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Abstract of the thesis presented to the Senate ofUniversiti Putra Malaysia in fulfilment 
of the requirements for the degree of Doctor Philosophy 

PREPARATION OF SPINEL AND GARNET FERRITES AND 
IDENTIFICATION OF THEIR MAGNETIC-ENERGY LOSSES 

By 

NOORHANA YAHYA 

October, 2001 

Chairman : Associate Professor Dr. Mansor Bin Hashim 

Faculty Institute of Advanced Technology 

The objective of this work was to explain the magnetic-energy loss 

mechanisms of some magnetic materials. The study was divided into three parts., The 

first part involved fabrication of NiZn-based and YIG ferrites in toroidal and pellet 

form, employing ceramic processing technique of the starting oxides. Characterisation 

of chemical, microstructural, magnetic, electrical, mechanical and thermal properties 

were carried out. In the second part, sol-gel method was employed to obtain high 

quality and fine-grained microstucture. The Y3FeS012 and NiFe204 samples were 

fabricated using this technique. The third part dealt with some preliminary studies on 
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the magneto-optical Kerr effect, which were carried out on the NiFe204 and YSFeS012 

samples. 

The characterisation of samples in the first part was divided mainly into two 

parts: the extrinsic-microstructure properties and the intrinsic-composition properties. 

The results showed that the initial permeability, relative loss factor, impedance, power 

loss, quality factor, saturation induction, core loss, coercive force, curie temperature 

and temperature coefficient of the sintered samples depended chiefly on both the 

microstructure and the composition of the samples. Adopting ZnO, which acted as a 

modifier, in the NiZn ferrite series (first premise) had greatly influenced the magnetic 

properties of the samples, as occurrence of Zn loss was a major factor that affected the 

grain growth kinetics. Adopting an iron-deficit composition (second series) was 

fruitful when high density and wide operating frequencies were required in the NiZn 

ferrite composition. Samples with excess Fe203 (third series) were deleterious in terms 

of losses due to the formation of Fe2+. There was no significant contribution of the 

zero magnetostriction affecting the magnetic and electrical properties that was 

concluded from this premise. CoO was seen to affect the growth anisotropy in the rich 

NiO content (fourth premise) and thus affected the microstructure of the samples. 

Interesting, however, was sample with composition Nio.8Zno.2Fe204 that gave very 

homogeneous and moderate grain size (:::::10.9 flm) exhibited large -KJ , played a 

dominant role in the frequency extension. Evidence by the reduced permeability, it 

was believed that the damping of domain wall was restricted by the anisotropy effects. 

Simultaneously, the relative loss factor was significantly reduced at higher 

frequencies. In the fifth premise where both C0
2
+ and Fe

2
+ were adopted in the excess-
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non NiZn based composition, the C02+ content was believed to stabilise the domain 

wall movement at high frequencies. When a small concentration of cobalt with the 

formula Nio.70COO.0191sZno.27S8SFe2.00S04.00S was adopted, a vast decrease of power loss 

was seen to occur. It was speculated that C02+ ions diffused or moved through the 

vacancies and hence caused them to reside in the vacancies created by the slight iron 

excess. This reduced the stress and strain created by them and as a result, power loss 

was reduced significantly. 

In the second part of this work, high quality and fine grained single-phase 

ferrite (-0.9 Ilm) was obtained by using the sol-gel technique. Finally, Kerr rotation 

(Nl deg) was observed for both the NiFe204 and Y3Fes012 samples. Kerr rotation was 

accompanied by optical energy reflection . This was actually a measure of energy 

reflected when ferromagnetic order exists. This shed new light in the area of magneto­

optics . 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 

PENYEDIAAN FERIT SPINEL DAN GARNET DAN PENGENALP ASTIAN 
KEIDLANGAN TENAGA MAGNETNYA 

Oleh 

NOORHANA BINTI YAHYA 

Oktober 2001 

Pengerusi : Profesor Madya Dr. Mansor Bin Hashim 

Fakulti : Institut Teknologi Maju 

Penyelidikan ini memfokus terhadap mekanisme-mekanisme kehilangan tenaga 

magnet. Kajian ini melibatkan tiga bahagian utama. Pertama, penyediaan ferit asas-

NiZn dan YIG dalam bentuk toroid dan pelet dengan menggunakan teknik 

pemperosesan lazim yang melibatkan percampuran basah terhadap oksoda-oksida 

logam serta pencirian sampel-sampel merangkumi aspek-aspek kimia, struktur, 

mikrostruktur, magnet, elektrik, mekanik dan tenna. Bahagian kedua pula melibatkan teknik 

penyediaansecara nobel, iaitu teknik sol-gel, yang bertujuan untuk mendapatkan bahan ferit 
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berkualiti tinggi serta mikrostruktur yang halus dan homogen. Sampel·sampel NiFe204 

dan Y3FeS012 telah disediakan dengan menggunakan teknik ini. Bahagian ketiga pula 

melibatkan kajian premier terhadap kesan Kerr yang dilakukan keatas sampel·sampel 

NiFe204 dan Y3FeS012 . Pencirian sampel-sampel pada bahagian pertama dibahagikan 

secara amnya kepada dua bahagian iaitu ciri-ciri ekstrinsik-mikrostruktur dan ciri-ciri 

intrinsik·komposisi. Keputusan eksperimen menunjukkan . bahawa ketelapan awal, 

faktor kehilangan tenaga, impedans, kehilangan kuasa, faktor kualiti, ketumpatan fluks 

magnet tepu, daya paksa, kehilangan teras, suhu curie dan pemalar suhu, bergantung 

kepada kedua-dua mikrosruktur dan komposisi sampel-sampel. Dalam premis pertama, 

penggantian lnO dalam siri ferit asas Niln telah mempengaruhi ciri-ciri magnet dan 

elektrik sampel-sampel kerana berlakunya kehilangan zink yang mempengaruhi 

kinetik pertumbuhan butiran. Penggunaan defisit-besi dalam premis kedua pula telah 

menghasilkan sampel berketumpatan tinggi dan julat frekuensi dapat dilebarkan . 

Pecahan mol sebanyak 0.47 oksida logam dalam ferit Niln berdefisit-Fe203 ini 

dipercayai merupakan nilai yang paling berkesan untuk membentuk sampel defisit 

berketumpatan tinggi.Sampel-sampel ekses-Fe203 dalam premis ketiga pula, telah 

menyebabkan kehilangan tenaga yang tinggi kerana terbentuknya ion-ion Fe2+ . 

Disamping itu, tiada sumbangan yang jelas terhadap magnetostriksi null terhadap ciri­

ciri magnet dan elektrik .  CoO dilihat dapat mempengaruhi anisotropi pertumbuhan 

apabila kandungan NiO yang kaya dalam siri ferit Niln amat mempengaruhi 

mikrostruktur sampel-sampel ini. Sampel Nio.sZnO.2Fe204 membentuk butiran yang 

bersaiz sederhana dan homogen serta mempamerkan K, yang tinggi dan seterusnya 
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memainkan peranan besar terhadap julat frekuensi. Berdasarkan ketelapan 

awal yang rendah, adalah dipercayai pelembapan dinding domain adalah hasil 

daripada kesan anisotropi ini. Justeru itu, faktor kehilangan relatif dapat dikurangkan 

pada frekuensi yang tinggi. Dalam siri terakhir dimana kedua-dua ion Co2+ dan F e2+ 

digunakan dalam komposisi ekses-besi NiZn, ion-ion Co2+ didapati dapat 

menstabilkan pergerakan dinding domain pad a frekuensi yang tinggi. Apabila 

sedikit kobalt dengan komposisi Nio.70COO.OI9IsZrlo.m8SFe2.00S04.00S digunakan, 

penurunan kehilangan kuasa berlaku secara mend adak. Ion-ion Co2+ dijangka 

meresap dan seterusnya menduduki kekosongan-kekosongan ini. Ini mengurangkan 

ketegangan dan hasilnya pengurangan kehilangan kuasa berlaku. Penggunaan teknik 

sol-gel menghasilkan ferit sefasa yang berkualiti serta saiz butiran yang seni ( -0.9 

J..lm). Putaran Kerr (- 1 darjah) dapat dikesan pada kedua-dua sampel NiFe204 dan 

Y3FeS012' Putaran Kerr adalah diikuti dengan pantulan tenaga optik yang 

merupakan satu penemuan baru dalam bidang magneto-optik. 

viii 



ACKNOWLEDGEl\;lENT 

First and foremost, I would like to extend my deepest praise to Allah S.W.t. 

that has given me the patience, strength, determination and courage to complete this 

research within the time frame. The interest brought by confusions and lack of 

knowledge and understanding, made a success throughout this project. I would thank 

not just the few that inspired me, but also those among who have accepted my 

mistakes and shortcomings. I wish to express my gratitude to Assoc. Prof. Dr. 

Mansor Hashim for his constant support and supervision and who had undeniably 

influenced me with some of his enthusiasm and dedication through out this course of 

work. It is also with great sincerity to acknowledge my co-supervisor, Assoc. Prof. 

Dr. Wan Daud Wan Yusoff for his assistance and encouragement in this work. 

Besides,! would also like to extend my special gratitude to Dr. Azmi Zakaria for the 

advise on the work done on magneto-optics. 

I also acknowledge fruitful discussions from my interaction with my post­

graduate friends, such as Rabaah, Laily, Soo Fung, Kean Pah, Woon, Fenny, Shidah, 

Rohaida, Masdhiah, Lucia, Dr. Zolman and Dr. S .B Mohamed . Also, deserving a 

particular mention is my Head of Department, Assoc. Prof. Dr. W. Mahmood Mat 

Yunus for his constant moral support and invaluable advises. In addition, I also 

would like to thank all the lecturers and staffs in the Dept. of Physics, UPM, who, 

with their friendliness, created an ideal atmosphere that, made the accomplishment of 

this work possible. I am also grateful to Miss Azilah , Mr. Ho and Miss Suleika 

ix 



(SEM unit, UPM) and Mr. Azahari (XRD unit , UKM) and En. Othman, (PSD unit, 

IPSP IUM) for their guidance on using the instruments. 

Financial support from the Malaysian Government under SLAB (Skim 

Latihan Bumiputera) scheme is greatly acknowledged. 

Finally, I would like to express my fullest appreciation to my parents and 

family for being so understanding. To my husband, Sazali Bin Yusof, thank you so 

much for being there. To my son Muhamad Zikri Afwan, "Mama Loves You". 

Noorhana Binti Yahya 

x 



This thesis submitted to the Senate of Universiti Putra Malaysia has been accepted as 

fulfilment of requirement for the degree of Doctor ofPhylosophy. 

xii 

AINI IDERIS, Ph.D. 
Professor 
Dean of Graduate School 
Universiti Putra Malaysia 

Date: 



T ABLE OF CONTENTS 

Page 

DEDIKASI .................................................................................................... ". 11 
ABSTRACT....... .................. .................................................... ...... ............... . .  ill 

ABSTRAK...................................................................................................... .  VI 

ACKNOWLEDGEf\.1ENT................................................................................. ix 
LIST OF TABLES....... .. .......... ... ......... ......... .... .... ... ........ .......... ....... ............ .... xv 

LIST OF FIGURES.... ..................................... ... ........... ... ....... ................... ... .. XXI 

LIST OF PLATES ........ .... .. ............. ................ ....... ............ .... ............... ........... xxviii 
LIST OF SYMBOLS AND ABBREVIATION.............................................. . .  xxx 

CHAPTER 

I INTRODUCTION ........................................................... . 

II 

III 

Magnet ic-Energy-Losses ................................................... . 

This research: It 's Basis and St at ement of Object ive ..................... . 

LITERATURE REVIEW .................................................. . 

Sol-Gel Technique .......................................................... .. 

" " 
1 1  

19 
1 9  

Magnet ic-Energy Loss St udies on t he Spinel Ferrit e................ ..... 20 
Densificat ion and Microst ruct ure Development During t he Sintering 22 
Process of Spinel Ferrit e and Ytt rium Iron Garnet 
Elect rical Conduct ion in Soft Magnet ic Ferrit e............................ 23 
Magnet o-Opt ics .. ............. " . . . . . . . . . . . . . . . . . . . ... . .. . . . . . . . . . . . . . . . . . '. . .. 25 

TUE THEORY OF FERRlMAGNETISM .............................. . 27 
The Origin ofInt eract ions in Ferrimagnet ism.............................. 30 

Superexchange Interaction............................................... 32 
Soliton Dynamic......... ......... ......... .. . .. . ... ... ........... . .. ........ 34 
Free Energy of Magnet ically Ordered Syst em . . .. .. . . . . . . . . . . . . . . . . . . . . .  39 

Magnet ost at ic Energy 39 
Magnet ocryst alline Anisot ropy Energy 40 

The Physical Nat ure of Magnet ocryst alline Anisot ropy. . . . . . . . . . . . . 41 
Magnet ost rictive Energy ..... . ... . .. ... .............. .... .. . '" . . . . . . .  , . 44 
Logit udinal Magnet ostrict ive .. ....... ..... .... . ............. ... ..... .... 45 

Hyst eresis Loop............................................................. 47 

xiv 



IV THE mGH FREQUENCY GARNET FERRITE AND THE 53 

v 

VI 

OPTICAL LOSS MECHANISM ........................................ , . 
ellsallon m et  .................................................... . Magn .  . . Gam 

Spin Wave and the Relaxation Mechanism ......... ' "  .... . . ............ . 
Optical Absorption (Optical Loss) .......................................... . 
Magneto-Optical Faraday Effect ......................................... . 
Surface Magneto-Optics Kerr Effect (SMOKE) ....................... . 

EXPERIMENTAL METHOD 
Preparation and Characterisation of the Magnetic and Electrical 

55 
61 
64 
66 
67 

69 

Properties of Spinel and Garnet Ferrites . . . . . . . . . . . . . . . . . . , . . .  . . .  . . .  . . .  . . .  . . .  69 
The Conventional Oxide-Mixing Technique . . . ......... . . . . . .  . . . . . . . . .  70 
Sol-Gel Route ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1 
The Spinel Ferrites......................................................... 73 
Preparation of Gel . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 

Experimental Measurements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . 76 
Phase analysis: X-Ray diffraction ...... ... . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . 76 
Scanning Electron Mmicroscopy (SEM). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
Magnetic Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
The Electrical Measurements ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 
Magneto-Optics Measurements (photon Counting)................. 83 

Photon Counting measurements ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 

RESULTS AND DISCUSSION .......................................... . 89 
The microstructure Dependence due to Zinc Volatilisation of Magnetic 89 
Properties in Nio.3o+o Zno.7o.-.sF'e204 .................. ' "  .. . ............ ... .... . 

Density and Microstructure . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
linc volatilisation and grain growth kinetic . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Initial Permeability, Relative Loss Factor, Impedance, Power Loss 95 
And Quality Factor. ....................................................... . 
Curie Temperature, Temperature Coefficient, Saturation Induction 1 02 
and Core Loss ............................................................. . 

The effect of Vacancies on the Density and Magnetic Properties of 1 1 3 
Non-Stoichiometric Iron-Deficit Nio.3o+2XZno.7oFe2-:zx04-4x System ..... . 

Structure Determination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 1 13 
Density and Microstructure Measurements . .. . . . . . . . . . . . . . . . . . . . . . . . . 1 14 
Initial Permeability, Relative Loss Factor, Impedance, Power 1 19 
Loss,Quality Factor. ............ ' "  ..................... . ........ . ....... . 
Curie Temperature, Temperature Coefficient, Saturation 1 25 
Induction and Core Loss ................................................. . 

The effect of Fe
2
+ on the Magnetic and Electric Properties of Non- 132  

Stoichiometric Iron Excess Nlo.30-2XZno.7oFe2+:zx04+4x System ........ , . 
Structural Determination ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 3  

Density and MicrostructurelEDX Measurements ..................... 1 33  



VII 

Initial Penneability, Relative Loss Factor, Impedance, Power loss 133 
and Quality Factor '" .... , ......... ........ .... .. ........................ . 

Curie Temperature, Temperature Coefficient, Saturation 151 
Induction and Core Loss ................................................. . 

The Frequency Extension and Magnetic-Energy Reduction Via 160 

Anisotropy in Nio.8o Coo .04-XZno .16+xFe204System ........................ . 
Density and Microstructure Measurements ' " . . . . . . . . . . . . . . . . . . . . . . 160 

Initial Penneability, Relative Loss Factor,Impedance, Power loss 160 
and Quality Factor ....................................................... . 

Curie Temperature ,Temperature Coefficient, Saturation 176 

Induction and Core Loss ................. , ......... ' "  ................... . 
The Dependence of Some Magnetic Properties on the Microstructure 183 
and Fe2

+ of (NiO)O .3S(COO)O . 0120 7S-x(ZnO)O .13792S(Fe203)O .SO+X ............. . 
Density and Microstructure Measurements ............................ 183 
Initial Permeability, Relative Loss Factor,Impedance, Power Loss 190 
and Quality Factor ............................... , ............ ............. . 
Curie Temperature, Temperature Coefficient, Saturation 197 

Induction and Core Loss ................................................. . 

RESULTS AND DISCUSSION .......................................... . 199 

Radio-Frequency Magnetic Characterisations of Fine-Grained Ferrites 199 

Prepared via Novel/Sol-Gel and Conventional/Oxide Mixing Routes ... . 
XRD analysis (Y3FesOn) ...... .................. ......................... 201 

XRD analysis (NiFe204) ....................... ...... ........... , .. ,. ..... 202 

Magnetic and Electrical Properties ofY3Fes012 and NiFe204 .. .... 208 

Preliminary studies on surface Magneto-Optics Kerr Effect ... . . . . . . . . . .. 186 
Observation of Energy Absorption for sample NiFe204 .... , .. ,. .... 213 

Observation of Energy Absorption for sample Y3Fes012 ... ......... 215 

VIII SillvfMARY AND CONCLUSION ...................... ............... .. . . .  220 
Main r�sults ....... . .... '" '" ....................... ' ... ... ......... ... ...... .... 233 

Microstructure .. , ......................................................... 233 
Magnetic Properties................................. ..................... 233 

New Finding . ,  .. , .. , ...... , .. , ......................... , .. , ...................... 236 

BIBLIOGRAPHY......................................................................... 237 



APPENDICES 

A Chemical Formulae . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .. . . . . ... . . . . . . . ... 249 
B Calculations of Theoretical Density for NiFe204•• • • • • • . • • • • • . . . • . . . . • • • .  248 
C XRD Patterns for the Iron-Deficit Samples.. . . .  . .. . . .  .................. 249 
D Calculations of Magnetostriction Due to F e

2
+ and Ni 

2
+. ..  . ...... .. .. .. .. 251 

E XRD Results for the Iron Excess NioJo.2xZI1o.7oFe2+2x04.4x System 251 

F XRD Results for Y3FeS012 and NiFe204 Prepared via Sol-Gel 253 
Method . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . .. . .... ..  . 

G Errors of Measurements ..................................................... 255 
H Results Jf Particle Size Distribution (PSD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256 
I Presentations and Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ..... ....  259 

VITA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263 

xvii 



LIST OF TABLES 

Table page 

1 Records of Data Collections on Garnets... ... . . . . . . .. . . . . . . . .. . 56 

2 The Molecular Weight and the Stoichiometric Quantities of 74 
Water Required to Hydrolyse the Respective Acetate ., . . . . .  

3 Theoretical and Experimental Density, Theoretical Porosity 90 
(%) and Grain Size of Samples Nl,N2,N3,N4,N5 and 
N6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

4 Resistivity of Samples Nl,N2,N3,N4,N5, and 99 
NF ................................................................... . 

5 Saturation Induction, Curie Temperature and Temperature 102 
Coefficient for Samples Nl,N2,N3,N4,N5 and NF '" . .  , . . . 

6 Theoretical Density I Vacancies and Magnetic and 114 
Electrical Properties for Samples NIFOD,NIFID, NIF2D 
NIF3D and NIF4D .............................................. . 

7 Curie Temperature, Temperature Coefficient, Saturation 103 
Induction, Coercive Force and Core Loss for samples 
NIFOD,NIFID, NIF2D NIF 3D and NIF4D ............. .. 

8 Atomic % of sample NIF2E ............ '" .,. ... ......... ... .... 134 

9 Atomic % of sample NIF3E .... ,. ...... ... ...... ... ... ... ... ... 135 

10 Atomic % of sample NIF4E .................................... 136 

11 Atomic % of sample NIF5E ..................... '" ...... ...... 137 

12 Theoretical Density (theoretical and experimental), 138 
Theoretical Porosity and Average Grain Size for Samples 
NIFOE,NIFIE, NIF2E NIF3E , NIF4E, NIFlE, and 
NIF5E ............................................................. . 

13 Permeability, Resistivity and Relative Loss Factor for 144 
Samples NIFOE, NIFIE, NIF2E, NIF3E , NIF4E, NIFlE, 
and NIF5E ......................................................... . .  

xviii 



14 Impedance (at 1, 1 0, 1 00 MHz) and Power Loss for 148 
Samples NIFOE, NIF1E,NIF2E N1F3E , N1F4E, N1FlE, 
and NIF5E ....................................................... . 

15 Curie Temperature, Temperature Coefficient, Saturation 152 
Induction, Coercive Force and Core Loss for Samples 
NIFOE, N1FIE,NIF2E NIF3E , NIF4E, NIFlE, and 
NIF5E ............................................................. . 

16 Mechanical Properties for Samples N6C1,N6Kl,N6Kl and 161 
N6C4 .............................................................. . 

17 Magnetic and Electrical Properties for Samples N6C 1, 167 
N6C2, N6Kl and N6C4 ......................................... . 

18 Curie Temperature, Temperature Coefficient, Saturation 177 
Induction, Coercive Force and Core Loss for Samples 
N6Cl, N6C2, N6Kl and N6C4 ................................ . 

19 Density (Theoretical and Experimental), Theoretical 186 
Porosity and Average Grain Size for Samples N6C4EO, 
N6C4EI, N6C4E2, N6C4E3 and N6C4E4 ................ . .  

20 Magnetic and Electrical Properties for Samples N6C4EO, 191 
N6C4El, N6C4E2, N6C4E3 and N6C4E4 ................ . .  

21 Saturation Induction, Curie temperature and Temperature 197 
Coefficient for samples N6C4EO, N6C4El, N6C4E2, 
N6C4E3 and N6C4E4 ......................................... . 

22 Preparation Technique, Calcining Temperature and Time 201 
Duration and Sintering Temperature and Time Duration for 
Samples YIGO, YIGl,YIG2, YIG3, YIG4, NF l and 
NF2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

23 Magnetic Properties ofY3Fes 012 and NiFe204 Fabricated 209 
via Sol-Gel and Oxide-Mixing Techniques ................. . 

24 Particle Size Distribution for Samples Crushed at 4 and 10 212 
Hours ............................................................... . 

26 Relative Loss Factor, Power Loss and Grain Size of 222 
Sample Nl ,  NIFID and NIF3E .............................. .. 

xix 



27 Relative Loss Factor, Power Loss and Grain Size of 231 
Sample N6C4, N6Cl and N5C4El ............................ . 

28 Chemical Formulae for all the Fabricated Samples ... . . ..... 247 

29 XRD Data of Sample Y3FeSOI2' Sintered at lOOOoC for 2 253 
Hours Prepared by the Sol-Gel Method ..................... .. . 

30 XRD Data of Sample NiFe204, Sintered at 900°C for 2 253 
Hours Prepared by the Sol-Gel Method ...... ' "  ..... .. . .. . . 

31 Estimated Errors of Measurements.......... .. .... ... ... ..... .. 255 

xx 



LIST OF FIGURES 

t'igure page 

1 Illustration of Skin Depth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 5 

2 Microstructure of Some Technological Ferrites a) Large-Grained 6 
Spinel Ferrite) and b) Fine-Grained (Garnet Ferrite) . ................ . 

3 Spinel Structure .. ........ " .............................. ............ ... ... 29 

4 The Ground States ........... .......................... .... , ..... , ...... .... 32 
5 Excitation State........ ...... ...................................... ..... ..... 33 
6 Work Done to Change the Direction of Spin........................... . 34 
7 Pictorial Illustration of Domain Wall ................................ ..... 38 
8 Diagram Illustrating the Energy of a Pair of Magnetically Active 42 

Ions in the Pair Model Magnetocrystalline Anisotropy .... ..... ..... . 

9 Variation in the Relative Linear Deformation due to 45 
Magnetostrictive with Respect to the Intensity of Magnetic Field 
Applies to the Sample .............. ....... ......... ....................... . 

10 Magnetisation Curve Before External Field Was Applied to the 49 
Sample (a) ....... ........ ............... ................ ..................... . 

11 External Field (Weak) was Applied to the Sample (b) 49 

12 External Field (Moderate) was Applied to the Sample(c) .. ......... 50 

13 External Field (Large) was applied to the Sample (d).................. 50 

14 External Field (larger) was Applied to the Sample (e)............. .. 51 

15 A Simplified Representation of the Part Played by Domain 51 
Boundaries in the Process of Magnetisation when Largest Magnetic 
Field was Applied to the Sample Cf) ... ..... ............................ .. 

xxi 



1 6  Hysteresis Loop .. .. . . .. .... . .. . . .. .. . . . .... .. . . . . . . . .. . .. . . . . . . . ... . . ... . ... 52 

1 7  The Oxygen Coordination ofy3+ 24 (c), Fe3+ 16  (a) and Fe 3+ 24 (d) 54 
Ions in the yttrium Iron Gamet . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8  Variation of Gamet Spontaneous Magnetisation at OK with Atomic 58 
Number. Curve 1 and 2 are Theoretical Curve; Curve 3 Gives 
Experimental Results . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

19 Sublattice and Resulting Magnetisation in Yttium Iron Gamet . . . . . .  59 

20 Sub lattice and Resulting Magnetisation in Gd-Iron Gamet Showing 60 
the Formation of the Compensation Point 
.. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 

2 1  Schematic Diagram of the Energy Transfer from the r. f. Driving 63 
Field to the System of Uniformly Precessing Spin Dipoles and 
Subsequently to the Lattice Both Directly and via the Spin Wave 
Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 Absorption Coefficient a and Faraday Rotation 8F ofY3Fe5012 in 66 
Visible Spectrum . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . .  

23 Schematic Representation of Magneto-Optic Interaction. The 68 
Incident Light is Linearly Polarised and the Light Reflected from 
the Magnetised Film has a Kerr Rotation and Ellipticity . .. . . . . . . . . . . .  

24 Flow Chart for Sample Preparation (Conventional Method) . . . . . . . . . . .  73 

25 Flow Chart for Sample Preparation via Sol-Gel Technique . . . . . . . . . . 76 

26 The Basic Circuit Configuration for Hysteresis Measurement ........ 80 

27 The Silver Coated Toroidal/Pellet Shaped Sample in Resistivity 
Measurement . . . .. .... . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . .. . . . . .. . . . . . . . . . . . .. . 

28 Flow Chart of the Magneto-Optics Experiment Set-Up . . . . . . . . . . . . . . .  85 

29 Schematic Diagram Before Magnetising the Sample . . . . . . . . . . . . . . . . . .  86 

30 Schematic Diagram After Magnetising the Diagram . . . . . . . . . . . . . . . . . .  87 

3 1  Initial Permeability vs. Frequency Measured at Room Temperature 96 
for Samples Nl,N2,N3,N4,N5, and NF .................................. 

32 Relative Loss Factor vs. Frequency (MHz) Measured at Room 97 
Temperature for Samples Nl,N2,N3,N4,N5, and NF . . . . . . . . . .. . . . .... 

xxii 



33 Impedance vs. Frequency (MHz) Measured at Room Temperature 97 
for Samples NI,N2,N3,N4,N5, and NF . ..... .. ... ..... .. .. ....... .... . . 

Power Loss vs. Frequency (MHz) Measured at Room 
Temperature for Samples Nl,N2,N3,N4,NS, and NF ... .... ..... . 

34 100 

35 Quality Factor vs. Frequency (MHz) Measured at Room 1 00 
Temperature for Samples N1 ,N2,N3,N4,N5, and NF .......... ... . 

36 Hysteresis Graph of Sample Nl (JIS) ..... ......................... 1 04 

37 Hysteresis Graph of Sample Nl (ASTM) ...... ...... ... ... .. . .. . .... 1 05 

38 Hysteresis Graph of Sample N2 ... .. . .. ....... ..... .............. ..... 1 06 

39 Hysteresis Graph of Sample N3 . ........ .............................. 1 07 

40 Hysteresis Graph of Sample N4 .. ...... ............... ............. ... 1 08 

41 Hysteresis Graph of Sample N5 ....................................... 1 09 

42 Hysteresis Graph of Sample NF .. ................. ..... ............... 1 1 0  

43 A Sketch of Theoretical Density, Theoretical Vacancies and 1 1 8  
Experimental Density ............................. ..................... . 

44 Initial Permeability (11,) vs. Frequency (MHz) Measured at Room 120 
Temperature for Samples NIFOD, NIFID, NIF2D, NIF3D and 
N1 F4D . .... ........... ........... ... .. ... ..... ......... ................. . . 

45 Relative Loss Factor vs. Frequency (MHz) Measured at Room 1 21 
Temperature for Samples N1 FOD, NIF1 D, N1 F2D, NIF3D and 
NIF4D .......... ............................. ..... ......... ......... ..... . 

46 Impedance vs. Frequency (MHz) Measured at Room 122 
Temperature for Samples N1 FOD, N1 FID, NIF2D, N1F3D and 
N1 F4D . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . .. . . . . . . . 

47 Power Loss vs. Frequency (MHz) Measured at Room 1 23 
Temperature for Samples NIFOD, NIFID, NIF2D, NIF3D and 
NIF4D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

48 Quality Factor vs. Frequency (MHz) Measured at Room 1 24 
Temperature for Samples N1 FOD, N1 F1 D, NIF2D, NIF3D and 

xxiii 



NIF4D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

49 Hysteresis Loop of Sample NIFID .. ... '" ...... ... .................. 127 

50 Hysteresis Loop of Sample NIF2D ............... ............. ... ..... 128 

51 Hysteresis Loop of Sample NIF3D .................................. 129 

52 Hysteresis Loop of Sample NIF4D ......... ............ ...... ... .... 130 

53 Microstructure for Sample NIF2E .................................... 134 

54 EDX Profile for Sample NIF2E ." .................................... 134 

55 Microstructure for Sample NIF3E .................................... 135 

56 EDX Profile for Sample NIF3E ............... ..................... 135 

57 Microstructure (EDX) for Sample NIF4E ........................... l36 

58 EDX Profile for Sample NIF4E .................................... 136 

59 Microstructure for Sample NIF5E ........... ......................... 137 

60 EDX Profile for Sample NIF5E . .... . . . . . .. . . ... . . .... . . . . . . .. . . . . . .. 137 

61 Initial Permeability (Ill) vs. Frequency Measured at Room 143 

Temperature for Samples NIFOE, NIFIE, NIF2E, NIF3E, 

NIF4E, NIFIE and NIF5E ......................................... . .  

62 Relative Loss Factor vs. Frequency (MHz) Measured at Room 146 

Temperature for Samples NIFOE, NIFIE, NIF2E, NIF3E, 

NIF4E, NIFlE and NIF5E ........................................... . 

63 Impedance vs. Frequency (MHz) Measured at Room 146 
Temperature for Samples NIFOE, NIFIE, NIF2E, NIF3E, 
NIF4E, NIFlE and NIFSE ............................................ . 

64 Power Loss vs. Frequency (MHz) Measured at Room 149 
Temperature for Samples NIFOE, NIFIE, NIF2E, NIF3E, 

NIF4E, NIFlE and NIFSE ............................................ . 

65 Quality Factor vs. Frequency (MHz) Measured at Room 149 

Temperature for Samples NIFOE, NIFIE, NIF2E, NIF3E, 
NIF4E, NIFIE and NIFSE .......................................... .. 

XXIV 


