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Abstract

Nano ferrite with chemical formula (Niy3Cuy2ZngsLa,Fe,_,,04),were prepared by using sol-gel auto
— combustion method for the values of (X=0.0, 0.025, 0.05 and 0.075).The prepared samples were
calcined at (900°C) for (2h).The structural characterizations of resulting ferrite were examined by x-ray
diffraction (XRD) and scanning electron microscope (SEM) techniques.XRD results showed that the
resulting ferrite possess a spinal cubic phase with a particle size ranging from (23-36nm). We found that
the Lattice constants and density (pxray) increases with increasing La"content, while the porosity was
found to be to decreases with increasing La*content. The frequency dependent dielectric properties
have been studied by (LCR meter) device. The results revealed that the values of the dielectric constant
and the dielectric loss factor decreases by increasing frequency. The increase in alternating conductivity
(0a.c) was also observed with increasing frequency.

Keywords:—La"3 ions; Ferrites; sol -gel method; XRD; SEM; Dielectric Parameters.

1. Introduction

Ferrites nano particles are of great interest because of their scientific aspect and several applications.
The Nano ferrites are interesting materials owing to their wide range of applications in new science and
technology [1].The structural and magnetic properties of spinel ferrites depend on the magnetic
interaction and cation distribution in the two sub-lattices i.e. Tetrahedral (A) and octahedral (B) lattice
sites [2]. The Electricalproperties of ferrites are dependent on the microstructure,chemical composition
and synthesis technique [3]. Several methods are used for synthesisingnanosized spinel ferrites such as
co-precipitation, sol-gel, micro-emulsion, hydrothermal, and reverse micelle methods [4,5]. NICUZN
ferrite is the most suitable one in which the magnetic and electrical properties are affected by the
substituent [6].Rare earth materials are known to possess good electrical insulation properties with high
electrical resistivity. Therefore, the substitution of these rare earth ions into spinel ferrites could alter
the electrical and magnetic properties. Moreover, these rare earth ions have a huge influence on the
magnetic anisotropy of the system making the spinel ferrite as promising materials replacing the
Hexaferrite or garnets [7, 8].

Il. EXPERIMENTAL

The ferrite powders are synthesised through a nitrate—citrate auto-combustion method for achieving
ahomogeneous mixing of the component on the atomic scale and better sinter ability of synthesised
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powder [9]. Analytical grade nickel nitrate[Ni(NO3)2:6H20], zinc nitrate [Zn(NO3)2:6H20], copper
nitrate [Cu(NO3)2:3H20], iron nitrate [Fe(NO3)3:9H20], citric acid [C6H807-H20] and lanthanum nitrate
[La(NO3)3] were used to prepare (Ni0.3 Cu0.20Zn0. 5)LaxFe2-x04 ferrite with x = 0.0, 0.025, 0.050
and0.075 compositions. Metal nitrates and citric acid were dissolved in deionized water, all these are
collected in aglass beaker and mixed well at room temperatures by hot plate magnetic stirrers with high
speed, Ammonia solution was added slowly the form of drops into the mixed solution to control its pH
until reach threats from 7 with continuous rotation. Gradually increase in temperature to reaches of
80°C to transform it into a gel and then ignited in a self-propagating combustion manner to form a fluffy
loose powder The as-burnt precursor powder was then calcined at 900 °C for 2 h. The powder was
pressed using a die with adiameter (1.5cm) to produce specimens in a pellet shapes. Thepressing load
used was (7ton) and the specimens held for 1min under pressure using a hydraulic press of a maximum
load15ton.

Ill. Results and Discussion
A - X-Ray Diffraction Results:

XRD patterns of (Nigs Cug0Zng.5) LaxFe,_,O4 Nano crystals, for all the samples with x = 0.00, 0.025, 0.050,
and 0.075 are shown in Fig 1. The X-ray diffraction patterns reveal a single-phase cubicspinel structure
with few traces of secondary phase. Furthermore, the observed diffraction peaks could be assigned to
the reflection plane of (111), (220), (311), (400), (422), (511) and (440) which could be indexed to a
single-phase Ni-Cu-Zn ferrite Nano crystal[10]. Meanwhile, the peak corresponding to 20 = 32.21 is
attributed to secondary phase at the grain boundaries for (+) LaFeO3 (ICDD PDF #74+2203) except for
the cubic spinel phase. The intensity of LaFeO3 peak has increased with the increase in La™-ion
concentration. Furthermore, another secondary phase of [11-12 -13].
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Fig 1XRD diffraction patterns for the sample of Niy3CugZngsLayFe; Oy

The lattice parameter of individual composition was investigated by using the following relation: [14].
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Where "a' is the lattice constant, d is the inter-planar distance and (h, k, |) are the Miller indices

Appg =

(s

VR + K+ 17

(1)

The average crystallite size of the sample is determined using the Scherer's equation [15].

- (2)

D=

K2

ﬁhleosB)

where Dis the crystallite size, § is the full width ofthe diffraction line at half of the maximum intensity

measured in radians , is x-ray wavelength (Cu ka radiation, 1.5405A) and @ is the Bragg angle. , and

Williamson-Hall formula

The actual (X-ray) density of the samples was calculated using the formula [16]:

KA
Bhrii cos 0 = D + [4esin 0]

M,

Px—ray = N—V
a

()

(@)

WhereM is the molecular weight (Kg) of the sample, N is Avogadro’s number (per mol) and a is the

lattice parameter (A). Bulk densities of the samples were determined using the formula:

Pp-™

nr2h

..(5)

Wherem is the mass (Kg), r is the radius (m) and h is the height of the pellet (m).

Percentage of porosity was calculated using the following formula [17]

P=1-

p

pX —ray

X 100%

Table 1: Effect of La* doping on the lattice parameter, crystallite size, actual (X-ray) density, Bulk

density, porosity of (Nig3 Cug20Zng. 5) LaxFe, 04 system

7 Lattice Dyt (n) (g/cm’
- X-ra cm .
Constant | Ds, (nm) W P y3 p & Porosity %
Sample Content (a) (8/cm”) )
a
BO 0 8.3965 23.7673 25.8061 5.343933 3.470443 35.05826
B1 0.025 8.3985 29.4582 31.6917 5.353933 3.77568 31.42254
B2 0.050 8.3680 29.0249 34.6635 5.505971 3.775855 29.99077
B3 0.075 8.3815 36.3581 39.5156 5.539952 3.878478 29.47839

A Monthly Double-Blind Peer Reviewed Refereed Open Access International Journal
International Journal in Physical and Applied Sciences
http://www.ijmr.net.in email id- irjmss@gmail.com

Page 3




\ & Vol.04 Issue-08, (August, 2017) ISSN: 2394-5710
' International Journal in Physical and Applied Sciences (Impact Factor- 4.657)

The observed increase in the lattice constant (a) which could be associated with the increasing La*
content where the ionic radius of La** (1.6061)! is bigger than that of Fe*jon (0.645) replacing iron ions
on octahedral B-site which causes asymmetry in the structure. Hence, the lattice constant should be
aggrandized with the increasing content of the La*™ during the substitution process [18,19]. Besides that,
the decrease in lattice constant with the increase of La”content could be attributed to the compression
of spinel lattice induced by the secondary phases due to the difference in thermal expansion coefficients
[18,20] The crystallite size of the samples is observed to increase with lanthanum concentration. This is
consistent with the results reported for La"doped Ni-Cu—Zn ferrite [21]. The X-ray density increases
linearly with lanthanum ion content and this can be correlated with the increase of atomic weight of La**
substituted for Fe* of lower atomic mass. The magnitudes of bulk densities are smaller than that of the
corresponding X-ray densities and this difference in magnitude may be attributed to the existence of
pores in the bulk samples. The porosity is observed to decrease with La** content.

B. SEM and EDX analysis

The SEM images of various compositions of NiCuZnLa ferrites were shown in the figure2. The SEM
images reveal that the particles are spherical in shape and are agglomerated in nature. Figure 3 shows
the EDX images of all(Nigs Cug20Zngs) LaxFe,_,0,4 (x = 0.00, 0.025, 0.050, and 0.075) ferrite nanoparticles
calcined at 900 °C. The characteristic peaks of Ni, Cu, Zn, La, Fe and O elements were observed in EDX
spectra.

Fig.2. SEM photographs of (Nig 3 Cug20Zngs)LasFe,O4 ferrites with (A) x = 0.00, (B) x = 0.075.
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Figure3. EDX pattern (Nigs Cug,0Znos) LaxFe,_O, ferrite nanoparticles with (A) x = 0.00, (B) x = 0.075.

C. Electrical Properties

The electrical properties of La doped NiCuZn ferrite (Nig3CugZng5Fe,_, 04), with(X=0.0, 0.025, 0.05
and 0.075) of Lanthanum additions include the a.c conductivity, dielectric properties.

A. Dielectric properties
The real part of the dielectric constant &, was calculated by using the relation [22],

A ct

=—— | . 7
r )

Where C is the measured value of capacitance, d is the thickness in centimetres, A is the surface area in
square centimetres, gis dielectric permittivity of air (8.854x10-14 F/cm).The imaginary part of the
dielectric loss €," was calculated by using the relation [22],

& =tand &  ceerrrnnn. (8)

Figures 4 and 5 show the dependence of the real and imaginary part of dielectric constante,., €", for
bulk (Nigs Cug,9Zng, s) LaFe, O, on the frequency w, for different lanthanum doping contents. The real
and imaginary parts of dielectric constant for all samples decrease with increasing of frequency. This
behavior agrees well with Deby’s type relaxation process. The real and imaginary parts of dielectric
constant reach a constant value for all the samples above certain greater frequency, this agrees with the
result of references [23]. It can be observed from Figures 4 that the imaginary parts of dielectric
constant g,", increases with frequency.
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Figured: Variation of real part (e'r) of dielectric constant with frequency for(Nigs Cug20Zng, s) LayFe,—04 at
different La contents.
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Figure5: Variation of imaginary part (¢,") of dielectric constant with frequency for at (Nig3 Cug20Zno.s)
LaxFe,_,0, different La contents.

B. A.C. conductivity
The A.C. conductivity was evaluated using the relation [22],

() J O,c=2nfEye, tan §

The variations of theA.C electrical conductivity of bulk (Nigs Cug,0Zng. 5) LaxFe,,O,with frequency is
shown in figures6. It can be noted the A.C conductivity o, (w) increases with increases in the frequency
for all specimens. Which is the normal behaviour of ferrites this agrees with the result of references
[24].
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Figure6: A.C electrical conductivity as a function of frequency for with (Nig3 Cug20Zno.s) La,Fe;-04
different contents ofla.

IV. Conclusions

The (Nig3 Cug20Zngs) LaxFe,_ 04 where(x= 0.0, 0.025, 0.050 and 0.075) Nano ferrites were prepared
using Sol-Gel method. The X-ray diffraction studies clearly showed formations of the crystalline structure
of (Nigs Cug20Zng. 5) LaxFe,_,04 is cubic spinal structure phase ferrite and The Average crystallite size (D)
was calculated as (23.7-39.5nm) using Williamson's Hall and Debay -shere equation, The lattice
parameter is found to increase with increasing lanthanum content. The real and imaginary part of
dielectric constant decrease with increasing of frequency, while the A.C electrical conductivity is
increased with increasing of frequency.
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