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Abstract

The objective of doping with 0.5mol%Fe’” or Smol%N of TiO, film was to
improve the photocatalytic efficiency and E.coli anti-microbial properties. The TiO, thin film
were prepared by sol-gel method and coated on 304 stainless steel substrate using dip coating
method. The focus of this are research effect of the additive materials, number of coating layers
and calcination temperature on physical properties, phase transformation, photocatalytic reaction
and E.coli anti-microbial properties of TiO, powders and TiO, composite thin films. For TiO,
thin films, it was found that anatase phase could be synthesized at temperature range of 100 — 250
°C. The number of coating layers that does not make the films delamination was 5 layers (1 um
thickness) whose adhesion strength about 424.41 kPa. In addition, from testing of photocatalytic
reaction of the TiO, thin films, it was found that TiO, thin film calcined at temperature of 100 °C
could degrade methylene blue solution under UV irradiation for 4 hours 96.20%. While
0.5mol%Fe’"/ TiO, thin film calcined at temperature of 100 °C and 5mol%N/ TiO, thin film
calcined at temperature of 250 °C could degrade methylene blue to 94.60% and 86.60%
respectively. Under fluorescent irradiation, 0.5mol%F e’/ TiO, thin film gives the best result that
could degrade methylene blue 78.90%. For anti-microbial properties test, TiO, thin film calcined
at temperature of 100 °C, 0.5mol%Fe’"/ TiO, thin film calcined at temperature of 100 °C and
5mol%N/ TiO, thin film calcined at temperature of 250 °C were considered. It was found that
TiO, thin film can killed 100% of E.coli under UV irradiation for 3 hours. Under fluorescent
irradiation for 3 hours, 0.5mol% Fe' / TiO, thin film gives the best result that can kill 87% of
E.coli. Finally, doping with 0.5mol%Fe’” or with 5mol%N can improve photocatalytic efficiency

under fluorescent irradiation.
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—= MNOx, SOx, Co, Formaldehyde and ete...

—= Tobacco odor, Garbage

Organic chloride, -s— Water odor, Aldehyde,

starch, Dye and etc... Purification Ammonia, Mercapton,
Chloroform,
P-dischlorobenzene,
Photocata Jl"ﬂt Gasline, sulfureted
Bano TiCH hydrogen and etc...

—= (il Soil, Rain Stain, Soot, Self
Soil Proof clean, Anti-fogging function

Bacteria, Fungal, Algal, -4— and etc...

Mold, Duckweed,
Pest infestation and etc...
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(ﬁll”l: http://www.titanpe.com/library/kb2503.htm : 12/02/2554)
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(ﬁm: http://staff.aist.go.jp/nomura-k/english/itscgallary-e.htm : 12/02/2554)

MINN 1.1 ﬁuﬁa‘ﬂﬂﬂ1EJﬂW\IGUﬂﬂiﬂi\iﬁgN"UfJQ!Wﬁﬁgunﬂﬂ

Material name Anatase

Composition TiO,

System Tetragonal

Temperature (°C) 25

a(A), b(A), c(A) 3.7842(13) 3.7842(13) | 9.5146(15)
0l(deg), P(deg), P(deg) 90 90 90

Unit cell volume (A%) 136.3

D, (g/em’) 3.89

Space group 14 /amd (No.141)

Atom Site | G xla /b zle B(A)

Ti 4a |1 0 0 0 0.390(63)
o e |1 0 0 0.2081(2) | 0.613(90)

(ﬁm: Horn M., Schwerdtfeger C.F. and Meagher E.P., Zeitschrift flir Kristallographie, 136, 273,

1972)
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Material name Rutile
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 4.593(2) 4.593(2) 2.959(2)
0l(deg), P(deg), P(deg) 90 90 90
Unit cell volume (A3) 62.42
D, (g/cm3) 425
Space group P4,/mnm (No.136)
Atom Site | G x/a /b z/c B (Az)
Ti 2a |1 0 0 0 0.42(6)
(0] 41 |1 0.3051(7) 0.3051(7) | O 0.6(6)
(‘ﬁlﬂ: Meagher E.P. and Lager G.A., The Canadian Mineralogist, 17, 77, 1979)
m39f 13 autidnuemennveslaseadevearausalag
Material name Brookite
Composition TiO,
System Orthorhombic
Temperature (°C) 25
a(A), b(A), c(A) 9.174(2) 5.449(2) 5.138(2)
0l(deg), P(deg), P(deg) 90 90 90
Unit cell volume (A3) 257
D, (g/em’) 413
Space group Pbca (No.61)
Atom Site | G x/a /b z/c B (Az)
Ti 8 |1 0.1289(1) 0.0972(1) | 0.8628(1) | 0.37(3)
Ol 8 |1 0.0095(4) 0.1491(5) | 0.1835(5) | 0.46(6)
02 8c 1 0.2314(4) 0.1110(4) | 0.5366(6) | 0.53(7)

(u: Meagher E.P. and Lager G.A., The Canadian Mineralogist, 17, 77, 1979)
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4 4 0 ' a [ { <
w3enAivei 1140w evegluglvesnamTeflauuundeuuuiagidesmsnadoun 1a

q

A :ﬂy a = J 9 A A ' oy 1 Y
auianaiiuived Inmiisnlasen leanelduasnicsnnyouiil aawal
oy ~ tﬂy a [l 3| oy 9 1 ] I~ ar d a
veahiimzuunui iansoauilugiveninla uaszurnszaneduilauuieglnaquin
1 5 Y o Y 1 3 o A v W 1 3‘ ]
penminauonatenszanunlaiildnszen luduihia iesnnyududaszrninneainy
dy a ~ A 9 a o =1 PR v & 4
Aurnszanfndeudlreay lnmnmiienlaoon laaiiasridwinaunsenuilugud (Super-

P A 1 9 <3| 491 a A~ 491 v v
hydrophilicity) m’aagnmimsﬁuﬂunmmu WuRIveInszINoNaNNTU luemAauRd

v W 1

1< a g 31 <3 Y ° Y a I ] % A
ﬂfﬂzmmﬂuwmmmﬂﬂ ll']ﬂll"lf]ll"ll,ﬂ"lgllﬂ\T'IEJ‘VHQIWLﬂﬂL‘]JHE]']i!l!ll') PHBINYNAUNTITSHIN

=

Y ] 9 Y
neminUHINTZINIAENLsZN8L 20 - 30 DIA (W3uUN, 2005) NeATUUNUAIIIAIEN N

u

3| = A a 9 =~ s Aa A :j [ 1
Wunen ﬂSS’Ji]ﬂ‘VlQﬂmai’)‘UW’Jﬂ’Jﬂll‘i/lLVILHEJ?Jllﬂi’)?Jﬂllcﬁﬂ NUAVUAYDUUIAINGATD ﬂizﬁ]ﬂﬁ]ﬂ,ﬁ

12 A Aa ' . .
uae laifith wSenisena Anti-fogging glass



11

1.2.3 NSZUIUMS %@ - 19 (Brinker and Scherer, 1990; Lgﬂ, 2547)

a g ad < A J 1
ﬂizﬂ?ﬂﬂﬁﬂﬁ@ﬂ’)ﬂ’)‘ﬁi%ﬁ-ﬁ]a uJuﬂizmumi‘ﬂuﬂiﬂwuwmﬂamﬂu

]
4 =

a a Y Y a Q‘{ Q'J
NITNAGLEITIUNLASLNAD I@]‘(’JLQW'I%’JET@‘VW]E]\?ﬂ'liﬂ’J'liJ‘]Jiq%‘ﬁt:‘N Iﬂﬂﬂ?hlﬂﬂigﬂﬂuﬂ'liicﬁa-

Q

IS A A A ' £ '
5113 L‘]Juﬂiz‘]J’JuﬂﬁLﬂa8uﬁﬂ1u$mﬂ€uﬁ]ﬂma’mljt’lﬂ’ﬂ “I‘ﬂm” G]Nﬁ’JulﬂﬂfJgglug‘]J"UENﬁﬁ

A [ 2 A ' @ A
uruaseitivaeymalszanm 0.1-1 luaseu iuvewdaniFenii <wa” aalugili 1.5

Liquid Liquid
Panicle

Sol Gel Aged pel
Residual
porusity

Pore
< N\
N A
‘ ‘I )
Dried gel Partially Glass
densified or
gel ceramic

517 1.5 malasuanuzan lsadluma

_

(M http://phys.suwan.ac kr/jgyoon/lab/solgelhtml : 11/01/2553 ; Brinker and Scherer, 1990)

Ufase lunszuiums lva-wa § 3 UfA5e1 Ao lalas lada (Hydrolysis) M3

] I gy . ] I J .
VLU U] Wi (Water condensation) HazMIAIUUUUUeansdoa (Alcohol condensation)

]
% =

aeaums 1.4-1.6 Bilvdednghiinadedasimanalgnsenlaun pH anselnser oasidiu

9

v
v @

g’ [ a @ 1 dy A [ ) Y
Tuaveuinu Tang uazgungil aviumsatuauilademaii luazianuild leauay
Ay Y wa Yy o A Yy . .
wan lanauiauaz Tassadanany iie M unulang 1aun Si, Zr, Ti, Al, Sn, Ce 1tag OR

me@:uﬁaﬂaﬂ@a (Alkoxyl group)
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Hydrolysis: M—O—R+H,0—>M—OH+R—OH (1.4)
Water Condensation: M—OH+HO—M-—>M—0—M+ H,O (1.5)
Alcohol Condensation: M—O—R+HO—M-—>M—0O—M+R—O0OH (1.6)
o 0 A Y v )
TUADUUTAVDINITN A - 198 ADWANFITAIAU (Precursor) NUHI A15AIAU
Anenldlunszurumslsa —wa Huaisdsznoulanzuazialanzuarian laons
Y ' ¥ 9
1AAURAT01 15U Metal alkoxide iuasdsduii ldsuanuiong iesnininl§asenduii 14
A 15 Tetramethoxysilane (TMOS) 8¢ Tetracthoxysilane (TEOS) drudanon lae (Alkoxide)
a A ] a . . J ~q 9 o '
FUADU 1FU DEQUIUA (Aluminate) Tnmma (Titanate) UALUDTLIN (Borate) Flenuunsvaiy
uagdnl¥sauiy TEOS 1¥u Si(OR), %1 RA® CH,(TMOS) C,H(TEOS) %38 CJH, 2

Y
alfnse lalas laganuihasaums 1.7

L|')R L|')H

RO—Si—OR + 4H,0 ———> HO—Si—OH +4ROH

OR OH
e (1L7)
uazluvaz@ordudiziad§asonuminlud @ums 1.8)
L")H (‘:)H OH OH
HO—Sr—0OH + HO_S|i—OH—>‘ HO—S1—0—S1—OH + H,0
OH OH OH OH .. (1.8)

= 1 I J
%50 Mymuudduueanegen (UM 1.9)

?H L")H L")H OH
HO—Sr—OH + RO—Si—OH—> HO—Si—O0—Si—OH + ROH

OH OH OH OH
e (19)
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d' aaa 1 1 [~/ 1 Aaa .
d1sdszneuiinaluszinalfnserniuniuas ldaunaredulnssarredan (Silica

1 { 1 aaa @ 1 Y 1 a <3 v
network) 98 1un11zAiFen 1 1a JauTenPsendananiii nednewauasu (auns 1.10)

OH

Ho_Sl‘i_O_Si_OH + HO—S§i—OR— > HO_Sli_O—S|i_OH*ROH

OH

OH OH OH OH

OH OH 0] OH

HO —Sli—OH
OH

... (1.10)

a o 4 A A 9 o 9 Y ¥
clleﬂigU’JuﬂTiWﬁ@WQﬂTﬂﬂT?gﬂlﬂu I"Ba 1139 13Q LN@L%TQﬂT?gﬂWIﬁLLﬁQﬂg

landadaailugduouaieg wu dule (Fiber) 191598 (Acrogel) #1519 (Xerogel) A3

[ [

(Powder) oz HauA@oY (Coating film) Huiagavdmivgasmnssuduq delu U7 1.6)

Xerogel film

Dense film

Dense
ceramics

Heat O

Xerogel

Hydrolysis
Polymerization

e

Sol-Gel Technologies
and

Their Products I:I

317 1.6 nszuIuMI wa-19a

(ﬁm: http://sariyusriati.wordpress.com/page/3/ : 14/02/2554)
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as A = tﬂy = @ A

75 Twa-va Usznoudie mamisuaisazalaiio@edny Wasuaisazals
I o [ Aaaa A a 1 & 1
i Tya dmsu TEOS Ufnsenszisudlens lalas lagangu Alkoxyl nilanTeu1nnues

9
a o J a
Turana TEOS lumswanvg ldiwazioanesod 2 Tuanalsznoudle OH- group 929NNOA

]

A g

o o w g; o Y a J o 9 o . . A 1w '
we lsd lastsaiteon shildinanmsWesudidieiuse Si— O - Si uazipaenUNgUIUNIZ
& w Y o < <
Iafluiuse Si- 0 - si-0-si msnszurumsila a luanafuduermiooymmiu

an

= Y = Y o 09} [ [ A
3 ian TuanardunsatazoynnazidenlseneuAlewuszs1 AU Aaaslugli 1.6
Y A Ay
YoRvasIn)ewa — 10a
- ldneRusz U199 321119 AT (Substrate) NUAIENTIARDY
A YA A [ Y] 1 9
- gmnsamdovldianununiedlesiumsianson'ld

]
3 A A 1 1

A 9/3;’ A ' o 9
- ﬁ1h1iﬂlﬂaﬁ)ﬂhlﬂ1flﬁ’3ﬁﬂﬂ TN 9 uawugﬂﬂwumau

3
. axd
B

Y I = a A A
-1 ldde sign uaziuisniidszansamlumsndouga
4
- UANVUIINT I
<3| tﬂy = [
- anuiuiio@eni
= vy a0 .
- miﬂu'lﬂmﬂqquum (www.ceramics.mmat.ubc.ca)
) 4 o 1
mstiunaTulad Tea-na ulddse Texiansair ldvaregUuuy wu me
= ad 9 o 9 - qu/ 9 a Aa o Eal 1 9
azvoa Waue idule uazdagnou Fuilumsasanlumsnaanaadunaee wuund a1
A Y = 1 9 a A g’ [ 9 =
mdeuilesiumsdnnsou msaztounawazmamzaaiivesi1 udu malulad Tva-va
I S 1A a @ Aa A Y A9 a =
withuilsz Teslegnsde lumsnanasnaz SagnTaiammizad ¥edoansnnuusgniga
Wiouduamswana1snsoiagnaunumsldus nseninenssssumamieinuaziiogiing
a o sy ¥ = a = A < = A o
HaAd NN 1891nNTzDIUMT Ia-waazlinnuuigniga iesnnilumsms suasniodidg
[ o I { ' VR~ Jd
lusgauTuanasnsasmuaaininaeg Adesmslade duiluilse Tomidegaaimnssu
1 @ 4
Aol szinn 150 gadvnssual maTuTagwdy gaaIMNITUINOUA LAZQATIHNT TN
a <3| 0 o a @
w5 Hudu msiunaTulad Tva-na uldlseTomilwFgaaminssy dadesdnuilu
= d' % d' = [ va =) [ d'
TwazReaneInun iz aulumaessutazdnyazuazauiavesd1ssoiag
9 £ A [ Y] 1 a Y] o 1 < 9 o = [
Aoams aelianuuanannulungaznaadual ede lsnauuun Tumsiunalulagaenan
a a d [~ 4 [~ a {
s luFamnardianuiull1dge iWesnnnszurums Tea-wa WumaTuladmsnaah
o YA a g o 9/03: 1 Y Y a A = Y =
M ldngamgives awnsah ldawaszaudonlfianmsoudszsaugaanng sy $9amso

9 Y Aa Y a
ﬁu@ﬁﬂﬂﬂﬂ’nu@l@\‘lﬂﬁﬂlﬂﬁ@‘Uiiﬂﬂllﬂilix‘]
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1.2.4 32UIUMIYMAALY (Dip coating)

[

U A 3| a A a an & A& & aaa
NITUIUNTINIANDY mJumﬂUﬂGluﬂmﬂaaumaamwm a1 uIFNeY

[ 1 A

a 9 A a (% cs'd 1 = =2
317190 uﬂhi%iuﬂ1ﬁlﬂﬁﬁlﬂw]3ﬁﬂﬂ1\1@]ll'lﬂiJ’lEJ mmmmaamaﬂﬂugﬂinwugmﬂum

q Q

@ K g

Taghianududonld Taomsquiaggiu (Substrate) asluveunardudumsnaou Ta

4 Y
v K o

a d { 1 1 v '
anuriveIdauindey luudazase Iuegiudanlumsgu nazanumnilavesaisiaao

(g1t 1.7)

S5a |
¥ D

= oA
suUn 1.7 NITUVIUNTIYUIAADY

U

(AN http://www.sdicompany.com/en/device/index.html : 14/02/2554)

1.2.5 3ZUIUMSIAAOUUUUHNUIHIBA (Spin coating)
A A I ax A A ax & Aa Y a ad
ﬂ']ilﬂa@‘]JLL‘]J‘]Jﬁl!uLW'JENL‘]Ju'J‘ﬁfnﬁ!’ﬂaf]Uﬂﬂ?‘ﬁﬁux‘lﬂufJ‘JJﬁl“D'Gluﬂ']ﬁWﬁﬂV\la‘JJ
A = 1 A J J @

YN I@IfJﬂ"Iﬁ14ﬂﬂﬁ13Lﬂﬁ@U“l)’\‘]ﬂE‘,llaluﬂ'1'331/]L‘llu‘ll’f)\ilﬁﬁ'la\iﬂuﬂﬂﬂu&ﬂﬁTﬁﬂlﬂﬂﬁﬁﬂﬂTullag
4 v < ] s 0o q ¥ A o ¥ a
MIBINIYAIULTIGN ﬂ??ﬂlﬁﬂgﬂuﬂﬂa"N‘VlﬂfH?ﬂi!"ﬂaﬂ‘ﬂﬂi%ﬂWﬂul‘]JVI'JlmuﬁfN gANMYITINA
a Jd A @ A wad = o d? "o A
waumﬂmaeuumﬁ@gm (E‘IJVI 1.8) mm‘nmuazﬁuumu@]ﬂlmwaummzmu@gmﬁuuw
A 1 A @ o Yy 9 . J 3 4 [
VDIATIAADY LFU ANUUUA @@31ﬂ13ﬂ11ﬂLH’i\‘1 (Rate of drying) iWosiFuavevaiLs

=K A . o Aa 1 a A = ]
AN (Surface tension) 'ﬂﬁ]"ﬂfJ‘VlilWﬁ@'E)ﬂ’Nll‘ViUTV\IﬁﬁJGluﬂigﬂJ'JUﬂTiWHuL‘VI'RN 19 AITULTIVDY
a A A @ @ 4
NITNYU L’Jaﬂumsmgu USumvesaisinasy ﬁ]"lﬂﬂﬁ”l“l/\nuzﬂﬂ L9 HAANANUAUNUD
1 a J o < a A
TEUIN mmwmﬂauﬂummgsﬂuﬂ”|§mguua$naﬂumiwgu Tﬂﬂ‘l/\lﬁllﬁ]gﬂ%‘lﬁ\ull’ﬂ
3 zg Al d A = < o
ﬂ'J"IllLﬁ’JLLﬁ&'Ja”IGlUﬂ"ITViHuN"IﬂGUH uawlml‘vmu”ﬁ]zmmms’flumimg‘um naﬂumsmgu

9/ a A
Yoo uazisuavesaismasuuin
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repeating to prepare

applying the : '
= rotating = dying _’_)multi!ayer structure

solvent solution

R g T | N

q‘ A a| d Y a d'
sUn 1.8 M3 UWANVNAUNAUANTHYUIN I

U q

(ﬁm:htt ://materials.web.psi.ch/Research/Thin_Films/Methods/Spin.htm : 11/12/2553)

Film Thickness sejy
Film Thickness —

Spin Speed  ——- Spin Timeg  =—

Film Thickness sy

Thickness Uniformity ==

Exhaust Volume  ———— Exhaust Volume =

d' v o v ~N 7 o o - p

50 1.9 Awduiiusszrianunvesilauiuaus nawazlinasvesasazalon
1 lumsnyumie

(ﬁlﬂ: http://en.wikipedia.org/wiki/Columbia_university : 27/07/2553)
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o . &
1.2.6 vianmM I« u¥alsn

@ A a ] 491 = S L
Wﬁﬂﬂ"liLlag‘]J53ﬁVl‘ﬁﬂ']WGluﬂTiGJJ"ILGIfﬂISﬂsU@QllVIWILuEJﬁJllﬂi’)@ﬂ]l“]fﬂ %919)

A o o A

a3 T Tauanzadd aztlszaninmnaunnoaiela Jadendrvunoars 1aduazsum

9

a a Y v @

1 Y
voeens el TaeensTalndidsz@nsnmlumsainge Tsaliogaonunated 1u Ag, Fe, Cu

=

3 Y o ' A Y ~ s Y
uag N Lﬂuﬁu Iﬂﬂ’ﬁ1iﬂ\‘lﬂﬂ'nm®ﬂﬁilﬂﬂUl‘ﬂm!uflll]lﬂﬁ]ﬁ]ﬂvlc]fﬂ LLﬁ%mifJiﬂWiﬂJuWﬂﬂuﬂ1ﬂ

A (aaa

Y
szavu Tu ag Tlvinlgasodumissadveaie Isa TavduluajrziidgiseneuTdedaunn

Y ]
a

o : Pt ¢ < ¢ v o @ 2
nuTdsau geaunidtieesndsznovves Tdsaumiluesalsznounan duiuiiooynnuuinia

Q

v v W a J @ { @ 4 @ 1
dudanugaunsd duag lihimeimiuzaduazunsndr lunelulaseg lihimeziuny —sH
& & = 1 AR o Y a [ 3 a a
(Sulfphydryl) vewou lad Fevzlinadeszuumwm Ivaguildnamsdudimsnigan Taves
s a o adg a
wad nazinamshaeszuuwiele szuvvudedianaseulunszurumsmwmluaguuas
. f ¢ A N R
szuvvudreduaasnludefuaad oalUniniu dufamsdudimsmusiuiunazns

a a

a a AdR o Y 2 S A dy 1 1 o aa 1 F2
Lﬁ]ii‘l]umﬂjﬁl‘llﬂﬂﬂauﬂiﬂ ﬁN‘I/Iﬂ“Hﬁ]ﬁu%iﬂﬂiﬂlﬂfﬂjiﬂ@%ﬁ@] ubJﬁ’"IﬂJﬁﬂﬂﬁQ‘b"NW]’ﬂllﬂulﬂ nag

a

melunga (U9 1.10)

This part ks broken by contact
tha particle of nana sibver Die out Bacteria to be contacted
e tha right picturs with nang silvar

/

v Y ]
517 1.10 vanmsainge Tsnved lnmdiey laoon ladn 1aldreSu

U

(“ﬁm: http://nanotech-me.blog.mthai.com/2009/12/28/webpage-2 : 14/02/2554)
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Y

1.3 M3ATIVDNAIUAZIUIDENN IV
= 7R o A o Y ¥ A A o !
Tnmidion lason leaiduiagigminnldluaumdumsndoudinuedis
v < = Yt o A a o ' A
nA v iunamaisll Tagldlinsihwuadeunuiivesiaaaiee lesinaiuisn
[ va 1 Y] aldd? [] va 9 [ [ 1 va 9
YFulgeauiiaaien vestagldavu wu autianedumstlesiunmsiansou auiiadiu
< vAa a va Aa 4 I
AMuLd e auiia W Taunes loAnuazautimFenaoun Wudu (Balamurugan, et al., 2005)
A o [ % [2) 4 4 o
wonuin lmnmilenlasen leanihunlsaden Salinmsnaudlrlalougaslyl e 1714
waa @ d? 1 ~ a . g 9 P o s .
auiaMmwIZA1N AU 15U IMSIAN Ag, Zn, Fe uag Si 1fludu Tagldlimsdunsizi Tio,
Y A ' g} as . . A 9 9 o .
11 AgNO, NuuIuaoead 1411 1a83% Chemical reduction method tWOABINT 11T Ag/TiO,
Y o o :}1 A 1 ~ . A . o z A A Iy 1
udnhmaaesdudaniodmuaiise Ecoli  #aRo  TiO, awnsadudwuaiiselaaua
. o o A& A A Yy 1 Aa ~ oA & .
Ag/TiO, aunsnduduFonuaiiise 1aan110T Tio, 1Wieaed1aReIne 50% (Kim, et al., 2005)
° [ [ ~ I 1 1A a
dmfunszuaums lumsdunnzd lnndloylaeen lediingzurumsarsuinine uaitdou
o I A {1 A
19 naziluisndeneds lea-a
o A o = 4 A < Y a
Jaqiih lmndioulaoon led uundovaziduwinuda ws1ln vag Tans
1 [ { o 1 ' I < a ! 4 <3|
a1 iudu TagTanzMibhwuadoudiulvgzidumannd  15aiy (U0 1.11) ey

(%

A o 9 @ 1 9 £ A o YA [ 9
ﬁﬂ‘°|/|11ﬂ']iu’]ll']ﬁlGINWuﬂu@fJ'l\‘]ﬂ'J'NsU'J'N “lfﬂlﬂﬁﬂ‘ﬂquchlGIfﬂ@Lﬂﬁﬂ 304, 316L uag 430 1Wuau

I TiO2 film

Stainless steel

Y ad s 1 a 1 I a
51U 1.1 Wawlmndlow leeon lednindoveguuiivewrumannd 13ty

Y

(ﬁlﬂ: Chen and Dionysiou, 2005)

a U A =\ 1 Y 1Y 1 =
ﬂﬁ3”]J’J‘L!ﬂT51/]1611(11!ﬂ"lﬁlﬂﬁ@‘]_llli’)fﬁlﬁﬁ"lﬂﬂizﬂﬁluﬂTiﬂ’JfJﬂl! U NIZUIUNTY

U 4 4 A

9 (CVD), ﬂﬁ?ﬂflﬂﬂTﬁi}ﬂJLﬂﬁ@‘U, ﬂizmum’imgumﬁm, ﬂig‘]J’Jl!ﬂ"lii’ﬂiﬂ]l@ﬂﬂuLWﬁTlﬁQ

1 I
(Arc ion plating) UAYNTZTUIUMIWUIAADY (Spray coating) 1udu TaeldlinisAnuins
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A =\ 4 1 <3 Y y a Y 1 1 dyd Yy
wasy Imndionlason laduuuiumannd15atiy drenszuaunisaise maiiiae 1ai
Y
a A aaa a 1 a d
msanelszansnmvelfnse I launaz ladnuazmsainse Tsaveslavuie Tnniiioy
s A 1 < Y Wy A ¥ A A A
lavonlsanndevunurmumannar 13eadiy Tagldnszuaums cvb Tumsindon wadeilo
o J o a A aaa
Amandaey lnmdienlason ladaslduazihumaaey UszansamassldnsenTnTaun
A A 5 a S A& o -1 ' &
azla@n wunllsz@nsanng uazierr linageumsaingelsa wudamisosuie
v ) ' o a = A A
E.coli 18 100% neTuraniosndn 3 43134 (Evans and Sheel, 2007) imsenyimsinaouiay
~ J . A2 @ 1 =
v Initiou laoenleaun 3161 Stainless steel FallauaIna1nasonlaonszuIums lea-

a =

Y v
wa uazldnszuirumsguadey miuih llwNguugi 700 esruwaFos  waziinig
a 4 1 [ J { z; 1 19
ANTILHA XRD, EDXA 1ag SEM 91nmM3dneinui1 ms 14oas1msguidl azgotleaniu
a dy a ar d LY U Y LY 1 dd?}
A1snan1suan TuilovealduuazHauainallazaINITaa I UNIUNITNANTOUATY
a = A ~ I .
(Balamurugan, et al., 2005) imsanyimsaaey lnmitionlaoon lsanu 304 Stainless steel
A o A a s
Tagl9350150 lovoumanaslumsasaflauveslnmdionlasen lyduu 304 Stainless steel
v Y
M Madeulnse1AeNaUUY (Methylene  blue)  HAZNAADUNTHFO 91N
= ' o Aa ' Aa £ oa .. . .
ﬂ15ﬁﬂH1WU31ﬂﬂ%ﬂﬂuwaﬁﬂtNﬁ%ﬂﬁﬂZiruﬂﬁvnﬂﬂmiﬁﬁ)DepomhontuneLﬁﬁ:Oxygmlpanml
pressure 1A8IANABININNTT 30 U @I Oxygen partial pressure ABIUINNTT 0.5 Pa I9LLAA
Y Y ]
Wavesezyung ¥Ry aIuMINAaaUMINUFONT I FUNUNFIUMTNADVILAINITD
A A A Y 2 AW o1 A ' A A A 9
aenunfiselda diuFuanunlumumandevss luansasinsenuaiseld (Chung, et
4 Aa {Q
al., 2007) Imsaneimandev lnmidiey lason lsauurinilulane Tagldnszuiumslu
A 9 an ] A 9 4 ] a
MINAsUAIITMINIAARY TasmslFouniavesy Induazezuund wuasluuiives
Y
991U 1IMTU1MInIAATIZHA28 SEM, XRD 1ag Scratch test 1INAISANHINDI 1509
Aa ' 3 Y o A ¥ ' A = R a o AA
ANTENIIUMANNAINUDYNIAVEY DEUUNT 11 1AINNTTUIUMTHIAADY M sTaaanuna
Taeli TrianInga (Critical load (L) 81007130 N daumsgnanvedezgitionn oyninvesg
I A =2 a A [ = = a .. 9 '
1nd Tnsdananliuneea Tﬂaﬂwammm (Critical load (L)) H28N2130 N LagINNIT
1 < a 1 4
NATOU Scratch test WUIIANIWUTIUTIVOIANATOVYBIOTUUNTANING 1N (Jaworski, et al.,
2007)
Y
o [ < a (=% ] v
AHTUANUUTWTIVBIRIATOVIUBGA UM IIMZIANUVEIRI TaAgIU LAz
ar d =3 4 < a
Wanuraved Inmitioy laeenlod Taas1ausonaaoumsmzdansanNULYULTIVIAD
A 9 & g A dgl A %
inaeulaelyn1snaaey Scratch test FUYUMINATOU IA8 IHAAILNNIUITBEY) IUNIHINA

Y H
VZDIRIVOITUNY AdAIn g 1.12
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Y a a o a
50 1.12 msnadoumsdaaavesilaudie3F Scratch test

(ﬁm: Jaworski, et al., 2007)

wenanmandon lnniion lasenledas luuiaggulasasawds 5980

] k4
v A v a A =2

o I @ A ] o Y = ad 42’ Y
mahiaqduuniugi Interlayer toreilimaimzdavesilaunuiizuauaiu Iag'lad
g ns/’ aa { [}
maade Tnnioylavon leaiuaslipusuvesdan (sio,) iindeusguu 304L Stainless
A A & & = ' A A ~ s
steel DNAANIle Fevmsanuinu gandou lnmiiionlavonladasldlasass  wla
a g ] 4 a g
YOIDZUUNHAIZINAYUDIN Titanium  tetraisopropoxide (TTIP) drwumlavesg Indazinadiuain
1 1 4R qs/l Aana 1 a
Ticl, daugainaon lnmidion laeon ledrusuvessant nuluavesezuungazinanin
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5) Fourier-transformed infrared spectrophotometer (FT-IR)
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Pure TiO, 100°C 73.43 96.20
Pure TiO, 175°C 70.33 94.00
Pure TiO, 250°C 66.66 87.00
0.5%Fe’"/TiO, 100°C 71.80 94.60
0.5%Fe’"/TiO, 175°C 70.33 92.40
0.5%Fe’"/TiO, 250°C 64.80 86.30
5%N/Ti0, 100°C 64.30 74.10
5%N/TiO, 175°C 66.00 84.90
5%N/Ti0, 250°C 71.90 86.60
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Sample Rate Equation (R) Rate R
constant (k)
Pure TiO, 100°C In(C,/C) = 0.2406t 0.2406 0.9437
Pure TiO, 175°C In(C,/C) =0.2212t 0.2212 0.9187
Pure TiO, 250°C In(C,/C) =0.2019t 0.2019 0.9171
O.S%FeH/TiOz_lOOOC In(C,/C) = 0.2292t 0.2292 0.9338
0.5%F63+/Ti02_1750(: In(C,/C) = 0.2216t 0.2216 0.9268
0.5%Fe3+/Ti02_250°C In(C,/C) = 0.1830t 0.1830 0.9806
5%N/TiO, 100°C In(C,/C) = 0.1868t 0.1868 0.9324
5%N/TiO, 175°C In(C,/C) =0.1937t 0.1937 0.9413
5%N/TiO, 250°C In(C,/C) = 0.2222t 0.2222 0.9673

M1319% 3.6 A1 Rate Equation (R) Rate constant (k) azf1 R* vaamsnagoulgnie I Taun
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Sample Rate Equation (R) Rate R
constant (k)
Pure TiO, 100°C In(C,/C) = 0.6838t 0.6838 0.8994
Pure TiO, 175°C In(C,/C) = 0.6310t 0.6310 0.9577
Pure TiO, 250°C In(C,/C) = 0.5253t 0.5253 0.9931
O.5%Fe3+/Ti02_100°C In(C,/C) = 0.6446t 0.6446 0.9489
O.5%Fe3+/Ti02_175°C In(C,/C) = 0.6008t 0.6008 0.9818
O.5%Fe3+/TiOz_250°C In(C,/C) =0.4911t 0.4911 0.9941
5%N/TiO, 100°C In(C,/C) =0.3150t 0.3150 0.9770
5%N/TiO, 175°C In(C,/C) = 0.4613t 0.4613 0.9972
5%N/TiO, 250°C In(C,/C) = 0.4646t 0.4646 0.9795
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M151391 3.7 A1 Rate Equation (R) Rate constant (k) ttazf1 R* vaamsnadeuilfnse In laun
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Sample Rate Equation (R) Rate R’
constant (k)
Pure TiO, 100°C In(C,/C) = 0.3762t 0.3762 0.9825
Pure TiO, 175°C In(C,/C) = 0.3742t 0.3742 0.9723
Pure TiO, 250°C In(C,/C) = 0.3369t 0.3369 0.9985
O.S%FeH/TiOz_lOOOC In(C,/C) = 0.4129t 0.4129 0.9808
0.5%F63+/Ti02_1750C In(C,/C) =0.3801t 0.3801 0.9713
0.5%Fe3+/Ti02_250°C In(C/C) = 0.3635t 0.3635 0.9940
5%N/TiO, 100°C In(C,/C) = 0.3445t 0.3445 0.9633
5%N/TiO, 175°C In(C,/C) =0.3501t 0.3501 0.9414
5%N/TiO, 250°C In(C,/C) = 0.3508t 0.3508 0.9668
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Abstract. This paper describes the photoactive and antibacterial properties of TiQ,. Fe'7/TiO; and
N/T10z thin films on 304 stamless steel substrate that prepared by a sol-gel and dip coating
methods. Anatase phase crystalline together with an amorphous phase was formed after refluxed at
100W for 2h using a domestic microwave oven followed by oven heating in low temperature range
100-2530°C for 1 h. The adhesion between thin film and stamless steel substrate 1s strong and films
thickness observed by SEM were about 7001000 nm. FT-IR spectra of as-prepared T10» powders
reveal hydroxyl radical on Ti10: surfaces, leading to promotion of photocatalytic reaction of the
films. Photocatalytic activity was deternuned by means of degradation of methylene blue solution
vnder UV irradiation and antibacterial efficiency was evaluated by inactivation of E.coli. The
photocatalytic reaction rate can be expressed as an exponential equation. Ti0: and T10> composite
thin films exhibited high photoactive and antibacterial properties under UV irradiation comparing to
control. E.coli was killed about 80% and 93% during treatment with UV for 1 and 3 h, respectively.

Introduction

In recent vears. stamnless steels are widely used for many fields such as electrical appliances.
building decorative materials. structural materials, water and food containers and medical
equipments and tools. Especially. stainless steel applied for a public transpertation svstem or
materials utilized m hospatal that are required germ-free. At present. a novel antibacterial technigue
of photocatalytic activity of T10; has been introduced since 1t has low cost. high photocatalytic
activity, chemical stability and harmless [1]. There are three tyvpes of crystal structure of T10; such
as anatase. rutile and brookite. Amnatase crystalline has been found to be the most active
photocatalyst due to the slow recombination rate of exited electron and hole compared to those of
rutile and brookite. The photocatalviic activity of TiO: greatly depends upon its nucrostructure and
physical properties due to different preparation conditions and methods. In general. titanium dioxide
was often used in two forms 1e., powder or thin film. TiQ; thin film can be prepared by many
methods such as sol-gel [2]. electrechemical deposition [3] and chemical vapor deposition (CVD)
[4]- It 15 commeonly known that completely anatase phase occurs at high temperature synthesis via
sol-gel process but 1t 15 hard to be applisd for coating on stamnless steel substrate due to the
oxidation of iron 10n from stamless steel substrate diffused to the film Therefore. post-treatments
by autoclaving or refluxing are required to achieve an anatase phase at low temperature. At high
temperature synthesis, photocatalvtic a;ud anrib:&cterial pl;operlies can be enhanced by doping with
transition metal ions such as Pt [3]. Cr~ [6]. Cu™ [7]. Fe™ [8—14]. On the other hand. anionic non-
metal dopants. such as mitrogen (IN) [15-16] has also been investigated widely aim at extending
photocatalvtic activity mnto the visible-light region. However. recent experimental data [17] seemed
contradict their theoretical. The results revealed that band-gap of N-doped Ti0: 15 not narrowing
actually. and that the absorption of visible light is due to the 1solated impurity states in the band
Zap.
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In this work. thin films of T10s, Fe'* Ti107 and N/Ti0: were synthesized at low temperatures that
prepared by sol-gel method and coated on 304 stainless steel substrate by dip coating process, The
effect of temperature and doping agents on mucrostructure, phase. photocatalytic efficiency and
antibacterial behavior of thin films were comparatively investigated.

Experimental and Details

TiO;, Fe'/TiO; and N/TiO; thin films preparation. Titanmm (IV) isoproxide (TTIP. 99.95%,
Fluka Sigma-Aldrich). ferric chloride anhwdrous (FeCls) and ethylamine (CoH-N) were used as
starting matenals and hydrochloric acid (Oriental Chemacal Industries) was applied as a peptizer.
Water used to prepare sols was doubly distilled and deiomized. The Ti03 P‘EB_"TiO] and IN/T10: sols
were syathesized by adding the mixture of TTIP 13 ml. ethanol 133 ml (99 9%: Merck Germany).
etther FeClz 0.3 mol % or CoH7N 5 mol% with water 1875 ml and stirnng for 10 nun at room
temperature. Then 2 M hydrochloric acid was added drop wise to the solutions to adjust the pH of
the svstem to 2 and stirred for 1 h. Then the solutions were refluxed for 2 h by a domesnc
microwave oven at low working power (about 100 W) mtermuttently leading to a milky solution.
These sols were coated on 304 stainless steel substrate (6x6 cm) by dip coating process and the
thickness of coating layer was controlled about 1um. Ti0;, }_e3_.'Ti03 and N/T10: thin films were
dried in the oven at 60°C for 30 min and then annealed in temperature range 100-230°C for 1 h.

Materials characterization. The morphology. cross section and thickness of thin films were
characterized bv scanning electron microscope (SEM). whereas the phase composition was
characterized using an x-rav diffractometer (XRD) (Phillips X pert MPD, Cu-Ka). The infrared
spectra were recorded using Fourier-transformed infrared spectrophotometer (EQUINOXS5S.
Bruker. Germanyv) i diffused reflectance mode at 4000400 em ! with KBr as blank.

Photocatalytic and antibacterial activity of thin films against E. cali. The photocatalytic
activity experiments on Ti02, 0.3moel? éFeE_'TiOE and 3mol?N/Ti0; thin films for the degradation
of methylene blue with an 1mmtial concentration of 107 molar under UV irradiation using 5 UV
lamps of 10 W 1in dark chamber. The area of photocatalyst thin film used for this experiment was 36
cmr’. Tested solution of 3 ml was sampled every 1 h to determine the remaming concentration of
methylene blue using UV-wvisible spectroscopy at wavelength of 663 nm. The effect of temperature
and doping agent of Ti10; thin films were investigated i terms of degradation of methylens blue
solution. The photocatalytic degradation rate was calculated from the graph plotted between a ratio
of concentration of methylene blue solution at the designed treatment time (t) to the imitial
concentration (C/Co) and UV irradiation time.

Antibacterial activity of TiO2 0.3mol%Fe"7/TiO: and 5mol%eN/Ti0, thin films against the
bacteria Escherichia coli (E. coli) were prepared by used 1 ml of 10°CEU/ml concentration of E.
coli dropped on thin film that placed i Petr1 dish plate and then exposed to UV wrradiation for 0, 60,
120 and 180 nun. Then. pour the Macconkev Agar liquid into the bottom of a Petrn dish plate and
rotate the plate gently to distribute the agar evenly. and allow the agar to harden (about 10 muin).
Finally. it was incubated at 37°C for 24 h. After incubation, the number of viable colonies of E. coli
on each Macconkev agar plate was observed and disinfection efficiency of each test was calculated
comparing to that of control.

Results and Discussion

Characterization of TiO;z, ﬂ.Smul‘!’oFe“_.-"TiO: and S5mol%N/Ti0: thin films. The
morphology. cross section and thickness of thin films are shown in Fig.l. Thickness of Ti03
0.3mol%Fe” /' Ti0: and 5mol%eN/Ti0: thin films were 713.9 nm. 1.03 pm and 1.15 wm respectively
(Fig 1d-Fig.1f). The swface roughness of TiO; thin film was higher than those of
0.3mol%Fe" 7/ Ti0; and Fmol% N/T10, thin films (Fig.1a-Fig 1c).
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From Fig 2, 1t can be seen that anatase peaks were observed at 235 50° 37.59° 48.01°. and
34,167 A small broad signal at 30.64" is ascribed to Ti0; brookite traces. Anatase peaks at 23.50°
are not high but broad which show small erystallite s1ze and mostly amorphous phase.
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Fig 1 SEM mmages of thiﬂ film surfaces and cross-sections of (a) (d) T104, (b). (&)
D.:".mol‘?'ofej_-‘TiOg and (c). (f) 3mol%N/T10;
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Fig.2 XRD patterns of synthesized powders caleined  Fig 3 FT-IR spectra of powders sy“llthesize;:l
at 100°C for 24 (a) Ti0s. (b) 0.5mol%Fe” /Ti0;  at 100°C for 24 h (a) Ti0z. (b) 0 5mol%Fe™
(c) Smol%N/Ti0; (T103 () dmol%N/Ti0;

The mfrared spectra of all the synthesized ttanium dioxide powders in the rangs 4000—400cm ™
wave number are shown in Fig.3. The large broad band at 3400-3100 em™). centered on 3358 cm L
can be assigned to mixed OH modes (stretching modes). These bands are in the hydroxyl stretching
region and should correspond to O-H wibration of the Ti—OH groups and HyO molecules. The
stretching vibration of Ti—OH bending could not be removed easily and must be heated until
relatively high temperature [18]. The rather narrow bands around 1600 cm and 1400 cm ™’ can be
assigned to OH modes (bending modes) of hydroxvl (OH) groups. The peaks at 633-5330 cm”!
correspond to the vibration of Ti—O [19] It can be seen that the transmittance peak of Ti0: is
simular to those of 5mol?eN/Ti0: and O.ﬁxnol"’-’nfel_.-'"[lD;. This means that the photemduced
hwvdroxwvl radical concentration on Ti10s. 0.5mol%Fe’"/Ti0: and 3mol%N/TiO; surfaces are nearly
the same values.

Photocatalytic activity of TiO; and TiO: composite thin films.The photocatalytic degradation
of methylene blue of TiO; films svathesized at various temperatures are illustrated in Fig. 4. It was
found that a photocaralyric reaction rate(R) can be written as R = 1.00¢™ where k is a rate equartion
and ¢ 1s a treatment time This rate equation can also be applied for 0.5mol%Fe’ "/ TiO1 and
Smol?e™N/T10: thin films It can be seen that an annealed temperature has slightly effect on
pheotocatalytic reaction under UV wrradiation for TiO: and 0.511101‘:!'61:83"T103 thin films. Their
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photocatalytic efficiencies i terms of & values shown in Table 1 decreased with the increasing
temperature and the highest photocatalytic efficiencies of both catalvsts were found at 100°C.
While for 5mol%N/Ti0: thin films. the photocatalytic efficiency increased with the increasing
temperature and the highest photocatalvtic efficiency was seen at 230°C. Thersfore. TiOa.
0.511101‘?-'01:e3_"Ti03 films synthesized at 100°C and 5mel?N/TiO: thin film synthesized at 250°C
were considered for their antibacterial activities against E.coli. Furthermore, the current results
reveal that Fe'~ or N doping in TiO: films which was synthesized at low temperature has no
significant effect on photocatalvtic activity due to the same concentration of photogenerated
hvdroxyl radical. Therefore, the rate constants, & of these photocatalvsts are nearly the same values.

m 1i0, m Fe/Ti0, m N'Ti0,

; 1007 |
—Tio, 100°C

:% e Ti0, 175°C = 80
™ = PR =
[ —— Ti0, 350°C
g = =
z 04 = 60
X p]
Z 04 g
e J = =
S 024 20
"
< o4 ' : : ) (1] =

] 1 2 ] 4 5 i 1 2 3

UV Irradiation Time (h) Time (hours)
Fig 4 Photocatalytic activity of TiO; thin films Fig 5 Disinfection rate of E. colf treated with
syvathesized at various femperatures. T10; photocatalytic thin films under UV

irradiations.

Table 1 Equation and rate constant of photocatalytic reaction under UV irradiation

Sample Rate Equation (R) | Rate constant (&) R

Pure TiO,_100°C 1.00exp(-0.240) 0.24 0.94
Pure TiO,_175°C 1.00exp(-0.220) 0.22 0.92
Pure Ti0, 250°C 1.00exp(-0.201) 0.20 0.92
0.3mol%Fe" "/ Ti0;_100°C 1.00expi(-0.23t) 0.23 0.93
0_3mel%Fe  /Ti0; 175°C 1.00exp(-0.221) 0.22 0.93
0.5moal%Fe  Ti05_250°C 1.00exp(-0.18t) 0.18 0.98
3mol®N/Ti0, 100°C 1.00exp(-0.19) 0.19 093
3mol%N/T10, 175°C 1.00expi(-0.190) 0.19 0.94
Fmel%N/Ti0,;_250°C 1.00exp(-0.22t) 0.22 0.97

Photocatalytic antibacterial against E.coli of TiO; and TiO: composite thin films.
Dismfection efficiencies of Ti0; and Ti0» composite thin films are shown in Fig 3. It was found
that all films show not much difference 1 disinfection efficiency. It was known that photoinduced
hydroxyl and super oxide radicals on T10: surfaces are strong oxidants useful for disinfection. FT-

2

IR spectra in Fig 3 reveal the same concentration of hyvdroxyvl radical on all synthesized films that
results not much different in antibacterial behaviors. E.coli was killed about 80%. 90% and 95% for
1. 2 and 3 h treatment under UV 1wrradiation. respectively. The photo mmages of viable bacterial
colonies (red spots) on synthesized Ti0; and Ti0; composite films and control treated with UV for
1 h are 1illustrated 1 Fig. 6. It can be noted that all synthesize thin films can kill E.coli nearly 80%
within 1h photocatalytic treatment under UV irradiation comparing to that of contrel. This result
shows high possibility of Ti0: and TiQ: composite films coated on stainless steel utilized as anti-

bacterial materials for a public transportation system or hospital.
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Fig 6 Photo images of viable E. coli colonies during 1 h UV irradiation for (a) control, (b) T103 (c)
O.Smol‘}"ar—eg_*’TiOg and (d) mol?eN/Ti0: thin films coated on stainless steel substrates.

Summary

Thin films of Ti0,. 0.5m01°./6Fe3_.-"Ti03 and 5mol%N/Ti0; coated on stainless steel substrates were
successfully synthesized at low temperature using a sumple sol-gel and dip coating methods. The
crystallization of titania precursor was obtained by refluxing using a domestic microwave oven at
100W for 2h. The adhesion and strength of thin films are great and their thickness m the range of
TOO nm -~ 1 pm. The as-prepared Ti0: thin films showed excellent photocatalytic and
antibactericidal activity against E.coli, m which it completely destroved E. coli bacteria after 3
hours with UV irradiation since they have high OH radicals on surfaces. The photocatalvtic kinefic
rate can be expressed as an exponential equation.
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