
 viii

TABLE OF CONTENTS 

                       

Page 

Acknowledgements                            iii 

Abstract (English)                                             iv 

Abstract (Thai)                                           vi 

List of Tables                                                                                                              xiv 

List of Figures                        xv 

Abbreviations and Symbols                                                                xix 

Chapter 1        Introduction                                                                                             1 

1.1 Background                       1 

1.2 Zinc Oxide (ZnO)                                    2 

1.3 Magnesium Oxide (MgO)                                          5 

1.4 Powder preparation                                           7 

1.4.1 Sol-gel method                                          7 

1.4.2 Precipitation method                                                       8 

1.4.3 Hydrothermal method                               8 

1.4.4 Thermal decomposition method                             9 

1.4.5 Impregnation method                                        10  

1.4.6 Flame spray pyrolysis       10                        

1.5 Characterization techniques                                                   11 

1.5.1 X-ray diffraction method                                              11 

 



 ix

Page 

1.5.1.1 The advantage of X-ray diffraction method    12 

1.5.1.2 Identification of crystal structure by XRD      12 

1.5.1.3 Theoretical consideration                                13 

1.5.1.4 Particle size measurement by XRD                 16 

1.5.1.5 Sample preparation                                          18 

1.5.2 Scanning Electron Microscopy (SEM)                        19 

1.5.2.1 Detection of secondary electrons                     20 

1.5.2.2 Detection of backscattered electron                 21 

1.5.2.3 Beam-injection analysis of semiconductors     22 

1.5.2.4 Cathodoluminescence                                       23 

1.5.2.5 X-ray microanalysis                                         23 

1.5.2.6 Resolution of the SEM                                     23 

1.5.2.7 Procedure                                                          24 

1.5.3 Transmission Electron Microscopy (TEM)                  26 

1.5.3.1 Imaging in the TEM                                         28 

1.5.3.2 Diffraction                                                        29 

1.5.3.3 Analysis                                                            30 

1.5.3.4 Procedure                                                          31 

1.5.4 The Brunauer-Emmett-Teller (BET)                            33 

1.5.4.1 BET Theory                                                      33 

1.5.4.2 BET plot                                                           35 

 



 x

                                                                                                                                  Page 

1.5.4.3 Surface area calculation                                   36 

1.5.4.4 Particle size (dBET)                                           37 

1.6 Literature review                                                                      37 

1.7 Objective of the study                                                               46 

 

Chapter 2        Experimental                                                                                         46 

2.1 Chemicals  and Equipments                                                     46 

2.2 Apparatus and Instrument                                                        47 

2.3 Precursor calculation                                                                48 

2.4 Nanoparticles synthesis                                                            50 

2.4.1 Flame-made pure ZnO and ZnO/MgO                         50 

            nanocomposites 

      2.5 Sample characterization                                                           53 

2.5.1    X-ray diffraction  (XRD)                                              53                         

2.5.2    BET-Specific surface area analysis (BET)                   53 

2.5.3 Scanning Electron Microscopy (SEM)                         54 

2.5.4 Transmission Electron Microscopy (TEM)                  54 

                                                                                                                                   

Chapter 3        Results and discussion                                                                          55 

3.1 Particle properties                                                                     55 

3.1.1 X-ray diffraction analysis ( XRD)                                55 

3.1.2 Brunauer-Emmett-Teller (BET) analysis                     56 



 xi

          Page 

3.1.3 Scanning Electron Microscopy (SEM)                        58 

3.1.4 Energy Dispersive X-Ray Spectrometry  (EDS)         60 

3.1.5 Transmission Electron Microscopy (TEM)                 63 

                  

Chapter 4        Conclusions                                                                                          65 

4.1 Conclusions                                                                              65 

4.2 Suggestion for future work                                                      66 

 

References                                                                                                                   67 

Appendices                                                                                                                  74 

Appendix A   Images of instrument                                                    75                         

Appendix B   JCPDS information                                                       80 

Appendix C   Calculation                                                                    86                         

Curriculum Vitae                                                                                              88 

 

 

 

 

 

 

 

 



 xii

 

LIST OF TABLES 

 

Table                                  Page 

1.1 Properties of ZnO                                                                                                                                             4 

1.2 Chemical and physical properties of magnesium oxide                                    7 

2.1       Flame synthesis of ZnO and 5-20 wt% ZnO/MgO nanocomposites data       49 

3.1 SSABET and BET equivalent diameter of pure ZnO, pure MgO and  

            5-20 wt% ZnO/MgO nanocomposites                                                             57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xiii

 

LIST OF FIGURES 

 

Figure                    Page 

1.1 (a) Unit cell of the wurtzite structure and (b) the ZnO wurtzite structure 

moldel                                                                                                                4 

1.2 MgO rock salt structure model                                                                          6 

1.3 The determination of indices of plane                                                             14 

1.4 Diffraction of X-ray by a crystal                                                                     15 

1.5 Schematic diagram of X-ray line broadening effects                                      18 

1.6 Schematic representation of the information resulting from the interaction 

between the electron beam and the specimen in an electron microscope        20 

1.7 Schematic diagram of a scanning electron microscope                                   25 

1.8 The approximate geometry of (a) microdiffraction and (b) convergent  

            beam diffraction                                                                                               30 

1.9       Schematic diagram of a transmission electron microscope                             32 

1.10     Typical BET plot                                                                                             35 

2.1 Schematic of the FSP experimental set up for the synthesis of ZnO and 

ZnO/MgO nanocomposites. The liquid precursor was dispersed by a gas 

stream and ignited by a premixed methane/oxygen flame.                             51 

 

 

 



 xiv

 

Figure                    Page 

2.2 Spray flame (a) pure ZnO, (b) pure MgO, (c-f) 5-20 wt% ZnO/MgO 

nanocomposites. The flame heights were observed ranging from 10-11 cm  52                         

3.1 XRD patterns of flame-made ZnO and ZnO/MgO nanocomposites               56 

3.2 SEM micrographs of highly crystalline flame-made (a) pure ZnO, (b)         

pure MgO, (c) 5 wt, (d) 10 wt%, (e) 15 wt% and (f) 20 wt% of ZnO/MgO 

nanocomposites                                                                                                59           

3.3 EDS analysis of (a) pure ZnO, (b) pure MgO, (c) 5 wt, (d) 10 wt%,  

            (e) 15 wt% and (f) 20 wt% of ZnO/MgO nanocomposites                              61                         

3.4 TEM bright-field images of (a) pure ZnO, (b) pure MgO, (c) 5 wt,                

(d) 10 wt%, (e) 15 wt% and (f) 20 wt% of ZnO/MgO nanocomposites          64                         

A.1 Flame Spray Pyrolysis Equipment at The NRL Research Laboratory         

Chiang Mai  University                                                                                    75 

A.2 X-ray diffractometer, Bruker D8 advanced, Germany                                     76           

A.3 Scanning Electron Microscopy & Energy Dispersive X-Ray Spectrometry,   

JSM-6335F, JEOL, Japan                                                                                 77 

A.4 Transmission Electron Microscopy, JSM-2010, JOEL, Japan                         78 

A.5 Surface area analyzer, Quantachrome Autosorb 1 MP, USA                          79 

B.1 X-ray diffraction pattern of zinc dioxide                                                          83 

B.2 X-ray diffraction pattern of magnesium dioxide                                              85 

 

 



 xv

 
ABBREVIATIONS AND SYMBOLS 

 

 
Ao Angstrom 

BET Brunauer-Emmett-Teller 

BJH Barrett-Joiner-Halenda 

°C Degree Celsius 

CL Cathodoluminescence 

dBET Average BET-equivalent particle diameter 

hkld  Interplanar distance between (hkl) planes 

eV Electron Volt 

EDS,EDXS Energy Dispersive X-ray Spectroscopy 

Eb Direction band gap 

Eg Optical band gap of the semiconductor 

EUV UV emission energy 

EBIC Electron beam induced current 

EBSD Electron backscatter diffraction 

EELS Electron energy loss analysis 

FIB Focused ion beam 

FSP Flame Spray Pyrolysis 

h Plank’s constant (6.63×10-34 Js) 

hν Photon energy 

HRTEM High Resolution Transmission Electron Microscopy 

ICDD International Center for Diffraction Data 

JCPDS Joint Committee Powder Diffraction Standards 

K Kelvin 

mg Milligram 

ml Milliliter 



 xvi

nm Nanometer (10-9 m) 

Na Avogadro’s number 23(6.02 10 )×  

PDF Powder Diffraction File 

PL Photoluminescence 

PLD Pulsed laser deposition 

SEM Scanning Electron Microscopy 

SSA Specific Surface Area 

SSABET Specific surface area from BET  method 

TEM Transmission Electron Microscopy 

UV Ultraviolet 

XRD X-ray diffraction 

λ Wavelength 

μg Microgram (10-6 g) 

μm Micron (10-6 meter) 

θ Bragg angle for the reflection 

ν Frequency 

 


