Magneto-structural and photocatalytic behavior of mixed Ni—Zn nano-s... https://link.springer.com/article/10.1007/s10854-020-03684-1

SPRINGER LINK Login

= Menu (QQ search D cart

Home Journal of Materials Science: Materials in Electronics  Article

Magneto-structural and photocatalytic behavior of
mixed Ni—Zn nano-spinel ferrites: visible light-
enabled active photodegradation of rhodamine B

Published: 31 May 2020
Volume 31, pages 11352-11365,(2020) Cite this article

Download PDF &

Access provided by Dr. Babasaheb Ambedkar Marathwada University, Aurangabad

iistsln Journal of Materials Science:

Electronics

£, "% 2y Materials in Electronics

-

Aims and scope

Submit manuscript

Swapnil A. Jadhav, Sandeep B. Somvanshi, Mangesh V. Khedkar, Supriya R. Patade & K. M.
Jadhav M

g) 1380 Accesses !‘_] 91 Citations Explore all metrics >

Abstract

The present study compiles with the physicochemical, magnetic, and photocatalytic
evaluation of the mixed spinel Ni—Zn nanoferrites prepared by the auto-combustion sol—-gel
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route. All the samples were characterized by XRD for the recognition of phase-pure cubic
spinel structure. Spectral studies that were carried out by FT-IR clearly show two absorptions
band revealing the characteristics of ferrite skeleton. The morphology of the prepared
nanoparticles was visualized by SEM and TEM microscopy technique. BET analysis showed
the enhancement in surface parameters. Hydrodynamic diameter and dispersion studies were
evaluated by DLS and Zeta potential measurements. The DC resistivity measured by two-
probe technique shows the semiconductor behavior for all the samples. M—H hysteresis loop
of all the samples exhibited the superparamagnetic behavior. The energy bandgap values
obtained by the UV—Vis spectroscopy technique show the increasing trend from 1.82 to 2.07 eV
with increase in Ni2* content. The photocatalytic activity of Rhodamine B was evaluated under
sunlight irradiation. With increasing Ni%* concentration, the degradation efficiency increased
to 98%. Further, the present nanocatalyst shows active reusability and can be easily separable
due to its magnetic nature. The obtained results show the enhanced photocatalytic of the Ni—

Zn nanoferrites under the visible light in contrast with the available literature reports.
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1Introduction

Nowadays, the occurrence of toxic organic pollutants due to the development of industries has
great effects on the clean environment such as the growth of plants, sea-animals, the fertility
of the soil, and human health, therefore it is a serious global issue [1]. Over the past decade,
young researchers focused on to synthesis of low-dimensional nanomaterials and widely used
them in photocatalytic degradation of highly toxic organic pollutants [2]. Many researchers
already concluded that low-dimensional materials have large surface area, active adsorptions
sites, and electron—hole recombination rate under UV and visible light sources [3].
Rhodamine B is a chemical dye having structure as depicted in Scheme 1. It is generally used in
industrials purposes like textiles, paints, paper, biotechnology applications such as
fluorescence microscopy, flow cytometry, etc. [4]. The organic dyes may cause serious
environmental problems related to eye, skin, and lung tract irritation [5]. So, eliminating dye

from water is the most important and demanding task.

Scheme1

H3C CHj;

COOH

Structure of Rhodamine B
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For the wastewater treatment, advanced oxidation process (AOPs) is the best alternative
technique in comparison to adsorption, precipitation, and filtration for the degradation of
organic pollutants [6]. The AOPs are very simple to operate eco-friendly with high efficiency
and nonselective process. Generally, the Photocatalytic process is one of the types of AOPs
procedure that is widely used for wastewater treatment. AOPs mainly includes the production
of nonselective as well as enormously reactive hydroxyl radical (‘OH). Hydroxyl radical can be
formed by the interaction of Fe3*/Fe2* ions with H,0,, where H,0, works as an oxidizing

agent and Fe3*/Fe2* as catalyst [7,8,9].

Spinel ferrite nanomaterials offer photocatalytic properties, which are useful in various
degradation of organic pollutants in wastewater [10]. The general formula of spinel ferrite
nanoparticles is AFe,0, (A can be Mn, Mg, Ni, Zn, etc.) [11,12,13] where A and Fe are metal
cations which occupy tetrahedral and the octahedral sites, respectively [14,15,16]. Spinel
ferrite nanoparticles are very useful in various bio-applications and electronic industries
[17,18,19]. The nanostructured spinel ferrite samples can be prepared by diverse wet chermnical
routes viz. coprecipitation [20, 21], sol—gel auto-combustion [22,23,24], hydrothermal [25],
solvothermal [26], sonochemical [27], etc. In the wet chemical method, the sol—gel auto-
combustion method is more appropriate for the preparation of spinel ferrite nanoparticles,
because of its simplicity, chemical homogeneity, low synthesis temperature, and
environmentally approachable [28, 29]. Sivakumar et al. [30] prepared NiFe,0, nanoparticles
by sol—gel auto-combustion method using citric acid and obtained average particle size 8 nm
with saturation magnetization of 50.4 emu/g. Lynda et al. [31] reported preparation of
Mg;-yNiyFe,0, nanoparticles by sol—gel auto-combustion method using urea as reducing
agent. P. P. Hankare et al. [32] successfully prepared Co;_xNixFe,;0, nanoparticles by sol—gel
auto-combustion method. In the present work, structural, morphological, magnetic, and
photocatalytic activity was improved with doping of Ni2* into ZnFe,0,. The series of mixed
spinel ferrite nanoparticles with chemical formula as NiyZn;_4Fe;0,4 (x = 0.0, 0.2, 0.4, 0.6, 0.8,
1.0) is reported with photocatalytic activity against Rhodamine B dye degradation under
sunlight.

2 Experimental
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2.1 Materials

All the chemicals such as nickel nitrate (Ni (NO3),6H,0), zinc nitrate (Zn (NO3),6H,;0, 98%),
ferric nitrate (Fe (NO3)39H,0), urea (CO(NH;),), ammonia (NH3), hydrogen peroxide (H,0,),
Rhodamine B (C,gH3;CIN,03), and deionized water were purchased from Fisher scientific Pvt.

Ltd. and used for the synthesis of the nanoparticles.

2.2 Preparation

The series of Ni—-Zn nanoparticles in powder form was prepared by the sol—gel technique
consisting of auto-combustion under the assistance of Urea as a chelating agent. All ferric
nitrate, nickel nitrate, zinc nitrate, and urea were dissolved in 300 ml deionized water with
nitrate-to-fuel ratio as 1:4. Then the pH was maintained at 7 using ammonia. The solution
mixture was stirred continuously at a constant temperature (80 °C) to form a viscous gel. The
temperature was then increased up to 120—140 °C for the combustion process. The
combustion was taking place and the fluffy powder was formed. The synthesized powder was
sintered at temperature 650 °C for 360 min using a muffle furnace. The synthesized samples
were coded as ZnFe,0,, Nig,Zng gFe;0,, Nig 4Zng gFe;04, NigeZng 4Fe;0,, NiO gZng,Fe;04,
NiFe,0,, respectively.

2.3 Photocatalytic degradation measurement

The prepared series of Ni—Zn nanoparticles was used for the degradation of Rhodamine B
under solar light. All the experiments were carried out using double-distilled water. The
temperature of the experimental reaction was found to be 30 °C to 37 °C. 0.5 g of prepared
nanoparticle samples were mixed in 250 ml of 10 mg/1 of RhB solution which was then kept in
solar light. Earlier, the solution was stirred for 30 min, and then the solution shows completely
adsorption—desorption equilibrium between the prepared samples and RhB solution. Further,
the 10 ml of hydrogen peroxide were added into the solution. At every given time interval, 3 ml
RhB solution was taken out for the measurement. Before and after photocatalytic degradation,
the RhB solution was measured using the UV-Vis spectroscopy technique. The decolorization
efficiency of RhB was determined by the following equation [25],

$S\% D = \frac{{C_{{03} - C_{t} }}{{C_{{0}} }} \times 100,S$
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where C is initial RhB concentration and C; is the concentration of the dye after a time

interval.

2.4 Characterization

The thermal degradation process was estimated through the thermal gravimetric and
different thermal analyses in the temperature range from room temperature to 600 °Cin a
nitrogen atmosphere using Shimadzu model. The X-ray diffraction patterns of the
synthesized samples were observed through X-ray powder diffractometer (Advanced Bruker
D8) in the 26 range of 15—80° with Cuka radiation (1.5418 A) at room temperature. The Fourier
transform infrared (FT-IR) spectra of the synthesized samples were examine through
PerkinElmer Spectrophotometer with range 350—4000 cm™L. FE-SEM with EDX was used to
study morphologies with the elemental composition of prepared samples. TEM microscopy
was also employed to visualize the morphology and structure. The specific surface area, pore
size, and pore volume of the synthesized sample were evaluated on the BET (Quantachrome
model) [33]. DLS and Zeta potential measurements were carried out with the help of Zetasizer
Malvern Panalytical Instrument. The DC electrical resistivity was measured by the two-probe
technique. The J—V curves were recorded by the Keithley 2400%. The magnetic measurement
of synthesized samples was examined with the help of a vibrating sample magnetometer
(VSM) (Lakeshore model) technique with an applied magnetic field. The optical bandgap and
photocatalytic measurements were studied using UV—Vis spectrometer (Avantes UV—-Vis
spectroscopy model).

3 Result and discussion

3.11TG-DTA analysis

The TGA-DTA curve of the typical NiFe,O, sample is depicted in Fig. 1. The thermal analysis
occurred in three different phases. They initial weight loss of 3.5% at 100—250 °C corresponds
to the reduction of water molecules and -OH ions from the particle surface. In the second
phase of temperature range 450—580 °C, the weight loss of 4.6% occurred due to the
decomposition of the surfactant. For the further temperature range (320—-700 °C), the weight
loss of 6.24% occurred due to the formation of pure-phase spinel ferrite [34,35,36].

6 of 44 18-06-2024, 16:20



Magneto-structural and photocatalytic behavior of mixed Ni—Zn nano-s...

https://link.springer.com/article/10.1007/s10854-020-03684-1

Fig.1
100
99 -
~ 98 —
N
0
0
g 971~
—i
el
A
5 964
3
95
94 -

-9

200 250 300 350 400 450 500 550 600 650 700

Temperature (°C)

TGA and DTA curves of NiFe,0, nanoparticles

3.2 XRD analysis

The XRD profile of the prepared series of Ni—Zn nanoparticles is depicted in Fig. 2a. The (hkI)
planes of (111), (220), (311), (222), (400), (422), (511), and (440) confirm the formation of

good crystallization with a single-phase spinel structure [12, 34, 37, 38].

Fig.2
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a XRD pattern of Ni,Zn;-,Fe,0, (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) nanoparticles. b Variation of lattice
constant with Ni content

The average crystallite size of the synthesized samples was calculated by Scherrer’s formula
[39],

SSD = \frac{0.9\lambda }{{\beta \cos \theta }},SS

where D is the average crystalline size, 1 is the wavelength (1.541 nm), g is the full width half
maximum, and ¢ is the Bragg diffraction angle. The plane (311) was selected to measure the
crystalline size of the prepared series of Ni—Zn nanoparticles. Table 1 shows that the
crystalline size of the synthesized sample was decreased from 23 to 15 nm. Later, it is observed
that urea has played an important part in controlling particle size. The lattice constant of
synthesized nickel-doped zinc—ferrite nanoparticles was calculated using the Bragg equation
[40],

$Sa=d\*\,(hA{2} + kA{2} + IA{2})A{1/2},SS

Table 1 Lattice constant, crystallite size of Niy,Zn;_,Fe,0, (wherex=0.0,0.2,0.4,0.6,0.8,
1.0) nanoparticles

where ‘@’ is the lattice constant, d is the Interplanar distance, and (h k I) is the miller indices.

The lattice constant was increased with increasing Ni content in ZnFe,0,, due to the

difference in ionic radius of Ni2* (0.69 A) and Zn2* (0.72 A) as shown in Fig. 2b. The calculated

lattice constant values are also given in Table 1.
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3.3FT-IR analysis

The formation of functional groups was confirmed by Fourier transform infrared (FT-IR)
spectroscopy. The FT-IR spectra of the prepared series of Ni—Zn nanoparticles are depicted in
Fig. 3.

Fig.3
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FT-IR spectra of NiyZn;_,Fe,;0, (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) nanoparticles
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Two metal—oxygen (M—O0) vibration modes were revealed by FT-IR spectra within the range
of 600 to 350 cm~! confirming the successful formation of spinel ferrites. The first band (v;)
with the maximum frequency was observed in the range 576 to 532 cm ™! and the second band
(v) with minimum frequency in the range 406 to 392 cm™!, which indicates metal—oxygen
stretching at tetrahedral (A) site and octahedral (B) site, respectively [41]. The first band v;
shifted towards higher wavenumber with increasing concentration of nickel and second band

v, decreases with increasing concentration of nickel in zinc ferrite which is shown in Table 2.

Table 2 Comparison of the FT-IR transmittance bands of Ni—Zn nanoparticles

3.4 FE-SEM and EDX analysis

The morphology of Ni—Zn nanoparticle samples was explored by using FE-SEM micrograph
as depicted in Fig. 4. The result of FE-SEM images exposes that nanoparticles have found a
closely arranged spherical shape with a dense population. The images show agglomeration
because ferrite nanoparticles show the interaction of magnetic dipole. The average grain size
of the prepared nickel-doped zinc ferrite nanoparticles was obtained as 18.45 nm and

15.85 nm. The EDX pattern of Ni-doped zinc ferrite (x = 0.4, 0.8) nanoparticles is shown in
Fig. 4. The presence of iron, nickel, zinc, oxygen (no other extra peak) confirms the purity of

prepared composition.
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3.5 TEM analysis

Figure 5a, b shows the TEM micrograph and Fig. 5¢, d shows the distribution of particle size
determined from TEM results by fitting with the Gaussian distribution function for the typical
samples of Ni,Zn;_,Fe,;0, (x = 0.4 and x = 0.8). TEM images clearly show the spherical nature
and uniform size of the particles. The diameter of 50 NPs was measured to determine the
frequency of particle size which confirms average particle size as ~ 22 nm for x = 0.4 and ~

13 nm for x = 0.8 samples, respectively. This result was nearly matching with average
crystallite size determined by XRD analysis.
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3.6 BET surface area analysis

The N, adsorption—desorption isotherms of NiFe,0,, Nig gZng,Fe,0,, ZnFe,0, nanoparticles
are depicted in Fig. 6. BET result demonstrated type IV hysteresis, which indicates the
prepared materials are mesoporous in nature (42, 43]. Obtained BET results reveal that
surface area increases with increase in nickel concentrations [44]. With decrease in particle
size, the surface area was increased [45]. Table 3 shows the variation in pore volume and
surface area for the typical samples. The enhanced surface parameters give evidence of

improved photocatalytic activity of the prepared samples.

Fig. 6
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Table 3 Surface area, pore volume of Ni,Zn;_,Fe,0, (x=0.0,0.8,1.0)

3.7 Dynamic light scattering (DLS) and zeta potential
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DLS is a popular technique to determine the hydrodynamic diameter (HDD) of the
nanoparticles dispersed in a colloidal suspension. The distribution of HDD sizes for all the
prepared samples is displayed in Fig. 7a. The HDD size of the prepared nanoparticles was
found to be in the range of 51 to 95 nm. It is also noted that HDD sizes decreased with the
increase in nickel substitution in zinc ferrite. This decrease in HDD size can be correlated with
the decrement in crystallite size values. The highest size of HDD was found for the pristine
zinc ferrite due to the inferior insoluble nature and agglomeration of particles in colloidal
suspension. In addition to DLS, the Zeta potential was also measured for all the samples to
know the charge on the surface and stability of the nanoparticles. Figure 7b displays the Zeta
potential of nickel-substituted zinc—ferrite nanoparticles. The zeta potential values for all the
samples are found in the range of + 37 mV and + 43 mV. The isoelectric points of all the
prepared samples are found in the range of 5.57 to 6.77. The increase in the isoelectric point

confirmed that the nickel substitution in zinc ferrite improves the colloidal stability of

nanoparticles.
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potential as a function of pH for Ni,Zn;-,Fe,;0, (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) nanoparticles

3.8 DCelectrical resistivity analysis

The DC resistivity is a dynamic property of spinel ferrite to determine the electrical gesture.

The resistivity of spinel ferrite nanoparticles can be influenced by sintering temperature,

density, and the grain size. The resistivity of the spinel ferrites can be enhanced by

substituting with proper trivalent or divalent ion to make them appropriate for desired

applications. DC resistivity plots were drawn as log p versus 1000/T for Ni,Zn;_,Fe;0, (x=0.0,
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It is observed from Fig. 8a that DC resistivity decreases with increase in temperature obeying

Arrhenius relation which shows semiconducting behavior of all the samples. The decrease in

DC resistivity with temperature can be attributed to the enhanced drift mobility. The charge
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carriers are required for the hopping of electron between adjacent ions at octahedral sites
which enhances the mobility of charge carries resulting in decrease in the resistivity and
increase in the conductivity. The DC resistivity of the prepared samples increases with
increasing Ni content. The activation energy for the prepared samples was calculated from the
linear plot between log p and 1000/T using Arrhenius relation [46],

$S\rho = \rho_{0} eA{{\Delta E/K_{{\text{B}}} T}},SS$

where p, represents room-temperature resistivity, kg represents Boltzmann constant, and AE
represents activation energy. The range of the activation energy for prepared samples

increases with the increasing Ni concentration as shown in Fig. 8b [47].

The increase in activation energy shows that more energy is needed for electrons hopping due
to Ni doping. The activation energy of prepared samples is shown in Table 4. The drift mobility

of the prepared samples was calculated using the below relation [48] and is shown in Fig. 8c.

SS\mu_{{\text{d}}} = \frac{1}{ne\rho },S$

Table 4 Activation energy (AE), charge carrier concentration (n) (cm™3), diffusion
coefficient (D) cm?/s, drift mobility (ug) cm2v-1s"1

where g4 is the drift mobility, e is the charge on electron, and p is the resistivity. Also, the
values of the charge carrier’s concentrations of prepared samples were calculated using the
below relation [49]

son = \frac{ {N_{{\text{A}}} D_{{\text{B}}} P_{{{\text{Fe}}}} }H{M},$S

where N, represents Avogadro’s number, Dy represents bulk density, Pg. represents the
number of Fe atoms, and M represents molecules mass of the corresponding chemical formula
[50]. The calculated value of charge carrier concentrations is shown in Table 4.
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It is observed by Hemeda et al. [51] that the diffusion of 02~ ions occurs by the defects in
structural vacancies. For each structure, the diffusion coefficient of oxygen vacancies was
determined using the resistivity data and the given equation [52],

SSD = \frac{{ \sigma k_{{\text{B}}} T}}{{NeA{2} }},SS

where D is the diffusion coefficient, ¢ is the reciprocal of resistivity, kg is the Boltzmann
constant, T is the temperature, N is the number of atoms/cm3, and e is the charge on the
electron. Table 4 shows the variance of the diffusion coefficient at 473 K for all the prepared
samples and it indicates that the diffusion decreases with an increase in temperature. It is
clear from Table 4 that as a result of nickel doping, the diffusion coefficient decreases. It can be
verified by the growth of nickel ions, resulting in the formation of cation vacancy and the

decrease of oxygen vacancies in the sub-lattice.

3.9 UV-Vis spectroscopy analysis

The optical properties of the prepared series of Ni—Zn nanoparticles with different Ni2*
concentration were investigated by using UV—Vis spectroscopy. The bandgap (E) value was
calculated using Kubelka—Munk function F(R). The vertical axis of the Kubelka—Munk
function is equivalent to the absorption constant («). Therefore, « in the Tauc equation is

replaced with Kubelka—Munk function, and the resulting equation is represented as [53],

SSF (R) = \alpha = \frac{{(1 - R)AM{2} }}{2R},S$

where « is the absorption constant, F(R) is Kubelka—Munk function, R is diffuse reflectance.

The plot of [F(R)hv]2 against hv is depicted in Fig. 9a.
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The bandgap (Eg) values of the prepared Ni—Zn ferrite series were found to be 1.85, 1.86, 1.91,

1.99, and 2.07 eV, respectively. It was observed that the Ni2* ions substitution in zinc—ferrite

nanoparticles shows a significant effect on bandgap values. The bandgap (E;) value of zinc

ferrite is 1.85 eV, which increases with the Ni2* concentration as depicted in Fig. 9b. This
increase in bandgap values is attributed to the reduction of gain size (Quantum confinement
effect) [54].

3.10 J—-Vanalysis

Figure 10 shows current density versus voltage (J—V) plots of Ni,Zn;_4Fe,0, (x=0.0, 0.2, 0.4,

0.6, 0.8, 1.0) nanoparticles for dark condition at 300 W/cm? intensities. Zinc—ferrite
nanoparticles show a photosensitivity of ~ 86% which enhances to ~ 96% after Ni doping as
estimated using below equation [55].

$SS (\% ) = \frac{{R_{{\text{d}}} - R_{{\text{1}}} }}H{R_{{\text{d}}} }} \times 100,5$

Fig.10
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where S (%) is the photosensitivity, Rq is the resistance in dark, R is the resistance in light.

3.11VSM analysis

Magnetic properties of the prepared samples were studied using a vibrating sample
magnetometer and the respective M—H plots are depicted in Fig. 11a. The calculated value of
saturation magnetization (Ms), remanence magnetization (M), coercivity (H.), and Bohr

magneton (up) are shown in Table 5. The Bohr magneton number was calculated by using the
following relation [56],

sSn = \frac{{M_{{\text{s}}} \times M_{{{\text{W3}} }} }}{5585},5S
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Table 5 Remanent magnetization (M,), saturation magnetization (M), coercively (Hc),
remanent ratio M;/Ms, and magneto no. (ng) for Zn,-,Ni,Fe,0, (x=0.0,0.2,0.4,0.6, 0.8,
and 1.0) nanoparticles

where Mg is the saturation magnetization, M,y is the molecular weight of the sample, and n is
the Bohr magneton number. By applying outside magnetic field, the prepared NixZn;_,Fe204
(0.0,0.2, 0.4, 0.6, 0.8, 1.0) photocatalyst can be separated from water and can be reused for

degradation purposes.

Magnetic properties mainly depend on the particle size, distribution of cations, and doping. It
was seen that all the magnetic parameters were increased with increasing nickel
concentration in the zinc—ferrite matrix as shown in Fig. 11b. This increase in magnetic

parameters was mainly due to the replacement of nonmagnetic zinc ions by magnetic Ni ions.

3.12 Photocatalytic activity

Photocatalytic properties depend on the surface area, particle size, and concentration of
dopant materials and are most important factors that explain the photocatalytic activity [53,
57]. Padmapriya et al. [58] prepared zinc—ferrite nanoparticles for the photocatalytic activity
of dyes and their degradation competence depends on surface area and particle size. Thus, we
have compared undoped and nickel-substituted zinc—ferrite nanoparticles for the
photocatalytic activity of Rhodamine B (RhB) under the sunlight.
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3.12.1 Effect of Ni concentration on degradation of dye

The control of Ni concentration on zinc—ferrite nanoparticles for the photocatalytic activity of
Rhodamine B is depicted in Fig. 12. The degradation efficiency of RhB was very small for the
pure zinc—ferrite nanoparticles. With an increase in Ni concentration, the photocatalytic
activity also increases to 90.23%, 92.3%, 94.89%, 97.56%, and 98.48% respectively. The high
degradation efficiency of Nig gZng,Fe;04, x = 0.8 was observed due to the high surface area and
crystalline size of the this sample. The present study confirmed that the degradation

efficiency of pure zinc—ferrite nanoparticles was enhanced by increasing the Ni concentration.

Fig. 12
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3.12.2 Effect of surface area on the degradation of dye

Materials with a high specific surface area are more effective on the degradation of dye for
photocatalytic activity. When the surface area of the synthesized particles increases, the
particle size decreases, whereas the electron—hole recombination rate enhances [57]. Surface
area of Ni,Zn;_4Fe,0, with (x=0.0, 0.2, 0.4, 0.6, and 0.8) nanoparticles are in the range of
2.2699 m?/g to 4.4219 m2/g and surface area of pure NiFe,0, is 3.1100 m?/g. The higher
surface area was observed for sample with x = 0.8. This result shows that surface area
enhanced the number of active sites in the sample. It indicates that x = 0.8 samples show good

photocatalytic activity because of the high surface area as compared to other samples [59, 60].

3.12.3 Effect of dyes at different times

The degradation efficiency of Ni,Zn;_,Fe,;0, (x=0.0, 0.2, 0.4, 0.6, 0.8, and 1.0) nanoparticles
under sunlight was recorded by UV—-Vis spectroscopy. The maximum absorbance spectra of
RhB dye at 552 nm are depicted in Fig. 13. It is shown that the absorbance spectra of
NipgZng,Fe;0, nanoparticles with RhB dyes degrade at different interval times under the sun
irradiation. These results showed that Nij gZng,Fe;0, nanoparticles have a good
photocatalytic activity to degrade RhB dye as compared to other samples [61, 62].

Fig.13
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3.12.4 Effect of perhydroxic acid (H,0,) as oxidant

In Photocatalytic degradation, hydroxyl radical (*OH) plays an important role in the
degradation of RhB by taking perhydroxic acid, which performs as oxidant. The rate of
degradation increases due to the decomposition of hydrogen peroxide in the creation of

hydroxyl radical by e~/h* pair recombination on the surface of the prepared samples. The e~

created in the reaction are directly reacted by Fe3* with perhydroxic acid to form Fe2*, which
react with Perhydroxic acid to form hydroxyl radical [53]. The nanoparticles with higher

surface area increases the e"/h* pair recombination rate.

3.12.5 Role of active species and Mechanism of RhB with Ni—Zn nanoparticles

The effect of different scavengers on the photocatalytic reaction is shown in Fig. 14a. The
trapping experiment was carried out using ethylenediaminetetraacetic acid disodium (EDTA)
and isopropanol (IPA) as an O,~, h*, *OH scavengers separately [ 63]. It was observed that the

EDTA and IPA reduces the degradation efficiency of RhB. The result shows that the O~ and OH~
radicals are the active species for the dye degradation process under the sun irradiation [64].
The holes do not add to the degradation process and does not impact dye degradation reaction

time. The trapping experiment was well coordinated with the overreaction mechanism.

Fig. 14
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The photocatalytic degradation mechanism for the degradation of RhB under the sunlight was

SS\begin{aligned} & {\text{Ni}} {0.8} {\text{Zn}} {0.2} {\text{Fe}} {2} {\text{O}} {4} +
h\nu \to {\text{h}IA{ + } + eA{ - }\\ & {\text{Ni}} {0.8} {\text{Zn}} {0.2} {\text{Fe}} {2}
{\text{O}} {4} + {\text{H}} {2} {\text{O}} \to {\text{H}IA{ + } + {\text{OH}} \\ &
{\text{Ni}} {0.8} {\text{Zn}} {0.2} {\text{Fe}} {2} {\text{O}} {4} + {\text{OH}} \to
{\text{OH}IN{*}\\ & {\text{Ni}} {0.8} {\text{Zn}} {0.2} {\text{Fe}} {2} {\text{O}} {4} +
{\text{O}} {2} \to {\text{O}} {2}A{ - *}\\ & {\text{O}} {2} + {\text{H}}A{ + } \to
{\text{H}} {23} {\text{O}}\\ & {\text{Ni}} {0.8} {\text{Zn}} {0.2} {\text{Fe}} {2}
{\text{O}} {4} + {\text{H}} {2} {\text{O}}A{ \circ } + {\text{H}}A{ + } \to {\text{H}} {2}
{\text{0}} {2} \\ & {\text{RhB}}\,{\text{dye}} +A{ \circ } {\text{OH}} + {\text{H}}IA{ + }
+M { - F{\text{O}}_{2}A{ \circ } \to {\text{CO}}_{2} + {\text{Water}} \\ \end{aligned}SS

When photocatalytic Nip gZng»Fe,0, nanoparticles absorb sunlight radiation, it will produce a
pair of electron and hole (h*/e™). The electron of the valence band becomes excited by
undergoing the sunlight irradiation. The additional energy of the excited electron promotes
the electron to the conduction band of the Ni—Zn ferrite by creating h*/e™ pair. The positive
hole of Ni—Zn ferrite breaks apart the water molecules to form hydroxyl radicals. The e~ reacts
with oxygen molecules to form superoxide anion and generate H,0,. Hence, these ions simply
spell the RhB dye molecules and give rise to by-product. This is known as a redox reaction.
Figure 14b shows the mechanism of RhB dye in the presence of Nig gZng ,Fe,0, nanoparticles.

3.12.6 Recyclability studies

In the photocatalytic activity, recyclability of the nanoparticles is important for their active
environmental and industrial applications [71, 72]. In the present studies, Ni0.8Zn0.8Fe204
nanoparticles were successfully recycled for five runs and its effect on dye degradation
percentage is shown in Fig. 15. It shows that nanoparticle samples can be easily separated from

water and reused for active degradation purposes.

Fig.15
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4 Conclusions

A series of mixed spinel ferrite nanoparticles (NiyZn;-yFe;04, where x = 0.0, 0.2, 0.4, 0.6, 0.8,
1.0) were successfully prepared by sol—gel auto-combustion method using urea as a fuel. XRD,
FT-IR, FE-SEM, EDAX, and TEM analyses confirmed the formation of nanocrystalline
nanoparticles with a single-phase spinel structure. The average crystallite size was found in
the range of 23 nm to 15 nm. Magnetic properties show saturation magnetization (Ms) value
increased with increasing Ni2* concentration with the highest value of 42.26 emu/g for
NiFe,0,. The photocatalytic activity for the photodegradation of Rhodamine B was evaluated
under the Sunlight irradiation successfully. Nip gZn;Fe,0, nanoparticles showed high
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degradation efficiency of the order of 98.48% as compared with the other samples.
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