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The Nickel ferrite has been synthesized by co-precipitation method. X-ray diffraction pattern confirms the
formation of cubic spinel structure with lattice constant 8.3474. Structural properties like X-ray density, average
crystalline size, bond length, dislocation density and microstrain have been studied. The scanning electron
microscope images show grain of bead structures. The Fourier transform infrared spectroscopy spectrum of
nickel ferrite under investigation reveals the formation of a cubic spinel structure showing two significant
absorption bands, corresponding to high frequency band v;and low frequency band w,arising from tetrahedral (A)
and octahedral (B) interstitial sites respectively.
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Introduction

Ferrites having a general chemical formula of AB,O, with three types of ion distribution inside the
structure namely, normal spinel, inverse spinel and mixed spinel [1]. The nickel ferrites are observed to be
inverse spinel in nature, where nickel ion mainly occupying the tetrahedral site in the lattice. Structural,
magnetic and electrical properties of ferrites are mainly dependent on synthesis conditions, size, metal ions
in composition, and distribution of cations at tetrahedral A site and octahedral B sites [2]. The nickel ferrites
are having large number of applications due to its good resistivity, good coercivity, good retentivity,
optimum saturation magnetization, very high stability [3-4]. The nickel ferrites are found to good material in
applications like memory storage devices, magnetic core [5], magnetic shielding [6], microwave devices [7-
8], catalytic activity [9], gas sensor [10-12] etc. Nickel ferrites are synthesized using various methods based
on the required properties, the methods are namely; auto- combustion method [13], sol-gel method [14], co-
precipitation method [15-16], solid-state reaction method [17-18], hydrothermal [19] etc. In this paper, the
work is aimed to synthesize NiFe,O, nanoparticles by simple, low cost and environment friendly co-
precipitation method. The co-precipitation method gives small grain size in the range of nm; the synthesis of
particles takes place at room temperature [20]. The particle shape and size can be easily controllable based
on the synthesis conditions. Hence Co-precipitation is comparatively having various advantages than other
methods. The structural properties of synthesized material are characterized using X-ray diffraction,
Scanning Electron Microscope (SEM) and Fourier transform infrared spectroscopy (FTIR).

1. Experimental part

The starting materials NiCl, and FeCl; were of analytical grade. The chemicals were taken in
stoichiometric proportion; the mixture of chemicals is then dissolved in distilled water. The solution is
thoroughly stirred for uniformity. The 3M NAOH is added drop wise for precipitation of solution with
constant stirring at 60°C. Oleic acid is added as surfactant to the solution. Obtained brown colour precipitate
solution again stirred and then washed with distilled water and ethanol, and then filtered. The precipitate is
centrifuged and dried; the dark brown colour product is finely powdered using agate mortar in acetone
medium. The end product is annealed at 500°Cfor 8 hours. The end product is annealed to give better
crystallinity and agglomeration. The larger domain structures are helpful in better magnetic properties such
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as coercivity and retentivity. The temperature of annealing is chosen keeping all these aspects and as per our
previous work [21].The schematic diagram of synthesis is shown in Fig. 1. Structural characterization of the
nickel ferrite powder was carried out on Philips X ray diffractometer (XRD), with Cu Ko radiation of
wavelength 0.154nm. FTIR spectral analysis of sample was carried out in the wave numbers range between

400 cm™ to 4000cm™.
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Fig.1. Schematic diagram of synthesis of characterization ferrite samples.

2. Results and discussion
2.1 X-Ray Diffraction Analysis

X-Ray Diffraction Analysis (XRD) pattern of synthesized NiFe,O, is shown in Fig.2. Indexing of the
peaks in XRD pattern is done by JCPDS card no.10-0325.Analysis of XRD pattern using Bragg’s reflection
planes (220),(311),(222),(400),(511)and (440) indicates the formation of cubic spinel structure. Interplanar
spacing is calculated using Bragg’s equation [17-18]

nA= 2dsine, 1)

where ‘n’ is order of diffraction, A wavelength of x rays(0.154nm) and ‘d’ is interplanar spacing. For cubic
spinel structure, interplanar spacing in terms of Miller indices is given by the equation

d=a/V/(h?+k*+?) nm (2)
Interplanar spacing ‘d’ and lattice constant ‘a’are calculated with corresponding (hkl)values and are
tabulated in table 1.

Table 1. Interplanar spacing and lattice constant.

(hkl) Angle d(calculated) d(observed) Lattice constant(a) (A)
(20) (A) A)
(220) 30.31 2.950 2.949 8.341
(311) 35.65 2.518 2.518 8.352
(222) 37.36 2410 2.407 8.338
(400) 43.41 2.087 2.085 8.338
(511) 57.27 1.605 1.609 8.358
(440) 62.92 1.475 1.477 8.355

Lattice constant a = 8.347 (A)
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The calculated and observed values of ‘d’ are in good agreement for all the peaks. The deviation from
the perfect crystallinity results into broadening of the diffraction peaks. In X-ray diffraction the formula
which relates the crystallite size to the broadening of a peak in diffraction pattern is Debye-Scherrer’s

formula which is given by the equation
D = 0.9M/(p cosb), 3

where D is average crystallite size, A wavelength of incident X-ray and B angular line width of half
maximum intensity(FWHM).
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Fig.2.XRD pattern of NiFe,O, nanoparticles

Dislocation density (8) is defined as ratio of length of the dislocation lines the unit volume of the
crystal, which represents the amount of defects in the sample and is calculated using equation (4)

5=1/D? (4)

The microstrain is defined as the deformation of an object divided by its effective length and is
represented by ‘g’

€ =pcosb/4 (5)
X-ray density (dx) and lattice constant ‘a’ are related by the following expression
dx = 8M/Nad’, (6)

where N4 is Avogadro number, M is the molecular weight of the nano nickel ferrite.
The distance between magnetic ions (hopping length) in tetrahedral A site (L) and octahedral B site
(Lg) were calculated using the following relations

V3 V2
La=aandLs = a—, (7)

where ‘a’ is lattice constant.

The calculated values of crystallite size (D), lattice constant (a), unit cell volume(V), dislocation
density(3), microstrain (&), hopping lengths L, and Lg and X-ray density (dy) of NiFe,O4particles are
tabulated in Table 2.

The size-strain broadening are additive components of the total breadth of a Bragg peak [22]. The
distinct 6 dependencies laid the basis for the separation of size and strain broadening in the analysis of
Williamson and hall. The W-H plots are plotted using Eq.8 are plotted in Fig.3a.

By €080 = —K[')/I +4gsin@ (8)
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Table 2.Crystallite size, lattice constant, unit cell volume, dislocation density, microstrain (g) hopping lengths (La
and Lg) and X-ray density.

Crystallite Size (D) (A) 182
Lattice constant (a) (A) 8.347
Volume (a%) (A?) 581
Dislocation density (8)(m™) 3.72x 10%°
Microstrain (g) (m?%) 2.06 x 10°®
Hopping Length (A) La=3.614 Lg =2.951
X-ray density(d,) (g/cm®) 5.353

Williamson-Hall (WH) and Size Strain Plot (SSP).
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Fig.3. (a) WH plots and (b) Size strain plots of NiFe,O, ferrite
The evaluation of the SSP parameters are obtained by considering peaks in intermediate range. This
gives less weight to data from high angle reflections where the precision is usually less. The SSP plots are
shown in Fig.3b which is plotted using Eq.9. [23].

(dyy By €0SO)* = % (di B COSO) + (gj (9)

Table.3 Crystallite size, micro strain and using W-H plots, SSP.

Crystallite size (in A) Micro strain (¢ x 107%)

From W-H graph From SSP graph Micro strain e=slope/4,(WH) Micro strain e=2*sqrt (intercept), (SSP)

234 134 1.54 16.60

2.2 Scanning Electron Microscope (SEM) analysis

The SEM image of NiFe,O4nano particles is shown in Fig.4. The particles are observed to be granular
in shape and the size of particles lies in the range of 300-400 nm size. The particles show uniformity in size
and showing partial agglomeration.

2.3 Fourier Transform Infrared (FTIR) Studies

Fig.5 shows the Fourier Transform Infrared (FTIR) spectrum of NiFe,0,.
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Fig.4. SEM image of NiFe,O4nano particles Fig.5. FTIR spectra ofNiFe,0O,

Waldron [24] observed that both absorption bands of ferrites are due to the familiar tetrahedral
octahedral M-O stretching vibration modes. The spectrum of NiFe,O, ferrite under investigation reveals the
formation of a cubic spinel structure showing two significant absorption bands, at 532 cm™ and around 414
cm™ corresponding to high frequency band viand low frequency band vsarising from tetrahedral (A) and
octahedral (B) interstitial sites respectively [25].

Conclusion

The spinel NiFe,O, ferrite has been synthesized by Co- precipitation method. X-ray diffraction (XRD)
pattern confirms the formation of cubic spinel structure with lattice constant 8.347A.The crystalline size of
the sample is observed to be 182A (Debye-Scherrer method). The SEM images show grain of bead structures
with size in the range 300-400 nm. The grains observed to be uniform in size but partially agglomerated. The
two bands in FTIR spectra are observed at 532 cm™ and 414 cm™confirming the tetrahedral and octahedral
interstitial sites.
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