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INTRODUCTION

One of the primary environmental contamination challenges
has been industrial wastewater, particularly from the textile
and dye industries, which contains toxic effluents [1]. During
the dying process, considerable quantities of synthetic dyes
are lost to sewage (15% of total global dye output), eventually
harming the environment [2]. Removing toxic dyes from rivers
and wastewater treatment is of major significance from an
environmental standpoint the depletion of water supplies
caused by various dyes can damage natural ecosystems. TiO2

is a well-known and effective photocatalyst for the removal of
organic contaminants. Titania, a photocatalyst with good hetero-
geneous photocatalytic characteristics, high stability and low
cost, has caught the curiosity of researchers [3,4]. But due to
its expansive band gap energy (3.2 eV), TiO2 is limited in prac-
tical applications for photocatalytic activities with catalysts
under UV irradiation [5,6]. Studies have been focused on the
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innovative techniques to enhance the photocatalytic performance
of TiO2. To enable TiO2 to absorb radiation in the visible part
of the electromagnetic spectrum for various applications, resea-
rchers have been concentrating on doping lower band gap metal
oxides to the material [5-7]. CuO is a p-type semiconductor
with a 2.1-2.71 eV narrow band gap [8] and its nanoparticles
react appropriately to mechanical, photolytic and optical appli-
cations [8,9].

Ferrite nanoparticles, MFe2O4, where M is any divalent
metal ions such as Mg, Mn, Ni, Co, Fe, Cu, etc. find wide
applications in several fields [10]. Ferrites typically have a
maximum band gap energy of about 2 eV, which enables the
materials to absorb visible light efficiently [11] and are commonly
utilized as visible light photocatalysts to break down pollutants
in water and wastewater [12]. Among numerous iron oxides,
MgFe2O4, a member of the spinel family, offers a wide range
of applications in electronic devices, heterogeneous catalysis,
sensor technologies, etc. [12,13]. Because ferrites have magnetic
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characteristics and may be separated from other substances in
the catalytic process with a bar magnet, the inclusion of magn-
esium ferrite (MgFe2O4) overcomes the drawback of TiO2, which
is difficult to separate from the solution.

In present work, novel ternary MgFe2O4/CuO/TiO2 nano-
composites were synthesized and analyzed for photocatalytic
activity by measuring the degradation of malachite green dye
under visible and UV light irradiation.

EXPERIMENTAL

Chemicals for synthesizing ternary MgFe2O4/CuO/TiO2

nanocomposite and other solvents were obtained with AR
grade quality from SD-Fine (99% purity). All the purchased
materials were of analytical grade and used without further
processing. All the reactions were carried out using deionized
water.

Synthesis of MgFe2O4: The sol-gel technique was used
for synthesizing MgFe2O4 magnetic particles. Added 20 mL
of distilled water to each of 10.24 g of magnesium nitrate,
23.92 g of ferric citrate and 25.2 g of citric acid to dissolve and
make standard solutions. Then, mixed magnesium nitrate and
ferric citrate solutions followed by citric acid solution. NH4OH
solution was added to adjust the pH of the solution and poured
in 20 mL of ethylene glycol. After stirring for 1 h, the solution
was heated at 80 ºC until the contents become dry powder. It
was then calcined at 500 ºC for 1 h, annealed at 500 ºC for 1 h
and ground to a fine powder.

Synthesis of CuO: Copper nitrate (30 g) was dissolved in
20 mL of distilled water followed by 20 mL of ethylene glycol.
The solution was stirred for 1 h and left for 1 day in order to
obtain gel. The ingredients were then dried at 200 ºC till it
become powder, which was calcined for 1 h at 300 ºC, annealed
for 1 h at 500 ºC and ground to a fine powder.

Synthesis of TiO2: In this synthesis, 6.9 mL of TiCl4 (11.94
g) was gradually dispersed in 350 mL of distilled water under
magnetic stirring for 30 to 60 min to allow complete hydrolysis,
which results in the formation of a white curdy precipitate,
orthotitanic acid. The resulting mixture was heated at 80 ºC to
100 ºC on an electrical hot plate and to obtain the powder.
Finally, the powder was ground in a mortar and pestle and
calcined for 2 h at 400 ºC [14].

TiCl4 + H2O → [Ti(OH)4] + H2O
                      (orthotitanic acid)

[Ti(OH)4] → TiO2 + 2H2O

Synthesis of ternary MgFe2O4/CuO/TiO2 nanocom-
posite: Ternary MgFe2O4/CuO/TiO2 nanocomposite was synth-
esized by thoroughly mixing of above synthesized MgFe2O4,
CuO and TiO2 nanoparticles in a 0.8:0.1:0.1 ratio using a mortar
and pestle.

Characterization: An X-ray diffractometer (Bruker DX-
5) with λ = 1.54 Å at room temperature over a wide range of
10º ≤ 2θ ≤ 80º at a scanning speed of 2 min-1 was used to analyze
the phase of MgFe2O4/CuO/TiO2 nanocomposite. The morpho-
logy of the ternary nanocomposite was studied with a field
emission scanning electron microscopy (FESEM) instrument
(Zeiss Gemini 300, Carl Zeiss, Germany). Fourier transform

infrared (FTIR) spectroscopy (IR Prestige-21 instrument) was
used to analyze the different functional groups of nanocomposite
in the wavenumber range of 400-4000 cm–1. Band gaps were
determined using the Shimadzu 2600R with a 200-800 nm range
and BaSO4 as a reference.

RESULTS AND DISCUSSION

XRD spectral studies: The crystalline phase and purity
were investigated using XRD analysis. The XRD pattern of
MgFe2O4/CuO/TiO2 is shown in Fig. 1. All of the observed pro-
minent diffraction peaks are highly defined and may be assigned
to the anatase phase TiO2 at 2θ 26.6º, 36.4º, 48.7º, 54.2º, 61.5º
(JCPDS card no: 21-1272), CuO at 2θ 32.4º, 38.7º, 68.8º, 73.4º
(JCPDS card no: 48-1548) and MgFe2O4 at 2θ 30.16º, 35.5º,
43.1º, 56.9º, 62.7º (JCPDS card no: 73-2410). The diffraction
peaks closely resemble the standard peaks of materials [15,16].
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Fig. 1. XRD pattern of MgFe2O4/CuO/TiO2

The average crystallite size of the sample was calculated
by using The Debye-Scherrer’s formula:

0.9
D

cos

λ=
β θ

D represents the average size of crystals; 0.9 represents the
grain’s shape factor; λ corresponds to the X-ray wavelength;
β indicates the full width at half maximum (FWHM) of the
diffraction peak and θ represents the incident angle of X-ray.
The average calculated crystal size of ternary MgFe2O4/CuO/
TiO2 nanocomposite was found to be 9 nm.

UV-Vis-DRS analysis: The ultraviolet-visible-diffuse
reflectance spectroscopy (UV-Vis-DRS) absorption spectra of
MgFe2O4/CuO/TiO2 nanocomposite (Fig. 2) showed an absor-
ption peak at 442 nm. The optical characteristics of nanocom-
posite were determined by studying the absorption spectra.

g

hc
Energy band gap E h= = ν =

λ
The optical band gap for TiO2 nanoparticles was calculated

using the following equation:

(αhν)n = A (hν-Eg)
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Fig. 2. UV-visible absorption spectrum of MgFe2O4/CuO/TiO2 nanocomposite

where α is the absorption coefficient; hν is the photon energy;
A is a constant relative to material and n is either 2 for a direct
band gap material or ½ for an indirect band gap material. Using
the equation, the optical band gap for the absorption peak may
be calculated by projecting the linear section of the (αhν) n vs.
hν curve to zero. The energy band gap of absorption spectra
of MgFe2O4/CuO/TiO2 nanocomposite in UV was found to be
2.3002 eV (Fig. 3).
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Fig. 3. Band gap of MgFe2O4/CuO/TiO2 nanocomposite

Morphological studies

SEM and EDAX: The catalytic activity of the material
depends upon their size and surface morphology. As shown in
SEM images (Fig. 4a-c), the ternary MgFe2O4/CuO/TiO2 nano-
composite was substantially distributed and all the particles
were thoroughly mixed in the ternary nanocomposite. The
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Fig. 4. SEM images of MgFe2O4/CuO/TiO2 (a) 100 nm (b) 200 nm (c) 1 µm (d) particle size distribution of MgFe2O4/CuO/TiO2
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particles are primarily spherical and the ferrite and CuO NPs
were evenly distributed across the TiO2. The average particle
size is around 30.308 nm (Fig. 4d). The presence of Mg, Fe,
Ti, Cu and O elements is confirmed by an energy-dispersive
X-ray spectroscopy (EDX) spectrum (Fig. 5). These results
imply that the samples were adequately processed and hence
indirectly confirm the formation of nanocomposite.

TEM studies: The structure of the ternary MgFe2O4/CuO/
TiO2 nanocomposite was further investigated by HR-TEM
images. Fig. 6 shows that the particles of the ternary composite
are found to be spherical. A lattice fringe with inter-planar
distances of 0.24 nm is found in high-resolution TEM images.
Fig. 6a shows that all the particles are less than 20 nm. The
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Fig. 6. TEM images of MgFe2O4/CuO/TiO2 (a) 20 nm (b) 10 nm (c) SAED pattern (d) particle size distribution of MgFe2O4/CuO/TiO2
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Fig. 5. EDX spectrum of MgFe2O4/CuO/TiO2
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particle size distribution histogram derived by the Gaussian
fitting method (Fig. 6d) verified that the average particle size
of MgFe2O4/CuO/TiO2 nanocomposite is 9.05 nm.

FT-IR spectral studies: Fig. 7 depicts the FTIR spectrum
of synthesized MgFe2O4/CuO/TiO2 nanostructures. The bands
at 2879 cm–1 and 3730 cm–1 are the symmetric and asymmetric
stretching vibrations of the O-H bond, respectively. The exis-
tence of bands at 512 cm–1 implies the bending vibration of the
Cu-O bond. The appearance of the peak at 1681 cm–1 suggests
stretching vibration of the Cu-O bond of copper(II) oxide. The
603.01 cm–1 frequency range relates to the intrinsic stretching
vibrations of metal-oxygen (Fe-O) at tetrahedral sites, whereas
the 418.65 cm–1 frequency band is connected to metal-oxygen
(Ti-O-Ti) stretching vibrations at octahedral sites.
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Fig. 7. FTIR spectrum of MgFe2O4/CuO/TiO2 nanocomposite

Magnetic properties: Fig. 8 depicts room-temperature
magnetization curves of as-synthesized MgFe2O4/CuO/TiO2

nanostructures. The saturation magnetization of MgFe2O4/CuO/
TiO2 nanostructure is 33 emu/g, making them appropriate for
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Fig. 8. Magnetization loop for MgFe2O4/CuO/TiO2 composite at room
temperature

the magnetic separation of photocatalytic particles. As a result,
these materials have the potential to be used in water treatment
operations with little secondary pollution.

Optimization of photocatalyst activity: The ternay
MgFe2O4/CuO/TiO2 nanocomposite was investigated for the
photocatalytic degradation of malachite green (MG) dye in an
aqueous solution under visible light, optimized parameters for
the degradation.

Effect of initial dye concentration: The initial  concen-
tration of dye was ranged from 5 to 100 ppm, while the catalyst
dose remained constant at 500 mg, aiming to determine the
optimal dye concentration. The degradation efficiency improved
as the dye solution concentration rose from 5 to 100 ppm. How-
ever, the degradation tendency is reduced as the dye concen-
tration reaches a certain level. Increased dye molecules may
produce fewer active spots on the composite material’s surface
for a given weight. The results (Fig. 9) show that the optimal
starting concentration of MG dye was 10 ppm, at which time
the photocatalytic activity reached 100% after 120 min.
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Fig. 9. Effect of initial dye concentration on the photocatalytic degradation
of Malachite green dye, catalyst load = 500 mg

Effect of pH of initial dye solution: The impact of pH
on the photocatalytic degradation of MG dye using ternary
MgFe2O4/CuO/TiO2 nanocomposite as photocatalyst at the pH
levels ranging from 2 to 10. Fig. 10 illustrates that the photo-
catalytic degradation rates were maximum at pH 6 and pH 8.
In acidic solutions (pH < 6), the dye’s photodegradation is slowed
by high proton concentrations, leading to reduced degradation
efficiency. The optimal pH range of 6-8 resulted in the 100%
degradation efficiency after 80 min.

Effect of temperature: The degradation of malachite green
dye was observed at four different temperatures (25 ºC, 35 ºC,
45 ºC and 55 ºC) while other parameters remained constant.
Increasing the reaction temperature improved the photodegra-
dation efficiency of MG dye on the photocatalyst. Fig. 11
shows that the deterioration efficiency is 100% for all temp-
eratures (25 ºC, 35 ºC, 45 ºC and 55 ºC) but across various
periods. The results demonstrate that the MG dye’s optimum
temperature was 35 ºC, at which point the photocatalytic activity
reached 100% after 50 min.
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Fig. 11. Effect of temperature on visible light-induced photocatalytic
degradation of malachite green; catalyst load = 500 mg, [Dye] = 10
ppm (fixed), pH = 7 (fixed)

Effect of catalyst loading: The effect of photocatalyst load
on photocatalytic degradation of malachite green dye is investi-
gated using MgFe2O4/CuO/TiO2 nanocomposite. The dosage
ranged from 200 to 1000 mg/100 mL of dye solution and all
observations were conducted at room temperature. From Fig.
12, it was observed that after 45 min, the degradation efficiency
was 100% for 400 mg of catalyst.

Effect of irradiation time: Another factor influencing
photocatalytic performance for MG dye removal by TiO2, CuO,
MgFe2O4 and MgFe2O4-CuO-TiO2 nanocatalysts is irradiation
time. The experiment is conducted at pH 7, with irradiation
periods ranging from 0 to 55 min, while all other parameters
remain constant. Fig. 13 shows the results of degradation effici-
ency (C/C0) vs. irradiation time. The degradation efficiency of
the synthesized ternary photocatalyst for MG dye increased
with an irradiation duration of up to 45 min and then stayed
constant. The optimal irradiation period for all samples was
45 min, resulting in dye removal efficiency of 14.9%, 55.6%,
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Fig. 12. Effect of catalyst loading on the degradation efficiency of malachite
green under visible light irradiation, catalyst load = 500 mg, [Dye]
= 10 ppm (fixed), pH = 7 (fixed), temperature = 35 ºC (fixed)
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69.9% and 99.6% for TiO2, CuO, MgFe2O4 and MgFe2O4-CuO-
TiO2 catalysts, respectively.

Reusability of catalyst: The reusability of the ternary
photocatalyst (MgFe2O4/CuO/TiO2 nanocomposite) is also
investigated under the optimal circumstances. Following the
reaction, the catalyst was collected and cleaned with distilled
water and ethyl alcohol. The produced sample’s reusability is
examined by recycling the composite three times using MG
concentration profiles. The dye MG removal efficiency is 83%
in the first run, 75% in the second run and 64% in the third
run, as seen in Fig. 14. Despite the slight fall in degradation
efficiency, the stability of the reused MgFe2O4/CuO/TiO2 photo
catalysts following MG dye degradation remains considerable.

Antibacterial activity: The disk diffusion method was
employed to examine the antibacterial properties of the ternary
nanocomposite. It can be observed that the nanocomposite
has shown good antibacterial activity against all the selected
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Gram-positive bacteria S. aureus, B. subtilis and Gram-negative
bacteria E. coli, K. pneumonia. The ternary MgFe2O4/CuO/TiO2

nanocomposite has displayed good antibacterial activity, from
these studies (Table-1), the most inhibition effect was induced
by S. aureus which is Gram-positive bacterium.

Conclusion

The ternary nanocomposite comprising MgFe2O4, CuO
and TiO2 was succesfully prepared using the sol-gel method.
The  XRD,  SEM and UV-visible-DRS  analysis demonstrated
the formation of  crystalline, spherical particles having  average
crystallite  size of 9 nm with a band-gap energy of 2.30 eV.
The photocatalytic studies demonstrated that ternary MgFe2O4/
CuO/TiO2 nanocomposite showed 100% degradation effici-
ency towards malachite green dye. Under the visible light and
UV irradiations, the synthesized MgFe2O4/CuO/TiO2 sample
with a molar ratio of 0.8:0.1:0.1 demonstrated good catalytic
efficiency. An amount of 400 mg of catalyst is for 10 ppm of
the dye in 100 mL at 35 ºC at a pH range of 6-8 shown 100 %
degradation of malachite green dye. The catalyst could be
reused up to three cycles for effective degradation of the dye.
The antibacterial activity investigations were done against
Gram-positive Staphylococcus aureus and Bacillus subtilis
bacteria and Gram-negative Escherichia coli, Klebsiella
pneumonia, utilizing nanocomposites and the results are
comparatively effective with the standard ampicillin anti-
bacterial drug. The novel nanocomposites have shown very
efficient photocatalytic activity and better antibacterial activity.

TABLE-1 
ANTIBACTERIAL ACTIVITY OF THE CATALYSTS 

Zones of inhibition (diameter in mm), 0.125 µg/mL 

Gram-positive Gram-negative Compounds 

Staphylococcus aurues Bacillus subtilis Klebsiella pneumoniae Escherichia coli 

MgFe2O4/CuO/TiO2 20 24 32 29 
Ampicillin 28 36 35 37 
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