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ABSTRACT

The copper ferrite nanoparticles, recognized for their ferromagnetic characteristics, minimal conductiv-
ity, and superior electrochemical stability, were synthesized by a facile auto combustion approach using
egg white as fuel via a green synthesis route. CuFe,0, nanoparticles’ structural, morphological, and op-
tical properties were examined. XRD is used to determine the phase formation, particle size, and lattice
parameter of spinel ferrite. X-ray Diffractometer (XRD), Fourier Transform Infrared Spectrometer (FTIR),
Scanning Electron Microscopy (SEM), and Energy Dispersive X-ray analysis were used to rigorously ex-
amine the phase purity of the synthesized spinel ferrite. For morphological analysis, SEM and TEM were
employed, whereas EDAX was used for elemental analyses. For a better knowledge of the conduction
band (CB) and valence band (VB) boundaries of the produced nanoparticles, optical experiments were
conducted by UV Diffuse Reflectance Spectroscopy. The degradation of Rhodamine B dye determined the
photocatalytic competence of the synthesized sample under visible light. At regular intervals of time,
the entire process was observed with a spectrophotometer. CuFe,04 nanoparticles reveal a maximum
photocatalytic degradation efficiency of around 94%, which is higher than that of CuFe,0,4 nanoparticles

prepared via other chemical route.

© 2022 Published by Elsevier B.V.

1. Introduction

Wastewater management is a significant challenge in devel-
oping nations because of the numerous industrial processes that
meet human needs. The dyeing and pigment industries are a sig-
nificant source of non-biodegradable organic dyes in wastewater,
which is a big worry for the environment. Humans use dyeing in a
variety of applications, including textiles and food. Rhodamine B is
an organic synthetic dye that is primarily water-soluble. Because of
its luminous feature is used as a colouring agent in textiles, paper,
plastics, cosmetics, leather, food, and many other sectors, resulting
in significant dye effluent emissions. If effluents are not adequately
handled, they pose a significant environmental risk to flora, fauna,
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and human health. Rhodamine B dye may cause cancer by irradi-
ating the eyes and skin, as well as causing harm to the respiratory,
reproductive, and neurological systems. Furthermore, Rhodamine B
is harmful even at low concentrations, emphasizing the need for
Rhodamine B wastewater treatment [1,2].

To detoxify Rhodamine B-containing water, photocatalytic
degradation, ozonation, an electrochemical method, the Fenton
process, and other processes were applied. Photocatalytic degrada-
tion is an emerging eco-friendly technique that uses light irradi-
ation to generate electron and hole pairs in an aqueous solution.
The photogenerated hole (h*) combines with H,O and OH to form
the hydroxyl radical (OH®), which is an essential and efficient oxi-
dising agent for the breakdown of such a hazardous dye [3].

Ferrites are ferrimagnetic materials composed chiefly of com-
plex oxides containing ferric ions and are classified as magnetic
materials due to their ferrimagnetic activity. The magnetic chat-
tels of ferrite are caused by interactions between metallic ions at
certain positions relative to oxygen ions in the oxide crystal struc-
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ture. From 1945 to 1993, Snoek and his colleagues at the Philips
Research Laboratories in the Netherlands improved a variety of fer-
rites [4,5]. Based on the molar ratio of Fe,O3 to other oxide com-
ponents and their crystal structure, ferrites are classified into four
types [6]. The four groups are spinel ferrites, garnet ferrites, or-
tho ferrites, and hexagonal ferrites. Chemical stability, mechanical
hardness, electromagnetic strength, and other features distinguish
these ferrites.

CuFe,04 nanoparticles are the desired spinel ferrite because
their physical characteristics, such as phase transitions, electri-
cal switching, semi-conductivity, magnetic properties, and chemi-
cal stability, may change when exposed to different environmen-
tal conditions [7]. CuFe,04 nanoparticles appear in the form of
inverse or mixed spinel ferrite. CuFe,O4 nanoparticles have been
used as anode materials for lithium-ion rechargeable batteries,
magnetic resonance imaging materials, photocatalysts for hydrogen
evolution using visible light, energy storage materials, catalysts in
nanomedicine for treating breast cancer, catalysts for coupling re-
actions, catalysts for CO, reduction, photoanodes for solar water
oxidation, support for enzyme immobilisation, and photocatalysts
[8]. This article investigates using CuFe,0,4 as a photocatalyst for
wastewater or water treatment. Spinel ferrite nanoparticles may be
synthesised by co-precipitation, microemulsion sol-gel, citrate sol-
gel, hydrothermal, the redox process, combustion, and other meth-
ods. Each of these synthesis techniques has advantages and dis-
advantages [9]. Maensiri et al. [10] described the white egg tech-
nique for producing spinel ferrite nanoparticles as a low-cost, en-
vironmentally friendly, and simple way of making transition metal-
substituted ferrites. Because egg white is a precursor, the reaction’s
poisonous precursors and hazardous effluents may be reduced.

Ferrites are one of the most effective visible light-sensitive
photocatalysts because they may directly destroy pollutants using
readily available sunlight. In this regard, in our present inquiry,
we sought to create CuFe,04 nanoparticles utilising a single-step
synthesis approach. Utilising it for wastewater retreatment is a vi-
tal option for water pollution prevention. Previously, copper ferrite
nanoparticles were discovered to be a 75% effective photocatalyst
for Rhodamine B dye [11]. To our knowledge, no other report of
CuFe,04 nanoparticles synthesised using egg white as a photocat-
alyst in a green synthesis procedure has been published.

2. Experimental procedure
2.1. Synthesis of CuFe;04 nanoparticles

Copper ferrite nanoparticles were created using high-chemical
purity ferric nitrate anhydrate, cupric nitrate hexahydrate, and
freshly processed egg white. Country egg was used in the research.
Fresh eggs were used to synthesize copper ferrite nanoparticles.
Egg white is noted for its foaming and emulsification capabilities
and being water-soluble, making it easy to interact with metal
ions. Egg white is also a binding agent and gel for material shap-
ing. To generate a homogeneous solution, mix egg white and dou-
ble distilled water in a 3:1 ratio at room temperature for an hour.
Cu(NO3),.6H,0 and Fe(NO3)3.9H,0 are combined in a 1:2 mole ra-
tio, dropped into the homogeneous egg white solution and rapidly
agitated at room temperature for four hours. There are no pH mod-
ifications made throughout the procedure. The mixed solution was
then dried by heating it on a hot plate at 80 °C for many hours.
The powder was then calcined for 3 h at 600 °C to produce the
final product [12-14].

2.2. Characterizations

Some techniques are X-ray diffraction, Fourier transforms in-
frared spectroscopy examination using KBr pellets, and High-
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resolution Scanning. Some techniques include Electron Microscopy,
tunneling Electron Microscopy, Energy Dispersive X-ray Spec-
troscopy, and UV-Diffuse Reflectance. To investigate the copper fer-
rite nanoparticles, spectroscopy was used. The crystallite phase of
copper ferrite was established using the XPERT PRO diffractome-
ter. The Fourier Transform Infrared analysis was captured using a
Bruker IFS66V FT-IR spectrometer. The morphology of the prepared
sample was examined using High-Resolution Scanning Electron Mi-
croscopy and tunneling Electron Microscopy. The optical parameter
was measured using a UV-DRS Spectrometer. Under visible light ir-
radiation, the photocatalytic activity of CuFe,04 nanoparticles for
the degradation of Rhodamine B in an aqueous solution was eval-
uated.

3. Results and discussion
3.1. X-ray diffraction analysis

The XRD pattern of copper ferrite nanoparticles is exposed in
Fig. 1. The XRD pattern reveals the crystalline nature of nanopar-
ticles. The Braggs reflection plane announces the formation of the
cubic spinel structure. The diffraction peaks were obtained at 29.7°,
33.6°, 43.4°, 52.6°, 57. 33°, and 63.2° correspond to similar Braggs
reflection planes of (220), (311), (400), (422), (511), and (440), re-
spectively. The observed peaks were well matched with standard
JCPDS Card No: 73-2317. The cubic ferrite nanoparticles reflec-
tion planes showed more intensity than the copper peak [15-17].
The minor rise obtained at 39.2° represents the presence of Cu
nanoparticles. The lattice parameter of the copper ferrite nanopar-
ticles is @ = 8.337 + 1 A using UNIT CELL software. The crystal-
lite size of CuFe,04 is determined using the Scherer formula [18].
CuFe,04 nanoparticles reveal crystallite size values of 37 £ 3 nm
for the maximal intensity peak in the (311) plane.

kA
b= Bcosb ()
where ’'D’ stands for particle size, ‘A’ stands for X-ray beam wave-
length, ‘8’ and ‘0’ stand for full width half maximum and Bragg’s
diffraction angle of the associated peak, respectively, and 'k’ stands
for the instrumental constant. The X-ray density (Px) is calculated
using the following formula: 5.484 g/cc.
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Fig. 1. XRD pattern of CuFe,0,4 nanoparticles.
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Fig. 2. shows FTIR spectra of CuFe,04 nanoparticles.

The molecular weight, Avogadro number, and lattice constant is
represented by M, N, and a, respectively. The distance between
magnetic ions is measured by the hopping lengths dy and dg of
tetrahedral and octahedral sites.

ds = 0.25av/3 (3)

dg = 0.25a+2 (4)

the values of hoppi{lg length are fou1}d using the above formulas
[16] as dy = 3.626 A and dg = 2.961 A.

3.2. Fourier transform infrared analysis (FT-IR)

FTIR was used to determine the involvement of functional
group interactions between metal nanoparticles and biomolecules.
The egg white biomolecules are responsible for capping and stabil-
ising the nanoparticles. FT-IR confirms the formation of the spinel
structure in CuFe,04 nanoparticles. The FT-IR spectra of copper
ferrite nanoparticles in the wave number range of 4000 to 400
cm~'are shown in Fig. 2.

The -OH stretch of the proteins in the egg white extract corre-
lates to the sharp band found at 3429 cm~!. The C-H stretching
vibrations of methyl, methylene and methoxy groups are responsi-
ble for the peak at 2924 cm~'. The 1633 cm~! peak corresponds to
C=0 stretching in the carboxyl group or C=N bending in the amide
group. The carboxylate group (CO,~) stretching vibration can be
detected in the bands at 1389 cm~! and 1102 cm~!, which are
connected to the nitrate ion traces. The FT-IR spectra were con-
sistent with those previously reported for egg white-assisted sil-
ver nanoparticles [19]. The scope displays two wide metal-oxygen
bands, the upper one (ul) in the 566 cm~! range generated by
stretching vibrations of the tetrahedral metal-oxygen [Fe-O] band
and the lower one (uy) in the 477 cm~! range caused by metal-
oxygen [Cu-O] beats in the octahedral sites. The force constants
KT and KO values for the corresponding frequencies ul and u2 of
the CuFe,0,4 A- and B-sites are calculated as 2.34 Nm~! and 1.66
Nm~1, respectively, using the formulae below.

Kr = 4mctvip (5)

Ko = 4mc®vip (6)

where ¢ is the speed of light, v; and v, are the frequen-
cies of vibration of the A- and B-sites, and u is the reduced
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mass of the Fe3* and 02~ ions, which is nearly equivalent to
2.065 x 10-23g [20].Because of the Coulomb force, molecules of
different biomolecules and proteins will adsorb on NPs, generating
electrostatic double layers and controlling particle size. Due to the
Van der Walls force of attraction, the adsorption of multiple layers
of biomolecules surrounding this electrostatic double layer led to
the creation of a diffuse double layer. Because of the variability in
the biomolecules contained in egg white, steric, electrostatic barri-
ers form around the surface of nanoparticles. As a result, this may
have aided in capping the NPs, preventing agglomeration, strength-
ening the stability, and promoting.

3.3. HR-SEM analysis

The morphology of the produced copper ferrite nanoparticles is
examined using HR-SEM. Fig. 3 CuFe,04 nanoparticles at a magni-
fication of 500 nm are shown in Fig. 3. The average particle size
was between 15 and 45 nanometers. Using Image] software and
considering as many particles as possible from the micrograph in
Fig. 3. The accumulation occurs due to the magnetic nature of fer-
rite nanoparticles and the binding of initial particles held together
by weak surface contacts such as the Van der Waals force.

3.4. TEM analysis

Transmission electron microscopy was used to image the size
and form of CuFe,04 nanoparticles (TEM). Fig. 4 shows TEM im-
ages of CuFe,0,4 nanoparticles at different magnifications and the
SAED pattern. The vast majority of nanoparticles were shown as
aggregates with oval or irregular shapes. The particle size distri-
bution derived by Gaussian fit shows that the particle size ranges
between 8 and 20 nm. The twinned particles were discovered by
demonstrating brightness in one component of the particles com-
pared to the other. Twining occurs when two subgrains share the
same crystallographic plane. The presence of the (311) plane in
the SAED pattern showed that the CuFe,04 NPs were twinned.
The diffraction patterns observed in a specific region reflect crys-
tal structure and phase, which fit closely with the system of spinel
ferrites. The superimposition of a bright area with a Debye ring
pattern in the SAED pattern shows that the CuFe,04 nanoparti-
cles are polycrystalline, confirming the creation of a single phase
of CuFe,0,4 nanoparticles [21].

3.5. EDX analysis

The components contained in copper ferrite nanoparticles are
investigated using EDX spectra. The EDX spectra of CuFe,0,4 are
shown in Fig. 5. Peaks at around 6.39 eV and 7 eV suggest the
existence of iron in copper ferrite nanoparticles. The peak in the
spectra at approximately 0.5 eV indicates the presence of oxygen.
The peaks show the presence of copper in Fig. 5 at 0.9 eV, 8 eV,
and 8.9 eV [22].

3.6. UV-DRS analysis

UV-visible DRS measurements were used to calculate the band
gap of the CuFe,04 nanoparticles. The Tauc relation was used to
compute the band gap. To convert diffuse reflectance to absorption
coefficient, the Kubelka-Munk function [23] was employed in com-
bination with Eq. (8):

(huF (Roo))? = A(hu — Eg) (7)

where h is the Planck’s constant, v is the frequency,
Eg is the optical band gap energy,
A is the proportionality constant
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Fig. 4. (a) Surface morphology and particle size distribution of CuFe,04 from TEM. (b) SAED pattern of CuFe,04 nanoparticles.

F(Roo) is the function of Reflectance

(1-R)*
3R (8)
Where n = 2 implies a direct transition with a direct band gap,

and n = 1/2 denotes an indirect transition with an indirect band

gap. The band gap shown in Fig. 6 is the intercept produced by
graphing (F(R)h), vs the band gap (h). CuFe,04 nanoparticles have
an estimated band gap of 1.83 eV. The band gap of pure copper fer-
rite was discovered to be less than that of bulk CuFe,0,4 nanoparti-
cles (3.35 eV). This reduction in band gap might be caused by var-
ious factors, including impurities, carrier concentrations, crystallite

size, and lattice strain [24].

The band edge positions of CuFe,04 nanoparticles were esti-

mated using equations [25].

Ecp =X — E€ — 0.5E, 9

F(Roo) =

Evp = Ecp + Eg (10)

Where x is the absolute electronegativity and is represented as
the geometric mean of the absolute electronegativity of the com-
ponent atoms. Which is defined as the arithmetic mean of the ini-
tial ionisation energy and the atomic electron affinity, normal Hy-
drogen Scale (NHE) (4.5 eV). Eq. (10) is the copper ferrite samples’
energy band gap, and EC is the free electron energy on the ordi-
nary hydrogen scale.

3.7. Photocatalytic degradation

As a catalyst, 6 mg of CuFe,04 nanoparticles were scattered in
1 litre of Rhodamine B solution. The pH of the solution was ad-
justed to 2.0 using hydrochloric acid, and as is well known, an
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Fig. 5. EDX spectra of CuFe,;04 nanoparticles.

1400 CuFe, O,

1200

1000 A
o
2

£ 800+
@
|

=~ 600+

400 -

200 |

E,= 1.833 eV
0
7 T T
1 2 3 4

hv (eV)
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acidic environment causes a Fenton reaction-like process to oc-
cur, and the solution suspension was kept in the dark overnight
at room temperature to attain adsorption equilibrium. A 150 W
halide lamp is then used to expose the suspension to visible light
(>420 nm). During photoreaction, the air was purged from the so-
lution to keep the cobalt ferrite catalyst well dispersed, and 0.1 mL
of 30% H,0, was added to the 1 L Rhodamine B solution to accel-
erate and create more OH® radicals during photodegradation, re-
sulting in the rapid formation of oxidation contaminates [26,27].
A UV-Visible spectrometer was used to determine the amount of
Rhodamine B in aqueous solution before and after photodegrada-
tion in aliquots (1 ml) collected at various intervals. Fig. 7 depicts
a schematic experimental setup for photocatalytic degradation.

3.7.1. Mechanism of dye degradation
Once CuFe;04 nanoparticles are illuminated with visible light,
electron-hole (e~/h*) pairs are formed, as seen in Fig. 8. Rho-
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Fig. 7. Schematic Diagram of Experimental setup for Photocatalysis shows photo-
catalytic degradation of Rhodamine Blue dye.

damine B reduction and oxidation in an aqueous solution are aided
by electron-hole pairs. The valence band edge (VB) in the sample is
2.226 eV, and the conduction band edge (CB) is at 0.436 eV against
NHE. The CB edge for this system is less negative than the redox
potential of 0,/05¢ (0.33 V). This prevents the electron in the CB
from interacting with molecular oxygen to form superoxide anion
radicals (Oye), equally powerful oxidants. As a result, the reduc-
tion process cannot take place. Hence, electrons on the CuFe,04
conduction band surface react with additional hydrogen peroxide
(H,0,) to form more OH® radicals, resulting in the fast oxidation
of Rhodamine B dye molecules.

Furthermore, the positive hole (h+), which has a more signifi-
cant oxidation potential, can contribute to the direct oxidation of
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Fig. 8. Mechanism of Photocatalytic degradation of Rhodamine B by CuFe,04nanoparticles.

Rhodamine B dye molecules. Compared to the redox potential of
OH®/ OH, the VB edge of copper ferrite is more favourable (1.99 V).
These holes can oxidise water by reacting with hydroxide ion (OH)
to create an OH® radical, causing a substantial blue shift in the
peak position due to the de-ethylation of Rhodamine B molecules,
as illustrated in Fig. 8. The photocatalytic routine of the sample
with the contact time was determined from the expression below:

_A—A

="A x 100%

(12)

where 7 is the removal efficiency, A, is the initial absorbance and
A is the variable absorbance.

The findings showed that the absorbance of the solution de-
creases with increasing time intervals, meaning that the dye con-
centration decreases with increasing exposure time [28,29]. The
CuFe,0,4 photocatalyst degrades Rhodamine B at a rate of 94 per-
cent. Consequently, the copper ferrite nanoparticles created by the
combustion process using egg white as fuel serve as an excellent
photocatalyst for Rhodamine B degradation.

The OH® radical is the primary oxidant for Rhodamine B solu-
tion because it has a higher oxidation potential than hydrogen per-
oxide and ozone. The linked actions of electrons and holes cause
decolourization and de-ethylation, resulting in degraded products
such as N-de-ethylated intermediates, followed by hydroxylation,
ring structure breaking, and further oxidation of these interme-
diates into acids, alcohols, and other low intermediates [30,31].
Finally, the acids, alcohols, and low intermediates mineralize en-
tirely, releasing carbon dioxide, water, and inorganic nitrogen in
the form of ammonium and nitrate ions. One of the initial phases
in degrading Rhodamine B dyes is de-ethylation, followed by chro-
mophore cleavage and the disintegration of the conjugated ring
structure. Spinels are important in photocatalysis because they are
typically produced as A2*B,3%0,. In the spinel structure, the diva-
lent Cu?* ion occupies the A site position, while the trivalent iron
(Fe3*) occupies the B site position. In addition to the methods de-
scribed above, the Fe3* cation on the surface of cobalt ferrite may
react with hydrogen peroxide, generating a Fenton-like system that
generates peroxide, «OOH, and OHe radials [32]. In this case, the
number of hydroxyl radicals generated may be lowered because
various reactions compete on the catalyst’s surface. Furthermore,
Fe3+ and H,0, on the catalyst’s surface may capture electrons gen-
erated in the copper ferrite system, resulting in OHe radicals. This

method lowers electron-hole pair recombination, increasing photo-
catalytic degradation efficiency [33].

4. Conclusion

The present work focuses on the environmentally friendly man-
ufacturing of copper ferrite nanoparticles utilising egg white as a
precursor. Albumen from egg whites is used as fuel in the vehi-
cle combustion process. According to the XRD results, the CuFe,04
nanoparticles have a cubic spinel structure with a particle size of
37.3 nm. The existence of metal-oxygen vibration absorption peaks
in the FTIR spectra at 477 and 566 cm~! validates the spinel struc-
ture of copper ferrite. HRSEM and TEM micrographs highly indi-
cated homogenous sphere aggregation with particle sizes ranging
from 15 to 45 nm, corresponding to XRD results. In addition, Cu,
Fe, and O were detected in the EDAX spectra of CuFe,04 nanopar-
ticles. UV DRS research reveals that the band gap of CuFe,04
nanoparticles is 1.83 eV. The energy band diagram clearly shows
that the produced CuFe,04 nanoparticles may be employed for
photocatalysis. Copper ferrite nanoparticles were discovered to be
an excellent photocatalyst for Rhodamine B dye in visible light,
with an efficacy of 94 percent, much more significant than copper
ferrite nanoparticles made by chemical techniques.
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