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Cobalt and nickel ferrite magnetic nanoparticles have been synthesized using a co-precipitation method. The samples
are annealed at 600°C. The morphological, structural and magnetic properties of the nanoparticles are characterized
by FTIR, X-ray diffraction, scanning electron microscopy and TEM. The annealing temperature has effect on the
grain size, the lattice parameter, the degree of inversion, the cationic distribution is studied. FTIR studies proved the
respective functional groups of the ferrites. The X-ray diffraction measurements describe the average grain size.
Scanning electron microscopy shows that the particles have spherical shapes but not homogeneous sizes. TEM
provides the detailed morphological composition of the obtained crystalline nano ferrites.
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INTRODUCTION:

Spinel ferrites have received increased attention in the fundamental research due to their electrical,
magnetic, optical and catalytic properties. Hence finding applications in a variety of industrial sectors[1-
3]. Among the spinel system, cobalt and nickel ferrite (MFe,O, M= Co,Ni ) is found to be one of the
most extensively studied. They possesses an AB2O4 structure with tetrahedral A site occupied by metal
ions and octahedral B site with Fe®* ions in a face-centered cubic unit cell [4]. This arrangement describes
good catalytic activity, great chemical stability and high electromagnetic performance, These properties
are strongly influenced by morphology, agglomeration and particle size, which can be controlled very
well in co precipitation method [5-8]. Though several studies have been performed using a variety of wet
chemistry techniques, such as hydrothermal, sol-gel, sol-gel auto-combustion, polymeric precursor
method, polyol and coprecipitation. Coprecipitation is one of the most widely used methods for the
synthesis of magnetic ferrite nanoparticles [9-10]. This method consists of mixing aqueous solutions of
metal salts at certain molar ratios in highly basic solutions, either at room temperature or at elevated
temperature. The nanoparticles morphology and size depend on the type of salt used, ionic strength, pH
and other reaction parameters such as stirring rate, dropping speed of basic solution, etc.[11-12].
However, the main challenge in this approach lies on the control of particles aggregation, once strong
dipole-dipole magnetic interactions lead to a wide distribution in crystal sizes and coalescence effects
caused by the thermal treatment can significantly affect the material efficiency[13]. In this route, we
explore structural and morphological aspects of the zinc and nickel ferrite nanoparticles. The structural
and morphological characteristics of the nanoparticles were evaluated by means of various analytical
techniques such as X-ray diffraction (XRD), Fourier transformed infrared spectroscopy (FTIR), scanning
(SEM) and transmission electron microscopy (TEM) and thermal analysis. The obtained results
demonstrate that zinc and nickel ferrite crystals synthesized are good potent to apply in other applications
as adsorbent [14].

Experimental Synthesis:
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All chemicals used, FeCls;-6H,0, CoCl,, NiCl,, NaOH are of analytical grade, purchased from
SigmaAldrich and used as received. Cobalt ferrite and nickel ferrite samples have been prepared by co
precipitation methods[14].

For the preparation of cobalt ferrite sample a mixed aqueous solution was prepared by dissolving 3.3637
g of FeClz-6H,0 and 0.8481 g of CoCl, in 3 mL of distilled water. Then 10 mL of 4.97 mol L-* NaOH
(precipitating agent) was added drop wise. An aliquot of the formed suspension was centrifuged.The
main suspension was transferred to an alumina tube and heated to 150 °C for 15 h, under static conditions.
An aliquot of the resulting material was separated, centrifuged and the solid named as cobalt ferrite. The
sample is washed with distilled water, centrifuged at 6000 rpm and dried at 100 °C for 8 h.

The second series consists of nickel ferrite nanoparticles synthesized by means of the traditional co-
precipitation method. In this case, the synthesis procedure is similar to the above described method.

RESULTS
STRUCTURAL AND MORPHOLOGICAL CHARACTERIZATIONS

FTIR:

Infrared spectrum of the samples is obtained through FTIR, for better understanding of the magnetic
ferrite nanoparticles.
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Figure 1. FTIR of cobalt ferrite nano particles
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Figure 2: FTIR of nickel ferrite nano particles
XRD analysis:

The samples were characterized by X-ray diffraction (XRD) in order to identify the crystalline phases.
The measurements were obtained with an X-ray diffractometer (Shimadzu DRX-7000), using Cu-Ka
radiation, with 40 kV voltage and 30 mA current. The diffractograms were obtained in the 20 range
ranging from 10 to 80 degrees in 5 °C/min steps. To identify the crystalline phase (s), the X Pert High
Score version 4.8 software is used. These results were used to calculate the average crystalline size of
samples through Sherror equation.
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Figure 3: XRD of nano cobalt ferrite
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Figure 4: XRD of nano nickel ferrite

The morphology of the samples was evaluated by field emission scanning electron microscopy (SEM)
(MEV-FEG) (Carl Zeiss, Auriga model) coupled with dispersive energy spectrometer (EDS), which was
used for Chemical composition analysis, which was also obtained by X-ray Fluorescence Spectroscopy,
using an EDX-7000 Shimadzu detector spectrometer. The enlargements were performed on a scale of 1
micrometer (1 um) and / or 200 nanometers (200 nm).
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Figure 5: SEM image of nano cobalt ferrite
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Figure 6: SEM image of nano nickel ferrite

Using Brunauer-Emmett-Teller (BET) surface analysis with nitrogen (N.) adsorption-desorption
isotherms. The BET surface area and the particle size for cobalt and nickel ferrite are measured. The
resultant average pore volume and pore diameter indicate the presence of nano-crystalline meso-porous
composite particles.

TEM analysis:

TEM studies measured by a High-Resolution Transmission Electron Microscope (HR-TEM) (JEM-4010,
JEOL, Peabody, MA, USA)).

DISCUSSION

Cobalt ferrite nanoparticles:

The synthesis of cobalt ferrites (CoFe,O4) materials with reasonable size and tunable magnetic properties
is used for the promising industrial and biomedical applications. These cobalt ferrites nanoparticles have
been synthesized by co-precipitation technique[15-16]. FTIR spectroscopy showed the formation of
ferrite phase with high and low frequency bands at 573 cm™ and 455 cm™!, respectively. The transition
metal is obtained at 420 cm™. XRD analysis revealed that the average crystallite size of synthesized
powder is 69 nm using (311) peaks, and it has exhibited polycrystalline structure. The TEM images
exposed that the materials have been well agglomerated along with spherical-shaped nanoparticles[17-
18]. EDX study confirmed the presence Co, O, Fe and C with stoichiometric composition and no more
impurity detected in the spectrum. In addition, the magnetic anisotropy increases (19.05 — 344.84 erg/g)
when Co is added with FezO4. This confirmed the ferromagnetic behavior of composites[19-20].

Nickel ferrite nanoparticles:

FTIR spectral analysis of nickel ferrite helps to confirm the formation of spinel structure in ferrite
samples. The FTIR spectra of the investigated NiFe;O. samples the wavenumber range of 1000-300
cm™, two main broad metal-oxygen bands are seen in the infrared spectra of all spinels, especially
ferrites. The higher one is generally observed in the range 600-550 cm™, is caused by the stretching
vibrations of the tetrahedral metal- oxygen bond. The lowest band usually observed in the range 450—
385 cm, is caused by the metal-oxygen bond. X-ray density is observed to be greater than physical
density of Ni-ferrite which is in accordance with literature [21-22]. Calculated values of lattice parameter
of Niferrite samples are are in close agreement with standard data (8-34 A). From SEM and TEM
analysis co-precipitation derived particles are of irregular shape with a wide particle size distribution of
60 to 80nm and gives Ni-ferrite particles of moderate size and a narrow particle size distribution[23-25].

CONCLUSION

Co-precipitation technique is used to synthesize CoFe;O4 and NiFe.O, nanoparticles. The method
produces single phase cubic Ni-ferrite nanoparticles and also hematite (Fe.Os) phase. Co-precipitation
gives particles of very small size with a wide size variation and super paramagnetic nature. Ni-ferrite
particles of comparatively larger size with small size variation and ferrimagnetic nature. At this annealing
temperature, particle size and saturation magnetization are found to increase. Co-precipitation is better
for the preparation of pure and homogeneous form. Co-precipitation is suitable for the synthesis of
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ferrites with very small size and super paramagnetic nature. At the same NiFe,O. nanoparticles exhibit
less hysteresis loss with almost same saturation magnetization.
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