutinho et al. 2017). The CoOOH hydration of water is
shown by the band present at 1094 cm™. The band
appearing at 1377 cm™ may be due to the moisture present
in the system of FeOOH and nitrate ions (Habibi et al.
2014). Also, the bending modes of O-H bonds of absorbed
water are present in the samples which are shown by the
band around 1629 cm™ (Suwanchawalit et al. 2015,
Sivakumar et al. 2014). The C-H stretching vibrations are
shown by the two characteristic bands observed at 2925 and
2853 cm™. A broad band around 3434 cm™ is due to modes
of O-H groups of water molecule.

3.5 Optical properties

UV visible spectroscopy measurements were done by
using Diffused reflectance (DRS) to study the effect of Ni
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Fig. 7 (A-D) Nitrogen adsorption isotherms of synthesized Coo.5ZngsNixFezxO4 (X = 0.25, 0.50, 0.75 and 1.00)

doping on CoosZngsNixFes.xOs nanoferrites. Fig. 5 shows
the typical band edge absorption spectra of synthesized
nanoferrites.

The absorbance was found to be significant for
photocatalytic reactions with wavelength ranging from 800-
1000 nm which covers the visible region. With increase in
Ni doping, band edge absorption increased and values are
found to be 904 nm, 984 nm, 1026 nm and 1036 nm for x =
0.25, 0.50, 0.75 and 1.0 respectively. The equation used to
calculate the optical band gap (Eg) near the absorption edge
is given as (Silambarasan et al. 2014)

ahv = A(hv — E,)'/2 (6)

where, a is absorption coefficient, h is Planck’s constant, v
is frequency of incident photon, A is proportionality
constant and Eg4 is optical band gap. The graphs plotted
between (chv)? and photon energy (hv) are shown in Fig 6.

The values of band gap were estimated from the graphs
and found to have values 1.78eV, 2.30eV, 2.11eV and
1.69eV for Ni?* ion concentration x = 0.25, 0.50, 0.75 and
1.0 respectively. The calculated values of optical band gap
are given in Table 2. The optical band gap values firstly
show an increase and then found to decrease with increase
in Ni substitution in Co-Zn nanoferrite particles.

3.6 BET specific surface area study

The Ny adsorption/desorption hysteresis loops of the
synthesized Ni doped Co-Zn nanoferrites are shown in Fig. 7.

All the isotherms of the ferrites exhibited type IV isotherms
in accordance with IUPAC classification confirming the
mesoporous nature of the prepared nanoferrite samples
(Schneider et al. 1995). In mesoporous nature, the process
of adsorption proceeds multilayer adsorption which is then
followed by capillary condensation. The Ni doped samples
were investigated for total surface area using N
adsorption/desorption isotherm.

The adsorbed gases and moisture were removed from
the surface of the samples by degassing at 250°C for 3h.
The equation given by Brunauer, Emmett and Teller was
used to determine total BET surface area,

1 -1 (ﬁ) + 1

(1] e W
here, P is the equilibrium pressure, Po is the saturation
pressure, Qm is the quantity of monolayer adsorbed gas, Q is
the amount of N> gas adsorbed on the adsorbate and C is the
BET constant.

The values of BET surface area of the prepared Ni
doped Co-Zn samples were found to be 5.546m?/g,
6.273m?/g, 11.045m?/g and 75.742m?/g for Ni?* ion
concentration x = 0.25, 0.50, 0.75 and 1.00 respectively.
The larger surface area means there is an increased number
of active sites at surface for adsorption of reactive molecule
resulting in more efficient photocatalytic process (Saroukhani
et al. 2015). The calculated BET surface area increases with
an increase in the Ni doping and the sample with Ni?* ion
concentration x = 1.00 has maximum surface area. The

()
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Fig. 9 UV visible spectra of methylene blue dye for different concentration of Ni ions

prepared nanoferrite samples were proved to be having
good catalytic properties due to high surface area.

3.7 Photocatalytic study

3.7.1 Photocatalytic process

Nanophotocatalysis has proved to be very successful
and efficient technique for the degradation of harmful
organic substances from water at room temperature because
these materials are chemically stable, less toxic, easily
available and have very good photoactive properties due to

their nano size (YYang 2021). Also, the photodegradation of
organic pollutants is advantageous because this process is
low cost, cause almost complete degradation and reusable.
The use of magnetic photocatalysts is also preferred
because the nanoparticles can be recovered using external
magnetic fields and it allows numerous cycles of use of
nanophotocatalysts. In actual, the process of photo-
degradation of organic pollutants involves two steps:
mineralization and degradation of pollutants (Umar et al.
2012). During the degradation process, the decomposition
or splitting of organic pollutants into several products takes
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Fig. 10 Pseudo-first-order Kinetics of methylene blue

using Coos5ZnosNixFe2xOs (x=0.25, 0.5, 0.75 and 1.0) as
a photocatalyst

Table 2 Effect of nickel ion concentration on the
degradation of methylene blue

Percentage Rate BET Optical
degradation of constant surface area band gap

Concentration

of nickel ions dyeinone hour ‘K’ (m?/g) (Eg eV
0.25 77.32 0.0743 5.456 1.78
05 83.33 0.099 6.273 2.30
0.75 89.47 0.111 11.045 211
1.0 90.16 0.119 75.742 1.69

place. On the other hand, during mineralization, the organic
pollutant is completely destructed into water, carbon
dioxide and some inorganic ions. Some other oxidants like
H.0, are used with the photocatalysts during the photo-
catalytic process so that a Fenton type system can be
created by using ferrite catalysts under dark conditions or
light irradiations (Guan et al. 2020, Wei et al. 2012, Sun et
al. 2012).

In a Fenton type system, hydroxyl radicals are produced
by the combination of ferrite nanophotocatalysts with H,O-
under light irradiation or dark conditions to enhance the
degradation process. These generated .OH radicals (hydroxyl
radicals) oxidize the organic contaminants present in
wastewaters because of its potential (2.84 V versus the
standard hydrogen electrode). The use of light enhances the
degradation efficiency of the Fenton type system so that
more organic pollutants can be degraded. The use of light in
the process is responsible for the oxidation and reduction
reactions. During the light irradiation, an electron (e”) from
the valence band get excited to the conduction band of the
catalyst leaving a photogenerated hole (h*) behind in the
valence band. These produced electron and holes are
responsible for the oxidation and reduction process. When
photocatalytic mechanism takes place in aqueous solutions,
water and hydroxide ions (OH-reacts with photogenerated
h* and form hydroxyl radicals (.OH), which act as primary
oxidant in the oxidation of organic compounds during
photocatalytic mechanism. The process of photocatalytic
mechanism is shown by Fig. 8. The reactions showing the
production of hydroxyl radicals in the photocatalytic
mechanism are as under.

ferrites + hv > e~ + h*
0, +e -0y
OH™ +h* - OH
OH /03 + MB - degraded products

3.7.2 Results of photocatalytic mechanism

Photocatalytic mechanism was used to degrade a dye
named methylene blue from water by creating a photo
Fenton type system using nickel doped cobalt zinc nano-
ferrites. The prepared samples are proved to be very capable
to degrade the methylene blue dye from water. UV visible
spectra of methylene blue dye for different amount of Ni
ions present in the samples is shown in Fig. 9. Two peaks
appeared at 664 nm and 610 nm which validate the
existence of methylene blue dye in the aqueous solution.
The UV visible spectra of methylene blue show the
concentration of dye present in water without adding
catalyst and at different time intervals after irradiating with
visible light. The degradation efficiency depends on the
amount of doping, duration of contact time and generation
of electron-hole pairs. As the content of Ni%* ions was
increased there is more degradation of methylene blue dye
from water. The Fig. 9 shows regular decrease in the
concentration of methylene blue dye in water as the contact
time is increased. The concentration of methylene blue dye
was calculated using the formula:

C
R% = 2>

x 100 (8)

Here, Co is the initial concentration of the methylene
blue at time t = 0 min and C is the final concentration of the
methylene blue at time t = 1 hour after irradiating with
visible light source.

The degradation of dyes using visible light irradiation is
a pseudo first order kinetic model and its kinetics is
demonstrated by using the equation (Vijay et al. 2019):

ln(c/co) = —kt 9)

Here, Co and C are the concentration of dye at timet =0
and t respectively and Kk is equilibrium constant. The plots
of -In(C/Cy) versus irradiation time for all the Ni substituted
Co-Zn samples are shown by Fig. 10. It can easily be seen
from the figure that degradation of methylene blue using all
the synthesized nanoferrite samples followed the pseudo
first order Kinetics.

The Fig. 11(a) shows that as the Ni?* ion concentration
was increased from x = 0.25 to x = 1.0, there was more
removal of methylene blue dye from water. The degradation
of dye was 77.32%, 83.33%, 89.47% and 90.16% for x =
0.25, 0.5, 0.75 and 1.0 respectively. The rate constant is
computed using the relation:

k = 2.303 X slope (10)

Here, the 1%t order kinetics graph is used to calculate
slope. For x = 0.25, the value of rate constant is minimum
i.e.,, 0.0743 but it increases as there is an increase in Ni
content. It is 0.099, 0.1105 and 0.1198 for x = 0.5, 0.75 and
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Fig. 11 (a) Degradation efficiency of methylene blue dye
for different concentration of Ni?* ions, (b) Plot of

rate constant for photocatalytic activity of various
samples

1.0 respectively. The dye degradation from water is a
function of contact time.

The value of rate constant is found to rise with increase
in the Ni ion concentration as shown in Fig. 11(b). The table
2 shows the values of rate constant calculated for different
concentrations of Ni ions.

The Fig. 12(a) shows the contact time effect on the
methylene blue degradation using visible light source by
using 5 mg of the ferrite catalyst. Figure shows that with
increase in time, the degradation of more methylene blue
dye takes place. Also, the degradation increases with an
increase in nickel doping in the Co-Zn ferrite lattice. The
reason behind this may be that as the doping concentration
is increased, more surface oxygen vacancies and defects are
created that helps in promoting the photocatalytic
degradation process. Low value of optical band gap may
also increase the degradation of dye from water.

Fig. 12(b) shows the percentage degradation of methylene
blue dye from water with time interval and it is observed
that for all the Ni doped Co-Zn samples, the degradation of
methylene blue dye get increased with time. The degradation
of methylene blue after 1 hour was 77.32%, 83.33%,
89.47% and 90.16% for nickel concentration x = 0.25, 0.5,
0.75 and 1.0 respectively. A significant degradation is
achieved in one hour for all the nickel doped Co-Zn samples
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Fig. 12 (a) Photocatalytic degradation of methylene blue
under visible light irradiation, (b) Time dependent
percentage photodegradation of methylene blue for
different nickel concentration

and the degradation efficiency percentage increased with
increase in time. Also, one more advantage of removal of
methylene blue using photocatalytic activity is that, it is a
safe process. In a Fenton type system, hydrogen peroxide is
used which is safe, easy to handle and have no harmful
effect on environment. The resultant products in this
process are carbon dioxide and water.

4. Conclusions

The citrate precursor method was successfully used to
synthesize nickel doped cobalt-zinc nanoferrite.

» XRD spectra of all the samples showed the single
phase spinel cubic structure having characteristic peak at
(311). The average crystallite size of the samples was in the
range 37 nm to 41 nm.

* FT-IR spectroscopy confirmed the spinel crystal
structure having stretching vibration of metal ions at
tetrahedral and octahedral sites respectively.

* The optical band gap values found in the range 2.30
eV to 1.69 eV for Ni concentration varying from x = 0.25 to
x =1.0.

» The samples were found to have good BET surface
area, to be used in adsorption processes.

» The degradation of methylene blue dye by nickel
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substituted cobalt-zinc nanoferrites using photocatalytic
mechanism was highlighted in present investigation. From
the observations, it was noticed that there is increase in
degradation efficiency with rise in nickel ion concentration
from x = 0.25 to x = 1.0. The results revealed 90% removal
of methylene blue from water in just 1 hour using
synthesized ferrites.

» The degradation of the methylene blue dye was
observed to be 77.32%, 83.33%, 89.47% and 90.16% for
the nickel ion concentration x = 0.25, 0.5, 0.75 and 1.0
respectively. Also, pseudo-first-order kinetics model for
removal of methylene blue was followed by all the
substituted samples.

» The results showed that Ni doped Co-Zn nanoferrite
particles act as powerful photocatalyst for removal of
methylene blue dye from water without harming the
environment.
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