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Abstract
Co** and Cr** substituted Nip5C0xZng 5.xFe2.,Cr,04 (X
=y =0102 03, 04, and 0.5) ferrites were
prepared by sol-gel auto-combustion method. The
prepared samples were sintered at 600 °C for 4
hours. The sintered samples were characterized by
EDAX, XRD and I.R Spectroscopic method. The
XRD patterns illustrate the single phase cubic
structure. The lattice constant (a) decreases with
increase of Co®" and Cr** contents. The Infrared
spectra were recorded within the range of 300-800
cm®. The two major bands observed, higher
frequency band ‘v’ (568 - 587 cm™ assigned to
tetrahedral sites, while lower frequency band ‘v,’
(422 - 447 cm™ is assigned to octahedral site. The
elastic properties such as Young modulus, Bulk
modulus, Rigidity modulus, Poisson's ratio, and
Debye temperature were calculated by using
structural and IR data. The elastic moduli and Debye

temperature increases with the Co®* and Cr**
contents.
Keyword: Ferrite, Infrared spectra, Elastic

properties, Debye temperature.

1. Introduction

Ni-Zn ferrite is soft magnetic material (Gabal M. A.
et al. 2015, Gheisari K. et al. 2013, Han Q. J. et al.
2012) recently studies in electronic devices, because
of its high resistivity, low eddy current loses, high
Curie temperature, mechanical hardness, chemical
stability (Ateia E. E. et al. 2014, Kumar K. V. &
Ravinder D. 2002). IR spectroscopy is the most
powerful techniques, to identify the structure of the
molecule rapidly. Various bands obtained in the IR
spectrum to corresponding the characteristic
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functional group and bond position in the chemical
substance (Waldron R. D. 1955). The tetrahedral [A]
and octahedral [B] sites of the spinel structure
identify the absorption bands of the IR spectra
(Patange S. M., Jadhav S. P. et al. 2013). The elastic
properties of the ferrites study the behaviour of the
solid is important to understand the nature of the
bonding forces such as inter atomic and inter ionic
bonding (Shirsath S. E. et al. 2012, Bhatu S. S. et al.
2007). The synthesis of the ferrite by various
methods hydrothermal (Li X. & Wang G. 2009), wet
chemical (Bharti D. C. 2010), co-precipitation
(Amiri S. 2013), sol gel (Yue Z. et al. 2004), among
these methods sol-gel method is low cost, better
homogeneity, low temperature.

The elastic properties such as Young modulus, Bulk
modulus, Rigidity modulus, Poisson's ratio, and
Debye temperature were calculated by using
structural and IR data (Modi K. B. et al. 2013,
Patange S. M.; Lohar K. S. et al. 2013, Algude S. G.
et al. 2014). The effect of Co* and Cr** on Elastic
Properties of NipsC0xZngs«Fe,,Cr,0, (X =y = 0.1
0.2, 0.3, 0.4, and 0.5) ferrites prepared by sol-gel
auto-combustion method were studied.

2. Materials and Methods

Nano crystalline Nios5C0xZngsxFe,,CryOy (X = y =
0.0, 0.1, 0.2, 0.3, 0.4, and 0.5) were synthesized by
the sol-gel auto-combustion method. (Yue Z. et al.
2004) Analytical reagent grade all nitrate were
dissolved in distilled water to obtain a mixed
solution. The reaction procedure was carried out in
an air atmosphere without the protection of inert
gases. The molar ratio of metal nitrates to citric acid
was 1:3. The brown-coloured ashes formed referred
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to as the precursor. The precursors were sintered at
600 °C for 4 hours.

The sintered samples were characterized, XRD
examined by Phillips X-ray diffractometer (Model
3710) using Cu-K, radiation (A=1.5405A). The
morphology of the sample was studied by scanning
electron  microscopy. The composition was
determined by energy dispersive X-ray spectroscopy
(EDAX, Inca Oxford, attached to the SEM). The
infrared spectra of all the samples were recorded at
room temperature in the range 200 cm™ to 800 cm™
using the Perkin Elmer infrared spectrophotometer.

3. Results and Discussion

3.1. Chemical composition and Morphology:

s

Fig. 1. Energy-dispersive X-ray spectroscopy Patterns x =y = 0.0,
0.2 and 0.5.

Energy dispersive X-ray spectroscopy (EDAX)
analyses were carried out to determine the elemental
stoichiometric composition of the sample to support
our observations on the structure of the Ni-Zn ferrite
with Co?*and Cr*3substitutions. EDAX patterns of
typical samples are shown in Fig. 1. (x=y =0.0, 0.3,
and 0.5). The observed elemental analysis from
EDAX is in good agreement with the theoretical
composition used for the synthesis.

The morphology of the sample was studied by
scanning electron microscopy. (SEM) The typical
SEM images for (x=y = 0.0, 0.5) sample is shown in
the fig. 2. It can be seen from fig.2. The fine crystals
showed the tendency agglomeration.  This
agglomeration indicates that the prepared samples
are high reactivity (Patange S. M.; Lohar K. S. et al
2013).
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Fig.2. Scanning electron microscopy (SEM) image of the typical
sample (x = y=0.0, and 0.5)

3.2. XRD:

The typical XRD patterns of sample (x = y= 0.0, and
0.5) shown in fig 3. The XRD patterns single phase
cubic structure without other impurity phases. The
lattice constant ‘a’ calculated by using equation
(Cullity B. D. 2001) tabulated in table no. 1. The
lattice constant is decreases from 8.360 A to 8.298 A
with the increase in Co?" and Cr®" ions substitution to
the Ni-Zn ferrite system.
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Fig. 3: Typical XRD patterns of Ni0.5C0oxZn0.5-xFe2-y CryO4
(x=y=0.0and 0.5)

The decrease in lattice constant is related to ionic
radii of respective ions, the substitution of the
smaller Co*" (0.065 nm) ions for the larger Zn*
(0.074 nm) ions (Mohit K. et al. 2014, Kadam R. H.
et al. 2013). At the same related to the ionic radii of
the respective ions. In the present ferrite system
smaller Cr®* (0.63nm) ionic radii replace larger ions
with Fe** (0.67 nm) ionic radii. Similar variations for
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Cr® ions are observed. The lattice constant (a) and
cell volume (Vcell) are decreased slightly with the
increase in dopant (Co-Cr) contents (Javed I. M. et
al. 2012), Vegard's law (Vegard L. 1921).

The X-ray density ‘dy' was calculated by using the
following relation,
d, — nM

N,V

@

Where,

dy = X-ray density

n = Number of molecules per unit volume (8 for
cubic structure)

M = Molecular weight of the composition

Na = Avogadro’s number = 6.02214 X 10%

V = Volume = a°

The values of X-ray density are presented in the table
1. X-ray density decreases with increasing Co** and
Cr®* content x from 5.404 to 5.376 g/cm®.

Table 1: Lattice constant (a), X-ray Density (dx), Band Position
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band v; tetrahedral (568.103-588.027 cm™) and
lower frequency band v, Octahedral (425.834-
501.823 cm™) are assigned. The according to the
Waldron (Waldron R. D. 1955), the higher vibration
of the tetrahedral sites compared with that of
octahedral sites can be due to the shorter bond length
of the tetrahedral cluster and the long bond length of
the octahedral cluster. The result showed that the
sudden increase in the tetrahedral and octahedral
sites with increases in the Co?" and Cr** ions. Due to
increases in the band position can be attributed in the
accordance with the calculated ionic radii are R, and
Rg (table 2).

Table 2: Bond length, Force constants and Mean  Force constant

Mean

Comp Force constant
Bond length Force

xandy (dyne/cm)
constant
Ko K,
Ra(A Re(A
A(R) s(A) «10° | x10° (K)

0.0 0.3856 | 0.3062 | 1347 | 1.124 1.236
0.1 0.3848 | 0.3059 | 1456 | 1.167 1.311
0.2 0.3840 | 0.3057 | 1477 | 1.208 1.342
03 | 03832 | 03054 | 1481 | 1.267 1.374
0.4 0.3829 | 0.3053 | 1491 | 1.308 1.400
0.5 0.3819 | 03049 | 1571 | 1551 1.561

(v1 and v;)
Comp x - o Band position
andy : o v, cm™ voem?
0.0 8.360 5.404 568.103 422.834
0.1 8.353 5.394 567.836 423.100
0.2 8.342 5.392 576.632 427.632
0.3 8.333 5.387 580.097 424.700
04 8.323 5.383 583.362 436.694
0.5 8.298 5.376 587.027 446.823

3.3. Infra-red spectroscopy:

IR spectra of the Co** and Cr*® substituted Ni-Zn
ferrites, recorded at room temperature in the
frequency range 300-800 cm-*, shown in Fig. 4.

Fig.4. Infra red spectrum of Ni0.5CoxZn0.5-xFe2-y CryO4 (x=y
=0.00-0.5).

The bands' positions at different Cr-content were
summarized in the table 1. The higher frequency
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The variation in the cation-oxygen bond length in the
lattice of the spinel. The displacement of the fe** by
Cr¥*and Zn** by Co® ions. That decreases in the
metal oxygen bond length and consequently
increasing frequency. The similar reported in the
literature. (Gabal M. A. et al. 2013). The bond
lengths R, and Rg calculated using the formula
Gorter (Gorter E. W. 1954) are found to decrease
with Co and Cr content x (Table 2). The decrease in
bond lengths is attributed to the decrease in lattice
constant (Patange S. M.; Lohar K. S. et al 2013). The
IR spectra can give an idea about the molecular
structure of the ferrites. The force constants
corresponding to the tetrahedral and octahedral
complexes are calculated by using the standard
formulae given below

K, =7.62X M; Xv2 x 1072 (3)

Ko =10.62 X 22 x 12 x 1072 (4)
where Kg is the force constant on octahedral site, K;
is the force constant on tetrahedral site, an M;
molecular weight of tetrahedral site, an M, molecular
weight of octahedral site, v, the corresponding center
frequency on tetrahedral site, and v, the
corresponding center frequency on octahedral site.
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The force constant is the second derivative of the
potential energy with respect to the sight radius with
the other independent parameters kept constant. the
force constants K; and K are listed in Table 2. The
force constant K, increases with the increasing Co*
content whereas K, increases with the increase in
Cr®*. This variation can be related to the difference in
ionic radii of Zn*" and fe** ions and their occupancy
at A and B sites.

The average force constant (K) was calculated using
following relation:

K=Kt+Ko/2 (5)

The average force constant is increases with the Co**
and Cr** ions.

Analysis of IR spectra with crystallographic
knowledge helps us to determine the Debye
temperature and elastic properties. The Debye
temperature (6,) of all samples was calculated using
the wave number of IR bands (Mazen S. A. et al.
2007),
01=hCvq /x (6)
Where, h = h/2p, k is Boltzmann constant, C is the
velocity of light (C = 3x10° cr/s) and v, is average
wave number of bands. Debye temperature (6;) with
the Co®* content x is shown in the fig.5. The Debye
temperature increased with increased in the Co**
andCr®".

Fig.5.Variation of Debye température calculated form infrared (61)
and elastic (0g) data with Co?"and Cr¥*content..

3.4. Elastic properties:

In general, there are 36 elastic moduli, among the
three elastic modulis reduced in the spinel ferrite. For
the spinel ferrite system, elastic constant and the
Debye temperature can be calculated using IR data
using the relation discussed elsewhere (Modi K. B.
2013, Patange S. M.; Lohar K. S. et al 2013) .

The stiffness constant (C; and C;,) was calculated
using the following relation (Patange S. M.; Lohar K.

S. et al 2013):
K
Cu== %
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o C,

(1—0') (8)

where K is the average force constant and a is the
lattice constant. The values of Poisson’s ratio (s)
were calculated wusing the relation discussed
elsewhere (Algude S. G. et al. 2014) and the values
are presented in Table 3. Using equation 7 and 8 the
stiffness constant is calculated and the values
tabulated in table 3.

(Clz) =

el y

Fig. 6. Variation of stiffness constants (Cy; and Cy,) with Co®*and
Cr¥*content.

It is observed from fig.6 both the stiffness constant
increased  with increase in Co?** and Cr*
substitution. The stiffness constant values affected
by the strong bonding between the atoms and force
constant. The values of Poisson's ratio show the
nonlinear behavior in the range of 0.277-0.263, this
value lies in the range from 1to 0.5 which is in
conformity with the theory of elasticity (Patil V. G.
et al. 2009).

Fig. 7. Variation of Young’s modulus (E), bulk modulus (K) and
modulus of rigidity (G) with Co?"and Cr**content

The elastic moduli’s are calculated using relation
(Modi K. B. et al. 2013). The Rigidity modulus (G),
Bulk Modulus (B) and young modulus(E) increases
with an increase in both Co” its shown in fig .7.
which indicates that easy deformation in the solid
and it has less tendency to spring back to its
equilibrium position.
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Fig. 8. Variation of shearing velocity (VS), mean wave velocity
(Vm) and longitudinal wave velocity (VL) with Co**and
Cr**content.

According to Wooster (Wooster W. A. 1953) work
the increases in the modulus attributed interatomic
bonding between Co, Zn, Ni, Fe, Cr ions in present
ferrite composition. The interatomic bonding
between ions weakens continuously with the
substitution of the Co?" ions, therefore, increases in
modulus with increasing Co?* content (Algude S. G.
et al. 2014).The elastic wave velocities such as
Longitudinal wave velocity (V\), transverse (shear)
wave velocity (VS) and average wave velocity(Vy)
calculated by relation (Patange S. M.; Lohar K. S. et
al 2013).

Table 3: Pore Fraction, Possion's ratio ¢, C1;, C 1, elastic modulli

o a %)
> B
2| § | ¢ s | 2| 3
= s
x 8 P o o g 8 g
S L. =} O (@] 0 1< >
@ =] =2 X 2
1S = ) < = 5
S| & 3 3 @ 2
O o > o
0.0 0.138 0.277 147.81 56.73 116.34 87.09 45,54
0.1 0.144 0.275 156.99 59.65 124.15 92.10 48.67
0.2 0.148 0.274 160.92 60.73 127.64 94.12 50.09
0.3 0.161 0.270 164.85 60.85 132.04 95.51 52.00
0.4 | 0.170 0.267 168.17 61.12 135.59 96.80 53.53
0.5 0.180 0.263 186.92 66.76 151.78 106.81 60.08

It is illustrated from fig 8, the values of V|, Vs, and
V) increased with an increase in the Co%*"and Cr®
content (Algude S. G. et al. 2014). The average
velocity increases the inter atomic bond strength
increases between the Fe** and Cr®* ions.

Debye temperature(6g) was calculated using formula
(Anderson O. L. 1965),

n[m] v ©)

. =
k| 4TTIM
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The variation of Debye temperature (6g) is given in
fig 5. The Debye temperature increased with
increase in substitution of the Co*" and Cr** ions.

6. Conclusions

The Co?* and Cr** substituted Ni-zZn ferrite
synthesized by the Sol gel auto combustion method.
The observed elemental analysis from EDAX is in
good agreement with the theoretical composition
used for the synthesis. The XRD patterns confirm the
single phase cubic structure. The frequency bands of
the ‘v’ and ‘v’, both increased with increase in Co**
and Cr® contents. The elastic moduli and Debye

temperature increases with the Co®** and Cr*
contents.
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