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Abstract of thesis presented to the senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

EFFECTS OF SINTERING TEMPERATURE ON MICROSTRUCTURAL 

AND DIELECTRIC PROPERTIES OF NICKEL-ZINC FERRITE PREPARED 

VIA SOL-GEL METHOD 

By 

IZZATIL AMEERAH BINTI JAIAH @ JAIS 

June 2016 

Chairman: Assoc. Prof. Jumiah Hassan, PhD 

Faculty: Science 

In this work, Ni0.5Zn0.5Fe2O4 were synthesized via sol-gel method. The effect of 

sintering temperature on the microstructure and dielectric properties of Ni0.5Zn0.5Fe2O4 

were investigated. The ferrite samples were analyzed using X-Ray diffraction (XRD) to 

check the phases of the samples and to identify the formation of single phase 

Ni0.5Zn0.5Fe2O4. Field Emission Scanning Electron Microscope (FESEM) was used to 

get the magnified images of the morphology and microstructure of samples. The 

complex dielectrics of the samples were determined by HP 4192A LF Impedance 

Analyzer with setting of frequency range at 40 Hz up to 1 MHz while the measuring 

temperatures were fixed at 30°C and increased to 250°C. Keithley 236 Source which is 

connected to computer were set up for determining the DC conductivity of 

Ni0.5Zn0.5Fe2O4. Its measuring temperatures were fixed from 30°C to 250°C and the 

investigation involved the various sintering temperatures, starting at 600°C to 1100°C 

with increment of 50°C. The outcomes from XRD indicated that the single phase 

crystallization of Ni0.5Zn0.5Fe2O4 started to form at initial sintering temperature of 600°C 

and they exhibited as a single phase cubic spinel structure with lattice parameter 8.60 

Å. The higher of sintering temperature give an optimum crystallization, with greater 

density and lesser porosity of Ni0.5Zn0.5Fe2O4, hence contributing to produce more 

compacted sample with superior properties. The FESEM micrographs showed that the 

average grain size of Ni0.5Zn0.5Fe2O4 nanoparticles was in the range of 59 nm to 199 nm 

with increasing sintering temperature from 600°C to 1100°C. This indicated that there 

was a grain growth occurred as the sintering temperature increased. Graphs of the 

frequency and sintering temperature dependence were tabulated for analyzing the 

variation of the dielectric constant and dielectric loss factor. The graphs trend show the 

dielectric constant and dielectric loss factor declined with greater frequency which is a 

standard dielectric properties of spinel ferrites. The Cole-Cole plots were tabulated to 

study the dielectric behavior of each sample. There are two primary relaxation 
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mechanisms generated while sintering every pellet sample, hence indicating a non-

debye relaxation type. The DC conductivity of Ni0.5Zn0.5Fe2O4 was analyzed to 

determine the conduction mechanism in the temperature reliance. As increasing 

sintering temperature, the values of electrical conductivity σdc increased representing the 

semiconducting behavior of the sample due to the upsurge the capability of the charge 

carriers to mobilize from grain-to-grain region in the samples. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains 

 

KESAN SUHU PENSINTERAN PADA MIKROSTRUKTUR DAN SIFAT 

DIELEKTRIK NIKEL-ZINK FERRITE MELALUI KAEDAH SOL-GEL 

 

Oleh 

 

IZZATIL AMEERAH BINTI JAIAH @ JAIS 

 

Jun 2016 

 

Pengerusi: Prof. Madya Jumiah Hassan, PhD 

Fakulti: Sains 

 

Serbuk bersaiz nano-zarah Ni0.5Zn0.5Fe2O4 telah dihasilkan melalui kaedah sol-gel. 

Kesan pensinteran suhu ke atas mikrostruktur, sifat dielektrik dan asas elektrik pada 

Ni0.5Zn0.5Fe2O4 telah dikaji. Sampel ferit dianalisis menggunakan X-Ray pembelauan 

(XRD) dengan menyiasat ketulenan fasa sampel dan Field Pelepasan Mikroskop 

Imbasan Elektron (FESEM) bagi mendapatkan imej morfologi dan menganalisa bentuk 

mikrostruktur sampel. Sifat-sifat dielektrik sampel ditentukan menggunakan HP 4192A 

LF Impedance Analyzer dalam julat frekuensi 40 Hz hingga 1 MHz dan suhu 

pengukuran telah ditetapkan pada 30 °C sehingga 250 °C. DC kekonduksian pada 

nanozarah nikel zink ferit dikaji untuk menyiasat mekanisme pengaliran dan 

pergantungan suhu menggunakan komputerbersama mesin Keithley 236 Source. Suhu 

mengukur DC kekonduksian telah ditetapkan dari 30 ° C hingga 250 ° C dan penyiasatan 

itu melibatkan pelbagai suhu pensinteran, bermula pada 600 ° C hingga 1100 ° C dengan 

selang 50 ° C. Hasil XRD menunjukkan bahawa fasa penghabluran tunggal 

Ni0.5Zn0.5Fe2O4 mula terbentuk pada suhu pensinteran awal 600 ° C dan mereka 

dipamerkan sebagai satu fasa struktur spinel padu dengan kekisi parameter 8.60 Å. Suhu 

pensinteran yang tinggi memberikan penghabluran lebih halus pada sampel ferrite. 

Tambahan pula, peningkatan suhu pensinteran membuatkan sampel lebih tumpat dan 

kurang keliangan, dengan itu menyumbang kepada penghasilan sampel yang lebih padat 

dengan sifat-sifat unggul. Mikrograf FESEM menunjukkan kepelbagaian  dalam taburan 

saiz zarah daripada 59 nm ke 199 nm dengan peningkatan suhu pensinteran dari 600 °C 

hingga 1100 °C. Ini menunjukkan mekanisme yang berbeza sepadan dengan 

pertumbuhan zarah berkenaan dengan suhu. Graf pergantungan frekuensi dengan suhu 

pensinteran telah dijadualkan untuk menganalisa perubahan yang berterusan dan faktor 

kapasiti dielektrik dan faktor kehilangan dielektrik. Corak graf menunjukkan kapasiti 

dielektrik dan faktor kehilangan dielektrik berkurangan dengan peningkatan frekuensi, 

selaras dengan sifat dielektrik taraf ferit spinel. The Cole-Cole plot telah dijadualkan 

untuk mengkaji tingkah laku dielektrik setiap sampel. Terdapat dua mekanisme 

kelonggaran utama dijanakan ketika pensinteran setiap sampel pelet, dengan itu 
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menunjukkan sampel tidak bersesuaian dengan Debye-jenis bersantai. DC 

kekonduksian nikel zink ferit dianalisis untuk menentukan mekanisme pengaliran arus 

dan pergantungan suhu. Nilai-nilai kekonduksian elektrik σdc meningkat dengan 

peningkatan suhu yang mewakili tingkah laku semikonduktor sampel kerana kerana 

peningkatan dalam pergerakan ion diaktifkan secara pengangkut pertuduhan terma. 
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1 

CHAPTER 1 

INTRODUCTION 

 

1.1 Background of Studies 

In this day and age, high technology and communication becomes priority in daily 

individual life to pursue more efficient and productive profit. Improvements in 

researches are simultaneously pursued in semiconductors, dielectrics, ferroelectrics, 

ferrites and optical electronics. The sustained enhancements in these arenas correlated 

with improvements in ceramics, photonics, and optical waveguides (Hench and West, 

1990). Variety of methodologies in nanoferrites’ development have been studied and 

investigated from time to time, suitable for their broad range of applications, such as 

catalytic applications, drug delivery, sensors, magnetic resonance imaging, ferrofluids, 

microwave devices, antennas and RF frequency tune circuits.  The innovations of 

ferrites’ properties can be varied in method of preparations, sintering conditions and 

amount of elements. Nanoferrites exhibit distinctive properties as compared to the bulk 

counterparts.  

 

Current study is attempting to apply top-down and bottom up approaches in order to 

synthesize nanostructure of nickel zinc ferrite, which is recognized as one of the 

members of soft magnetic ferrite. A top-down method defines a method which has to 

decompose a system for constructing the desired material. On the other hand, a bottom 

up method is a technique of piecing together, or combining the wreckages to custom a 

greater molecular system. The fundamental concept of synthesis method in 

nanotechnology is subjected to create molecular assemblages from the bottom up, by 

applying contemporary methods and tools to produce beneficial products. Via bottom 

up approach, the chemical reactions with adequate driving force can form atomic scale 

of particles into beyond micron level. Numerous of the latest processes are studied for 

assembling the atomic clusters to produce the preferred nano-sized material. In fact, the 

dielectric properties of ferrites are successively responsive to the synthesis condition 

since the each synthesize process involves the different cation distribution and 

microstructure variations. Hence, an appropriate process has to be selected to achieve 

desirable properties. Present research targets to improvise the simpler low temperature 

methods for providing ferrite nanoparticles in large, instead of producing by 

conventional techniques. Methods which consume lower temperature, lesser energy and 

more cost savings are the most desirable goals to get superior results with upgraded 

electrical and mechanical assets.   

 

1.2 Ferrites 

Ferrites are hard yet fragile structure in dark grey or black appearance. They are ceramic 

ferro magnetic materials which contain a mixed of iron (III) oxides with metal oxides, 

where iron (III) oxides are the main element with the general chemical formula is 

symbolized as MeFe2O4, where ‘Me’ is the divalent metal cation, Me+2. The components 

manifest into the spinel structure where the cations engage with two types of sites, which 
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are recognized as tetrahedral and octahedral sites. The capability to adjust the type of 

cations and their distribution in spinel ferrites can produce various exciting properties 

in applications. Ferrites can be crystallized into three groups which are hexagonal 

ferrites, garnet type ferrites and spinel ferrites.  Hexagonal ferrites are used for 

permanent or hard ferrites applications, since they exhibit a high uni-axial magneto-

crystalline anisotropy. Garnet type ferrites are distinctive magnetic ceramics which 

reveals the transparency requisite in magnetic optical uses. Spinel ferrites exhibit soft 

magnetic performance which are able to be magnetized or demagnetized smoothly by 

applying an external magnetic field. Spinel ferrites are the mainstream of recent 

attractively soft ferrites, which are characterized as a cubic crystal structure of the 

mineral spinel. Nickel zinc ferrites and manganese zinc ferrites are popular in the spinel 

ferrite family according to their high electrical resistivity and wide potential in altering 

the basic properties (Hench and West, 1990). Mn-Zn ferrites reveal greater initial 

magnetic permeability and saturation induction as compared to Ni-Zn ferrites. However, 

previous studies have shown that there are problems occurred by consuming Mn-Zn 

ferrites such as the untimely dielectric breakdown or mal-functioning because of their 

high electrical conductivity when operating below high frequencies and overheating by 

eddy currents as well.  

 

In ceramic material, Ni-Zn ferrites are preferred for high frequency applications since 

they are more suitable for frequencies beyond 1 MHz and exhibit higher resistivity as 

compared to Mn-Zn ferrites (MnZnFe2O4). It is very convenient in high frequency 

applications as the suppression of eddy current is being a major attention (Kulikowski, 

1984). The electrical properties, chemical composition and high sintering temperature 

process of this group of ferrites affect the grain size, grain boundaries and porosity of 

nickel zinc ferrites (NiZnFe2O4). NiZnFe2O4 are able to be handled in air, meanwhile 

MnZnFe2O4 required a redox conditions in the sintering chamber throughout the firing 

and cooling route. Nickel and zinc has very strong priority respectively at the tetrahedral 

and octahedral sites, which creates Ni-Fe a model inverse ferrite and Zn-Fe a normal 

ferrite. Those structure can occur as mixed spinel structures as well. Ni-Zn ferrites also 

reveal high electrical resistivity to avert eddy current and adequate magnetic 

permeability rather than the other ferrites. They are also more established than the other 

ferrites, simpler factory-made, low cost and have tremendous appropriate magnetic 

behaviors. Present attention is explored for nano sized nickel zinc ferrite in order to get 

more optimum results for different applications with the most effective manufacturing 

process.  

 

1.3 Dielectric phenomena 

Phenomena of dielectric was revealed in initial 600 BC, where the Greek philosopher 

Thales realized that there was a fascinating occurrence when a light piece of paper was 

attracted slightly into metal rod after chafing with a polyester sheet. It happened due to 

the electric polarization when an opposite charge on the paper surface adjacent the 

charge of rod tip, hence slightly producing an attraction force between them.  

In the middle of 18th century, the devotion in dielectric phenomena is not widespread 

recognized though the Leyden jar condenser was found to store charge in year of 1745 
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(Skilling, 1948). In 1837, Faraday introduced the existence of capacitance in the 

condenser. It was a correlation of the capacitance and condenser engaged to a dielectric 

material, subsequently free space and the specific inductive capacity is identified as 

permittivity.  

 

The expansion of dielectrics studies specifically on the ferroelectric and the evolution 

of their special structures applications has directed to the manufacture of innovative 

categories of dielectric devices for radio-electronic and optical equipment. Dielectric 

properties are the most substantial behaviors of ferrites which obviously counted on the 

sintering time and temperature, type of material and technique of the process.  

 

1.4 Problem statement 

Instead of the excellent and desirable dielectric properties of nickel zinc ferrite, this 

ferrite was selected to be studied because of its behavior which are more stable than the 

other ferrites, easier to be sintered at the atmosphere control, plus easily manufactured 

and low cost. Composition of Ni0.5Zn0.5Fe2O4 has been determined to be studied because 

of the dispassionate in investigating the compositional effect of nickel and iron in nickel 

zinc ferrite, dissimilar to the paper of Ajmal and Maqsood, 2007, which they has done 

research on Ni1−xZnxFe2O4 ferrite system with (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) by the 

standard solid state method.  This research applied sol-gel method as the preparation 

technique of sample since this method has advantages of inexpensive precursors, a 

simple preparation method, resulting a homogeneous and nano-sized powder in bulk 

scale with high chemical homogeneity and low processing temperatures. Presently, 

many branches of communication and electronic manufacturing have been established 

in applications of ferrites. Common applications include audio and video recording 

tapes, motors, generators, recorders, computer disks, high frequency inductor and 

transformer cores (Moulson et al., 1990). Simultaneously, the fast developments of 

electronic industry demand higher density circuit in electronics components while 

primarily enhanced with multifunctional and high performance, smaller size and cost 

effectiveness of miniaturization of electronic chip components. Dielectric and electrical 

properties of materials gain extensive devotion recently and various operations have led 

dielectric materials to encounter the importance in multifunctional components 

(Mantese et al., 1996). It can reveal 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. It suggests 

investigating the microstructure-dielectric properties interactions at many intermediate 

sintering conditions in the parallel evolutions of the morphology and material properties. 

This research proposes to track the changes of dielectric properties parallel to the 

microstructural changes with multiple samples being sintered at different sintering 

temperatures and determine the best sintering temperature for this composition. 
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1.5 Research Objectives 

The purpose of the present study is to investigate the changes of microstructural and 

dielectric properties of samples, where they are individually yielded at sintering 

temperature of 600 °C to 1100 °C, by increment of 50°C respectively. The objectives of 

this study are described as follows: 

 

1. To prepare Ni0.5Zn0.5Fe2O4 nanoparticles using sol-gel method to study their 

microstructure-dielectric properties. 

2. To determine the dielectric properties of Ni0.5Zn0.5Fe2O4 at low frequency from 

40 Hz to 1 MHz at measuring temperatures from room temperature to 250oC. 

3. To analyze the effect of the sintering temperature 600oC to 1100°C on the 

microstructural evolution and dielectric properties of Ni-Zn ferrite. 
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