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ABSTRACT

The present study focused on the preparation of spinel copper ferrite (CuFe204) nanoparticles with the metal nitrates of
copper and iron by adopting microwave assisted green synthesis using Moringa oleifera leaf extract. The characterization
of synthesized CuFe204 NPs was carried out by Powder XRD, FT-IR, SEM and VSM analyses. The CuFe204 NPs were then
studied for their photocatalytic activity to degrade the organic dye Malachite green (MG). Spinel CuFe204 NPs was found
to be the best catalyst for the photodegradation of MG dye. The PCD results revealed that the photodegradation of MG

achieved at 92.5 % degradation was recorded.

Key words: Moringa oleifera leaf extract, Microwave assisted, CuFe>O4 NPs, Green synthesis photodegradation,
Malachite green

A number of treatment technologies have evolved to
degradae the pollution arising from organic pollutants [1-2].
These include the processes involving photocatalytic
degradation (PCD) and photo-Fenton processes etc. such as
Advanced Oxidation Processes (AOPs). However, PCD and
AOPs were found to be associated with sludge formation in
bulk materials and requirement of high operating costs [3].
Recently, the use of photocatalysts have increased high
consideration for the removal of organic pollutants by using
nanocatalysts as they involve lower costs and show little or no
toxicity [4-5]. The physical and chemical stability of
photocatalyst and their strong potential to completely
mineralize the organic pollutants make them favorable for use
[6-7].

The photocatalytic degradation of dyes work by the
photosystem through UV or visible region or the both. During
the reaction, photoexcited electrons get shifted from VB to CB,
thereby generating a pair of electron/hole (e-/h+), which
oxidizes or reduces the organic pollutants adsorbed onto the
catalyst surface [8-10]. Semiconductor metal oxides exhibit
their photocatalytic activity either by the creation of OH
radicals or the O?" radicals as a result of O reduction. Both the
anions and radicals (OH and O radicals) have the potential to
interact with the organic pollutants and convert them into
slighter harmful by-products [11-15].
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The physical and chemical characteristics of metal
oxides such as their surface morphology, crystal shape,
crystallite size and precursors compositionsetc. Therefore,
various methods have been approved to regulate the surface
morphology, particle size and structure of the prepared
materials [16-18]. Among them, spinel structure of copper
ferrite (CuFe204) nanoparticles have attracted importance, due
to their applications in catalysis due to their smaller size, higher
surface to volume ratio as well as the magnetic interactions
amongst particles. Most of the applications of CuFe204 NPs
involved the treatment of bio medical applications. However,
during the last few decades, CuFe2.O4 NPs involved for the
organic pollutants and dyes from the water bodies [19-22].

CuFe204 NPs belongs to the spinel minerals that have the
formula AB;O4. The preparation conditions such as precursors,
temperatures etc. decide the morphology of the CuFe,04 NPs
that govern the properties of the magnetic structure. In this
regard, microwave assisted green synthesis using Moringa
oleifera leaf extract offers better homogeneity ascompared to
other techniques. CuFe;O. ferrites as the potential photo
catalysts for the photo-degradation of organic dye due to their
cheaper costs and lower toxicity.

MATERIALS AND METHODS

Iron (1) nitrate, copper (Il) nitrate (Sigma-Aldrich,
99%), used microwave assisted using Moringa oleifera leaf
extract green synthesis of CuFe;O4 NPs. Deionized water was
utilized in all stages of the synthesis. Malachite (MG) was
purchased for the photocatalytic degradation. The Moringa
oleifera leaf extract were washed with deionized water. Plant
moisture was removed at 50 °C. To each gram of watercress
powder, 10 ml of deionized water was added and shaken at
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50°C, overnight. Finally, the extract was separated with
Whatman paper and centrifuged. Iron (I11) nitrate, copper (1)
nitrate solution was added to 50 ml of aqueous extract. The
mixture was kept in a microwave oven. The final product were
washed well with DI water and ethanol twice finally dried at
70°C and used for further characterizations.

Characterization techniques

The structural characterization of CuFe,O4 NPs were
performed using Rigaku Ultima X-ray diffractometer equipped
with Cu-Ka radiation (1 =1.5418 A). The surface functional
groups were analyzed by Perkin Elmer FT-IR spectrometer.
Morphological studies and energy dispersive X-ray analysis
(EDX) of CuFe;Os NPs have been performed with a Jeol
JSM6360 high resolution scanning electron microscopy (HR-
SEM). Magnetic measurements were carried out at room
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Fig 1 Powder XRD pattern of CuFe;04 NPs

FTIR technique

The FTIR spectrum of CuFe;O4 NPs are shown in (Fig
2). CuFe;04 NPs astrong absorptions were observed at 400-600
cm-1 region, which is mainly due to the spinel structure. The
band at 545 cm-1 was accredited to the octahedral (B-site)
coordinated Cu atoms with O that corresponded to the spinel
structure as reported in literature [26-28]. The vibration
observed at 698 cm-1 was ascribed to the stretching vibrations
for tetrahedral (A-site) coordinated Cu-O, whereas the bands at
693 and 421 cm-1 showed the formation of CuFe204 NPs. Two
vibrations at 588 and 453 cm-1 indicated the vibration of Fe-O
in tetrahedral (A-site) and octahedral (B-site) clusters
respectively. The crystallinity of the prepared CuFe,O4 NPs was
reflected by the sharpness of the peaks. The vibration at 1642
cm-1 depicted the water molecules adsorbed by the CuFe;O4
NPs on its surface [29-31].

SEM analysis

(Fig 3) depicts the surface morphology of CuFe;O4 NPs.
All these particle sizes were dispersed uniformly. The sphere-
shaped nanoparticles were defined with sharp boundaries. The
particle sizes among the prepared CuFe.O4 NPs was similar to
the XRD crystallite size. The size of particle was recorded in
the range of 15-20 nm. In fact, CuFe,O4 NPs, the particles are
magnetic in nature, which causes their agglomeration and hence
a larger size. The agglomeration of particles took place to form
the larger ones. Good contact was observed between particles
that were with well-defined sharp grain boundaries.

VSM analysis

temperature using a PMC MicroMag 3900 model vibrating
sample magnetometer equipped with 1 Tesla magnet.

RESULTS AND DISCUSSION

XRD analysis

The powder XRD pattern of CuFe,O4 NPs are depicted
in the (Fig 1). The broader diffraction peaks were observed in
XRD diffractograms that depicted the nano scale range of
formed CuFe;O4 NPs. The XRD patterns recorded for the
CuFe;04 NPs powder showed a single-phase cubic spinel
structure [23-25]. The lattice parameter calculated from XRD
information is 8.397A. The average crystallite size (15.85 nm)
was calculated using sherrer formula and the calculated lattice
constant are in good agreement with the earlier report.
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Fig 2 FT-IR spectra of CuFe,04 NPs

The magnetic measurements was analysed by VSM
analysis and the results of CuFe,O4 NPs at room temperature
(RT) and £10 kOe applied field are shown in Figure 5. The
amount of magnetic saturation (M) for the synthesized
CuFe204 NPs was 39.62emu/g. The obtained result shows
superparamagnetic properties [32-35]. Additionally, the
amount of magnetic saturation of CuFe,O4 NPs depends on their
size, crystallinity and structure [36,37]. The spinel structure and
superparamagnetic behaviour of CuFe,O4 NPs were confirmed
by XRD and VSM analyses.

Fig 3 SEM image of CuFe;04 NPs
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Fig 4 Magnetic properties of CuFe,04 NPs

Photodegradation analysis

To select the best performance photocatalyst, MG dye
degradation was determined in the presence of CuFe;O4 NPs
separately under optimum conditions and the efficiency of dye
degradation was recorded (Fig. 5). Dye degradation
performance achieved at 92.5 % degradation in 180 minutes
which was fairly in agreement with its crystallinity as revealed
by SEM. In the dark environment, there is no availability of
photons to energize the dye degradation process, while under
the UV set-up, the production light and acceleration of electron-
hole pair increases, which leads to increased hydroxyl ions and
eventually speeding up the degradation process [35-37].

CONCLUSION

The present study focused on the preparation of spinel
copper ferrite (CuFe204) nanoparticles with the metal nitrates
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Fig 5 PCD efficiency of CuFe,04 NPs

of copper and iron by adopting microwave assisted green
synthesis using Moringa oleifera leaf extract. The
characterization of synthesized CuFe,O4 NPs was carried out
by Powder XRD, FT-IR, SEM and VSM analyses. The
CuFe;04 NPs were then studied for their photocatalytic activity
to degrade the organic dye Malachite green (MG). Spinel
CuFe20s NPs was found to be the best catalyst for the
photodegradation of MG dye. The PCD results revealed that the
photodegradation of MG achieved at 92.5 % degradation was
recorded.
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