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Preparation of ZnO thin film coated on glass surface was investigated. ZnO thin 
films were prepared via sol-gel dip coating process using zinc acetate as a precursor. 
Types of solvent, concentration, withdrawal speed and calcination temperature conditions 
were varied to investigate their effect on transparency and photoinduced hydrophilic 
properties of the prepared thin films. Based on the experimental results, the ZnO thin 
films prepared with ethanol as the solvent, using zinc acetate concentration of 0.10 M at 
withdrawal speed of 3.0 cm/min and calcined at 500°c could exhibit transmittance of 
above 90% in visible region and highly hydrophilic property with the water contact angle 
of 5 degree after u v  irradiation for 30 min.

Improvement of hydrophilic property of glass substrate was further investigated 
by variation of number of coating cycles. The improved hydrophilic property of ZnO thin 
films with the water contact angle lower than 5 degree after u v  irradiation just for 10 
min could be obtained.

Department........... Chemical Engineering
Field of รณdy........Chemical Engineering
Academic year...................2007...............

.Student’ร signature.. Ç.ทุft... Jj.Wf.y.4......

.Advisor’s s i gnatur e. ̂ Z'. . ( ^ ^ fTrrr̂ YV. 
CO-advisor’ ร signature*//- -



VI

ACKNOWLEDGEMENTS

I am very grateful to my advisor, Assoc. Prof. Tawatchai Charinpanitkul, 
Department of Chemical Engineering, Chulalongkom University, for introducing me 
this interesting project, providing helpful, stimulated suggestions and encouragement 
to continue the whole course of this work. I am also very grateful to my co-advisor, 
Prof. Wiwut Tanthapanichakoon for his useful guidance, deep discussion and 
encouragement. Furthermore, I am also grateful to Assoc. Prof. Sutthichai 
Assabumrungrut, Dr. Varong Pavarajam and Dr. Thanakom Wasanapiampong for 
their stimulative comments and participation as my thesis committee.

The research work received a partial support from the National 
Nanotechnology Center (NANOTEC). Assoc. Prof. Tawatchai Charinpanitkul is in 
change of the project in which I am one of the half-time research assistants.

I would like to thank Department of Materials Science, Chulalongkom 
University for allowing me to use the experimental apparatus and utilize the 
accessories.

Thanks to all members of the Particle Technology and Material Processing 
Laboratory for their warm collaborations and kindness during my thesis work.

Finally it is my great wish to express my cordial and deep thanks to my 
parents for their love and encouragement.



CONTENTS

ABSTRACT IN THAI................................................................................  iv
ABSTRACT IN ENGLISH........................................................................  V

ACKNOWLEDGEMENTS.......................................................................  vi
CONTENTS...................................................................................................  vii
LIST OF TABLES...................................................................................... X

LIST OF FIGURES................................................................................. xi
NOMENCLATURE......................................................................................  X V

CHAPTER
I INTRODUCTION................................................................................... 1

1.1 Motivation......................................................................................... 1
1.2 Objectives.......................................................................................... 2
1.3 Scope of research works...................................................................  2
1.4 Expected benefits..............................................................................  3

H LITERATURE REVIEW.....................................................................  4
2.1 Methods of preparing transparent ZnO thin films..............................  4
2.2 Photoinduced hydrophilic property of Ti02 and ZnO thin films.........  6

m  FUNDAMENTAL................................................................................  9
3.1 Photoinduced hydrophilic property....................................................  9

3.1.1 Physiochemical property of ZnO..................................................  9
3.1.2 Principle of photoinduced hydrophilic property............................  10

3.2 Dip coating technique for thin film fabrication......................................  12
3.3 Sol-gel process for precursor preparation...........................................  15

3.3.1 Sol-gel synthesis..........................................................................  15
3.3.2 Characterization of precursor.......................................................  16

3.4 Characterization of thin films...............................................................  16
3.4.1 UV-Vis spectrophotometer........................................................... 17
3.4.2 Scanning Electron Microscopy (SEM).......................................... 17
3.4.3 Energy Dispersive X-ray spectrometer (EDX)........................... 18

Page



VH1

CHAPTER
3.4.4 Atomic Force Microscopy (AFM).............................................  19
3.4.5 Surface profiler......................................................................... 19
3.4.6 X-ray Diffraction (XRD)..........................................................  22
3.4.7 Contact angle measurement......................................................  23

IV EXPERIMENTAL................................................................................  24
4.1. Raw materials...................................................................................  24
4.2. Experimental procedures..................................................................  24
Part A ะ Investigation of effect of solvent types and preparing 
conditions on thin film appearance
4.3. Analytical instruments used..............................................................  27

- UV-Vis spectrophotometer.............................................................  27
- Scanning Electron Microscopy (SEM)............................................  27
- Atomic Force Microscopy (AFM)................................................... 27
- Energy dispersive X-ray spectrometer (EDX).................................  27

Part B ะ Effect of preparation conditions and number of layers on 
photoinduced hydrophilic properties of thin film
4.4 Analytical instruments used............................................................. 28

- Viscometer......................................................................................  28
- Surface profiler...............................................................................  28
- Field emission scanning electron microscopy (FESEM)..................  28
- Atomic Force Microscopy (AFM).................................................... 28
- Contact angle measurement........... .................................................  28

V RESULTS AND DISCUSSION............................................................  29
Part A ะ Investigation of effect of solvent types and preparing 
conditions on thin film appearance
5.1 Effect of calcination temperature and withdrawal speed....................  29
5.2 Effect of concentration of precursor................................................. 34
5.3 Effect of types of solvents................................................................  37

Page



ix

CHAPTER
Part B ะ Effect of preparation conditions and number of layers on 

photoinduced hydrophilic properties of thin film
5.4 Effect of precursor concentration.......................................................  39
5.5 Photoinduced hydrophilic property of ZnO films................................ 47

5.5.1 Effect of u v  irradiation time.....................................................  47
5.5.2 Durability of fabricated thin film...............................................  49

5.6 Photoinduced hydrophilic property of multi-layer films.....................  51
VI CONCLUSIONS AND RECOMMENDATIONS............................... 53

6.1 Conclusions.......................................................................................  53
6.2 Recommendation for future work.......................................................  54

REFERENCES...........................................................................................  55
APPENDICES.............................................................................................  58

APPENDIX A Publication of this research..............................................  59
APPENDIX B Experimental results........................................................  63

VITA............................................................................................................ 76

Page



X

LIST OF TABLES

Table 3.1 Physiochemical property of ZnO..................................................  9
Table 4.1 The parameters for ZnO film preparation (Part A).......................  25
Table 4.2 The parameters for ZnO film preparation (Part B).......................  26
Table 5.1 Properties of ZnO films prepared at different withdrawal speeds

and calcination temperatures........................................................ 30
Table 5.2 Properties of ZnO films prepared at different

precursor concentrations..............................................................  34
Table 5.3 Properties of ZnO thin films prepared at different solvents and

precursor concentrations and calcination temperature of 500°c... 38 
Table 5.4 Surface roughness and average grain size of ZnO thin films with

different zinc acetate concentrations and withdrawal speeds.......  42
Table 5.5 The average of film thickness using surface profiler...................... 44
Table 5.6 Properties of ZnO films prepared at different number of

coating cycles.............................................................................. 51

Page



XI

LIST OF FIGURES

Figure 3.1 Mechanism of photoinduced superhydrophilicity of 1ไ(ว2................  10
Figure 3.2 Schematic of a sessile drop on a surface.............................................  12
Figure 3.3 Fabrication stages of the dip coating process: (a) immersion,

(b) start-up, (c) deposition, (d) evaporation and (e) drainage........... 13
Figure 3.4 Dipcoater.............................................................................................  14
Figure 3.5 Viscometer...........................................................................................  16
Figure 3.6 UV-Vis spectroscopy (บV-Vis).......................................................... 17
Figure 3.7 Scanning Electron Microscope (SEM) and

Field Emission Scanning Electron Microscope (FESEM)................  18
Figure 3.8 Atomic Force Microscopy (AFM)...................................................... 19
Figure 3.9 Surface profiler...................................................................................  20
Figure 3.10 Schematic of the film thickness measurement..................................... 21
Figure 3.11 X-ray Diffraction (XRD)......................................................................  22
Figure 3.12 Contact angle measurement................................................................. 23
Figure 4.1 The flow chart showing the procedure for preparing ZnO films

(Condition I)........................................................................................  25
Figure 4.2 The flow chart showing the procedure for preparing ZnO films

(Condition II).....................................................................................  26
Figure 5.1 SEM images of ZnO films prepared with zinc acetate concentration 

of 0.75 M coated at withdrawal speed of 1.0 cm/min and different
calcined temperatures at (a) 300°c, (b) 400°c and (c) 500°c.........  32

Figure 5.2 EDX analysis of ZnO film prepared with zinc acetate concentration 
of 0.75 M coated at withdrawal speed of 1.0 cm/min and calcined
temperature at 500°c..........................................................................  33

Figure 5.3 EDX analysis of glass substrate.......................................................... 34

Page



Xll

Figure 5.4 Optical transmittance spectra of ZnO films prepared with different 
precursor concentrations coated at withdrawal speed of 1.0 cm/min
and calcined temperature at 500°c.................................................... 35

Figure 5.5 SEM images of ZnO films prepared with withdrawal speed of
1.0 cm/min and calcined temperature at 500°c and different 
precursor concentrations (a) zinc acetate concentration^.25 M,
(b) zinc acetate concentration = 0.50 M and (c) zinc acetate
concentration^.75 M........................................................................ 36

Figure 5.6 The appearance of transparency of ZnO films prepared with 
precursor concentrations of 0.10 M and calcined temperature
at 500°c and withdrawal speeds of 3.0, 6.0, 9.0 cm/min...............  38

Figure 5.7 Relation between zinc acetate concentration and its viscosity........  39
Figure 5.8 AFM images of ZnO films prepared with withdrawal speed of 3.0 

cm/min and calcined temperature at 500°c and different precursor
concentration (a) 0.10 M, (b) 0.25 M and (c) 0.50 M ....................  41

Figure 5.9 Film thickness as a function of withdrawal speed
( ♦  ; precursor concentration of 0.10 M, H  ; precursor 
concentration of 0.25 M and ^  ; precursor
concentration of0.50M )..................................................................  45

Figure 5.10 Cross section of FESEM image of ZnO coating film prepared from 
0.50 M zinc acetate concentration with the withdrawal speeds
of 9.0 cm/min.....................................................................................  45

Figure 5.11 X-ray difffactograms of ZnO powder prepared by zinc acetate 
concentration of (a) 0.10 M and (b) 0.50 M with calcination 
temperature of 500°c.....................................................................  46

Page



xm

Page
Figure 5.12 Dependence of water contact angle of ZnO films on u v  irradiation 

time (^  ; withdrawal speed=3.0cm/min,H ; withdrawal speed=6.0
cm/min and ♦  ; withdrawal speed=9.0cm/min)................................  48

Figure 5.13 Pictures captured during contact angle measurements, showing 
the water contact angles of ZnO thin film surfaces under the 
alternation of (a) u v  irradiation and (b) dark storage are 9.8
and 13.7 degrees, respectively............................................................ 49

Figure 5.14 Durability of ZnO films under the alternation of u v  irradiation 
and dark storage for seven days ( □  ;UV irradiation,
n  ; Dark storage)..............................................................................  50

Figure 5.15 Number of coating cycles on water contact angle of ZnO films
( ♦  ;1 layer)® ; 2 layers and A  ; 3 layers)...................................  52

Figure 5.16 Pictures collected during contact angle measurements, showing 
the water contact angles of ZnO thin film surfaces coated with 
(a) 2 layers and (b) 3 layers under u v  irradiation for 10 min 
are 2.2 and 3.7 degrees, respectively............................................. 52



NOMENCLATURE

AFM Atomic Force Microscopy
EDX Energy Dispersive spectrometer X-ray
FESEM Field Emission Scanning Electron Microscope
Rrms Root mean square roughness
SEM Scanning Electron Microscopy
Tavg,p Average film thickness (Position)
Tavg.t Average film thickness (Total positions)
T, Film thickness of top position
t2 Film thickness of middle position
t 3 Film thickness of bottom position
UV-Vis UV-Vis spectrophotometer
พร Withdrawal speed
XRD X-ray Diffraction
%T Transmittance
0 Water contact angle


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


