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Abstract

Spinel Co-NiAl,O, nanoparticles were synthesized by a green combustion synthesis.
Powder XRD patterns confirmed the formation of single phase spinel structure without other
impurities. The average crystallite sizes (D) were estimated using Scherrer’s method, and it was
found to be in the range of 18.44 nm to 29.23 nm. FT-IR spectra showed vibrational stretching
frequencies corresponding to the spinel structure. HR-SEM and TEM images showed the
features of well particle shaped crystals with nano-sized grains. The elemental compositions of
Co, Ni, Al and O were guantitatively obtained from EDX analysis. VSM measurements revealed
that Co doped NiAl,O4 samples have superparamagnetism.
Keywords: Spinel Co-NiAl,O4; Urea; Nanoparticles; Magnetic properties.
1. Introduction

According to the distribution of cations in tetrahedral (A-) and octahedral (B-) sites,
spinels are classified into normal and inverse structure. In normal spinel, the divalent (A?")
cations on A-sites and the trivalent (B*") cations on B-sites, and is represented by the formula
V(ATHV(B¥*B*")0,. However, the inverse spinel, with the formula "V(B*")"(A%?'B*")0,, in
which the divalent cations occupy the B-sites and the trivalent cations are equally divided among

A- and B-sites, where, A and B represents the divalent (Co?*, Ni**, Cu?*, Zn?*, etc.) and trivalent
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(Fe**, AI**, etc.) cations occupying A- and B- sites, respectively, of a cubic crystal structure with
a space group Fd-3m [1- 4]. Nanocrystalline spinels are a class of binary transition metal oxide
semiconductors signify an attractive materials, which owing to their small size; exhibits novel
physicochemical properties.

Among various binary transition metal oxides, NiAl,O4, has gained lot of interest in
multidisciplinary areas, due to their effectiveness in ceramics, electronic, optical, catalyst,
catalyst supports, aerospace, paints, dielectrics and sensing applications [2-5]. Spinel NiAl,Oy is
a direct wide band gap semiconductor with optical band gap value of about 3.8 eV and may find
applications in optoelectronic devices operated in the ultraviolet region. Spinel NiAl,O, offers
many beneficial properties such as high mechanical strength, high thermal stability, low surface
acidity, and better diffusion, low temperature sintering ability, high chemical stability, wide
band-gap energy, hydrophobic behavior, excellent optical transparency, good metal dispersion
capacity, low surface acidity and high quantum yields [6, 7]. Also, NiAl,O4 is a semiconductor
suitable for ultraviolet photoelectronic application [8].

Several methods have been used for the preparation of nanocrystalline NiAl,O,4 such as
hydroxide precursors, microwave assisted hydrothermal, co-precipitation, sol-ge, hydrothermal,
combustion and solid-state reaction methods [9-16]. However, the above methods need
sophisticated equipment and are expensive. The main disadvantages of the high temperature in
sol-gel, co-precipitation and other methods are that the products obtained with higher particle
size typically possess low surface area and inhomogeneity. Moreover, the above methods claims
costly materials that generate toxic organic/inorganic intermediates and laborious synthetic
procedures, thus leading to the tedious polluting process. Also, the above methods of preparation
procedures were performed for long-time with high temperature.

However, the high surface area with a porous structure of NiAl,O, is of great importance
for catalytic activity. Therefore, in the present study, an attempt is given to synthesize single
phase and porous NiAl,O4 with high specific surface area using urea as the fuel by the simple
microwave combustion method (MCM). Recently, a novel method has been developed with the
purpose of obtaining nanocrystalline solid materials with porous structure and high surface area,

called microwave-assisted combustion method (MCM). In this method, the samples are prepared

1740



e-ISSN 2320 -7876 www.ijfans.org
Vol.11, Iss.9, Dec 2022
Research Paper © 2012 IJFANS. All Rights Reserved

at low temperatures, low cost with good control of size, structure and morphology. Mixed oxides
obtained by MCM synthesis are usually nanocrystalline materials with well controlled size,
morphology and chemical composition with very interesting textural properties [17-20].
2. Experimental part
2.1. Materials and methods

All the chemicals used in this study were of analytical grade obtained from Merck, India
and were used as received without further purification. All chemicals such as nitrates of zinc,
cobalt and aluminum, urea solution as the raw materials were used for this method. Millipore
water was used for the entire preparation process of the samples.

In the preparation of NiAl,O, sample, zinc nitrate (5 mmol) and aluminium nitrate
(20 mmol) were first dissolved in urea solution under vigorous stirring at room temperature for 1
h until a clear transparent solution was obtained and were placed in a domestic microwave oven
(SAMSUNG, India Limited) and exposed to the microwave energy in a 2.45 GHz multimode
cavity at 850 W for 10 min. Initially, the precursor mixture boiled and underwent evaporation
followed by the decomposition with the evolution of gases. When the solution attained the point
of spontaneous combustion, ignition took place resulting in a rapid flame and yielding solid
fluffy final products of mixed metal oxides. After completion of the reaction, the obtained solid
powder was then washed with ethanol and dried at 70 °C for 1h. The obtained powders were
used for further characterization.
2.2. Characterization techniques

The structural characterization of spinel Co-NiAl,O4 NPs were performed using a Rigaku
Ultima X-ray diffractometer (XRD) for 268 values ranging from 10 to 80° using Cu-Ka radiation
(A = 1.5418 A). Structural refinements using the Rietveld method was carried out using PDXL
program; both refined lattice parameters and crystallite size of the obtained powders were
reported. The surface functional groups were analyzed by Perkin EImer FT-IR spectrometer. The
surface morphology of the samples was achieved at desired magnification with a Joel JSM 6360
high resolution scanning electron microscope (HR-SEM) equipped with energy dispersive X-ray
(EDX) for elemental composition analysis. The transmission electron micrographs were carried

out by Philips-TEM (CM20). Magnetic measurements were carried out at room temperature
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using a PMC MicroMag 3900 model vibrating sample magnetometer (VSM) equipped with 1
Tesla magnet.
3. Results and discussion
3.1. Structural analysis

Powder X-ray diffraction (XRD) analysis was used to investigate the phase structure and
average crystallite size of the spinel Co-NiAl,O4 NPs. Fig. 1 shows the typical XRD patterns of
spinel Co-NiAl,O, NPs obtained at a different concentration of Co* dopant. The characteristic
peaks at 260 of 31.24, 36.77, 38.72, 44.79, 49.11, 55.78, 59.42, 65.37, 74.29 and 77.56° are
corresponding to (220), (311), (222), (400), (331), (422), (511), (440), (620) and (533)
diffraction planes. According to the XRD patterns, all diffraction peaks can be perfectly indexed
as centered cubic spinel structured NiAlL,O4 (JCPDS card no. 05-0665). The intensities and
position of the peaks of the synthesized powders are in agreement with those of standard JCPDS
and no other peak of any phase was detected, which indicates that the prepared samples were
pure crystalline materials [21-25].

The average crystallite size calculated from the most intense X-ray diffraction peak (311)
using scherrer’s EQ. (1),

D- 0.894
pcosé

e ()

where ‘D’ is the crystallite size, ‘A’ , the X-ray wavelength, ‘0, the Bragg diffraction angle and
‘f’, the full width at half maximum (FWHM). The average crystallite size was estimated by
applying the Scherrer‘s equation on the peak at 20 = 36.75° for all samples. It was found that the
average crystallite size 29.25 nm. The XRD broadening peaks in spinel Co-NiAl,O; NPs

strongly suggest that Co®* ions were successfully substituted into NiAl,O, host structure.
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Fig. 1. Powder XRD patterns of Co-NiAl,O4 NPs.

3.2 FT-IR analysis

FT-IR spectra of spinel Co-NiAl,O4 NPs are shown in Fig. 2. Free water molecule has a
strong and broad absorption band centered in the region 3120-3400 cm™. It can be seen that the
bands at around 3432 cm™ and at around 1635 cm™ are present in all compositions, which can be
assigned to the -OH stretching and H-O-H bending vibrations of adsorbed H,O, respectively.
The absorption band at 2342 cm™ is due to the stretching vibration of CO, from atmosphere. In
all compositions of NiAl,O4 samples, the metal-oxygen stretching frequencies are reported in the
range 500-900 cm™, associated with the vibrations of M-O, Al-O and M-O-Al bonds (M = Ni,
Co) [26-30]. Generally, FT-IR spectra was measured in air atmosphere condition, which results
in rapid adsorption of H,O from the atmosphere, due to the very high surface area of the as-

prepared spinel nano-crystals [31-35].
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Fig. 2. FT-IR spectrum of Co-NiAl,O4 NPs.
3.3 SEM studies
Fig. 3 shows HR-SEM images of spinel Co-NiAl,O; NPs. However, the surface
morphologies of spinel Co-NiAl,O4 NPs as seen from the HR-SEM consists of well developed
particles with different shape and size of crystals with less uniform; varying size distribution
with relatively well crystallized grain size smaller than 50 nm [36-38].

Fig. 3. SEM image of Co-NiAl,O4 NPs.

3.4. TEM studies
The average crystallite size estimated from the XRD and Rietveld refinement XRD data

agree with HR-TEM investigations. HR-TEM images of spinel Co-NiAl,O4 NPs are provided in
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Fig. 4. The small amount of agglomerations was observed in the HR-TEM micrographs.
However, these nanoparticles are in the range of 20-30 nm in diameter; these values are in good
agreement with the values obtained from XRD data [39-42]. The selected area electron
diffraction (SAED) patterns, presented in the Fig. 4, correspond to that of a spinel phase, confirm
that the nano-crystals are composed of NiAl,O,.

Fig. 4. TEM image of Co-NiAl,O4 NPs.
3.5 EDX studies
Energy dispersive X-ray (EDX) analysis of the as-prepared spinel Co-NiAl,O4 NPs is
shown in Fig. 5. EDX results showed that the peaks of Ni, Al and O elements and there is no
other peak, which confirmed the as-prepared samples are pure. A small peak is appeared at 2.1
KeV for all the samples, which indicated the presence of gold (Au), which has been used as a
sputter coating, while preparing the sample for HR-SEM analysis for the better visibility of the

surface morphology.
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Fig. 5. EDX spectra of Co-NiAl,O4 NPs.
3.6 Magnetic measurements
The magnetization behavior of spinel Co-NiAlL,O4 NPs were investigated by sweeping
the external magnetic field between £15 kOe at 300 K using room temperature vibrating sample
magnetometer (VSM). These curves are typical for a soft magnetic material and indicate
hysteresis dia, superpara and ferromagnetism in the field ranges of +15 kOe. A small hysteresis

was observed for NiAl,O, sample shows of superparamagnetism behavior [43-46].
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Fig. 6. VSM measurements of Co-NiAl,O4 NPs.

4. Conclusions

Spinel Co-NiAl,O4 NPs were successfully prepared by a simple MCM route using metal

nitrates and urea as raw materials. Powder XRD pattern suggested the formation of pure gahnite
in all the Co?* doped NiAl,04 matrices. Also, the XRD, EDX and SAED results indicate that the
as-synthesized spinel Co-NiAl,O4, NPs have spinel structure without the presence of any other

phase impurities. The appearance of two bands between 500 and 900 cm™ in FT-IR spectra

revealed the formation of spinel structure. HR-SEM and HR-TEM images depicted the formation

of well developed particle-like crystal morphology with nano-sized grains. VSM study revealed

that the doping of Co?" in NiAl,O4 can bring in superparamagnetic behavior.
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