<
2
3
5 S ReTL: 10384 NEE__ EWY
® ¥5: 200436014 uc____
S
BN R
! Mok % R X
i
i
% N-TiO, #0 Al/N-TiO, jEfE
X HIRE IS 5T % B B AN SR K M RE RO 53
i . A .
o Sudies on Hydrophilicity Property of N-T1O,
and Al/N-TiO,Films Prepared by Magnetron Sputtering
113
733 % 2 K
R/FRFHEL: AR K
i + ok 2 Ak AR 5
#
n WL A H: 2007 F A
A WA 2007 5 A
7 FEET R 20005 A
v B s IR
[
5 EOoom A
2007 £ 7 H
% gf’;



https://core.ac.uk/display/41397338?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BIXREFZALOERE R
BRATMNFART, AN PITRS F R SE B URR. ANAE

W BTS2 A NBERARRITIIURER, B7E 30 DL 5 kR B
A AL A I RHE B i S0 AR RIRUCRI A 54T

PN (Z4):



BIIRFFAIEEENERF R

AN TR TTRA AR A AR ST RIE « TR A BUR
O o) ) % A 1 AR s LR A2 508 ST R AR RBORT FL 1 T, AT B2 A7 18 SCH]
TR H D B S SR VE IR SCEE N SR B AR AT, AT RO AL 1 S
B G N A HE A TR R, AT BURE S 18 ST AR AU 01 4t e DR 10
ALV SCAERR S i 1 A E

REERRSCE T
L& ¢ ), # AR e I AR
2. AR ¢ )

CHAERL_EAHNAR S5 AT “ V7

(R H 34 i H H
IR - H 34 i H H



B A ettt |
Ly v 1= |1
B B I oottt 1
LITIOBIRFTRHERR ..ottt 1
L2 TIO2 BIBRIREE R .o 3
L3 TIO BYUFEHEALIEBE ..ottt 4
1.3.1 TiOo I YEHEAL IV L EE (.o 4
1.3.2 TiO, JEHEW BRI LN AFAE TR ... 6
1.3.3 TiO2 YEHEAIITE oo 7
(IR RTOPN: 1D S &7 3 - 7
1.4.1 TiOs IIEBGEIKPEREHLIE oo 8
1.4.2 TiO, BB E SYGHEAEBEZ AT ICFR (o 9
1.4.3 520 TiO 5K MEE IR oo 10
1.4.4 B0 TiOy SR AKMEBEAITE I <..ovoeeeeeeeeeeeeeeeeeeee e 11
1.4.5 TiO2 SEIKPERE TR oo 12
(ISR Nt L A BN = OO 14
ZEZE MR vt 15
T TR AT e 20
21 TEEFHLIE ..ottt 20
2.2 BARTBEFZER oot 21
23 BB TR SRR e 23
231 PREF RS IR oo 23

IR R AR aa > S UK, = S 23



ZEZE MR vt 25
EoE B ERERRIEA T oo, 26
3.1 TEEFHERE IR TEAEL oo 26
SRR g E g o OO 26
3.3 TS HIE TIO AR LA e 27
SRR RTOTE 4 {3 1ol b~ 28
EME N-TiO, HIERFEIE ST 7% Hll FFNEKERERIFASR ... 30
AL BB ettt 30
E A ETO P11 T - 31
4.2.1 N=TiOs FEE I IBE o ovoeeeeeeeeeeeeee e 31
4.2.2 BRI IR oot 31
4.3 BEREITIE oottt 31
4.3.1 XRD Z3HT coooveeeeeoeeee e 31
8.3.2 SEM MIEZ ..ot 33
8.3.3 XPS FIHT oo 36
B34 UV-VIS Z3HT oot 38
4.3.5 N-TiO IS K PERE oo, 39
B4 ZREEINEE (oot 40
ZEZE MR vttt 40

FHT AlN-TIO, BRI BT R #E = IR 5 % ) & F0 sR ok i

B TTE D ettt ettt e et et e e e ee e aeeeeenens 44
LS R =T TP 44

52 TiO, B B B I L B oo, 45



SRR = Y= R iy TSP 45

5.3.1 BIKT TiOn T SR GERIIIFEMT ¢.ovovee e 45
5.3.2 B0} TiOy TEAEFE T TEIITEEI oo 47
5.3.3 B2 TIO, W R THI TC R ARSI oo, 49
5.3.4 BN} TiOy TR EHEBERI LI (oo 52
5.3.5 B2 TIO, W2 Ah — v WIS PE BRI FEM oo, 53
5.3.6 220 TiO, MK SEAKPEREIIEM oo 56
BUA ZREEINEE ..ot n e 57
BEZE TR oot 58
BEFRE BT e 62
T 2 121 B2 s o TUOS 63



Contents

ADSIFact iN CRINESE.......ociiiee s I

ADStract in ENgGlish ... II

Chapter 1 InStroduCtion...........cooeeiieiiniineesee e 1
1.1 Recent research progress 0N TiO2 ..o 1
1.2 Crystal StruCtUr@ 0f TIO 2. .cciuicie ettt enre e 3
1.3 PhotocatalytiC property Of TIOg.....cccoiviririnirieieiee e 4
1.3.1 Photocatalytic reaction mechanisam of TiOn......coceeveriiniiniiiiniiniiieeeeee 4
1.3.2 The advantages and disadvantages of photocatalytic technique for TiO............. 6
1.3.3 Modification 0f TIO2....cc.eivuiiierieiieiiereeesteeee e 7
1.4 Photo-induced hydrophilic property of TiOz ....cccoceiererenireneeeeee e 7
1.4.1 Photoinduced hydrophilic mechanisam of TiOy ......ccccevvevieriiiiieniininiiieee, 8
1.4.2 Relationship of hydrophilic property and photocatalytic behaviour of TiO,........ 9
1.4.3 The impact factors of the hydrophilicity of TiOg....cccoevvieviieiiiiiieiieieeeein 10
1.4.4 Modification measure of the hydrophilicity of TiOx...cceevevvieviiiiiiiiieiice, 11
1.4.5 The application of the hydrophilicity of TiO2......cccerieviriiniiiiiiiniienieceeee 12
1.5 Contents and meaning of thiSinNVestigation...........ccceveviiieniiinnieenerese e 14
RETETEICES ...ttt ettt st 15
Chapter 2 The brief introduction to sputtering........cccccceeveeenne. 20
2.1 MechaniSam Of SPULTEN TNG.....cciieieieiere e 20
2.2 Thefundamental types of SPULLEriNG .....ccceeviieiiiiieie e 21
2.3 Supperting process and film groWing.......ccoceerereierenesesesesee e 23

2.3.1 process of SUPPEItiNg target.........ccvueeruieriieriieiieeiierie ettt e eve e sae e e saaeens 23



2.3.2 Transfer process of sputtering particles ..........cecvveeeeieercieercieeeie e 23

2.3.3 Process Of fllm GrOWING ......cccueerieriieiiieniieieeeie ettt sae e 24
RETEIEIICES ... cuieie ettt ettt 25
Chapter 3 Sputter coating and charavterization method .......... 26
3.1 Equipments and materials of SpUttEriNg......cccccoveeeiecie i 26
3.2 Cleaning of silica glass SUDSIFate.........cccoveieieiieeieee e 26
3.3 Methodology flow of preparing TiO; films by sputtering technique.............. 27
3.4 Charavterization methold for TiO2 fillMS.....cccueiiiicieee e 28

Chapter 4 Sudies on hydrophilic property of N-TiO; film

prepared by magnetron Sputtering ........ccoceeveeieeieneeneeneeieeen, 30
AL INEFOOUCTION ..ottt et sn e nr e 30
4.2 The preparation parametersof N-TiOxfilm samples.........ccccoeviiniiccniennne. 31
4.2.1 Preparation of N-TiOg fllm .....cccceeiiiiiiiiiiiiieciee e 31
4.2.2 Preparation of standard SAMPIES .........ccccvereriieiiiieeiiiecie e 31
4.3 RESUITS AN iSCUSSION ..ottt sne s 31
4.3.1 XRD QNALYSIS ..eeeeuviieiiieeeiieeeieeeeieeesiee et eertteeereaeeeaaeesteeessbeeesaseeesnseeennsiesenseeens 31
4.3.2 SEM QNALYSIS ...eevieeiiieiieeiieiie ettt et et e ettt e et e eeieeebeesaaesnbee sk ae e s tensae et eenaeens 33
4.3.3 XPS ANALYSIS .vvieeiiieiiieeiiieesiee et e et e eriteeeteeeeareesaaeesbe e asbee e iareeesnbeeennaeeeaaeeens 36
4.3.4 UV-Vis absorption Spectrum analysiS .........ceerueerieeriieiieiieiiienieenieesieenreeneeens 38
4.3.5 Hydrophilic property of N-TiO; film........ccoovvvieiiiieiiiiciiicciieeie e 39
S [ 0] = PSSRSO 40
RETEIEIICES ... cueeie ettt et et 40

Chapter 5 Studies on hydrophilicity of Al/N-TiO, film prepared

by DC reaction magnetron sputtering......ccccccceveveeevcieeeveeeseeene 44



B L INEFT OUUGCTION ...t e e e e e e e e e e e e e e e e e e e e e eeeaeees 44

5.2 The preparation parameters of TiO; film samples........ccovecvieiicciiceeieen, 45
5.3 RESUITS AN ISCUSSION ....c.viviiiiiieieieie et 45
5.3.1 The effect of dopant on crystal structure of TiO, film.........c.coeeveeiiiniiiiiieens 45
5.3.2 The effect of dopant on surface morphologies of TiO; film..........ccceeeuveeenneens 47
5.3.3 The effect of dopant on chemical states of surface elements of TiO; film.......... 49
5.3.4 The effect of dopant on luminescence of TiO; film........ccccovvveviiiiiiiiiiiiies 52
5.3.5 The effect of dopant on UV-Vis absorption of TiO; film.........ccceeevieiiiniienenns 53
5.3.6 The effect of dopant on hydrophilic property of TiO; film.........ccccvveeivieennenns 55
S U [ T 4= T Y SRRSO 57
RETEIEIICES ... ueeie et ettt et et 58
Chapter 6 CoNClUSIONS.......cccvviiiiecie e 62
PUblished PaperS.......ccocv e 63

ACKNOWIEAQEMENLS........oe e 64



HhCH 2

X E

TiO, HAJGHURAKMERE, RITERIMDEITT, 7K TiO, W 1 #2% fi ff 1R P
AT, XA TIO, BT FRG . BiKE&ThaE, HAa) N A,
P32 32 K0 W 5% Tio, MRSk kR, Al BAT W WOGWE 1, JF
AR KM LR RER A (R, R AR AR T3 S o AFTL I H IE FARZR
G TS24 46 N 4B 2% TiO, ML ON-TiO ) Fl ALN M5 4% TiO, # I AUN-TiO,)
B TiO, [FSRK MERE . B8 AR

(1) H TiN BgEEHE, L Oon Ar Ky TAESAK, SRS S S s e ¥ il
# N-TiO, # /i . 1] XRD. SEM. XPS. UV-Vis. CA (contact angle f%filiffi) 2&
G AT T BORIE S L A A R R

WA R 0 N AT TiO, fks, B O, TR Ti—N #, P47
BOMPAA AL N B2 TiO, MMM R A T 408 N 5225 TiO, HilFO
PRI RE AL TAREHE .

(2) i AUTI 4JEEERHT, LA Opv No FI Ar O TAESAK, A BRI N
PRI ST 46 AL-TiO, N-TiO, Fll AIN-TIO, #ifiE . ] XRD FRAL{5 40 5 i A4
ZiRM e H SEM MRS A IR B SR mT; lid XPS WA 4%
X I T T 2R A K2, ] PL (photoluminescence 946 % 66 ) HiF 5t i
JE P AR B R 150 s S8 b — ] DL SO B T 45 A 0 OGRS Py 5 e s T
SR PP AR 1 1 K P e

LU T 4iie: Al 82848 TiO, fARIAR N, N BREZ AR Al N X
%% TIO, I i ML AR FR K /N T AL-TIO, AT N-TiO, Z[1]; #5374 5%00 T TiO, HEE (1
RIMEH: Al BRI N B2 2 T 6 S KRR s AL B2l R R i
PR N B2 2 RN s 540 Tio, WAL, Al. N XUB A% TiO,
T AT SRS SRAA IO 200 3820 ALRT N BEA T TiO, [R5k, 40 SIHAC T Ti
O, 2= THAMIEAN: BAE T, MMM L T4/, Wi
KK N . AUN-TiO; > N-TiO; > Al-TiO,> TiOz.  AI/N-TiO, [ 155 K 1 B
T4 TiO,. AL-TiO, I N-TiO, . Al. N WBAE TiO, 725 T #4425 4L,
A/ T BRBERL, MO T AT OGO, S5 T TIO, MR KSR K M BE
H]: AR AUN-TIO Wi N-TiO, #iflE; SRoK; A4



Abstract

Abstract

TiO, involves a unique aspect of photo-induced hydrophilicity with a water
contact angle of 0°. This phenomenon has been applied to various items, such as
self-cleaning tites and anti-fogging mirror. Recent investigations have focussed on the
improvement of hydrophilic property of TiO, under visible light. The aim of this
investigation is to explore N-TiO; and Al/N-TiO; films with excellent hydrophilic
property prepared by magnetron sputtering The followings are included in this work:

(1) N-TiO; film was prepared by RF reaction magnetron sputtering, using TiN
target, with O, and Ar as sputtering gas. XRD, SEM, XPS, UV-Vis absorption, CA
test(contact angle) measurements were used to analysis structure and properties of the
N-TiO, film.

The results indicate that: the N-TiO, film exhibits excellent optical and
hydrophilic property; the improvement of optical property and hydrophilic property
should be enhanced by nitrogen substitution at oxygen sites, forming Ti-N bond and
leading to more oxygen vacancies.

(2) AIUN-TiO; film was prepared by DC reaction magnetron sputtering, using
Al/Ti target, with O,, N, and Aras sputtering gas. The effect of Al and N dopant on
the structure and properties of TiO; film were studied by means of XRD, SEM, XPS,
PL(photoluminescence), UV-Vis absorption and CA test.

The results show that:

(a) The lattice bulk of TiO; increases with Al dopant, while decreases with N
dopant; lattice bulk of Al/N-TiO; is between Al-TiO, and N-TiO5;

(b) The surface morphologies of TiO, film were effected by Al and N dopant:
both Al and N suppress particle growth; the surface of TiO, film becomes smoother
and compacter with Al dopant, while becomes looser and rougher with N dopant.
AI/N- TiO; film exhibits looser and rougher surface compared to pure TiO, film;

(c) In the crystal lattice of TiO,, Al is at Ti site, N is at O site, which generate
additional oxygen vacancies;

(d) The absorption edges of TiO; films show a red shift with Al and N dopant.

II



Abstract

The absorption edges decrease in the order of AI/N-TiO,> N-TiO, > Al-TiO, > TiO,.
(e) The hydrophilicity of the Al/N-TiO, is superior to the pure TiO,, Al-TiO, and
N-TiO,. This may be ascribed to more oxygen vacancies produced by Al, N codoping.

Key Words: titania; AI/N-TiO, film; N-TiO, film; hydrophilicity; oxygen vacancies
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