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Abstract
Spinel ferrite nanoparticles presents fascinating application on biomedical, which aimed us to
focus the recent investigations on synthesis of pure and manganese substituted nickel ferrite
(NizxMnxFe204; x = 0.0, 0.5) nanoparticles using sol-gel combustion technique. The structure
and the average crystallite size of the synthesized nanoparticles were analyzed from Powder
X-Ray Diffraction studies. The vibrational bands corresponding to metal-oxygen linkage
detected between 300-700 cm™ were noticed from FT-IR spectral analysis. TEM analysis was
used to study the morphology of the synthesized nanoparticles.
Keywords: Spinel ferrite; nanomaterials; Sol-gel combustion technique; TEM analysis.
1. Introduction

Spinel ferrite nanoparticles act as promising catalysts in waste water remediation
owing to their stability and narrow band energy. Tuning of these band energy values is
achieved by doping different cations at A or B sites making them appropriate for
photocatalytic applications. Nickel ferrite displayed higher catalytic efficiency in degrading
rhodamine and methylene blue dye than the bulk materials [1-5]. Microwave assisted
synthesis of GdFeO3, EuFeO3, SmFeO3 and LaFeO3 perovskite nanomaterials showed varied
degradation activity in visible light when methylene blue dye was used as an organic
pollutant. Doping, coupling and composite formation are used to alter the properties resulting

in surface modifications and structural morphology which thereby influences the band
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in the visible region [6-10]. Doping with transition metal ion in RFeOs lattice (R denoting
rare-earth metal cations) modifies the optical properties of the nanomaterials enabling its
enormous usage as effective photocatalysts [11-15].

These perovskite nanocatalysts were synthesized through bottom-up approach, which
promises to be better synthetic methodology to obtain modules in nano range with
homogeneous chemical composition, uniform size distribution, negligible defects and
impurities. Various techniques for the synthesis of perovskite nanomaterials utilizing A(I11)
and B (Il) salts as precursors are as reported in literature [16-20]. For the present study, sol-
gel method was much preferred due to the better mixing of precursors and good chemical
homogeneity in the product. Regeneration and reusability of these heterogeneous perovskite
nano photocatalysts should not be wasted but instead it should be reused through profitable
and energy conservation methods. The efficiency during regeneration process is lowered as a
result of hindering of active adsorption sites by organic dyes or by the partial elimination of
dynamic binding groups from the nano catalysts surface [21-25]. Hence there is scope for the
synthesis of heterogenous perovskite nano photocatalysts which finds application in waste
water remediation. In the present research, magnetically separable manganese doped cerium
iron oxide perovskite nanocatalysts NiixMnxFe2O4 (X = 0.0, 0.5) nanoparticles synthesized
via sol-gel method was investigated for the complete mineralization through photocatalytic
studies using methylene blue dye as organic effluent.

2. Experimental method

2.1 Synthesis of Niz.xMnxFe204 (x = 0.0, 0.5) nanoparticles

The analytical graded chemicals were procured and used as such without any further
purification. NiixMnxFe204 (x = 0.0, 0.5) nanoparticles was prepared via sol-gel route. The
precursors namely citric acid and ethylene glycol was stirred in a magnetic stirrer around
100°C for about 15 minutes. The nitrates of the metals such as cerium, iron and manganese
were dissolved in deionized water and kept in magnetic stirrer at 150°C. The transparent
solution underwent gelation at 300°C for three hours in hot air oven and the obtained solid
was sintered in muffle furnace at 800°C for eight hours. The prepared mixed metal oxides

were characterized and investigated for photocatalytic application.
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2.2 Photocatalytic activity

Multi-lamp photoreactor with oxygen purging was used to carry out the photocatalytic
experiments. The photoreactor was fitted with 8W mercury vapor lamps emitting maximum
spectral intensity at 385 nm. Initially, the study was done in a multi visible lamp photoreactor
and an output power of 1.5W. The photocatalytic studies were achieved using methylene blue
dye as an organic effluent with known concentration of 25 ppm for all the synthesized nano
photocatalysts. The reaction was performed both in the presence and absence of light. After
the completion of dark reaction, the process was continued by exposing the solution to visible
lamp and the catalysts were drawn for every 30 minutes, centrifuged and studied for its

decolourization, and mineralization efficiency.

3. Results and Discussion

3.1 Structural Analysis

The powder X-ray diffraction patterns of the synthesized materials were as shown in Fig.1.
The average crystallite size determined using Scherrer equation was found to be 30-35 nm for
NiixMnxFe2O4 (x = 0.0, 0.5) nanoparticles. Pseudo cubic structure with orthorhombic
symmetry was exhibited by the synthesized materials. No additional secondary phases were
detected in the patterns [26-28]. The initiation of ferrite formation was due to the diffraction
peak at 33°.16" associated with (311) plane [29, 30]. The mixed metal oxide Nii.xMnyxFe;O4
nanoparticles as noticed in Fig.1.
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Fig. 1. XRD patterns of Nii-xMnxFe204 (x = 0.0, 0.5) nanoparticles
20, degree
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3.2 FT-IR Analysis

The FT-IR spectra of CeMnxFe1xO35 (x= 0, 0.5 and 1) nanoparticles are as presented in
Fig. 2, confirmed the presence of metal-oxygen linkage within the frequency limit of 1000
cm™. Mn-O vibrations at 685 cm™ and 655 cm™ was detected in MnOs octahedron and the
bending vibration of O-Fe-O bond was observed at 488 cm™ in cerium ferrite structure. The
peaks at 3450 cm™ and 1630 cm™ might be due to O-H stretching vibrations, H-O-H bending
vibrations of moisture during KBr compaction and organic moieties from citric acid. On
doping, a shift to reduced values, (3424 cm™ and 1618 cm™) was noticed due to the lesser

atomic weight of manganese compared to iron [31-35].
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Fig. 2. FT-IR spectra of Nii-xMnxFe204 (x = 0.0, 0.5)_;ianoparticles
Wavenumber (cm™)
3.3 TEM Analysis

The morphology of the prepared nano mixed metal oxides sintered at 800°C was analysed
from TEM studies (Fig.3). Irregular bead-shaped morphology was observed for all the
prepared materials. The diameters of the rings were associated to the interplanar distances
found in manganese doped cerium iron oxide structure were from the Selected Area
Diffraction (SAED) patterns. The spacings obtained from the SAED patterns were reliable

with the crystal planes of the orthorhombic structure as obtained in PXRD results. The
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synthesized nanomaterials [36].

(232 Moz1)

50 nm

Fig. 3. TEM and SAED patterns of Ni1.xMnxFe204 (x = 0.5) nanoparticles

3.4 VSM Analysis

The hysteresis loops of the prepared mixed metal oxides at room temperature are as shown in
Fig. 4. Tilted spin of iron and disordered surface spins [37] are the reason for the
ferromagnetic behaviour of the materials. A weak ferromagnetic behaviour was perceived for
all the prepared oxide materials. Higher coercivity value and zero magnetic moment due to
spin canted antiferromagnetic behavior was noticed for cerium ferrite. However, the
decreased coercivity and increased magnetization values on doping manganese makes the
material to act as soft magnets. The presence of oxygen vacancies disturbed antiparallel spin

ordering in Fe3*-O-Fe®*" by super exchange interactions [38].
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Fig. 4. VSM results of Niz-xMnxFe204 (x = 0.5) nanoparticles

3.5 Optical Analysis

UV-Visible spectroscopic studies (Fig.5) were used to study the optical properties of the
prepared mixed oxide nanomaterials. The band gap values attained from the plot between
[F(R)hv]? and photon energy (Fig.6) was estimated to be 2.38 eV for Nii-xMnyFe204 (x = 0.5)
nanoparticles, however, on doping manganese, the band gap value decreased to 2 eV spinel
NixMnyxFe2O4 (x = 0.0), owing to the introduction of defects related to the dopant that

created confined states in the band-gap region [39-41].
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Fig. 5. Band gap values of Ni1-xMnxFe204 (x = 0.5) nanopatrticles
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3.6 Photocatalytic application

The time-dependent photo-decolorization plots are as exemplified in Fig.7. The natural decay
rate of MB dye was found to be merely about 1.80% after 180 minutes of illumination under
visible lamp in the absenteeism of catalysts. Spinel Nii.xMnxFe2O4 (X = 0.5) nanoparticles
revealed excellent photocatalytic response as a result of their extensive utilization of visible
light. In the dark reaction, the rate of decolorization of the dye was found to be very low
when in contact with the photocatalytic surface. This revealed that doping with transition
metal ion like manganese and iron has a progressive effect, thereby enabling the metal to

transfer excited electrons and decline the recombination of charge carriers.
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Fig. 6. Photocatalytic activity of Nii-xMnxFe204 (x = 0.5) nanopatrticles

4. Conclusions

Spinel NiixMnyFe204 (x = 0.0, 0.5) nanoparticles was synthesized via sol-gel route. The
structural analysis revealed orthorhombic symmetry with the average crystallite size of about
30 nm. The metal-oxygen linkages from the FT-IR analysis were obtained between 1000-400
cm?® for all the prepared nanomaterials. The magnetic analysis indicated the weak
ferromagnetic nature, increased magnetization and decreased coercivity values for the doped

materials. Band gap energies evaluated from optical analysis showed decreased values on
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doping manganese. Photocatalytic activity and the mineralization efficiency were higher in

manganese doped mixed metal oxide material, presenting NiixMnxFe204 (x = 0.5) material

as a better photocatalyst for dye degradation in waste-water treatment.
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