Journal of Engineering Science 10(2), 2019, 79-84 JES

an international Journal

STUDY OF THE INFLUENCE OF LANTHANUM (La) SUBSTITUTION ON THE
STRUCTURAL AND TRANSPORT PROPERTIES OF Cu-Zn FERRITE
(Cuo.15Zno.ssLaxFe2x04) SYNTHESIZED BY SOLID STATE REACTION

TECHNIQUE

Kamrun Nahar!, Probal Roy'*, M. A. Hossain', S. D. Nath!, M.N. I. Khan?and S. S. Sikder!

'Khulna University of Engineering & Technology, Khulna — 9203, Bangladesh
’Materials Science Division, Bangladesh Atomic Energy Centre, Dhaka-1000, Bangladesh

Received: 08 July 2019 Accepted: 12 November 2019

ABSTRACT

The effect of doping of rare earth material like Lanthanum (La) in various concentrations on polycrystalline Cu-
Zn ferrite has drawn attention for their drastically variable nature. Expected Cuy.5ZngssLaxFe;.O4 [x = 0.00,
0.02, 0.04, 0.06 and 0.08] were prepared by conventional solid state reaction method that was sintered
atl150°C for 3 hours. The XRD patterns confirmed the formation of fcc type cubic spinel structure with a weak
reflection peak that corresponded to the presence of secondary ortho-ferrite phase. The frequency dependent
real part permeability of all the samples decreased at high frequency range. The quality factor showed the
increasing tendency with the increase of frequency. The dielectric constant (both the real and imaginary part)
indicated the trend of decreasing with the increase of frequency. The dielectric constant was studied on the
basis of dielectric polarization and conduction theory. The temperature dependent DC resistivity presented the
trend of increasing with the increase of both temperature and La content.
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1. INTRODUCTION

In recent days, Polycrystalline ferrites have become a topic of engrossment due to their drastically applications
in the field of research areas as well as in various applications. Their overwhelming electrical and magnetic
properties make their applications widen in our practical life. Among them high resistivity, high permeability,
low magnetic loss, thermodynamic stability, chemical stability, mechanical hardness, low cost etc are
significant. These properties are responsible for the wide applications of polycrystalline ferrites for microwave
devices, various transformers and electric generator storage devices (Gubbala et al., 2004; Kulikowshi et al.,
1984). Their acceptable dielectric properties and good electrical conductivity are also providing their wide
applications in radio wave and microwave frequency devices. Their electrical and transport properties provide a
lot of information for which they are selected in various electronic and semiconducting devices (Shahida Akhter
etal, 2013).

In the last two decades, a remarkable development occurred in wireless technology as well as in the mass
telecommunication technology. Internet accessible smart phones, high speed accessible local network etc are the
suitable examples of that development. These system cores are based on the radiofrequency circuits (RF). These
RF circuits include transmission and receiving parts that are important for signal amplification, modulation and
filtering process. These transmissions and receiving blocks are the complex circuits that have a lot of capacitors
and inductors. These inductors are now a day developed as multilayer chip inductors (MLCIs). These MLCIs
are now developed by using various polycrystalline ferrite materials (Batoo et al., 2012).

Basically, the variations of the properties of polycrystalline ferrites are responsible for their structural properties,
Synthesis technique, chemical composition, types of impurity doping, sintering temperature etc. The super
exchange interaction of Fe3* in A-site (Tetrahedral) and B-site (Octahedral) are widely responsible for these
outstanding electrical, magnetic and mechanical properties (Gupta et al., 1968; Lange et al, 1989; Kigery et al.,
1975; Ahmed et al., 2003). Variation of any of these parameters can responsible for this super exchange
interaction of Fe* ion in A-site and B-site. This is directly responsible for the remarkable changes in electrical,
magnetic and mechanical properties of the specimens.

A remarkable of polycrystalline ferrite is Cu-Zn ferrite which has drawn attention due to their physical and
chemical stability, ferromagnetic attitude, reasonable saturation magnetization and for their applications. It is
found that, smallest substitution of Fe** ion by various materials especially rare earth materials improve the
structural, magnetic and transport properties of the materials remarkably (Chen et al., 2000). Thus, the doped
materials will be possible to obtain an affable position in industrial and experimental applications.
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The aim of this research is to discuss the synthesis of La doped Cu-Zn ferrite with composition
Cuo.15Zno.gsLaFer «O4 [x = 0.00, 0.02, 0.04, 0.06 and 0.08] and to study the La doping effect on the structural
properties, frequency tuned permeability and dielectric constant of the samples.

2. EXPERIMENTAL

To prepare Cuo.i5ZnossLasFe,xOs [x = 0.00, 0.02, 0.04, 0.06 and 0.08] samples, Conventional solid-state
reaction method was followed where the reactant metallic oxide powdered materials are required to be taken for
reaction. Solid state reaction method is basically occurring when the reactant has regular crystal lattices and also
has the restricted kinetic motion (Nelson et al, 1985). In this method, appropriate amount of powder samples is
required for grinding, hand milling, calcination and sintering sequentially.

In this study, analytical grade powder of CuO, La>O3 ZnO and Fe;O3 were mixed for hand milling operation for
6 hours in a ceramic mortar. Basically, solid oxides never use to react together at room temperature maintaining
normal time scale. To form reaction as well as to form crystalline phase, it’s mandatory to provide heat
treatment. To form crystalline phase, the calcination for all the samples were done at 800°C for 3 hours so that
reaction can take place. The calcined samples were then crashed to prepare tablet and ring-shaped samples by
using hydraulic press to apply uniaxial pressure. Then the sintering was done at 1150°C for 3 hours. After
sintering, the structural phenomena of the specimens were carried out by X-ray diffraction pattern for both as-
dried samples and for La doped samples using Philips X’pert Pro powder X-ray diffractometer (PW 3040). The
transport properties were observed by using Wayne Kerr Precision Impedance analyzer (6500B) in the solid
state physics laboratory of KUET.

3. RESULTS AND DISCUSSIONS

3.1 Structural Analysis

The structural view of La dope on the composition Cug.15Zno.ssLaxFe2xO4 [x = 0.00, 0.02, 0.04, 0.06 and 0.08]
are expressed in the XRD pattern that are presented in Fig 1. The X-ray powder diffraction was done by Cu-K,
(A = 1.54A) radiation. The result is found from the X-ray diffraction pattern for all samples of Cu-Zn ferrite with
the (hkl) values corresponding to the diffraction peaks of different phase on (111), (220), (311), (222), (400),
(422), (333) and (440) which are either even or odd that confirms the evolution of fcc type spinel structure (Shil
et al., 2013; Sharmin Akhter et al., 2019; Vucinic-Vasic ef al., 2013). Moreover, for the samples of x = 0.02,
0.04, 0.06 and 0.08 respectively, a weak reflection peak can be seen. This peak is identified as the weak
reflection peak of the LaFeO; phase.
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Figure 1: XRD patterns for the Cuo.15Zno gsLaxFe,«Os, [x = 0.00, 0.02, 0.04, 0.06 and 0.08] sintered at 1150°C
for holding time of 3 hours.

Various structural parameters such as Lattice parameter (a), X-ray density (px), bulk density (ps), and porosity
(P) are also studied. The lattice parameter “a” for all the specimens were calculated by following formula (Roy
etal,2018),

a=d,, xNh* +k*> +I° (D
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The calculated values of the above mentioned parameters of the samples are presented in Table 1. It has been
seen here that, with the increasing La content, Lattice parameter has a trend of decreasing initially and then
increases. The Bulk density and X-ray density have the tendency of remaining almost same for all samples. The
porosity presents the increasing phenomenon with the increasing La content. It can be observed that, the values
of bulk density are lower than the values of X-ray density. The existence of pores that may be formed during the
time of synthesis and sintering process are probably responsible for that observation. The Bulk density and X-
ray density were found by using the following formulas

dy = %: % )
and d, = % gm/cm3 (3)

Table 1: Data of the lattice parameter (a), X-ray density (p,), bulk density (pg), porosity (P %) of
Cug.15Zng gsLasFe, <04, [x=0.00, 0.02, 0.04, 0.06 and 0.08] ferrites sintered at 1150°C for 3 hours

Compositions ‘a’ in Bulk density X-ray density ~ Porosity
A) ps(gm/cm®)  p(gm/cm?) P (%)
Cug.15Zng 35sFe,04 8.266 4.99 5.55 9.92
CU.o_1szno_35Lao_02Fel_9xO4 8.258 491 5.58 11.87
Cuo.15Zn0 85Lao.04Fe1.0604 8.257 4.88 5.7 14.33
Cuo.15Zng gsLLag.ocFe1.9404 8.275 4.88 5.69 14.18
Cuy.15Zn0 gsL.ag ogFe;.9204 8.360 4.88 5.65 13.58
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Figure 2: The frequency dependent (a) Real part of complex permeability, (b) Imaginary part of complex
permeability, (c) Loss factor and (d) Quality factor of Cug.15ZngssLaxFe,«O4, [x = 0.00, 0.02, 0.04,
0.06 and 0.08].

3.2 Permeability Observation

The magnetic permeability under an oscillatory electric field can be represented by the following formula,

p=p =i 4)
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Where p' and p" stand for real part of complex permeability and imaginary part of complex permeability
respectively (Torikul Islam et al., 2014). Here, the real part of the frequency dependent permeability is tuned by
some factors such as the reversibility of domain wall displacement, the category and the quantity of dopant ion,
porosity etc. The permeability data was taken at room temperature maintaining wide range of frequency form 1
KHz to 120MHz. For the toroid shaped samples of Cuy 15Zng ssLacFe,xO4 [Where x = 0.00, 0.02, 0.04, 0.06 and
0.08] sintered at 1150°C holding time 3hours various parameters of complex permeability including p', p" and
Quality factor were determined as a function of applied frequency by using the Wayne Kerr Impedance
analyzer. All these variations are shown in the Figure 2.

It is seen here that, the real portion of the complex permeability p' is almost constant for a certain frequency
range and then it starts to fall rapidly within a lower range of higher frequency. The hopping electron transfer
between Fe?* and Fe® is significantly responsible for the stability of p' initially. With the increasing of
frequency, the imaginary part, u" slowly decreasing and reached a minimum frequency. At low frequency zone
for all samples p" remains initially high and then decreases with the increasing of frequency and remains almost
constant. Thus, the mutual mismatching can be found on the effect of rare earth content of high frequency and
high permeability.

The loss factor tand (= p"/ p') which represent the losses in the material as well as indicates the inefficiency of
materials magnetic system. The magnetic losses cleave up into three components. These are hysteresis losses,
losses of eddy current and residual losses. This can be written by the following formula, tand,, = tandy + tand. +
tand,. Value of tand is less frequency dependent in the frequency range from > 10MHz. Cu-Zn-La ferrites are
found to show reasonably affable permeability at room temperature that cover wide range of stable frequency
which can be used for MLCF application, such as embedded inductors or embedded capacitors. These mean that
Cu-Zn-La ferrite materials exhibits suitability for high frequency applications with high permeability. The
quality factor for all sample show the trend of increasing with the increase of frequency. Initially the Q-factor
increases with very low value but at higher value of frequency, it presents the drastically increasing
phenomenon.

33 Dielectric properties observation

The frequency dependent dielectric studies that include both real part dielectric study and imaginary part
dielectric study are shown in figure 3. It can be seen that the dielectric constant falls constantly with the increase
of frequency for all the specimen. With the addition of La, these ferrites have no prominent effect on the
dielectric constant in the range of high frequency, but at low frequency range a radical decrease of dielectric
constant can be found. The dielectric behavior for this sample can be described on the basis of the mechanism of
polarization process in ferrites which is similar to that of conduction. The electron exchange process of Fe?" «»
Fe3*+ e- is responsible for local displacement of electrons in the direction of an applied electric field, which
creates polarization in ferrites (Zhenxing et al., 2001). With increasing frequency, the imaginary portion of
dielectric constant, €" also decreases. At very high frequency the value of €" becomes too small that it remains
independent of applied frequency.

1.5x10°

—_—=x=000
x=0.02
— = (.04
x=0.06
x=0.08

(b)

4x10"

- “w W
w - <
- : ]
= = g
% 3x10° : : ‘
e z ° 10x10°| |
@) £ 2
2 : g
2 2x10' 2
° & 3
a ) T
= * g 5.0x10'
£ 1x10’ 3
g :
3 Frequency, /() éﬂ
& 0 -

2 3 4 5 6 7 sl

10 10 10 10 10 10 10° 10’ 10*
Frequency, f(Hz) Frequency, f (Hz)

Figure 3: The frequency tuning (a) Real part, (b) Imaginary part of dielectric constant of Cuo.15Zno.gsLasFe<Oa,
[x =0.00, 0.02, 0.04, 0.06 and 0.08].
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34 DC resistivity observation

The variation of DC resistivity as a function of La content in Cu-Zn ferrites is shown Figure 4. With increasing
La content except for x = 0.00 sample the electrical DC resistivity increases from 9 MQ-cm to 12MQ-cm. This
is because La is more resistive than Fe where the values of the resistivity of La and Fe are 61.5 x 10-® Q-m and
9.71 x 10® Q-m respectively (Ghazanfar et al., 2005). For individual samples, the resistivity with the increase of
temperature is also shown in Figure 4(b). Here, with the increase of temperature, resistivity increases linearly.
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Figure 4: (a) Variation of DC resistivity with La content, (b) Temperature dependence DC resistivity of
CuO_1szno_85LaxF62.xO4, [ XZO.OO, 0.02, 0.04, 0.06 and 0.08].

4. CONCLUSIONS

In this study, the effect of the substitution on the rare earth materials like Lanthanum (La) on Cu-Zn ferrite with
various concentrations provides the following consequences:

i. The samples with formula Cuo.i15ZnogsLacFe,«O4, [x=0.00, 0.02, 0.04, 0.06 and 0.08] that was prepared
by solid state reaction method forms the fcc type spinel crystal structure which was confirmed by X-ray
diffraction pattern. Moreover, a weak reflection peak can be seen that establishes the formation of
secondary orthoferrite phase.

ii. The frequency dependent permeability (Both real part and imaginary part) have the trend of decreasing
monotonically with the increase of frequency.

iii. Dielectric constant as the function of frequency decreases with the increase of frequency. This is also
same for the imaginary part of dielectric constant. These phenomena are delineated on the basis of
dielectric polarization of materials.

iv. The temperature dependent DC resistivity exhibits the increasing phenomenon with the increase of
temperature.

Finally, it can be said that, the substitution of La*" content develops the properties of pure Cu-Zn ferrite in a
remarkable sense which can be used widely in the context of various electrical and electronic industries.
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