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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

ONE-POT SYNTHESIS AND CHARACTERIZATIONS OF (SrFe12O19)x - 

(Ni0.5Zn0.5Fe2O4)1-x NANOCOMPOSITE FERRITES  

 

By 

 

HARTINI BINTI ABDULLAH AHMAD 

 

November 2017 

 

Chairman: Norlaily binti Mohd Saiden, PhD 

Faculty: Science 

 

Nanocomposite ferrites are known as an exchange - spring magnet when they are well 

exchange coupled. This phenomena has been studied by synthesized (SrFe12O19) - 

(Ni0.5Zn0.5Fe2O4) nanoparticles using a one-pot thermal treatment method. This 

technique is a single reaction mixture involving metal nitrates and the capping agent 

which is polyvinyl pyrrolidone (PVP). Nanocomposite ferrite nanoparticles were 

succeed to synthesize via single reaction technique. The starting materials used were PVP 

as the capping agent, deionized water and metal nitrates as the precursors. This study 

was divided into 3 sections. For the first part, we investigated the effect of PVP as a 

capping agent. Composite ferrites with 20% of hard and 80% of soft ferrites were 

fabricated by varying the concentrations of PVP (0 to 0.06 g/ml). For the second part, we 

studied the influence of phase distributions on the particles. Nanocomposite ferrites of 

(SrFe12O19)x – (Ni0.5Zn0.5Fe2O4)1-x were synthesized by varying the contents of x (0.1 to 

0.9). The last part of this research was on calcination temperatures. Samples of 

(SrFe12O19)x – (Ni0.5Zn0.5Fe2O4)1-x where (x = 0.8 and 0.9) were calcined at 600 ºC to 

1000 ºC for 3 hours.  

 

Several characterizations were carried out such as X-ray Diffraction (XRD), Vibrating 

Sample Magnetometer (VSM), Fourier Transform Infra-red (FT-IR), Thermogravimetric 

Analysis (TGA), microstructure analysis using Field Emission Scanning Electron 

Microscope (FESEM) and Transmission Electron Microscope (TEM).  From the XRD 

analysis, both soft and hard phases were coexist for every samples. The optimum 

concentration of PVP was 0.06 g/ml which gave a better magnetic properties compared 

to other concentrations of PVP used. In addition, (SrFe12O19)x – (Ni0.5Zn0.5Fe2O4)1-x 

nanocomposite with x = 0.9 shows highest Hc value with 5692 G and the optimum 
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calcination temperature was found out to be at 800 ºC. From the analyses show that the 

hard/soft nanocomposite ferrites were able to synthesize by this one-pot thermal 

treatment method. Therefore, this technique is one of the promising method to fabricate 

nanocomposite permanent magnet. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Sarjana Sains 

 

SINTESIS SECARA SERENTAK DAN PENCIRIAN BAGI (SrFe12O19)x - 

(Ni0.5Zn0.5Fe2O4)1-x NANOKOMPOSIT FERIT  

 

Oleh 

 

HARTINI BINTI ABDULLAH AHMAD 

 

November 2017 

 

Pengerusi: Norlaily binti Mohd Saiden, PhD 

Fakulti: Sains 

 

Nanokomposit ferit dikenali sebagai pertukaran spring magnet apabila bertukar ganding 

dengan baik. Fenomena ini telah dikaji dengan mengsintesis (SrFe12O19) - 

(Ni0.5Zn0.5Fe2O4) nanopartikel menggunakan kaedah rawatan termal satu bekas. Teknik 

ini adalah campuran reaksi tunggal melibatkan logam nitrat and ejen pelekat iaitu 

polyvinyl pyrrolidone (PVP). Nanokomposit ferit nanopartikel berjaya di sintesis dengan 

teknik reaksi tunggal ini Bahan permulaan yang digunakan adalah PVP sebagai ejen 

pelekat, air ternyahion dan logan nitrat sebagai pelopor. Kajian ini dibahagikan kepada 

3 bahagian. Bagi bahagian pertama, kami mengkaji pada kesan PVP sebagai ejen pelekat. 

Komposit ferit dengan 20% ferit keras dan 80% ferit lembut dibentuk dengan 

mempelbagaikan konsentrasi PVP (0 to 0.06 g/ml). Untuk bahagian kedua, kami 

mengkaji pengaruh pengagihan fasa ke atas partikel. Nanokomposit ferit (SrFe12O19)x – 

(Ni0.5Zn0.5Fe2O4)1-x telah di sintesis dengan mempelbagaikan kandungan x (0.1 to 0.9). 

Bahagian terakhir bagi kajian ini adalah ke atas suhu pembakaran. Sampel                  

(SrFe12O19)x – (Ni0.5Zn0.5Fe2O4)1-x dimana (x = 0.8 and 0.9) dibakar pada 600 ºC to               

1000 ºC untuk 3 jam. 

 

Beberapa pencirian telah dijalankan seperti pembelauan sinar-X (XRD), magnetometer 

sampel bergetar (VSM), inframerah transformasi Fourier (FT-IR), penganalisis 

termogravimetri (TGA), analisis mikrostruktur menggunakan mikroskop electron 

pengimbas pancaran medan (FESEM) dan mikroskop electron penghantaran (TEM). 

Daripada analisis XRD, kedua-dua fasa ferit lembut dan keras wujud bagi setiap sampel. 

Konsentrasi optimum bagi PVP adalah 0.06 g/ml memberikan ciri magnetik yang lebih 

baik berbanding lain-lain konsentrasi PVP yang digunakan. Tambahan pula, (SrFe12O19)x 

– (Ni0.5Zn0.5Fe2O4)1-x nanokomposit dengan  x = 0.9 menunjukkan nilai Hc yang tertinggi 

dengan 5692 G dan suhu pembakaran optimum telah didapati pada 800 ºC. Analisa 
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menunjukkan bahawa nanokomposit ferit keras/lembut mampu di sintesis dengan kaedah 

rawatan termal satu bekas ini. Oleh itu, teknik ini adalah salah satu kaedah yang 

menjanjikan bagi mengahasilkan magnet kekal nanokomposit.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 

 

First of all, Alhamdulillah and thanks to Allah SWT for this chance and enable me to 

finish my thesis after all the struggles. This success is not only from me myself but there 

are also those who always assisted me and help me in my journey to complete my Master. 

Therefore, here I would like to express my thanks to those who had helped me since the 

beginning. 

 

Firstly, I am grateful that my supervisor, Dr. Norlaily Binti Mohd Saiden willing to 

accept me as her Master student, guided and supervised me on my project. Besides that, 

thanks to my family members for their continuous support, my friends who helped me 

and share their knowledge with me especially Nurhidayah Binti Mohd Hapipi and Nor 

Nadhirah Binti Che Muda, all staffs in Department of  Physics and ITMA, for the 

facilities and also several postgraduate students for their helps. Not to forget, million 

thanks to my financial sponsors from Ministry of Higher Education, UPM grantt: Inisiatif 

Putra Muda (9405900), Inisiatif Putra Siswazah (9474400), Graduate Research 

Fellowship for the scholarship and allowances given. 

 

Lastly, thanks to those who had involved in this project indirectly which had gave a huge 

contributions to this project and help me to complete this thesis.  

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vi 

 

REMOVE 

I certify that a Thesis Examination Committee has met on 30th November 2017 to conduct 

the final examination of Hartini Binti Abdullah Ahmad on her thesis entitled “ONE-POT 

SYNTHESIS AND CHARACTERIZATION OF (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x 

NANOCOMPOSITE FERRITES” in accordance with the Universities and University 

Colleges Act 1971 and the Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 

15 March 1998. The Committee recommends that the student be awarded the Master of 

Science. 

Members of the Thesis Examination Committee were as follows:  

Raba’ah Syahidah Binti Azis, PhD                                          

Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia  

(Chairman)  

 

Chen Soo Kien, PhD  

Associate Professor 

Faculty of Science 

Universiti Putra Malaysia  

(Internal Examiner)  

 

Azizah Binti Shaaban, PhD  

Associate Professor 

Faculty of Manufacturing Engineering 

Universiti Teknikal Malaysia Melaka 

Malaysia 

(External Examiner) 

 

                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                              NOR AINI AB. SHUKOR, PhD  

                                                                              Professor and Deputy Dean 

                                                                              School of Graduate Studies 

                                                                              Universiti Putra Malaysia 

  

                                                                              Date: 



© C
OPYRIG

HT U
PM

vii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

Norlaily Binti Mohd Saiden, PhD  
Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia  

(Chairman) 

 

Elias Bin Saion, PhD 
Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia  

(Member) 

 

Md. Shuhazlly Bin Mamat @ Mat Nazir, PhD 
Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia  

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                                     

                                                                                                                             

ROBIAH BINTI YUNUS, PhD  

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia  

 

Date: 



© C
OPYRIG

HT U
PM

viii 

 

Declaration by graduate student 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other degree 

at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research) 

Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy Vice-

Chancellor (Research and Innovation) before thesis is published (in the form of 

written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, 

lecture notes, learning modules or any other materials as stated in the Universiti 

Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly  

integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies) 

Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research) 

Rules 2012.  The thesis has undergone plagiarism detection software. 

 

 

Signature: ________________________      Date:  

 

Name and Matric No.: Hartini Binti Abdullah Ahmad (GS42190) 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

ix 

 

Declaration by Members of Supervisory Committee  

 

This is to confirm that: 

 the  research conducted and the writing of this thesis was under our supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

Signature:   

Name of Chairman of 

Supervisory 

Committee: 

 

 

Norlaily Binti Mohd Saiden 

 

 

 

 

Signature: 

  

Name of Member of 

Supervisory 

Committee: 

 

 

Elias Bin Saion 

 

 

 

Signature: 

 

Name of Member of 

Supervisory 

Committee: 

 

 

Md. Shuhazlly Bin Mamat @ Mat Nazir 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

x 

 

TABLE OF CONTENTS 

 

 Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES xiii 

LIST OF FIGURES xiv 

LIST OF SYMBOLS AND ABBREVIATIONS xviii 

 

CHAPTER 

 

 

 

 

1 

 

INTRODUCTION 

 

1 

 1.1    Background Studies 

1.2    Nanocomposite Permanent Magnet 

1.3    Problem Statement 

1.4    Significance of the Study 

1.5    Research Objectives 

1.6    Outline of the Thesis 

1 

1 

3 

3 

4 

4 

 

2 

 

LITERATURE REVIEW 

 

5 

 2.1    Introduction 

2.2    Fabrications of Permanent Magnets 

2.3    Exchange Spring Magnet 

2.4    Established Methods for Fabrication of Nanocomposite 

         Nanoparticles 

         2.4.1      One-Pot Thermal Treatment Method 

         2.4.2      Self-Propagating Combustion Method 

         2.4.3      Sol-Gel Auto-Combustion Method 

2.5    Effect of PVP as a Capping Agent in Single Reaction   

         Synthesis of Nanocomposite Hard/Soft Ferrite   

         Nanoparticles 

2.6    The Influence of Heat Treatment in Nanocomposite Ferrite 

2.7    Phase Distribution of Soft and Hard Ferrites 

5 

5 

7 

9 

 

10 

11 

11 

11 

 

 

14 

15 

 

3 

 

THEORY 

 

17 

 3.1    Introduction 

3.2    Ferrites 

3.3    Types of Crystal Structures 

          3.3.1      Spinel Ferrite 

          3.3.2      Garnet 

          3.3.3      Hexagonal 

17 

19 

20 

20 

21 

21 



© C
OPYRIG

HT U
PM

xi 

 

3.4    Applications of Ferrites 

3.5    Magnetic Properties 

         3.5.1      Curie Temperature, Tc 

         3.5.2      Hysteresis Properties 

23 

23 

23 

23 

 

4 

 

METHODOLOGY 

 

26 

 4.1    Introduction 

4.2    One-Pot Thermal Treatment Method 

4.3    Materials Preparations 

4.4    Synthesis of (SrFe12O19)/(Ni0.5Zn0.5Fe2O4) Nanocomposite  

         Ferrites 

         4.4.1      Different Concentrations of PVP 

         4.4.2      Different Phase Distribution of Hard and Soft 

                       Ferrites                              

         4.4.3      Different Calcination Temperature 

4.5    Characterizations 

         4.5.1      Phase Analysis 

         4.5.2      Magnetic Properties Analysis 

         4.5.3      Functional Group Analysis 

         4.5.4      Microstructure Analysis 

         4.5.5      Thermal Stability Analysis 

26 

26 

28 

28 

 

28 

28 

 

29 

29 

29 

31 

32 

33 

35 

 

5 

 

RESULTS AND DISCUSSION 

 

37 

 5.1    Introduction 

5.2    Effect of PVP as a Capping Agent in Single Reaction  

         Synthesis of Nanocomposite Hard/Soft Ferrite   

         Nanoparticles  

        5.2.1      Phase Analysis 

        5.2.2      Functional Group Analysis 

        5.2.3      Microstructure Analysis 

        5.2.4      Magnetic Properties Analysis 

5.3    Effect of Phase Distribution of Soft and Hard in  

         Nanocomposite Magnets 

        5.3.1      Phase Analysis 

        5.3.2      Functional Group Analysis 

        5.3.3      Microstructure Analysis 

        5.3.4      Magnetic Properties Analysis 

5.4   The Influence of Heat Treatment in Nanocomposite  

         Permanent Magnets 

        5.4.1      Thermal Stability Analysis 

        5.4.2      Phase Analysis 

        5.4.3      Functional Group Analysis 

        5.4.4      Microstructure Analysis 

        5.4.5      Magnetic Properties Analysis 

5.5   Summary 

37 

37 

 

 

37 

38 

40 

46 

48 

 

48 

50 

51 

59 

62 

 

62 

64 

67 

71 

79 

82 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xii 

 

6 CONCLUSION 83 

 6.1    Conclusion 

6.2    Recommendations for Future Research 

83 

84 

  

REFERENCES 

 

85 

 APPENDICES 90 

 BIODATA OF STUDENT 100 

 LIST OF PUBLICATIONS 101 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xiii 

 

 LIST OF TABLES 

 

 

Table  

 

Page 

2.1 Magnetic properties of nanocomposite depending on the content of 

soft phase 

 

16 

5.1 The average particle size of composite ferrites with variations in PVP 

concentrations obtained from FESEM images 

 

43 

5.2 The average particle size of composite ferrites with variations in PVP 

concentrations obtained from TEM micrograph 

 

46 

5.3 Magnetic properties of hard/soft nanocomposite ferrites calcined at 

800 ºC 

 

48 

5.4 The average particle size of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite obtained from the FESEM images 

 

55 

 

5.5 The average particles of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite obtained from TEM images 

 

59 

5.6 Magnetic properties of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite 

 

61 

5.7 The average particle size of nanocomposite ferrite with x = 0.8 

obtained from FESEM images 

 

74 

5.8 The average particle size of nanocomposite ferrite with x = 0.9 

obtained from FESEM images 

 

78 

5.9 Magnetic properties of x = 0.8 nanocomposite ferrite nanoparticle 

 

81 

5.10 Magnetic properties of x = 0.9 nanocomposite ferrite nanoparticle 

 

81 

5.11 Magnetic properties of single SrFe12O19 calcined at 900 ᵒC for 3 

hours 

 

81 

5.12 The comparison of Ms and Hc for the hard M-type ferrite and the soft 

spinel ferrite nanocomposite with ratio of 9:1 

 

82 

5.13 Magnetic properties of SrFe12O19/Ni0.5Zn0.5Fe2O4 nanocomposite 

synthesized by different methods 

82 

 
 

 



© C
OPYRIG

HT U
PM

xiv 

 

 LIST OF FIGURES 

 

 

Figure  

  

Page 

1.1 Illustration of magnetizing loops for exchange coupled hard-soft 

magnetic phases 

 

2 

2.1 Hysteresis loops for a) soft ferrite and b) hard ferrite 

 

7 

2.2 The illustration for changing in coupled parts of hard and soft 

phases, as a function of the grain size 

 

8 

2.3 Hysteresis loops for (NiFe2O4)0.75 - (BaFe12O19)0.25 composites at 

room temperature prepared by one-pot (OP) and physical mixing 

(PM) method                                          

 

10 

2.4 TEM images of nickel ferrite nanoparticles. PVP concentrations 

a) 0, b) 0.015, c) 0.035, and d) 0.055 g/ml calcined at 723 K 

 

12 

2.5 XRD patterns of nickel ferrite nanoparticles. PVP concentrations 

of a) 0, b) 0.015, c) 0.035, and d) 0.055 g/ml calcined at 723 K  

 

13 

2.6 XRD patterns of a) precursor and cobalt ferrite nanoparticles 

calcined at b) 673, c) 723, d) 823, and e) 923K  

 

14 

3.1 Different types of magnetic behavior 

 

18 

3.2 Schematic diagram illustrated of a partial unit cell and 

ferrimagnetic ordering for spinel ferrite structure  

 

20 

3.3 The figure for 1/8 of the elementary cell of R3Fe5O12 crystal (R is 

rare earth or/and Y)  

 

21 

3.4 Example of hexagonal structure of M-type barium ferrite 

 

22 

3.5 Hysteresis cycle of a multidomain magnetic material, where H is 

the magnetic field amplitude (Oe) and M is the magnetization of 

the material (emu/g) 

  

24 

3.6 Schematic diagram of a hysteresis loop for a ferromagnetic 

material  

 

25 

4.1 Flowchart of the sample preparation and characterizations of 

(SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x nanoparticles 

 

27 

4.2 Diagram illustrated the diffraction of x-rays by a crystal  

 

30 

4.3 Schematic diagram of VSM  

 

32 



© C
OPYRIG

HT U
PM

xv 

 

4.4 The schematic diagram of FT-IR system 

 

33 

4.5 Schematic diagram of the working principle of the a) FESEM and 

b) TEM  

 

35 

4.6 Schematic diagram of TGA equipment structure  

 

36 

5.1 XRD patterns of (SrFe12O19)0.2 - (Ni0.5Zn0.5Fe2O4)0.8 

nanocomposite ferrites. PVP concentrations of a) 0, b) 0.02,               

c) 0.03, d) 0.04, e) 0.05, f) 0.06 g/ml calcined at 800 °C 

 

38 

5.2 FT-IR spectras of (SrFe12O19)0.2 - (Ni0.5Zn0.5Fe2O4)0.8  

nanocomposite ferrites calcined at 800 ºC. PVP concentrations of 

a) 0, b) 0.02, c) 0.03, d) 0.04, e) 0.05 and f) 0.06 g/ml 

 

39 

5.3 FESEM images of hard/soft nanocomposite calcined at 800 ºC. 

PVP concentrations a) 0, b) 0.02, c) 0.03, d) 0.04, e) 0.05 and           

f) 0.06 g/ml. The distributions of the particle size was represented 

by the histogram on the right side of the images 

 

42 

5.4 TEM micrographs of hard/soft nanocomposite calcined at 800 ºC. 

PVP concentrations a) 0, b) 0.02, c) 0.03, d) 0.04, e) 0.05 and            

f) 0.06 g/ml. The distributions of the particle size was represented 

by the histogram on the right side of the images 

 

45 

5.5 Hysteresis loops of hard/soft nanocomposite ferrites calcined at 

800 ºC 

 

47 

5.6 XRD patterns of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  nanocomposite 

calcined at 800 ºC. The phase distributions of x are a) 0.1, b) 0.2, 

c) 0.3, d) 0.4, e) 0.5, f) 0.6, g) 0.7, h) 0.8 and i) 0.9 

 

49 

5.7 FT-IR spectras of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x 

nanocomposite ferrites calcined at 800 ºC. The x contents a) 0.1 

b) 0.2, c) 0.3, d) 0.4, e) 0.5, f) 0.6, g) 0.7, h) 0.8 and i) 0.9 

 

51 

5.8 FESEM micrographs of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x 

nanocomposite calcined at 800 ºC. The phase distributions of x are 

a) 0.1, b) 0.2, c) 0.3, d) 0.4, e) 0.5, f) 0.6, g) 0.7, h) 0.8 and i) 0.9 

The distributions of the particle size was represented by the 

histogram on the right side of the images 

 

54 

5.9 TEM micrographs of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite calcined at 800 ºC. The phase distributions of x are 

a) 0.1, b) 0.2, c) 0.3, d) 0.4, e) 0.5, f) 0.6, g) 0.7, h) 0.8 and i) 0.9. 

The distributions of the particle size was represented by the 

histogram on the right side of the images 

 

58 

5.10 Hysteresis graph of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite calcined at 800 ºC 

60 



© C
OPYRIG

HT U
PM

xvi 

 

5.11 The variation of the Hc and Ms with different phase distribution, x 

from 0.1 to 0.9 

 

62 

5.12 TGA thermogram of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x 

nanocomposite ferrite for   x = 0.8 and 0.9 calcined at 600 to        

1000 ºC. The inset in the figure shows the TGA curves of               

PVP - ZnO nanofibers 

 

64 

5.13 The XRD pattern of the sample before the calcination process 

 

65 

5.14 XRD analysis of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite with x = 0.8 calcined at a) 600, b) 700,          

c) 800, d) 900 and e) 1000 ºC 

 

66 

5.15 XRD analysis of (SrFe12O19)x  -  (Ni0.5Zn0.5Fe2O4)1-x 

nanocomposite ferrite with x = 0.9 calcined at a) 600, b) 700,          

c) 800, d) 900 and e) 1000 ºC 

 

66 

5.16 FT-IR spectrum of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite with x = 0.8 calcined at a) 600, b) 700,             

c) 800, d) 900 and e) 1000 ºC 

 

68 

5.17 FT-IR spectrum of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite with x = 0.9 calcined at a) 600, b) 700,           

c) 800, d) 900 and e) 1000 ºC 

 

71 

5.18 FESEM images of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite with x = 0.8 calcined at a) 600, b) 700,             

c) 800, d) 900 and e) 1000 ºC. The distributions of the particle size 

was represented by the histogram on the right side of the images 

 

73 

5.19 FESEM images of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite with x = 0.9 calcined at a) 600, b) 700,          

c) 800, d) 900 and e) 1000 ºC. The distributions of the particle size 

was represented by the histogram on the right side of the images 

 

76 

5.20 The illustration of the behavior of coercivity in ultrafine systems 

as the particle size changes, where H is the magnetic field 

amplitude (Oe) and D is the particle diameter (nm) 

 

77 

5.21 Variation of the average particle size with calcination temperature 

for (SrFe12O19)x -(Ni0.5Zn0.5Fe2O4)1-x  nanocomposite ferrite with       

x = 0.8 and 0.9 calcined at 600 to 1000 ᵒC. Lines are guides for 

the eyes only 

 

78 

5.22 Hysteresis graph of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite with x = 0.8 obtained from VSM. 

Nanocomposite were calcined at 600 to 1000 ºC 

 

79 



© C
OPYRIG

HT U
PM

xvii 

 

5.23 Hysteresis graph of (SrFe12O19)x - (Ni0.5Zn0.5Fe2O4)1-x  

nanocomposite ferrite with x = 0.9 obtained from VSM. 

Nanocomposite were calcined at 600 to 1000 ºC 

80 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xviii 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

 

Hc Coercivity  

Lex Exchange length 

FT-IR  Fourier Transform Infra-red 

FESEM Field Emission Scanning Electron Microscope 

PVP Poly(vinylpyyrolidone) 

Mr Remanence 

Ms  Saturation magnetization  

TGA  Thermogravimetric Analysis  

TEM Transmission Electron Microscope 

VSM Vibrating Sample Magnetometer 

XRD X-ray Diffraction 



© C
OPYRIG

HT U
PM

1 

 

CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background Studies 

 

This study is focused on synthesis of nanocomposite magnet using ferrite nanoparticles. 

Ferrite was chosen because of the advantages that it offers such as low cost, good in heat 

resistance and high in corrosion resistance (Sugimoto, 1999). Other materials such as 

rare earth also have their own respective properties. However, ferrite seems to fulfill the 

requirements of producing an environmentally friendly magnet. In addition, ferrite does 

not need vacuum atmosphere to produce composite ferrite as it can be handle in ambient 

condition due to its properties that is not so corrosive. For this research, the hard ferrite 

was SrFe12O19 and Ni0.5Zn0.5Fe2O4 as a soft ferrite were chosen to fabricate 

nanocomposite permanent magnet. Due to high in magnetization, anisotropic constant 

and also moderately high in Curie temperature (Sugimoto, 1999), thus make SrFe12O19 

as better candidate compared to other M-type ferrite. Nickel zinc ferrite mostly chosen 

due to high in saturation magnetization, magnetic permeability and low dielectric losses 

(Mathew and Juang, 2007). 

 

The composite ferrite was synthesized by using a thermal treatment method where it 

involves only a single reaction mixture while several other techniques required double 

reaction mixture. It is also simple, cost and time effective, no by product effluents, low 

calcination temperature and environmentally friendly technique (Naseri et al., 2010). 

Compared to other techniques, this method is newly established for the fabrication of 

composite magnetic materials. There are few other techniques like self-propagating 

combustion method (Moon et al., 2007), used to produce composite nanoparticles, yet 

some of the methods involve in complicated set up and dealing with high calcination 

temperature. 

 

1.2 Nanocomposite Permanent Magnet 

 

There are several types of permanent magnets and one of them is ferrite which is mostly 

chosen by researchers nowadays due to its magnetic properties, good in corrosion 

resistance and low cost. Ferrite can be divided into soft ferrite and hard ferrite. Both of 

these ferrites exhibit magnetic properties which completed each other when they are 

combined. For example, soft ferrite has low coercivity while high in magnetization and 

hard ferrite gives high value in coercivity while low in magnetization. As both soft and 

hard ferrites are well and homogeneously mixed, nanocomposite ferrite or exchange 

spring magnet can be obtained if both the ferrites phases are grown together in the same 

reaction mixture (Hazra et al., 2012; Hazra et al., 2014; Hazra et al., 2015). Therefore, 

the combination of these two ferrites can lead to a better magnetic properties with high 
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in magnetization from soft and high in coercivity from hard ferrite (Roy et al., 2009; Rai 

et al., 2014). 

 

However, there is a criterion for the exchange spring magnet to occur which a largely 

reversible demagnetization curve in conjunction with an isotropic saturation remanence 

ratio Mr/Ms  ≥ 0.5 may be considered (Kneller and Hawig, 1991). Thus, loop obtained 

will acts as a magnetically one phase behavior even though crystallographically shows 

two phases magnetic materials (Hazra et al., 2012; Hazra et al., 2014; Hazra et al., 2015). 

In brief, a smooth loop of exchange spring magnet with no kink at the second quadrant 

is obtained. The example of an ideal hysteresis loop of exchange spring magnet is shown 

in Figure 1.1. 

 

                    

Figure 1.1: Illustration of magnetizing loops for exchange coupled hard-soft 

magnetic phases (Jimenez-Villacorta and Lewis, 2014) 

 

From the hysteresis loops illustrated in Figure 1.1 clearly shown the difference between 

hard and soft ferrites. As mentioned in previous section that soft ferrite provides high 

value in magnetization while low in coercivity and they are shown in the above hysteresis 

loop. Similarly, hard ferrite is low in magnetization and high in coercivity. Thus, by 

combining both ferrites would lead to an exchange spring magnet with improvement in 

the magnetization and coercivity as in the above figure. 

 

 

M 

H 
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1.3 Problem Statement 

 

Magnetic materials play an important roles and being used in many applications such as, 

loudspeaker, AC motor and others. Ferrite magnetic materials have their individual 

properties such as high magnetization for soft ferrite and high coercivity of hard. Up to 

now, NdFeB permanent magnet has recorded among the highest magnetic properties 

compared to other magnetic materials. Even though it has stated a good magnetic 

properties, few issues arises as dealing with rare earth elements. The most critical issues 

included the high cost and also the risk on the environment. Ferrite is known as a low 

cost material and environmentally friendly. The idea on the fabrication of hard/soft 

nanocomposite ferrite is to improve and enhance the magnetic properties.  

 

There are many methods that can be used to fabricate nanocomposite. However, most of 

the techniques require few steps during the process. Therefore, the simplest and easiest 

method is examined and studied. Among other techniques that available, this one-pot 

thermal treatment method seems promising to synthesize nanocomposite nanoparticle as 

it promotes simplicity, low cost, and environmentally friendly (Naseri et al., 2010). This 

technique is cost effectiveness as the starting materials are cheap metal nitrates and the 

solvent used is just a water instead of other chemical solution (Hazra et al., 2014).  

 

At first, the synthesization of this (SrFe12O19)/(Ni0.5Zn0.5Fe2O4) nanocomposite was done 

due to lack of research studied on this compound by using this one-pot thermal treatment 

method. Previously, this technique was used only to fabricate single ferrite (Naseri et al., 

2010). Currently, there were several researchers (Hazra et al., 2012; Hazra et al., 2014; 

Hazra et al., 2015) had used similar method, yet they were synthesized different 

compound of magnetic ferrites. 

 

1.4 Significance of the Study 

 

Previously, research on nanocomposite permanent magnet was not intensively studied 

by most of the researchers. This is because, rare earth permanent magnets were quite 

famous among the group of magnetic materials due to their better magnetic properties. 

However, nanocomposite permanent magnet become an attention to most of the 

researchers as they found that the magnetic properties of nanocomposite were 

comparable with the current magnets available. Most of the magnets available nowadays 

are metal. As research on magnet keep on growing, researchers try to synthesis ceramic 

magnetic materials and ferrite is chosen. Ferrite is divided into soft and hard ferrites and 

these two types of ferrites were used in the synthesis of exchange spring nanocomposite 

permanent magnet. This nanocomposite ferrite supposedly produce better magnetic 

properties obtained from both soft and hard ferrites respectively.  
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Several steps could be made in the enhancement of magnetic properties of the 

nanocomposite ferrites. One of the method is to tailor the microstructure of the 

composite. The particle size affect the magnetic properties of the composite ferrite. 

Variation in the particle size is usually caused by the variation of calcination temperature. 

Therefore, study on effect of calcination temperature can be look into and deeply studied. 

 

For this research, nanocomposite was synthesized by only a single reaction mixture (one-

pot) rather than most technique that involves double reaction mixture. In this study, 

nanocomposite ferrite were prepared from an aqueous solution containing metal nitrates, 

PVP, and deionized water using a low temperature thermal treatment method, followed 

by grinding and calcination process. There is no other chemicals added into the solution 

and therefore, this method is an environmentally friendly. In addition, it also promotes 

the advantages of low cost, low calcination temperature and simplicity. 

 

1.5 Research Objectives 

 

The objectives of current research are: 

1) To study the magnetic properties of (SrFe12O19)/(Ni0.5Zn0.5Fe2O4)  

nanocomposite ferrite prepared by one-pot thermal treatment technique. 

2) To determine the effect of PVP as a capping agent in synthesis of 

nanocomposite hard/soft ferrite nanoparticles. 

3) To optimize the calcination temperature of nanocomposite ferrites. 

4) To examine the effect of phase distribution of soft and hard ferrites on their 

magnetic properties and phase formation. 

 

1.6 Outline of the Thesis 

 

This thesis consists of six chapters. For the first chapter, Chapter 1 is a brief discussion 

on the background studies, nanocomposite permanent magnet, problem statement, the 

significant of the study and the objectives of the research. Chapter 2 is the chapter that 

reported on the previous researches, related to the current work. Some theories on 

magnetic materials are covered in Chapter 3. In Chapter 4, material fabrication, materials 

preparation, and characterizations are explained in details. The results obtained from 

XRD, FT-IR, FESEM, TEM, VSM and TGA are discussed in Chapter 5. Finally, the last 

chapter, Chapter 6 is conclusion where major findings and some suggestions for future 

research are summarized.  
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