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Ni-Zn spinel type ferrites are interesting materials due to its electrical and
semiconductor properties. These materials are widely used and exploited. Nickel-zinc
ferrite nanoparticles are very important soft magnetic materials for high and low
frequency devices application and are good dielectric materials. The starting powders
with nanoparticle-size of approximately 22 nm of as-milled NigsZngsFe,O4 were
obtained by mechanical alloying. The effect of sintering temperature on the evolving
microstructural of a single sample NigsZngsFe,O4 with the dielectric properties was
investigated. The single sample pellet was subjected to repeat sintering from 600°C to
1200°C with 50°C increments. The ferrite sample was analyzed by X-Ray diffraction
(XRD) to investigate the phases of the powder and Field Emission Scanning Electron
Microscope (FESEM) for the morphology and microstructure analysis. The dielectric
properties of the sample were measured using HP 4192A LF Impedance Analyzer in the
low frequency range from 40 Hz to 1 MHz and measuring temperatures ranging from 30
°C to 250 °C. The study of dc conductivity on nickel zinc ferrite nanoparticles pellet was
carried out to analyze the mechanism of conduction and temperature dependence by
using a computer controlled Keithley 236 Source. The variation with temperature of dc
conductivity were done from 30°C to 250°C for different sintering temperatures 600°C
to 1200°C at 100°C intervals.



The results from XRD show that single phase NigsZnosFe,O4 could not be formed
during milling alone and therefore requires sintering. It also confirms that the single
sample sintered Ni-Zn ferrite has single phase cubic spinel structure with lattice
parameter 5.3273 A and the formation of single phase crystallization NigsZngsFe;04 was
detected at early sintering temperature of 600°C exhibiting the advantage of mechanical
alloying. The crystallization of the ferrite sample increase with increasing sintering
temperature and it was found that there is more densification or less porosity at the
higher sintering temperature. The FESEM micrograph shows a significant difference in
grain size distribution from 88 nm to 646 nm with increasing sintering temperature from
600°C to 1200°C. This might be an indication for different mechanisms being
responsible for grain growth with respect to temperature. Evolution of the microstructure
resulted in three activation energies of grain growth where above 850°C, there is a rapid
grain growth in the microstructure. The activation energies of grain growth increased
with rise in sintering temperature as the average grain size increased from nano-size to
micron-size. The variation of the dielectric constant and dielectric loss factor as a
function of frequency for the ferrites system at different temperatures show that both the
dielectric constant and dielectric loss factor decreases with increasing frequency which
is a normal dielectric behavior of spinel ferrites. The Cole-Cole plots are an essential
tool for studying the dielectric behavior. It reveals two primary relaxation mechanisms
in operation for all sintering temperatures indicating a non-debye relaxation type.
Arrhenius diagram of relaxation time as a function of reciprocal temperature is used to
analyze the effect of temperature on the rates of chemical reactions. The activation
energies of dielectric relaxation decreased with rise in sintering temperature. The
activation energy affects the hopping mechanism which correponded with the electrical
energy barrier encountered by the electrons during the hopping process. The study of dc
conductivity on nickel zinc ferrite nanoparticles was carried out to analyze the
mechanism of conduction and the temperature dependence. The values of electrical
conductivity og. increased with increasing temperature indicating the semiconducting
behavior of the sample due to the increase in the thermally activated drift mobility of the
charge carriers.
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Spinel nikel-zink ferit adalah bahan yang menarik disebabkan oleh sifat elektrik dan
semikonduktor. Bahan-bahan ini digunakan secara meluas dan dieksploitasi dari abad 50
tahun yang lalu. Kini, penggunaan bahan ferit bertumbuh dengan pesat dan meneruskan
trend pengecilan dalam kejuruteraan elektrik, ia adalah keperluan untuk kemajuan
kaedah sintesis dan untuk melakukan pencirian terhadap bahan nano ferit. Nikel-zink
ferit nanopartikel juga adalah bahan magnet lembut yang penting untuk penggunaan
peranti frekuensi tinggi dan rendah dan bahan dielektrik yang baik. Serbuk aloi telah
digunakan sebagai permulaan serbuk dimana nanopartikel bersaiz dengan hampir 22 nm
nikel-zink ferit sebagai selepas gilingan komposisi NigsZnosFe,O4 diperolehi dengan
menggunakan electron penghantaran mikroskop (TEM). Selepas itu, sampel disediakan
dengan menggunakan pengaloian mekanikal untuk menganalisis kesan suhu pensinteran
ke atas perubahan mikrostructur sebagai sampel tunggal dengan sifat-sifat dielektrik.
Sampel tunggal dengan pelet bersaiz nanopartikel tertakluk kepada penaikkan suhu
sinteran dari 600 °C ke 1200 °C dengan kenaikan 50 °C. Sampel ferit dianalisis dengan
pembelauan X-Ray (XRD) untuk menyiasat fasa serbuk dan mikroskop imbasan
electron (SEM) bagi morfologi dan analisis mikrostruktur. Sifat dielektrik seperti
pemalar dielektrik (¢’) dan kehilangan dielektrik (e’’) telah dikaji sebagai fungsi
frekuensi dan suhu untuk NigsZngsFe 0,4 Sifat-sifat dielektrik sampel diukur
mengunakan HP 4192A LF Impedance Analyzer dalam julat frekuensi yang rendah dari



40 Hz sehingga 1 MHz dan suhu antara 30 °C kepada 250 °C. Kajian DC kekonduksian
pada nikel zink nanopartikel ferit telah dijalankan untuk menganalisis mekanisma
pengaliran dan pergantungan suhu dengan menggunakan Keithley 236 dikawal dengan
sumber komputer. Perbezaan dengan pergantungan suhu kekonduksian DC untuk Ni-Zn
ferit telah diteliti dari suhu 30 °C kepada 250 °C pada pengsinteran berbeza suhu 600 °C
ke 1200 °C dengan kenaikan 100 °C. Hasil daripada XRD menunjukkan bahawa fasa
NigsZngsFe,0,4 tidak boleh terbentuk semasa pengisaran sahaja dan oleh itu ia
memerlukan proses pensinteran. la juga mengesahkan bahawa sampel tunggal Ni-Zn
ferit disinter mempunyai struktur fasa spinel padu dengan kekisi parameter 5.3273 A dan
pembentukkan penghabluran fasa NigsZngsFe,O, dikesan pada suhu pensinteran awal
600 °C. Penghabluran sampel ferit meningkat dengan peningkatan suhu pensinteran,
sambil mengurangkan keliangan, meningkatkan kepadatan dan purata saiz butiran.
Mikrograf SEM menunjukkan perbezaan yang signifikan dalam pengedaran saiz butiran
meningkat daripada 88 nm ke 646 nm dengan peningkatan suhu pensinteran. Ini
mungkin menjadi petunjuk bagi mekanisme yang berbeza bertanggungjawab untuk
pertumbuhan bijian dengan perubahan suhu. Evolusi mikrostruktur mengakibatkan dua
tenaga pengaktifan pertumbuhan bijirin di mana, di atas 850 °C, terdapat pertumbuhan
bijian yang pesat dalam mikrostruktur. Tenaga pengaktifan telah meningkat dengan
kenaikan suhu pensinteran sebagai purata saiz bijian meningkat dari saiz nano ke siz
micron. Perubahan pemalar dielektrik dan kehilangan dielektrik sebagai fungsi frekuensi
bagi sistem ferit pada suhu berbeza menunjukkan bahawa kedua-dua pemalar dielektrik
dan kehilangan dielektrik berkurangan dengan kekerapan meningkat yang merupakan
tingkah laku dielektrik biasa spinel ferit. Plot Cole-Cole adalah sebagai alat penting
untuk mengkaji tingkah lagu dielektrik. la mendedahkan dua mekanisme utama operasi
kelonggaran semua suhu pensinteran menunjukkan bukan jenis Debye santai. Rajah
Arrhenius untuk kelonggaran masa sebagai fungsi suhu timbale balik digunakan untuk
menganalisis kesan suhu ke atas kadar tindak balas kimia. Nilai tenaga pengaktifan
semakin berkurangan dengan peningkatan suhu pensinteran. Kajian kekonduksian DC
pada nikel zink nanopartikel ferit telah dijalankan untuk menganalisis mekanisme
pengaliran dan pergantungan suhu. Nilai-nilai kekondusian DC meningkat dengan
peningkatan suhu yang menunjukkan kelakuan semikonduktor sampel.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

The extreme progress in the evolution and growth of electronic ceramics since the time
of post Second World War Il has played a crucial role in the transformation of the
society from Steel Age to the Information Age. Practically instantaneous satellite
communications from coast to coast and all over the world would not be possible
without simultaneous advances in semiconductors, dielectrics, ferroelectrics, ferrites and
optical electronics. The continued developments in these fields have corresponds, and
possible eventually superseded, with advances in superconducting ceramics, photonics,
optical waveguides and potentially in optical computing and information processing
(Hench and West, 1990). Properties of materials are substantially modified with
reduction in their size. This has been an extensive area of research with regard to the
family of ferrites. Novel methodologies for the development of nanoferrites and
investigation of their properties has gained much attention owing to their numerous
needs for application in areas like magnetic recording media, targeted drug delivery,
magnetic resonance imaging, sensors, heterogenous catalysis, repulsion suspension for
use in levitated railway systems, ferrofluids, microwave devices, RF frequency tune
circuits and antennas. Ferrites have technological importance due to their high frequency
applications. They are good dielectric materials whose properties vary with the method
of preparation, sintering condition and amount of constituents. When size of ferrite
particles gets reduced to nanoscale, they exhibit unique properties quite different from
their bulk counterparts. This opens up several questions regarding the fundamental
physics and chemistry of ferrite materials. Nickel zinc ferrite belonging to the class of
soft magnetic materials is one such candidate which has wide application potential. In
this study, nickel zinc ferrite in the nano regime was prepared by employing both top-
down as well as bottom up approaches. It is well known that nanostructured materials
can be synthesized based on two general principles as strategies for designing molecular
systems. A top-down approach describes the breaking down, or decomposing, of a
system to construct the material of interest or to gain apprehension into its compositional
subunits. In contrast, a bottom up approach describes the piercing together, or synthesis,
of fragments to form the larger molecular system. In the most fundamental sense,
nanotechnology refers to the ability to construct molecular assemblies from the bottom
up, using current methods and tools to make useful products. The chemical reactions
with sufficient driving force can build up particles (bottom up approach) of the material
from atomic scale to micron level and above. Here constituent atomic clusters are
assembled to form the required nano sized materials by various processes. The dielectric
properties of ferrites are susceptible to the cation distribution and microstructure which
are successively responsive to the synthesis condition. Therefore, selection of
appropriate process is crucial in order to obtain desirables properties. Modern research



aims at developing simple low temperature techniques for delivering ferrite
nanoparticles in large quantities, having improved properties than those produced by
conventional techniques. Among these, an ideal method would be the one which could
be carried out at low temperatures with minimal energy consumption, having better yield
and to produce ferrites at low cost with improved electrical and mechanical properties.

1.2 Ferrites

Ferrites are well explored in the micron and nano regime. They are mixed metal oxides
with iron (I11) oxides as their main component and the general chemical formula of
spinel ferrites may be written as MeFe,O4 where ‘Me’ stands for the divalent metal
cation, Me*2. It is very hard and brittle which appears as dark grey or black. A mixture
of powders is pressed to form a ferrite core consisting of the component raw materials
and subsequently turning it into a ceramic component by sintering process. Crystal types
of ferrites can be categorized into three groups where the first group is hexagonal ferrites
which have been distinguished due to their high uni-axial magneto-crystalline anisotropy
and used for permanent or hard ferrites applications. The second group is the garnet type
(soft) ferrites that are unique magnetic ceramics that gives the transparency needed for
magnetic optical applications. The third group is spinel ferrites which exhibit soft
magnetic behavior that can be magnetized or demagnetized rather easily by externally
applied magnetic fields and indeed is the majority of present day magnetically soft
ferrites, with cubic crystal structure in the form of the mineral spinel. Nickel zinc ferrites
and manganese zinc ferrites are the major members of the spinel ferrite family and the
two most popular soft ferrites due to their high electrical resistivity and possible
modification of basic properties over a wide spectrum (Hench and West, 1990).

Mn-Zn ferrites have higher initial magnetic permeability and saturation induction than
Ni-Zn ferrites but the use of Mn-Zn ferrites cause problems as the premature dielectric
breakdown or mal-functioning due to their high electrical conductivity when operating
under high frequencies and also overheating by eddy currents. Meanwhile, Ni-Zn ferrites
proved to be the chosen ceramic material for high frequency applications where they are
more acceptable for frequencies above 1 MHz and exhibit higher resistivity than Mn-Zn
ferrites (MnZnFe). It was also found to be very useful in high frequency technological
applications in which eddy current suppression is of primary consideration (Kulikowski,
1984). The electrical properties of this particular group of ferrites determined the
microstructural characteristics such as grain size, grain boundaries and the nature of
porosity that is present in the materials. These aspects are influenced by the chemical
composition and high sintering temperature process required in the production of nickel
zinc ferrites (NiZnFe). The sintering of NiZnFe is simpler than MnZnFe due to the
atmosphere control as operations of NiZnFe are managed in air while MnZnFe needed a
redox conditions induced in the sintering chamber during the firing and cooling process.
Low losses of NiZnFe controlled by the grain size also give an effect on NiZnFe to be
mostly used at high frequency. At the tetrahedral and octahedral sites, nickel and zinc
has very firm priority respectively which makes Ni-Fe a model inverse ferrite and Zn-Fe
a normal ferrite. Despite that, they are known to occur as mixed spinel structures. Ni-Zn



ferrites also have high electrical resistivity to prevent eddy current and moderate
magnetic permeability compared to other ferrites. They are also more stable than the
other ferrites, easily manufactured, low cost and have excellent desirable magnetic
properties. Spinel ferrites nanoparticle have great importance in nano science and
nanotechnology for technological applications because of their outstanding properties
such as nanometer size and large surface area to volume ratio. Current interest has been
made for nano sized nickel zinc ferrite in order to reduce energy losses associated with
bulk properties to be more efficient and cost effective.

1.3 Dielectric phenomena

Phenomena of dielectric is like the other natural phenomena which been discovered long
time ago. In early 600 BC, the Greek philosopher Thales develops that there is an
attractive light objects like bits of chaff on “amber” which is known as electricity in
Greek, when rubbed with cloth. Nevertheless, it is well known that many materials have
this kind of properties to some scale. The attraction phenomenon where a light piece of
paper being pull by metal rod after rubbing with a polyester sheet occurred because of
the polarization of paper due to the charge on the rod tip. An opposite charge on the
paper surface near the charge rod tip resulted in this attraction cause by electric
polarization. In dielectric material, polarization is influence by any electromagnetic
wave that also creates their own field which interacts with the external fields, results in
an extensive width of dielectric phenomena.

Prior to the mid of the 18™ century, the attention in dielectric phenomena is not wide
despite the fact that Leyden jar condenser which could store charge was found in 1745
(Skilling, 1948). Faraday was the person in 1837 that introduced the capacitance of a
condenser that depends on the condenser with material inside it. It was known as
correlation of the capacitance and condenser occupied with a dielectric material with the
same condenser, free space and the specific inductive capacity which is known as
permittivity. The development of new dielectrics especially the ferroelectric ones, as
well as the growth of the area of application of some of their special features has led to
the creation of new types of dielectric devices for radio-electronic and optical
equipment, and has induced large number of research in this field. Dielectric behavior is
the most significant of ferrites which obviously relied on the preparation conditions such
as sintering atmosphere, temperature, type of material and technique of the process. The
nano crystalline ferrites have many applications which provide useful information on the
response of localized electric charge carriers influential to substantial understanding of
the mechanism of dielectric polarization and its varied from microwave to radio
frequencies



1.4 Problem statement

The primary focus of the thesis work was the production of dense and microstructurally
tailored Ni-Zn ferrite sample of composition NigsZngsFe,O4 which could be sintered at
relatively low sintering temperatures. Currently, many branches of communication and
electronic engineering have been established in applications of ferrites. Common
applications include audio and video recording tapes, motors, generators, recorders,
computer disks and high frequency inductor and transformer cores (Moulson et al.,
1990). Concurrently, there are fast developments of electronic industry, electronic
components which require higher density circuit in electronics while largely accelerated
with multifunctional and high performance, smaller size and cost effective of
miniaturization of electronic chip components. Dielectric and electrical properties of
materials have wide attention lately and a lot of operation has been conducted for
analyzing dielectric materials to encounter the essential for multifunctional components
(Mantese et al., 1996). It can exhibit both high inductive and capacitive properties which
have been determined to be an enabling solution to fabricate miniature filter and
antenna, electro-magnetic interference (EMI) devices and others.

The composition and microstructure of material give impact on the properties of ferrite
materials susceptible to the processing methods used in the synthesis. It suggests
investigating the microstructure-dielectric  properties relationships at various
intermediate sintering conditions in the parallel evolutions of the morphology and
material properties. Do the changes of microstructure affect the dielectric properties of
the material? This research work intends to track the evolution of dielectric properties
parallel to the microstructural changes with only one single sample being sintered at
different sintering temperatures and which is the best sintering temperature for this
composition.

1.5 Research Objectives

The purpose of the current thesis study is to investigate the parallel evolution of
microstructural and dielectric properties of a single sample from lower sintering
temperature of 600 'C to 1200 °C. Nickel zinc ferrite with the composition
NipsZnosFe,O4 was chosen in this study and it has been proved to be the preferred
ceramic material for high frequency applications. It was proposed to make high
performance ferrites which have high electrical resistivity, improved dielectric
properties, densities and less porosity. The description of ferrites composition needed
different analyses such as surface analysis, phase analysis and their properties. NiZn
ferrite are more stable than the other ferrites, easier in the sintering process due to the
simplicity of the atmosphere control, easily manufactured, low cost, have excellent and
desirable dielectric properties.



The electrical and dielectric properties of this particular group of ferrites depend
strongly on the microstructural features such as grain size, the nature of grain boundaries
and the extent and nature of porosity. This study embarks on the following objectives:

1. To prepare a single sample NigsZngsFe;O4 nanoparticle using mechanical
alloying method to refine its microstructure-dielectric properties to produce high
purity sample.

2. To determine the dielectric properties of NigsZngsFe,O,4 at low frequency from
40 Hz to 1 MHz at measuring temperatures from room temperature to 250 °C.

3. To analyze the effect of the sintering temperature 600°C to 1200°C on the
microstructural evolution and dielectric properties of Ni-Zn ferrite.
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