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In this research, the main focus was to coat titanium dioxide thin films on
stainless steel plate using the sol-gel method. The aims of this work were to
Investigate the factors influencing the film properties including molar ratio of
ethanol and chemical additives, calcination temperature, and coating cycle.
Polyethylene glycol with molecular weight 600 g/mol (PEG600) and diethylene
glycol (DEG) were used as chemical additives. The results showed that these
aaditives played an important roles in improving film adherence, corrosive
resistance, and increasing film surface areas, resulting in high photocatalytic activity
for chromium(VI) removal. Moreover, increase in calcination temperature and
coating cycle provided high amount of anatase caused the highest activity for
chromium(V1) removal. The Ti02 thin films prepared with the mole ratio of
titanium precursor:ethanol:PEG600:DEG at 1:20:05:0.5 and calcination at 500°c
with 5-coating cycles exhibited the highest efficiency in photoreduction of
chromium(V1) with 36.04% removal. The obtained results provided the fundamental
information in T102 thin film synthesis which can be applied for full-scale reactor
Used inclustrial waste water treatment.

Field of stucly Environmental Management ~ Student’s signature.... FFKU.‘?U.VT...(‘S..
Academic year 2004 Advisor's signture. /2 <7777~



Vi

ACKNOWLEDGEMENTS

| would like to give my deep gratitude and appreciation to my thesis advisor,
Asst. Prof. Dr. Puangrat Kajitvichyanukul for encouragement, invaluable support,
including her kind quidance and the opportunity to pursue my research intensively.
Her comments and suggestions not merely proviced valuable knowledge but
broackened perspective in practical applications as well. Special gratituce goes to the
chairman of the committee, Dr. Manaskom Rachakomkij for providing invaluable
advice and examining my final work. | would also like to thank other committee
members, Assoc. Prof. Dr. Wanpen Wirojanagud, Asst Prof. Jarurat Voranisarakul,
and Asst. Prof. Dr. Chakkaphan Sutthirat, for their valuable advice, constant
guidance, and creative criticism. | share the price and joy of completing this thesis
with them

| am most grateful to all staffs and students at the International Postgracuate
Programs in Environmental Management (Hazardous Waste Management). Special
thanks to laboratories a Department of Environmental Engineering King Mongkut's
University of Technology Thonburi, for fah instrument support. | owe a special debt
of gratitude to Dr. Nakorn Srisukhumbowomchai and Miss Kaysinee Sriraksasin from
Material Technology, School of Energy and Materials, King Mongkut’s University of
Technology Thonburi for their help on X-ray diffractometer.

This work was supported in part by National Metal and Materials Technology
Center under grant no. MT-B-47-MET-20-158G and the National Research Center for
Environmental and Hazardous Waste Management (NRC-EHWM).

Finally, 1 feel proud to dedicate this thesis with due respect to my beloved
parents and sisters for their wholehearted understanding, encouragement, and patient
support throughout my entire study.



CONTENTS

Page
ABSTRACT IN THAL cvvvsvvvsssvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssons v
ABSTRACT INENGLISH.....occcccmvrvvrsirmsssmsssssssssssssssssssssssssssssssssssssssssnes v
ACKNOWLEDGEMENTS....cccooovvvvsrrrsssssmsssssssssssssssenss
CONTENTS. oo vvessvvmsssssssssssss sessssssssssssssssssssssssssssssssssssssssssssssssssssssssons Vil
LIST OF TABLES......cc.coorvrrsirnn IX
LIST OF FIGURES.....oooccvvsvnnssnsmsssssssmssssssssssssssssssssssssssssssssssssssssssssssses X
NOMENCLATURE.......oocccsiivrisismssssssisssmmssssssssssssssssssssssssssssssssssssssssses Xiv
CHAPTER I INTRODUCTION.....cc.ccvvvvissvsssssmssssssssssssssssssssssssssssssssssssssses 1
LL MOUIVALIONS. .cvvvvvecvvissctsnsssssssssssssssssssssssssssssssssssssssssssssssssssens 1
1.2 ODJECLIVES....vvvesvvrsesvsvesscssesssssssssssssssssssssssssssssssssssssssssssssssssssssees 2
1.3 HYPOUNESES...vvvvvorvssvsncssvsmsssssessssssmssssssssssssssssssesssssssssssssssssssssens 2
1.4 SCOPES OF e SEUTY. .ovvsvvvvrsssevsssssvvssssssmsssnssssssssssssmssssssssssssssssssrnnns 3
1.5 Benefits OF thiS WOIK..........oocccoieeservvmnssssssssssssssssnssssssssssssssssssenss 3
CHAPTER Il BACKGROUNDS AND LITERATURE REVIEW........c..coucrvvren 4
2.1 Principle of photocatalytic FeaCtiONS..........cuvsrvvmssvsrssssmssmssrssssssssnes 4
2.2 Titanium dioXide (TI02)......ccouvvvimmmmssimissmmsmmssmsssmmsssssssmssssssinen 6
2.3 SO-0BI PIOCESS. .ovvvvvvvssvvvsssrssessssssssssssssssssssssssssssssssssssssssssssssssssns 9
24 TOIN M FOMMBLION....vvecvvvvvevvvesssssesssssssnssssssesssssssssssssssssssesees 13
2.5 Drying and heat treatment............ooeuvvvvvsmvmmsmssmsssmsssssmsssssssssssssssns b
2.6 Factors influencing on Ti02thin film 8CHVILY........ccccceeervvsssrrvrersen 15
2.7 CAPOMIUM..oovevvvvesvsvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssen 20
CHAPTER N METHODOLOGY......cocuurvmmrmrmssmsmssmsssssmsssssssssssssssssssssssssenns 3
3.1 Preparation of T102thin film by sol-gel method...........cc.ccecvvveescinns 23
3.2 EXPRrimental proCROUNE...........cvvvsvvvrsssssmssssssmsssssssssssssssssssssssssssees 24
3.3 FilM CharaCterizationsS.........oouvevsssevsssmvssssessssmsssssssssssssssssssssssssnen 25

3.4 Photocatalytic activity MeaSUrEMENIS..........vvrwermsrmssssssssssssssssssssssens 28



Page
CHAPTER IV RESULTS AND DISCUSSION......c..coucrvvmssmsmssssmssssssssssssssssnnes 3
4.1 Roles of ethanol in preparation of TiCk thin film.........c..ocveerce Rl
4.2 Roles of PEG600 i preparation of Tilkz thin film..........o...cocvvree. 31
4.3 Roles of DEG in preparation of Tilk thin film.......c....oecessencrne 46
4.4 Comparing between PEG600, DEG, and PEGGOCHDEG............ccccc. 4
45 Effects of calcination temperature on Ti02 thin film properties............. 6l
4.6 Effects of coating cycle on il thin film properties................. 69
CHAPTER V CONCLUSIONS AND RECOMMENDATIONS........ccc.covrrve 5
DL CONCIUSIONS....vvsvvvvescrcresssrivsssnsssssssssnssssssssssssssssssssssssssnens [
5.2 RECOMMENGBIONS. ... vvvvvveerssenssssssessssssssssssssssssssssneens I
REFERENCES.........ooooocciierciisiisessssssisssssssssssssssssssssssssssssnns B
APPENDICES..........ooerisiissssiisssssionssssssssssssssssssssssssssssssssseness &
APPENDIXA...o.coviiiiviisiiisssscsssssissinsssssssssssssssssssssssssssenees &
APPENDIXB......oovvriinrrirnnriisssiissssiinssssssssssssssssssssssssssssssas &%
N o

BIOGRAPHY.......coootrreirieriissssesesssseessesssessssssssssssssssesssessnnns B



Table

21
2.2
23
24
25

31
41
42
43
44
45
46
47

48
49

410

411

412
413

LIST OF TABLES

page
Properties 0f anatase and FULIIE..............cvvvvvmsssivnesssisssssnsssssssssssssssisnn 6
COMMONIY USEA lIgANCS.......vvvvcvvvverssvvsvesssvsssessssssesssssssesssssssssssssssnns 1
Common alkoXide for SOI-QBl PrOCESS......c.vvevssvrsvrsssssssesssssssesssssssessssenns 12
Advantages and limitations of Sol-gel MEthOd...........cevvvveervverssrsrsssrnnn 13
Physical properties of polyethylene glycol with molecular weight 600
(PEGG00) and diethylene glycol (DEG).......ocvvvmsmmvmmsssssmsssssssssssssssnnnn 17
Preparation conditions of TIG2 thin film.........c...ccvvvvvrsssivvnsssssesssnssenn 24
Mass of TiGx thin film after coating for each mole ratio of ethandl............ 3
Results of adhesive and corrosive tests of TiCz thin film at
different ratios Of&thanOl...........cuuevvvvrvvvmmssrrmsmssmsssssssssmssssssssssssssssnes 3

Crystallite size of TiG, thin film with different mole ratios of ethanol...... 37
Mass of UO2 thin film after coating for eachmole ratio of PEG600......... B
Results of adhesive and corrosive tests of TiOT thin film

at different ratios 0fPEGBO00..........cccovvvvcvvvnssvmsssnsrssssssssssssssssssssssnnnn 3
Crystallite size of TiG2 thin film with different mole ratios of

PEGE00....... 2928905 0LUMARNYARE. ..ccccnsenrrerremsernssessessenn 4
Reaction rate constants for chromium(V1) removal of TiGz films

prepared with different amounts of PEGB00............c.cceevvvessssssesssnssens 46

Mass of TiG2 thin film after coating using different mole ratios of DEG.... 47
Results of adhesive and corrosive tests of TiCx thin film at

different ratios OF DEG.......cccccmemvvmssmsmmssnssmssssssssmssssssssssssssssssssssess 43
Crystallite size of Ti02 thin film with different mole ratios

OFDEG . vvvvvvssrvvmssssrmsssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 53
Reaction rate constants for chromium(V1) removal of TiCz films

prepared with different amounts 0f DEG............cvvvversnsvesssnssessssnssens M

Mass of Ti02thin film prepared from different chemical additives.d............ 5
Results of adhesive and corrosive tests of Tii2 thin film prepared
from different chemical UUILIVES.........cccvvsvvvemssrsrmssrssssssnsssssssssssessnns 55



Table

414

4.15

4.16
417

418

419

4.20
421

4.22

423

B-|

B-2

B-3

B-4

B-5

page
Crystallite size of Ti02thin film prepared from different
CPEIMICA] BOTIIVES. ..vvvevevesvvrsssvrsssessssesssssessssssssssssssssssnessssssssnens 59
Reaction rate constants for chromium(V/T) removal of Ti02films
prepared with different chemical QUILIVES............ccvvvecesvvenssissssssiinnn 60

Mass of Ti02thin film prepared with various calcined temperatures..........61

Results of adhesive and corrosive tests of Ti02thin film prepared

With Various Calcined teMpBraIUNES.........c..vvurvvmsssvssssssssmsssssssssssssssssses 62
Crystallite size of Ti02thin film prepared with various calcined
TEMIPRTAEUNES...vv v ovcvrsesi v ssssssssssssssssssssssssssnnns 67
Reaction rate constants for chromium(V1) removal of Ti02films

prepared with different calcingd MPEAtUNES.........cccccvvvesvvsvesssssssssssrenn 68
Mass of Ti02thin film prepared with different coating cycles.................. 69
Results of adhesive and corrosive tests of Ti02thin film prepared with
Clifferent COtING CYCIES......ooccccerrvvrsvrsscsrmsssmsssssmssssssssssssssssssssssssnes 10
Crystallite size of Ti02thin film prepared with different

C0ING CYCIBS....vvvrrvvvvrsvrvrrsssnsssssisssssssssssssssssssssssssssssssssssssssssssssenss 12
Reaction rate constants for chromium(V1) removal of Ti02films

prepared with different cOating CYCIES..........vvvvrrvrrmsrmsrsssrssssssnsssssrssnn 13
Photoreduction of chromium(V1) using Ti02thin film obtained

from TTIP to ethanol to PEG600 a 1:20:0.5 and L:20:1....vccvvvveevvvvrsron 8
Photoreduction of chromium(V1) using Ti02thin film obtained

from TTiP to ethanol to DEG at 1:20:05, 1.20:1 and 1.20:15......cccoooee. 87
Photoreduction of chromium(V) using Ti02thin film obtained

from TTiP to ethanol to PEG600 toDEG at 1:20:0:0, 1:20:0.5:0,

1:20:0:05 and 1:20:0.5:05..c..ovvcvvvevvrssssrmssssnssmssssssssssssssssssssssssnens 8
Photoreduction of chromium(V1) using Ti02thin film prepared
with different calcingd teMPBIAUTES..........ovvvvvmssvvrsssssssmssssssssssssssssssns 89

Photoreduction of chromium(V) using Ti02thin film prepared
with 1, 3 and 5 coating cycles (calcingd at 500°C)..........ocovvvmmsrsssrssrinn 0



Figure

21
2.2
23
24

25
26
2.1
31
41
4.2

43
44

45
4.6
4.1

48

49

Xl

LIST OF FIGURES

Page
Scheme of the photocatalytic process over photocatalyst..............vurvvveee 4
Energy band gap for various semiconauctors & pH L.........cccccvveenvvvessnn 5
Structure of anatase and FULIIE.........c.evvvvrevvvnssmvrmsssssssssmsssssssssssssssssnns 6
Position of the reciox potentials of various metallic couples related to
the energy levels of the conduction hand and valence band of
Ti02 Degussa P-25 & PH 0.......oovevivnssmvrmssmssmsssmsssssmssssssmssssssssssssnsenes 8
Diagram 0f SOI-QBI PrOCESS.......oovvvmeesrvsrsssssmsssmssssssssssssssssssssssssssssssens o
Schematic diagramsof a batch process for AIPPING.........eveeesvvvessresssssrsene 14
Schematic diagramsof a continuous process for dippING..........eeeessevressrees 14
Photochemical reactor Used In this SEUTY..........vvvesvvsvesssvvssssssssssssssssssnn 28

Stainless steel surface without 1 ( 2 thin film at 3500 Xmagnification....... 32
Scanning electron micrographs of the TICE thin film surface prepared

with different ratios Of TTIP 0 thaN0L..............ceurvvvvsrvrmssvvrssnsrsssrinn 33
X-ray diffraction pattern of 1 ( 2 thin film obtained from different

mole ratios Of TTIP 0 €haN0...........ccoreviirnvmsmrrssevssmensssessssnsssnes 3
X-ray diffraction pattern of (A) TGz thin film coated on stainless steel

A0 (B) StAINIESS SEEEL.......vocvvvvrevvvrsssrvrnsssnsssssnssssssssssssmssssssnsssssrssssens 3
Scanning electron micrographs of the TiCGs thin film surface prepared

with the mole ratio of TTiP:ethanol:PEG600 at (a)l:40:0, ()!:40:0.5,
(C) LA0:L and (A)] 401151 v 40
Scanning electron micrographs of the iU thin film surface prepared
with the mole ratio of TTiP:ethanol:PEGG00 at (a)l :20:0, ( )1:20:05

AN (C)1:20: Lo 41
Structure-directing process of PEG inthe precursor Sol.........evvveeeseneens 43
X-ray diffraction pattern of Ti02 thin film prepared with different

Mole ratios 0f PEGB00..........cuvvvvessrvrmsssmsssssmssssssssssssmsssssssssssssssssssnens 43
Photocatalytic reduction of chromium(VI) on Ti02 thin film prepared

with different mole ratios 0f PEGB00...............correeemmrveeersrmmssmesssessssssnsenes 45



XII

Figure Page

410 Scanning electron micrographs of the Ti02 thin film surface prepared
with the mole ratio of TTiP:ethanol:DEG at (a)l:40:0, (b)I:40:0.5,
(C)1:40:1800 (0) L0 L. oo vvressvrnssmssssssssssssnssssssssssssssssssnens 49
411 Scanning electron micrographs of the TiCx thin film surface prepared
with the mole ratio of TTiP:ethanol:DEG at (a)l:20:0, (b)I:20:0.5,

(0 1 0 0 OO 50
412 X-ray diffraction pattern of TiGz thin film prepared using different

MOIE rALI0S Of DEG......ccoccoiivvvessssiiisssssssssssessssmsssssssssinsssssssssssssssssssens 52
413 Photocatalytic reduction of chromium(\/T) on TiCx thin film prepared

with different mole ratios 0T DEG..........cc.ccovrmivmvmsssisssessssnsssssssinnen 53
4,14 Scanning electron micrographs of the TiG2 thin film surface prepared

with different chemical A0AILIVES..............cousrvvmmsrmvrmssmmsmssmsssssrssssrnsnnes 5%

415  X-ray diffraction pattern of Ti02thin film prepared with
TTiP:ethanol:PEG600:DEG at 1:20:0:0, 1:20:05:0, 1:20:0:05 and
1:20:0.5:0.5....... S R isrssssssssssssssssssgmetfbstosssesssesssesessssssssesssssssseess 50

416 Photocatalytic reduction of chromium(V1) on Ti02thin film prepared
with TTiP:ethanol:PEG600:DEG at 1:20:0:0, 1:20:05:0, 1:20:0:0.5 and

1:20:0.5:05. e 59
4,17 Scanning electron micrographs of the TIGx thin film surface prepared

With Various Calcined temperatUNES.........cccwurvrmsssmssmssmsssssssssssssssssssssns 63
418  X-ray diffraction pattern of TiGx thin film calcined from 300°c to

B00°Crvvvssssserssssssssssssssssssssssssssssss s s s 65
419  X-ray diffraction pattern of TiGz thin film calcined at temperature over

RN 66
420  X-ray diffraction pattern of TiCGz thin film calcined at 800°c comparing

to stainless steel plate calcined at the Same teMPEratUIE..........veevevvesvrves 67

421 Photocatalytic reduction of chromium(V1) on TiGx thin film prepared
with different calcingd tMPBIALUIES..........ovevvvvsssvsrmssrssrsssmssssssssssssssenes 68



Figure

422

423

4.24

XI

Page
Scanning electron micrographs of the TiC: thin film surface prepared
With ifferent C0ating CYCIBS....vvmvmmmmsmsmsmsssssssssssssssssssssns 10
X-ray diffraction pattern of TiUk thin film prepared with different
00ALING CYCIBS...vvvvrvvvvvrssvvvrssssssssssssssssssssssssssssssssssssssssssssssssssssses s 12

Photocatalytic reduction of chromium(VI) on TiCx thin film prepared
With Clifferent COAtING CYCIES.......cuumvvvvrrsmvvmssssssssisssssssisssssssssssssssens 13



Cr(llN)
Cr(VI)
Ti02
TTiP
PEG600
DEG

NOMENCLATURE

trivalent chromium

hexavalent chromium

titanium dioxide

titanium tetraisopropoxide

polyethylene glycol with molecular weight 600 g/mol
diethylene glycol



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



