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Abstract

The development of coating material of TiO, by doping with SnO, and Fe' to
improve the photocatalytic efficiency and anti-microbial that cause and vegetables rot. TiO,
powders were prepared by sol-gel method and coated on polyvinyl chloride using spray coating.
This research is to focus not only on the effect of the amount of additive materials but also on the
calcination temperature resulting in physical properties, phase transformation, the photocatalytic
reaction and anti-microbial of TiO, powders and TiO, composite films. For TiO, powders, they
were found that anatase phase appeared at the temperature range of 300 — 500 °C and mixed
phases of anatase and rutile exist together at 600 °C. The addition of 3SnO, and Fe' at 0.3-1.2
mol% results in a decrease in the crystal of anatase phase. In addition, the testing of
photocatalytic reaction of the films calcined at temperature of 400 °C were done by means of
methylene blue degradation under UV irradiation for 4 hours. It was found that
Ti02/3Sn02/0.5Fe3+ could degrade methylene blue by 98.7% as compared to the pure TiO, which
was 65.7%. Furthermore, the microbial disinfection test of Ti02/3Sn02/0.5Fe3+ powders calcined
at the temperature of 400°C was performed under UV irradiation. It was found that both E. coli
and Salmonella typhi, were killed 100% with UV irradiation time of 120 minutes, while spores of
Fusarium sp. were inhibited within 4 days of photo-treatment. The microbial disinfection test was
also done for 5%w/v as coating by TiO,/3Sn0,/0.5F e’ films. It was revealed from SEM analysis
that cell walls of E. coli and Salmonella typhi gradually begin to shrink, fracture and finally, they
are destroyed. For Fusarium sp as coated which are destroyed, seem to inhibit spore formation
and destroy the old ones for a long treatment period. Case study on the use of prepared films for
prolonging baby corn life was done by wrapping baby corn with films and keeping them at a

constant temperature of 11°C under fluorescent lamp of 10 which was located 50 cm far from

©)



samples. The samples were obserbed during 22 days and the data was recorded in every 3 days —
period. Is was found that the TiO,/3Sn0O,/0.5F ¢’ films can reduce damage and respiration rate of
baby corn, resulting in the extension of fresh baby corn life from 7 days to be 16 days or about 2

times longer then that of uncoated films.
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@3990 (A1) (A1)
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ﬂ%ﬁﬂﬂi’]il 1,771,593 49,637,041 2,428,330 61,843,329 2,961,006 45,981,587
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M3197 1.4 auiananenmveslnseain Tio,

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), f(deg), P(deg) 90 90 90

Unit cell volume (AS) 62.42

D, (g/cm3) 425

Space group P4,/mnm (No.136)

Atom Site | G x/a y/b zlc B (Az)
Ti 2a 1 0 0 0 0.42(6)
(0] 41 |1 0.3051(7) 0.3051(7) | 0O 0.6(6)
ﬁm: E.P. Meagher and G.A. Lager, The Canadian Mineralogist, 17, 77 (1979).

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), f(deg), P(deg) 90 90 90

Unit cell volume (f‘f) 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)
(0] 8e 1 0 0 0.2081(2) | 0.613(90)

NU: M. Horn, C.F. Schwerdtfeger, and E.P. Meagher, Zeitschrift fiir Kristallographie, 136, 273

(1972).
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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)
0O(deg), f(deg), P(deg) 90 90 90

Unit cell volume (f‘f) 257

D, (g/em’) 4.13

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)
(0] 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)

1: E.P. Meagher and G.A. Lager, The Canadian Mineralogist, 17, 77 (1979).
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' o . 70 9 I Y 3 dy ~ A I o s . [
al, 2000) UM Tio, MilszgnaldilumsdudusounaiiiFe sgemsdunsIzn Tio, fy
H \ 4 a . . 4 3 & .
AgNO, M ua0eegluii1 1ae35 Chemical reduction method tWoAvIms IiThuilu Ag/Tio,
Y o o 3 A ] A A ) . . = . z 3 a A Yy
udnhmneaosdudamIeaunfize Escherichia coli Wafio Ti0,@mNsoduduuaiiize 1aa
[ . <3 Y 3 Y 1A . 1 = =<
e Ag/Tio,namNsaduda laan11Al Tio, 08191A8109 50%
Aan = A A d ~ 4 [ = 9
Fmamsoueumansoay lnnmdion laoon leaszauunu - wieu'ld
a, 9 1A, . .. . syt
NaeIs launis Hydrothermal, CVD (Chemical vaper deposition), PVD (Physical deposition),
. .. ad = = o as
EPD (Electrophoresis deposition) 1az35 la-1wa mswseu lnnidionlasen lea Iae3s loa-
I A, § 1 [] Q Aaaa a Aaaa
wa Wuishdenazsa luune Fueseunnilgnsenlalaslada (Hydrolysis) tazlfise
] . . ~ o J a
AMUUY (Condensation reaction) Ud lnmidienlason lud Inswenlyed da (wumulale
ue) uaz 1,3-Iwsmulasoa Taswfigurigiia1eg Av 400, 500, 600, 700 1Az 800 °C Lo
[ 4 a 1
muguldazIIAIYMAYIITFUATIEH  Insizguugl lumarniinans Inseaisues

= dy Aa ~ J A a o ~ J
panuaziunAved lnmitiolavonlad Ngmmngil 400 °C oynnveslnniionlaoon lua

< o A PR { = o v = ~a
LﬂULwﬁagu']Lﬂﬁlﬂ']uu lﬂJ@qmﬁﬂﬁJlWﬂJ"UUQQQQ 700 C TﬂiﬁﬁiNﬂlfNNaﬂﬂJm”lmmuﬂullﬂ
Y

U

¢ = S 7 A o ! o ¢ . .
pon laaszildswiumlag Indinounanua  diumsdunsizi  Nanocrystalline — titanium

=

. . . 4 Ao o a A 2K A ~AA 9
dioxide (T102) NYUNDUAT (180-240 C) IﬂﬂﬂWilﬂNﬁWﬁagaTﬂLWﬂaﬂlliﬂ@\iﬂﬁil‘lﬂﬁﬂlﬂicﬁ

Q QU

<3| QsJ‘ T v 1 g’ @ [ J
Titanium iso-propoxide UM lFansdadu aedasiarnniminasazaeldlumsdunsizy

9
v A

v
[ 1 o o ad A
PUMA TiO, dAT1dIMIMINANEIAD 15/100, 25/100 uaz 35/100 Wananaznoulasldis
wvAa [ [ [ o
Spray deposition autimilusdnszau TuuazlianyazNgUHAINMIToUNIN MTIAT oY
@ a o I A
pymaszau Tu wazflduawnsoldily Gas sensing lHunedusiiner wag Photo-

electrodes WON1 Dye-sensitized solar cell (Rao {82 Dutta , 2007)

13 amsianszansmwvesiiseTWlananz Tanvedlnmislenla
oon 1o

M3 14 lmidlonlaeonledernzeglugueseymaniotldy 1wu M3
wﬁﬂmm%ﬁwzﬁuuﬂummﬂ'si“uvlmmf,!ﬂu"lﬂ@aﬂ"lmﬁmﬂ%’mﬂﬁﬂmﬁmﬁamﬂu%uq a5
msfnmaivdszaniamdfiser  vealassadanTuvesildu lmmidionlaven luad

TaUdeRu  (Siver) laowdandululassadne msAny19zade  Silver—modified nano-
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structured TiO,thin film Tagldnaiia Layer-by-layer dip-coating(LLDC) Tagisen TiO, sol-gel
[ 1 5 ad I o @
N T wazi3en Ag-modified sol-gel 31 A Fe¥i Iaseadreveswlay Inmiionlaeon loaligrdy
o & A 3 ~ 7 o o 1 g .
ulumsinaou 4 uuy Ae TT iulnmdisylason ladnue) TA (Fuaruilu Tio, ves
A 2 o 4 g S A =
Aty Ag-modified) AT (Juaruilu Ag-modified FuAndu Tio,) AA (Tulmnieyla
Y
4 Y [
20N lyALL Ag-modified MNUA) HWoU®Dd  Photocatalytic  activity as1v9aldan
Photocatalytic degradation process U®4 Methyl orange WAV ﬂﬁﬁ?ﬂﬂmmmm"laﬁﬂ
ard [ 1 4 A Aa A aaa
(Zheng. et al , 2007) Wawergnindo Tduniageaies momuilsz@ninmvelgnse TnTa
a ' <] a
uang ladn 19 IARBUVY Active carbon (Youji Li. et al, 2005) Glass bead ttaziianndn 13aiiu
. Jo .. Y
(Balasubramanian et al, 2005) Silicon wafer (Duminica et al, 2004) {03 (Zhang and Xu, 2004)
I
uag Ti foil (Keshmiri and Troczynski, 2003) dludu
it lnlgnsenTn Taunag ladniidsz@ninmanas Ao mM3sauda
Y adg adg ~ d < o
nuvesdanasol  uazvauvesdnasoulu lnmitisylaoen loasdnsiasmasainms
Yy 9 v A A A Y Y] :JI A [ 1 = Y & (Y
nizdumesdgionsedouas  aulumeaailygmanan  elaimsladdeleoouves
A = 7 i & o o ad { 1
Tavzuataad I lulnmdionlavonlod  medludiandianaseungnnszduudala’li
@ v @ ad & I A a A aaa 9
naumnswsINUrquaanasou  Feezflumamulsz@ninmaeslgnienla  leosuves
) 1 I~ 1 [ 1 s
Tangnladaaly ldun cd™, pe'", v, W, ce™ , Na", La" nag Ag” iiludu uaensaenani
51w 1 laimsne lagldasignninwu Fe'', zn™, C, S Wio N
A Aa A AaAaa a o A, [
msndszansnmvesdgnsen T lauaaz ladn aansnit1dd035 1a1
o
Tanzvise lessulany uazelane acldlulnntien’laeenled Harizonov tazame (2001)
o = . A A Y  an Vi ~ P
MMIANEITZUVUDS TiO/MnO Na3oud1e3s laa-a laeld Inmiiien laoon ledwnon
7 . . . = . < ) =
Tarel (Titanium ethoxide) iy uamide lumsa (Manganese nitrate) Wuasasau %1598
(Xerogel) 1 Idvi1¥udan 80 °C waz wdrsgainigil 560 °C lueime 1 %1 Tua w3135 Tesa-
=) =\ o [ Y =\ a A =
waansowsen lnmdlen lasen lad luszauu Tu'ldegradidseansnmuas MnO i
[ Aa { I 4 1 [
aomsaagurgivosmsdsumlasnnmla  ezuwna  liliilulag Induazdanade
Aa A a 4
YszanFamIn lananzaanaie
Lee tazamz (2002) AnvignsenInTaunaz lada (Photocatalysis) t1az
wa J o o s w o
autiAseutin (Hydrophilicity) vesflan lnmiionlason ladn 1adde Al waz w i ldszuy

]
S A

vostlaunIsldrs w aznaajnsenlnlannas ladndngauazlduniaddie Al udas

4
=

UszAnsnmvesdjnsoaninlnmilonlaoonledusgns
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ANHINAYDIMIIAGOUUBY TiO, DUATUBU (Active carbon) (Li et al.,
2005) iiterindfAsen Il Taunas ladin 18URE Zinc ferrite (TIO, (ZnFe,0,)) (Cheng et al.,
2004) 1958191035 Sol-gel Loz IFgmuiilumT 400, 500 1A 600 °C NATOUEAIBAI Methyl
orange (MO) WU 400 °C H4 TiO, (ZnFe,0,) vzuanslfisen Il Taunnz ladn18an3 e

Al = = ”i?} dy Aa A a ‘i?’ Aa
BUNNUDUN uazmumwan”lmgmu WUNHIAAAUNDYUNNUFIVY ﬂszﬁmm (Surface

Q u

9
v o

dy Aa 1 = o . A g a J¢ A a
charge) TagWuNAIEINADINITAAFY MO VU TiO, (ZnFe,0,) Miluuanzaad asiungurigi
400 °C TiO, (ZnFe,0,) dzudasnamsinalfnien In Taunaz ladn ladnga

Bakardjieval ttazaniz (2004) AR 1Msaa18@Ived 4 - Chlophenol lag
Yy 9 &£ 9 . =~ ~ @ o
nszUIUMInTEAUMIBLay Feldeuma Tio, uvverumanlSeuisunueumaluseay
w1 Tuueg Ti0,/Fe,0,, Ti0,/ZnO tag TiO,/ZrO, IR LR Homogeneous precipitation Tao
a Y . Y an . a 7 ] A da o a o
w3on 1A9In TiIOSO, A187F Hydrolysis AAT1ZH Inseai1uaziunmvesi I Taunnzada
MINMIAATIZHHANUNN 1 %Zr™ 92da18 4-Chlophenol Aae1lszanSnngagaiiioiiounu
. . ~ P
TiO,/Fe,0, Ti0,/ZnO wag lnmidion lasen lad (Tio,)
o ) ~ J . .
Wang tazaaiz (2004) 113 1ad) lnmdien laeen loadae zr** (Zirconium
4 a a I a 4 I 09/'
ions) tedntlszanimwmsiuuaazaad Taeld zrocl, Ti(OCH,), Wuasasdulums

[ Y as o ' a 4+ ~ . 1 [
ANTINAIT lra-wa Teemsdsuamlsuna zr'" lugesmuaiives Ti Zr,0, #1990

Y
v A 1 a J

il 0 0.02, 0.04, 0.06, 0.08, 0.10 1Az 0.12 WU TiO, N1Alde zr" Tilszaninmgand

4 v
TiO, USAN5 tagwu Ti,, Zr,,0, WMilszansnmvesdnsenTn Taunaz ladndniga sz

0.94

v Y
~

2] 4+ o Y =X d A Aa d?’ £ & a1
M3 lal Zr Mmldvinaveswandnadluvagnnunmnnuusalunadaenis
F4
malfnsenTn Taunaz laan lduniiu
Wang tazamg (2005) Anlszansmwvesdnie i launaz ladnves

ZnO/Ti0,/Sn0, TUBAT1AIUVDY ZnO : TiO,: SnO, A0 4 : 1: 1 HAZKNAGUHRH 200 - 1300 °C

Y

aaa I o a
Anvmsaats MO TulfnTenszdqualouaalaeld zno/Tio, S0, luginailudunasdad
T8l 1u MO nagnszdudionegy (Hg lamp) Taolianudunas 2.9 x 10° pWiem * inaims
SUNAANA AU WDIULRINURUHANINIDN 700 — 900 °C dziaWav09 ZnO taz Tio, 1Az

S v a & ) g s A
Wosuaunailu zn,Tio, (gnunen) Iu dezuundves Tio, nlavwiumesindile

a =2

gaMgiigeda 1000 - 1100 °C FgangangivesmiwasumlaluniziluTio, uSans (800

a 2 oy A A <. a . 2 A

- 900 °C) e lnuyudien 1100 °C Ao Zn,SnO, @nuaAn) wagna Zn,Ti Sn, 0, VUN
& A

QuHgil 1300 °C WuNAIveIRIRENIlManauliamuguygll 1ednniimsnlasumlag

b4
= A

YIAUDIDUNMATINATUITD99INMTOUHTN



22

Kang tagae (2005) 1aAnE1m3i19aa15 Methyl orange Juvoaiadnle
V/TiO, iduns 1w 1861035 Tora — 198 Mvualisamdnues V (1.0 5.0 10.0 wi%)/Tio, Tag
et TTIP (99.95%) 1 V,0, (99.99%) vualien pH winy 1 i lunaulileszivesen @
= d . . a P d‘ <
80 °C 1fluan 6 1 Tus Tio, ez V/Tio, sxinamldezuunadiuioni i 500 °C Wlunal
3 42139 WIHI V/TIO, NAdoUMIaa18@1v0d Methyl orange ARG 20 - 100 ppm Iae1d
M9 V/TiO, 0.1, 0.5 uaz 1.0 n3u azaeludisazals 1000 Jadans 1dINTzqUAIBUADIN
WADAYIAIIANVGIAAUIIING 254 nm 1INMTANEINUI V/TiO, NEAIegungil 500 °C
| o a J Y = 1w di’ Aa
Whunm 3 Fr Tuvanasldezuimauazy Inawauiuuazlvuaeymaminy 70 nm WuhA2
2 ddi‘ d‘a J . a a(d! a1 ~ 2 d' A a =
15.0 m’/g 3¢TNUNAMNNI TiO, UTgNT Fadlauiies 7.0 m’/g iomiuilSinannu@envuia
a 1 1 1 4 a 4 4
YoIOUNALAZUTUINTVDIFDIINILHAINNTUALG  LAZIINHANMITANTIZHAIIATEY XRD
= 9y A ~ I o = A A
mudeuazd lunud lnndion laoon lad loosuaunseneruudoniilsunm - 50 wi%
[ Y 4
V/TiO, aiiautia o1 minni1 uagansnaale Methyl orange 14ANI1 TiO, U3gNF
4
Li tazamg (2005) ANMINAYDINSIAADLYOY TiO, UUAISUOU (Active
carbon) teriunsen Tnl Taunag ladnTaeld Tetrabutylorthotitanate (Ti(OC,H,),) @301 Tag
a o J aaa a @
Wlwawa  wdnihhhadeovvumsven  naaevldnie i launaz ladnlasdaiodn
[ F4 v v
Rhodamine B WU gungil 450 °C mammigildozuunaiu aunsziail 550 °C oguund
A I J 09/’ ) @ . a = A a 4 '
wilaowilug Indnavua dwmsu Tio, vSand N 450 °C uaz 550 °C aznauwlag lndunni
1 1 o A < 1
TiO/AC UAZYUWIANANYDY TiO, 11N TiO/AC IAgdATIMIINNUYLIAYBINANSIND
TiO,/AC
o . . d! = ad a o % . .
M31101NIAYY Ti0,/Si0, Fua3on 1aeds luTnsdiiadu (Microemulsion)
<3| o 0 aaa Y g’ .
(Lee et al., 2003) 1% Titanium tetraisoproxide (TTIP) Wuais m&’umﬂgﬂﬁ g1 1Y Sodium
bis(2-ethylhexy)sulfosuccinate (AOT) 1ApYN 1AV TiO, LAZOUNIAVOY TiO, /Si0, 13en 14
a 4 aa Aaaa I 4 1 I 1 Aaaa 9
nnAszieNaoes Insananiisanowiuesdlsznoy  wudwlag Inatinadedfnsenios

a

1 A Y A g o Aaa o Y .
nwldezuumangungil 800 °C Iassadnndluszvesilavesdannilveyma Tio,

Y
[

2 2 ! a Y z a 3| J =2 A <3
(Anatase) HANULFDYITNGUH YN Lm%EJ“LIENﬂ"IiL‘]JEIEJHL”]JuLWﬁE"lTIﬁ VHIANANUUVUIALANN
dy ~AAa A dg’ A A a Aaa . . = va o a 4
HagN UL Womu3unasanm oy Tio, /Sio, Nautiatlud Inlauaazaad

1N TiO, S gniuazii Tio, /8i0, = 90/10 vzuaasaiaiiu T launnsdadiage
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132 nalamsfisdisentWlauanzladn

1 msldildrelanznieelans madindszansamugaseTnlauansla
anldiulndienlaoenled  Tasms TR Tanzuaze Tansduisniimsdnudueda
unsvane  nalnmaiindszAnimmuesms e Tansuaze Taned 14050101 3nanen Tuaa
areiu uangeiuliawriiavesda Tall

Liu uazane (2007) Anvinalnmaiudssa@nsnmvesfisen T laun
azladnvod lmmiienlavenlod AlaUdeTuTason ) wazmauniuswsyluTasiou
(La, N) wuﬁﬂmm%’mﬂaﬁLﬁﬂﬁmﬁmmﬁqquﬁ 650 °C wodlnniiionlavonled 14
duaumiiusawsululasiou fie wlaesuund uaziiamanauszninesuumadug Ing iile
Tnmidionlaeon lad IaddeluTason Usz@niamidinso v Tauaes ladnves lnmiloy
laoon'lad TaUdreuauniinswsululasou Tiwageninmiionlaeen ladii 1aUdae
Tulasu iesmnuinandnvesinmilenlaeen las i IaUdronaunuivs sy Ty Tasiou
@nn v‘iﬂﬁ'ﬁﬁyuﬁﬁ’;qm’jﬂmmﬁﬂuvlﬂaaﬂ"l%ﬁﬁT?\”‘}Jﬁ”m”luimmu m3 Taldeiaunnin

swnululasnuiing lnamaminl§ase W Tauaas laan dalugalii 1.7

Excitation La*

Wisible light

La* + TiOy(e)—La® + TiO,
La®* + Oy(abs.)—La™ + -O;
h* + H,O{abs.)—OH + H*
e V“‘“‘*'ﬁ h* + OH-(abs.)—OH

. 0;

b %) 040; T
AU, I . MH‘____.;FDL.LU]UTH.TJU!‘I

. OH \Ducumpusjliun
{OHM.O

1 1.7 na'lnmsiiud§nsen T Taunag Tadnves Tio, Tasms Iad@reuaunmivuay

‘OH/OH- La*/La™

TuTa319U (Liu et al., 2007)
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il é n  Flm
E 3
= e
= = i:0, 0: H20
i electrons transfer
T —
;E —_ Ece
i i S |
@®-li"te =
160z tayer £~ § " —+— +1 in
ocmed | @ $n0: ¥ TiO2
N - € i :: +2
Sn0: layer ¥ 3 ———— L
—= ;;,_ﬂ/f( ‘
) — holes transfer
Glass substrate S—— : i
E(evivs NHE
@ excitated carrier in TiO, excitated carrier in Sn0,

5141 1.8 nalnmandeuiivesszy luasuwedailay Sno,/Tio, (Hou et al., 2007)

a [2J A A a a
Hou uazamz (2007) o511ena’lnmsmsial Sno, werinsz@nsnin
voulnsenTn Tauaaz laanlu Tio, FanUFDIINNAINUYOL SnO, 1A 3.8 eV Lag Tio,
4
(OLUUNE) 1MIND 3.2 eV (Sayilkan et al., 2007) N3N TiO, ANTUEWHULOUMTUIVD
Ao 1 . [ A A adg Yy 9 o A
SnO, UAIAINI TiO, aandlugli 1.8 1WedlanaIougNNTLAUAIBNAINUDINUEIGINUN
ad o ) . o a g o
we dianaseulzrgaALauEuds lfuoumaiwes Tio, shlvsdnaseulunoumaii
A A [ o 2K Aa (% Y 1 Y v [YRPN
awnsanaoun ldwoumsihves sno, Fesnlindsnuiiesnilauazszgninmny 13nEves
o Y Y o adg . = Y
sn0, Mlvaaszeznarlumsndumnsindivesaanaseunazvguilszquinly Tio, Uwalw
vauilszquaninauuAves Tio, awsamalfnseeendgmin  uazilddszaniom

2
AT

o a d
2)  msmldfamananszrinsezuunanazyina
A a A = I an & IA
msulseanimmved lnnifionlasen leqonitvuiia e M3
o 99 ¥ 1 4 o 1 A [l
dunsizd Ivogluglvouanay szuhudaozumeauazg nd ludasdiuimimnzay wu
< g A A Y] @ @ 1 1
wa lnnitionlaeenlyd Degussa P25 Fufundenldnunily Taslisasaunauszrig
1 4 1 W d! a Aas a . . [
@31!1!,“/]?{@]6311/]6 Wy 75 ¢ 25 Famanlaeds lalas lage Tetra-isopropyl-orthotitanate #1©
4 2
#1875 3M IR FUUUUVAY (Densification) Maldaudu 1500 - 4000 KPa (Zhao et al.,
a 1 4 1 AaAaa a
2007) N3 nddezuunaves lnmidion lavon loav: laaelfaser i Taunns Tadn

9

18anae  uannmsAnvtaznaaInLIverate  Fu Wyl wanaueuise
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malfnsen Tl Tnauaazaan lagusununa lnmsinadfnseveurlanaw p1unANINo
ad Yy 9 @ o Y o o d? 9 [ 1
aranasouvouraaz U INAYINTZAUAIENGINY M IRUISAVNAINUGVUIUTINYDIT
1 ) 1 { % v o 1A 4
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J o

[} { v v ad
agadv 3 Indvzihminduddvdianasoul’ (Electron sink) (Hurum et al., 2003) @113
Y 1 a @ v W ] % o !
Hosriuhildddnasoundumnsdinunguilszquan1dis swaasnalndslugdd 1.9 n
A a v W A A Y 9 o adg
WioenMsanauiumwgln 1.9 v Teelomanaugnnszdualendsny aianasouly
J J 9y Y v A = J o 1w =
HOUNIAUGY9] Indazgnnizdu 1ddiend 111099101F09LOUNEINUIINY 3.02 eV &9
' 1ad { 1 o Y Y
tesnezuung (320 eV) uadranasoungnnszduluguaumsii rlihudinduinswny
Y < ' <] A~ "y
vauilszquanlunounaud Idedniiasa edwlspauiielindezuunanauegais ozul

o {o ad { aac 12 a aaa
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i hyv
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Hﬂ_et_
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sink (¥) HUUF1A09UBI Hurum taganz (2003) meanumag lna
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’q 9 = I=q U Y ' ' Y
msdszgnd I lnmidion lavon laanldluaumuaieg  wumedu
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a A aa I 09/’ 9 a Aa aa o ng [2)
15u1a 8.9 Hadans Wuasasduazarelwemuealsuias 143 Jaaaas vasntiulal
3mol% V84 Tin (IV) chloride pentahydrate (SnCl,.5H,0) (98% 1SHN Fluka Sigma-Aldrich)
< [ 4 [ I~ 4
(a2 Iron (I1I) Chloride NIUAIIAVISI 800 TDUADUINAIBATDINIULUIMAN (HONIUATY 15
as o 09} o a Aa Aaa v = ~
wn Iaiihnduilsunes 1.62 Tadaasaslil naudeaunsv 30 u1h veaansazansuey Tuile 4
[ 1 I~ [ H A
Tua1s asll5y pH 185z 3-4 naudedionuisa 800 seuaewil Ngungives
o < Py a gy v J ] 1 [
awasy 1 2 Tue 0y ngagiivessunsznuiluma dadiuves TTIP:C,H,OH:H,0 11
Y
1:82:3 sanaulaglua 9199991ANUITBURY Qingju Liu LazANy (2002) TUABUMST

'
o I3

o s o A A < o Y
mmﬁzmmmm;ﬂw 2.6 umaaumqmwgn 105 °C L“]J"LJL’JﬁW 24 "lf’ﬂlN LN1ﬂ161¢]ﬁﬂTJ$

a

UFTOIMAAIIA UGN NIIA1 LINDBERG/BLUE Nigasvig)il 300, 400, 500 t1az 600 C 9a51
A a 1 a { <
MIuvesgungil 10 semaowil amuguanuiou w gangigegandesmsiiiunm 2
) 09.:’ o 4 @ { Qs/ 4 )
#2119 92 14K Ti0/Sn0/Fe’ dumpumsdunsiziuaasaegln 2.3 agldaguauinol

naaouno i
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[ TTIP 8.90 ml 1 [ C,H,OH 143ml }

A 4

[ TTIP solution J

Stirring 15 min (800 rpm) +—— HO

A 4
~N

Mixed solution

pH 3-4

Stirring 30 min (800 rpm) <«— HCI2M

A

Photocatalytic reaction Characterized by XRD

test and SEM

d' = A . 9 ax
g‘l.h’l 2.1 MILATYURNILTTITINADY TlOzﬂﬂfJ’J‘ﬁI“]m-ﬁ]ﬁ



TTIP 8.90 ml SnCl1,.5H,0 3.155 g

(3 mol%)

C,H,OH 143 ml

A 4

|

TTIP solution J

Stirring 15 min (800 rpm)

Stirring 30 min (800 rpm)

Photocatalytic reaction

<+<— H,0
v
~N
Mixed solution
pH 3-4
J
v HCI12M
| Sol I
\ 4
[ Dried and calcined J
v
| Powder I
v
) 4 ) 4
Characterized by XRD
and SEM

test

d' = A . 9 an
g‘l.h’l 2.2 MILATYURNILTTITINADY TlOz/SnOzﬂ’JfJTﬁT“]m-Lﬂﬁ
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TTIP SnCl,.5H,0 FeCl,.6H,0 (0.02432, C,H,OH
(8.90 ml) (3.155g) 0.0405, 0.0649, 0.0811 and (143 ml)
(3 mol%) 0.0973g) (0.3-1.2mol%)

A 4

[ TTIP solution J

Stirring 15 min (800 rpm) <+ HO

Y
\

Mixed solution

pH 3-4

Stirring 30 min (800 rpm) <+“— NHOH4M
4

v v
Photocatalytic reaction Characterized by XRD
test and SEM

517 2.3 mawTounaaz 150D TiO,/Sn0,/Fe’ #1075 lya-1va
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ke v

2.3 managevlfnienTilauanslafnlumsdesaaedvesniduugiiensidunsizrla
n) MIAFENATAZAWINATFIY

= A FY o a L4
wssnensazaenIasg Y eaiensmnasgulumsihllimsizine
Tagnssuensazaemwnauughil Tnssadwaw 31U 2.4 anududuoglusie 0.5 x 10%) B9

- J o 1 4
3 x 105) Tuans ’mﬂﬁ@,ﬂﬂﬁmmﬂﬂﬂ Ultraviolet-visible spectrophotometry FI9ANVEIAAU
200 - 800 W1 TUINAT HAZIABNAIINEIINAY 664 W TUILAT TUN1TIA Absorbance UDIUNTA

UUQ HAAIAIgUN 2.5

Methylene Blue
N
A
H,C c
3 \-,_li‘ “"‘\34* T_J" H3
CH, cr CH,

517 2.4Ta590519U0UNA UG (Methylene blue) (www.nilesbio.com : 27/03/51)

I T " |. L T T L l@l T T T T I T T T T I T T T T
200 - 300 A 00 600 Yyavadangth (nem)
319 2.5 Spectrum mmﬂﬂammwauwauuammmmmu (0.5-3)%10°

Tuans
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ax 1 -5 J
nsmlingsgiuvesansazatewnauuglugi (0.5 - 3) x 107 Tuals uana
asluglin 2.6 Fulsunsmlszyang anududu dus Absorbance IA1ANYNABIVDING TN

R’ =0.99962 o nmannududunnlasunlasliiie 185 uuacgd dnaaeaiu

1.75 - /1
] 7 ,
1-5__ /
E 25
E 1 : /
5 1] -~ |
5 /!’” R® =0.99962 |
ai —
= - ]
i ’-’/
§ 0.5 T
0.25 /.-/
u—}//
e et S e T T T — L S e B
0 5B 1E-5 E5_ 2E-5 Analyte Value * Path

H Y] Y] 4 1 a - -
517 2.6 anwduiuszninanududuvesasazatomnauug (0.5 x 10°) - 3 x 107) Tu

U

v : :
a15 AUAN Absorbance 11 1@911ATY UV-VIS spectrophotometer

v) Unsenllaunnzlaf@nlumsdesaaedveuniiauug
Qy A o Aaaa a [ = a
Funuihmaaeuljnsen T lauaazlaan  lumsdesaarsdveani-
= 1 9 1 as Y 9
auug oglugdvens Tunmsnaaeuldns 0.0375 g dodisazals winauug anududu 1 x
-5 4 Aa Aaa o as v Y o 9 A
10° Tua1s 10 Haaaas hwaazasazaomnanugldluvnasanaaes ndnih lnadudie
[ ~ o dAA Y 2 A 1 ~
SuuagIvIa 110 IAANTANUAULE 3.89 mW/em® TasAnueIAaUeILgd (310-400 U1 Tu
I ) o Yy v A A ] A
was) Wunat 1, 2, 3 uaz 4 ¥ 1ud Jaanududuvesaisazaisiilasuulasdrensos UV-
. Y o K 4‘ = [ Yy 9 Aan 4‘ Q‘ dgl
Vis ud2uiinna 1MoAnY18AI1NI0AA9UBIANUITUTUVR UNTAUDY WA UNNTY M3

NAAINIIZAL 3 AIDIN
o . as Y [ A
MIAIUINNT %Degradation VouuNaAULY Iagldgasasaunsi (2.1)

C —C
%Degradation = ("—)x 100% 2.1
C

0
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A A Yy Y A 9 "o -5 4
1o C, Ao ANUITVYTUAY 1A 1 x 107 Tuais
A 9 9J 4
C Ao ANUINTY & namaaeu (Tuais)
Aaan a | &, S A &’ d‘ o Vv
2.4. nszurumsnasevlfnsenllauanzlafnlumssinvenuaiiSenaziveivhlvinnuaz
Y 1A Y d‘v F4
walsiudedmenandanzila
nmsnadovlgnson i lauanzladn  lumsdesaaeduesasazans
ax ] A =) an 9}::::' aaa a ]
wiauug ihgashdesamediunauug ldangaumadeulynie I launaz ladnlunisai
& g &L
¥ouuANG oLaIFes
] & S A
2.4.1 MSNATaUMIHNUFoUUATISE
dy Aa A 9 A . . A 9 o
Wwouvuansen s lumsnaaoune E. coli Wag Salmonella typhi \5MANYN
dy Y 4 a A A a [ a . 1 d‘d
Wo  (lamsounTgHaInmalIxgasImer vnaneaeasvaiuasuns) ldasluvasail
. Y o A J A o 09/’ o di’
919113112 (Nutrient broth) 11a73111 11ivgh 200 sevaMH Hunal 24 H1Tue 1niurinie
1 Y
AU e v I ldanududu IaemsmudeuuniGeasly 0.85% NaCl (10 1adang)

Y
nlSeumeuanududuals Mcfarland 31 Idaududu 1x 10° CFU/mI ¥a991niiusnd10e14

g S A a an 1 tﬂ'tﬂ a an a tﬂ'
wouuaNizent 0.1 Jaaans laasluraeanll 0.85% NaCl (9.9 Uaaans) ANMIZATNAAY
ydd' A a o 3 o [ ~ 4 A
dsazate MB laangaadly 250 Tadnsu mmiuth ldSuneas g3 Wgeoismaud uaziia
I [ g {1 ] { [ A Aaa
Wuna1aeg (0, 30, 60, 90 taz 120 WIH) AFERMIUMITULAINNAINNGI 0.1 Haaans
< . A A Y Y o a tﬂy Y o dy '
NIARIVUDIMITHUVI(Nutrient agan)a3on 13 udwimsmasuunumiziye wdiwie Ty
~ o < ) [ a’/‘ o o =R U v o dy P A
137 °C Wunan 24 T vantiuiimstiuinoea lasnmsnegliaziuiwusenmas
(31 2.8)
2.4.2 MINATDUMIH YD
di’ ~ 9 A A Y o dy Y a
Wos g lumsnaaes Ao Fusarium sp. 5uawiugye (lannaaimga
a a [ a 4 1 { o (% 4
1IN WHINBsavaIuaIuNg) lalurasaniosmadid M vwes 1 (Potato dextrose
Y o T oA 1 a3 o 09.1’ o dy A 1 o
broth) 1d211 1wen 71 200 seudoR 1Wunal 24 H1Tue niiudseRrIuMT e ¥
Y
a a Aaa o o
T ldanuduvulasmaaniesiasly  0.85% NaCl (10 Haaaas) adeslasly
Y Y 9 5 Qs}l v W [ dy Aa aa 1
Hemacytometer awldanududu 2.5 x 10" spore/ml NNUUFNAIDYIUFONT x HAAAAT (A1 x
Y o Y 1 A Y a ~
lavinmsfuiudie Hemacytometer ) laluvaoaiil 0.85%NaCl udnaumsgasiaaiy
msazmewnauug ldangaasly 250 Haansuasll udnimaealdsuuas o3 Wgoewse
4 A A I 1 o v (] dy A Y] ~ 1
UA taznia 1Wuna1nee (0, 1, 2, 3 1ag 4 ) FAleE1uFeNHIUMTTVLAIRNIAIA19IN

a Aaa < H ° '
0.1 Y29aM7 NYIAAIVUDIVITLUN (Potato dextrose agar) ‘ﬁm?au”l%’ LL%’NI"IﬂﬁLﬂaEJ‘]Jui]"IuLWE
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{ ) { ] ! o S o @ OBJJ o o
150 (Spread plate) u@iuda l/uun 25 ° iWunar 48 $11ue nasmiimsiuinnalag

1 Y] ) tﬂy td‘ =) ti'
m’mwgﬂgmzuummmﬁmwmae (2ﬂ°l/l2.9)

= a(d
2.5 pszUIuMsmasulanuig
a o A 4 { YY) 4
Tumswasuflauunaliitmandounuvanlss wie Ajannuluiens
o o P ' {
wasunuumilsdazees Jagquazginsainld 1dun we  TiO/Sn0,0.5Fe”  gashaae
Y A A s a g ay a s
dsazate MB laafiqe ehaueanoaea 95% (C,H,0) WanIndlianaslsd (PVC) anw
a o [ = dy a . + A
wuveadlaumny 11 lulaswas @yeeiiunaiadn (Polypropylene primer) nseiloansovia
o 4 3 A o [ a 4 a Aaa
wazalsd TuaeulumsmasuisudremshrpauiUeNaeansaea 100 Jaaans lay
A (A 1 o { { < [
TFmanTunaaen (1%wy, 5%wiy uag 10%wy) i livyumlssinnusa 1,000 souae
A )=} 3 o [ L4 3 Jd o ad 9
Wi Wunar 10 wn ntwihlgviaaalss Tuaeumsalse neumsadsdasuuianass
o 4 a Aan 4 U A A A =K A ad o’/’ -4
Mmmsanlsdned Tnsnau Inswesad lnewmemnaniamssanavesildy  viminanlsd

[ a 4 ) 4 ard o a’/‘ [l
TITHANTTHINRINENLaZoNaoanedaa MMsalsdasuuianduin 2 ¥ szeerig

=

S A A J 1w IS A Qy a <
senaniaunuImlsdmn 30 isuamas ndiens B lduiaiguugideuilunar 10-15
=
i
v Y
MIRMIUMAATIUNG TiO,/Sn0,/0.5F¢’ §UA 2.10 uaaaiunoums
A ad A A Y . 3+ o0 (=2 a o 0 A
mseulauindoudle Tio,/Sn0,/Fe’ aollsinauoateansgod Inefuimuny 1%w/y Ao
Tuasazate 100 Hadans Traeg 1 05y &1 5%w/v waaenluaisazats 100 Hadans nsog

5 n5u waz 61 10%w/v teraai luaisazate 100 Hadans Hkaeg 10 N5y

] 3 Y ard d‘ A
2.6 NITVIUMINATIUM SN TR aNTInaRD
A A Y A A 3 4 {
Waunlslumsnaasuluiduinmaeudie 5%wr 2 Fu wazienlyly
Y
MINATOUAD E. coli, Salmonella typhi Wag Fusarium sp. Yuaoulunsnaanife
v ad A A 1 A a
1) dadlavinasuuas 1HAABVVUIA 5x5 HUANNT
Y
2) thieldaalyIuewnsma) (NB § 13U E. coli uay Salmonella typhi 91%1511a7)
o o . o’/’ ) A [ a3 )
PDB §35 Fusarium sp.) 910311 l)iweni 200 seuaeund funan 24 $27u4
3) 1838 0.85%NaCl uaialaviaennas 10 Jadans
Y [
4) iwFenrumswewdigaldvasalude 3) auldanududu 1 x 10° CFU/mI

= = Y 9 Y 9 o A . .
((USeuNeUANUVNYUAIY Mcfarland) SIMSUED E. coli. uag Salmonella typhi
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Yy 9 5 = = Yy 9 9 am
HAZANMUNUY 2.5% 10" CFU/ml (1Touineunnuauiua1e3s Hemacytometer)
9
fmsue Fusarium sp.
dy 9 1 A a A aa
5) gawende 4) lalunasanl 0.85%NaCl 151103 9.9 Uaaans
9y
Aa aa < ) [
6) @m%mﬂsﬁ'a 5) 41 0.1 YAAANT NIAAIUUIIUDINITUUY (Nutrient agar d1HTU
Y Y
1%0 E. coli. a% Salmonella typhi uag (Potato dextrose agar @MUY Fusarium
Y o A dy di’
sp.) HAINMINTNAY VU ULAYLTD
o o o 9 M A A dy dy 4
7) Wrau1nUe 1) 1M9A31A9UUIIUNNASUUIIUID T
o dy dy Y A o ~ =
8) ummmmwaklﬂmﬂuﬂmmuumgazﬂunm 0, 60, 120, 180 U@y 240 UM
o @ dy A A Y Y A I [ o o dy
TN TUEDUUANLTY uamn”hsluglgmﬂunm 0,1,2,3,4 182 53U @ INITULTFD3I
o dy dy A o < 1 VoA o I )
9) mmmamwwmumﬁ3mmmﬂunmmm"lﬂuw 37 °C Wunar 24 ¥alug
) [ dy ~A A 1 dy ) oA ) I )
FmsuFeunaiise armwesnir luuin 25 °C Wunai 48 42 Tua
1 Ly a tﬂy d‘ A
10) sgziluazrivilsunanyeniviae
Y v 4
(lunsnaasamazAsIiIMAaIEIN1IzaL 3 A59)
v A A A Ad'o Y Y v " aa 9y ad
2.7 AzUIUMSNATRUM SIS Wazuuansaimldi I nadnee i udadisilanung
Q‘ ) Y 1 ] ard a
Fusemsinvn Inailnseunaumaly  udvedredlanIngliia
P o o T as  aa s ¥ A o ¥
Aao 5@ NnTumMsalsdalrened Innau Insmesdnnas R UABATUVIUADIVDA
o 3 o v ad { ard { 1 I
Ti0,/38n0,/0.5F¢” imsnden 2 sudmsuilavindon uaziaui lindouiluganiuqgu
09/’ ) Y3 A 4 v ] 1 9
mﬂuuu1"11J”m“l,u@,wuwwaawlqemiamm 10 309 Jagszezrinesenintming uag
Y 3 Aa a y 3 Y A o A o
HADANINY 50 LHUAUANT uazmuguqmwgmmgwuiwa§m 11°C (gﬂw 2.7) MNMSNaaoy

AzNAaesaz 5 A8 dunamslasuinlasesdnnInaidngeunng 3 Tu
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A A

! v A {o q 9y 1 Slq '
st 2.7 manageumsauresmazuuaiizeni i Inaniuds Tasgl n) iudrinan

1 a

a d { [} I o o § { [
wodelaunli'ldndon v) Wit Inanvedrelaunnaouaieasndunsizy la uag a)

Aq Y
HAAIANIZN 1T IUNMTNADD

[ ard A a Ada
2.8 MINFIVAOUAMANHULUDING Waw vaz 1¥oaUNIYNNIUMINATDD
1) X-ray powder diffractometry (XRD)

mAdA XRD ﬁﬂ‘hﬂiﬂiﬂﬁ%’liﬂﬁﬂﬂ]@%ﬂﬁ LAZAUIUIVUIAVDINANUD

[ { a 4 { 1Y o [ {
usazmannavulupandunsizr IaglFauns Scherer Aaaumsn (2.2)

0.94
ﬂ cos)

t=

A A =

1o t A9 YUIAVDINAN (uﬂumm)

A A v A g o

A9 ANUINAAUVDITINDNY (CuK , = 0.15406 uﬂumm)

A9 Line width at half maximum height (I51A8U)

SR NS

o yudzNou (09e)
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4 d
2) IN5999aN33AHDIANATOUNUVADINIA (SEM)
) A o 4 dy a ad

75799 1A39a91990MAV0INGUATILH  taziuidINauaNunUIves
Al A A 09: a 4 % . o (A ]
Wanadou 1 uag 2 Fu 1Az INIITHNIINIZIBAIVOIDYNIA TIO, tazals Ialnnszneeg

a| d A, Ja @ []
UUHAUA183T X-ray mapping A28NA0I90NIIMIDIANATOUILUADINIA (SEM; JEOL ISM-
5800LV)
d

3) Ultraviolet-ﬂgﬁm‘im‘-‘lmﬂ spectrophotometer (UV-VIS)

TagsmsauaunanueInay 200 - 800 W1 lumas vazdalsuianiuy
Y 9 A as A ] o Aaaa Yy Y = A
WU ANNAUVQIUBHIUMITNIUYNTMINTEAUAIBUAIYD (310 - 400 W1 TUNAT) Tagiaon

A £ g A4 A aa Ay
ANNINAY 664 U1 TUILAST “]NHJ“L!ﬂ’NiJEJTJﬂﬁuﬂluﬂﬁuﬂgﬁWNﬁﬂﬂﬂﬂﬁuvtﬂ



Qo

Bacteria 10° CFU/ml and
0.85%NaCl (10 ml)

Ti0,/3Sn0,/0.5Fe™"
(250 mg)

A 4

Mixture of bacteria 10" CFU/ml and TiO,/3SnO,/O.5Fe3+

Irradiation of UV, visible and dark light at

various time (0, 30, 60, 90 and 120 mins)

100 pl from mixture spread on

NA plate (Nutrient Agar)

A

y

Incubation at 37°C for 24 h

Counting of bacteria colony in CFU/ml

k4
%

d' = 1 dy IS U= 4 3+
1N 2.8 TUADUMTIATIUNMITNATOUM TN UFDUUANITIAIIH TiO,/Sn0,/0.5Fe

46



TiO,/3Sn0,/0.5Fe”"

Fungi 2.5 x 10° spore/ml
(25mg/ml)

and 0.85%NaCl (10 ml)

v

Mixture fungi 2.5 x 10° spore/ml

and TiO,/3Sn0,/0.5F¢”

A 4

Irradiation of UV, visible and dark light at

various time (0, 1, 2, 3 and 4 days)

\ 4

100 ul from mixture spread on PDA (Potato

dextrose agar) plate

Incubation at 25°C for 48h

A 4

F Counting of fungi colony in CFU/ml /‘

9
o

v Y
U 2.9 dunpuMIIATsuMINATOUNMIHUFOIIG18R TiO,/Sn0,/0.5Fe

ca
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TiOz/Z%SnOz/O.SFe3+ powder Alcohol

A 4

Mixture of alcohol and

Ti0,/3Sn0,/0.5F¢’ powder

4| Stirrer at 1,000 rpm for 10 min

A

Spray on PVC film (thickness = 11 km)

1) Polypropylene primer 2)Ti02/Z§Sn02/O.5Fe3+ slurry

Dried in room temperature for 5-10 min

TiO,/3 SnOz/O.SFeH powder — coated food

packaging film

4
U

51/ 2.10 FumpuMsIT ouMsIAREUTENAI TiO,/Sn0,/0.5Fe” slurry
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[ L4 A a ~ 4
nnmnaassduasiziasndoui lnmiion laeonlea  lugdveawns
ard = a A a :/l ad a 2
uazayTasfnyoninavesguugimaw  aAnunuvessuildn  tazliumvesas 1l
1 1 Y [
Sno, tag Fe' tiollSulgalienia v lauanzdadnayu Tnlauanzdadnndovoguuilay
a a s o ad A 1 LY J o o
wod hilanae’lsa  wazihwduimdou livednInadneeuildoneginuazwa ld lauu

VAo A IR A
ﬂ'JTV\I'ﬁﬂJ‘VIUlﬁJWWHﬂWHﬂﬁ@‘U

3.1 aNTWAVQMUNHH
! ¢
3.1.1 dnEnavesgamglinomsnlasumlaveswdlnmiianlasenlsa
o J = J Y anq Y z 1
myduasizis lnmidioylaoonlad Tasmsulsiugumngiinldmaa
300 — 600 °C WaIINMhAIIUAAeATNUAR1TYE IaRsdnyuzaziBeamlounilsdnyuzuea
A o R A A [ A~ oA a Iy A ' A o
patldmdnemnaes asgln 3.1 wududoi lAmszidienies SEM wuiwmeliansue

1 ] v o o & Y o A A o a '’z 9 Aa 2 ]
ﬂﬂuﬂlWQﬂaﬂJﬁ]Uﬁ’JﬂULﬂUﬂ@u ﬂ\izﬂ‘ﬂ 32 LiJf]u1W\1l‘lﬂ’:]lﬂﬁ'lgﬁiﬂﬁ\‘lﬁﬁ'l\‘lu/‘lﬁ‘ﬂlﬂﬂ"llu £

a

' ~ 5 a ds" A o @ A
XRD W‘]J’NWQUlT]mLuEIiJhlﬂ@’E)ﬂleI)'ﬂiJL‘V\lﬁflzuu‘lflﬁlﬂﬂ"llu‘lflqmﬁﬂh 300 -500 C Llﬁﬂ\?ﬂ\‘igﬂﬂ

U

A N 2 2 ° A A A 2 599 < =
33 LN@QQAﬁQNiHﬂWiLNHWN“\IHQQ 600 C liJfJQill1’?QNﬂWiLW'I!WiﬁJH‘ﬂ'ﬂWﬂ'J'INHJHWﬁﬂ"ll@\‘l
4 [ [ 4
PLUNNAIVY FIMTUNY TiO,/38n0,/Fe’ (31N 3.4) Wugungimsnigiuiinansny
I~ = d? ] I A a P o ] [ o
LﬂuW'(?Iﬂﬂl@ﬂlﬂﬁﬂ%u%ﬂﬁq\ﬁ]ul‘ﬁuﬂu !Lﬁ$L§3JLﬂﬂlwﬁzllﬂﬁﬂ@]'lllﬁu\i 26 mny 27

3.1.2 BNENAVRIQMHHINABVMIABYMA

duasrzring lnmdloylaoon 1o Tagmsulsdugumngiinldms

U

9
ﬁamiwﬁﬁum 300 - 600 °C Llﬁgﬂﬂgf’lﬂﬂiﬂﬂﬂﬁ?ijﬁﬂﬂﬁﬂﬂmgﬁ&aﬂﬂ LLE?‘I}’JETQ’JLﬂi”ISﬁW”I

a

YUIADYNIAAIBIATO Particle size analyzer 1A s 1WINTOWKINANNQUMAN 400°C T11H
Y ~ s Aa 3 A A A o o
lans lnmidion lason ledyngasitivnaeymamnige tazmswineigurgil 300 °C
Iy ¥ { 1 1 { a' 5 1 (% 1
17 lansnfvnalugnmseniguugiou Fasdivineeymnaegluszaululnswas ua

A a 2 Ao A Aa Y A A~ Y
WONITUIVHIANANNATUIUIINNANAATIEHAIIATDOS XRD (gﬂ'ﬂ 3.3) Tﬂﬂl%qmmm

'
A o

Sherrer WUVUIANANYDIOLUUNANFUATIZH IANVUIA 8.27, 33.10, 23.64 1Az 33.10 nm

A a IS o o w A = 1 Ay v
Lﬂﬂqmﬁgwﬂqﬁlwuﬂu 300, 400, 500 (tag 600 C MUAIAU (9115190 3.1) G])'\'illﬁﬂ\'i:]'l@uﬂ']ﬂﬂhlﬂ
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[ oy v o 3 9 [] =) [ ~ 9 [ r'd . 3+
nnmsduaszitudnuiludousu@erdunain lannmsdunsizd Tio,3sn0,Fe’” gas
a1 lugii 3.4 wagmsned 3.2 nuhwavesgaumgimarnaevanan liFanuuazvina

=< A Y 1 A 1 Aa Y A Y o Y
Naﬂﬂ"lﬂﬂgalu‘b"lﬂ 14-25 nm NAITNN 3.2 4AZINNTAIUATIEHAYATOI SEM wai v

[ [

< 1 = I Y o Y 1 ~ ] = 9 a L4 Aa
HUNRINanEuZI U UNou ‘VlﬂﬂU]JJ‘VISTLI‘U‘L!WWILLHH@H%QW@Q’JMST%VIQ@H‘Vlllsllu"lﬂ

< v ~ 2 ] Z ] !
PUMARNNGANINMITIATIZHAIATOL Particle size analyzer DNATIHTNAILIATOL Zeta

9 1
potential analyzer, Model Zeta PALS, Brookhaven dnn3awtia fldinsiwvuiaeyninves

Y [ ¥

Ti0,3Sn0,/ 0.5F¢’ Muiuoufo 191 nm uazdilnseHmnUNAIAI0A509 BET Surface

a

d:j’ Aa 1 o A A 0 2 A 9 a @
Area UWUNNI 117.16 AT IUUATADNTUNBININGUH U 400 C TﬂﬂﬂlﬂWﬂWﬁﬂﬂlmfﬂiiuﬁﬂﬂﬂﬂ

U

A 1A = &£ A Y [ o =
511 3.5 wuhiivuamas 20 nm FalimaeandesiunasnmsAuiuia XRD
3.2 answavesaslail (Dopants)
3.2.1 answavesmsladaemsnlasulavesnalmnidisalasenled
o 1a1) 38n0,/Fe” aslumsindou lnniionlaoon ledimngungil 300
0 a o 9 A A dgl a Y a A
—600°C 3N Inseai1unave s iinadu 1103 AR 1zEAmatia XRD (U7 3.4) ¥4
e TiO, tialal 3Sn0,Fe’” quitioudnlSunaas Tal Fe' iliplSunaves sno, asi #1 3

mol% luAeelinadomsnlasumauimin Tasgungiae 300-500 °C ldaozuund od1g

U
a

A ! = 7 =X ' 3 9
R uangurgnmsw 600 °C wlaezuumeadsumiumeas Ind Fulusgiisudniios (<5%)

U

(913197 3.3)

I

l 300°C |
Py, e

17 3.1 walnidionlaoen ladiilomi 300, 400, 500 1az 600 °C
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x10,000

Tum x20,000

a

{ ' s A 4
51U 32 nware SEM vesws Ilmnmidionlasenlaa M1Rd0 3Sn0,/0.5F inigainigil

U

400°C

A15199 3.1 vinawdnuazlFuannavens Tio, ngurnia1ee

gaunigi (°C) VUIAWAN (nm) Ysanannla (%)
d d
azUING 3Ina azUING 3Ina
300 8.27 - 100 0
400 33.10 - 100 0
500 23.64 - 100 0
600 33.10 - 100 0
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A Anatase

1500

Intensity (counts)

1000 -

H\“""H--u-.- i no calrined

o T —7 T I L —

2Theta ")

P a d ~ s A a o
’g"‘]J‘VI 3.3 Wan13UnI1IeH XRD GIIENNQVLVIWIL‘L!ﬂﬂulﬂﬂﬂﬂll%ﬂlilﬂqmﬂ{]MNW 300-600 C

1) TiO,/3Sn0,/Fe” 117Nl 300°C

Anatase

5000 -d
1 0.3 mol%Fe*
AL —M—J\_—-\_A%____

4000 —

\\JL_/\ A A OSmoltFe

Intensity (counts)

3000 —
0.8 mol%Fei~
2000 — (:
1.2 mol%Fei~
0

|
10 20 30 40 50 60 70 80
2Theta (°)

51# 34 XRD spectrum voswd Innitionlaven ladai1dtlans Tio/3sn0, /Fe’* n) Wi

a

QAN 300 °C ) WINYAUNHII 400 °C A) WINQUKNN 500°C ) NNQAUKNN 600°C

U 9 U q U
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) TiO,/3Sn0,/Fe’ 1Ml 400°C

é Anatase

o 5000 —

L

2 1

0

c 0.3 mol%F e~

0.5 mol%Fei~

|

1.0 mol%Fe~

1.2 mol%Fe¥~

0
1
10 20 30 40 50 60 70 80
2Theta (°)
. 3+ = a 0
) TiO,/3SnO,/Fe” ININQaUN L 500 C
*E 6000 Anatase
=
o ]
L
2 5000 - 03 mol%4Fe-
=
£ 3
4000 — 0.5 mol%Fe*-
S —
E |
3000 k
: 0.8 mol%Fe-
i \—‘MJ\_#NW/—*MW%
2000
E 1.0 mol%Fei~
1000 — )l
\\\_‘) A A 1.2 mol%Fe3-
0 l Ll l L] l L) I Ll I_ L] #
10 20 30 40 50 60 70 80
2Theta (%)

51/#1 3.4 (D) XRD spectrum vo9nd lnniilon'laeenladi Ida1s Tio,/35n0, /Fe™ n) Wi

U

a

QUM 300 °C ) WINYUNIN 400°C A) NNQUNNI 500°C ) NQAUKYN 600°C

U u L] U
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1) TiO,/3Sn0,/Fe” 11NQafil 600°C

£ Auatase
E 8000 -
2 Rule 0.3 mol%eFe”
" 6000
\ \ 0.5 mol%Fe

4000 — 0.8 mol®aFe™
M~ JL A A M|

2000 4 S~ L . 1.0mol%Fe:

1.2mol%Fe™

10 20 30 40 50 60 70 80
2Theta (°)

517 3.4 (si0) XRD spectrum voana nmiflow'laeenladii 1aUans Tio,/35n0, /Fe™ n) wnil

v
a =}

QML 300°C V) wnfigaigil 400°C a) knfigaiigil 500°C 1) NYUNNN 600°C

U Q U E} U

" Ti0,/38n0,40 5Fe **
X 25 K 200 nm -1-"
160 0 K ‘

SR 35 nmge TEM vesndlmmilenlaeen i 1818 3Sn0,/0.5F¢’ g muigil

U U

400°C
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{ { {a { a a 4
M3 32 WeeyMALazNUNAIYBINY TiO,/3Sn0,/Fe’ 1wWNgaIngia1ee Ins1zyiaie

Lﬂ?fNBET Surface Area

QU

Qi (°C)

VUIAIUNA (um)

WU INE (m’/g)

TiO,/3Sn0,/0.3F¢”

300 14.82 1.24
400 14.38 1.39
500 14.88 1.29
600 15.75 1.23
TiO,/3Sn0,/0.5Fe”"
300 23.59 0.82
400 12.01 1.64
500 15.29 1.41
600 13.29 1.4
TiO,/3Sn0,/0.8F¢™
300 22.56 0.88
400 12.11 1.55
500 13.75 1.41
600 21.94 0.74
TiO,/3Sn0,/1.0F¢”
300 19.61 1.02
400 14.37 1.44
500 14.46 1.31
600 19.02 1.04
Ti02/3Sn02/1.2F¢”
300 25.57 0.79
400 13.84 1.44
500 19.72 1.17
600 14.23 1.39
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M3 17 3.3 vnananuazlSunaunaveIns Tio,/3Sn0,/Fe’ 1MTNIgungiin1ee
Qi (°C) VIAKAN (nm) Sananila (%)
d d
oZUING 3Ina ozUING 3Ina
TiO,/3Sn0,/0.3F¢”
300 16.29 - 100 -
400 18.46 - 100 -
500 15.04 - 100 -
600 20.39 33.25 98.36 1.64
TiO,/3Sn0,/0.5F¢™
300 23.68 - 100 -
400 16.53 - 100 -
500 15.04 - 100 -
600 20.69 41.48 98.32 1.68
TiO,/3Sn0,/0.8Fe”
300 10.37 - 100 -
400 20.59 - 100 -
500 13.80 - 100 -
600 18.02 20.27 99.77 0.23
TiO,/3Sn0,/1.0Fe™
300 2731 - 100 -
400 16.52 - 100 -
500 33.08 - 100 -
600 18.02 24.37 95.14 4.89
Ti02/3Sn02/1.2F¢”
300 33.20 - 100 -
400 18.44 - 100 -
500 27.59 - 100 -
600 16.54 15.75 97.32 2.68
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fﬂWﬂWﬁﬂﬁ%Lﬂi?%ﬁﬁj’Jﬂmﬂﬁﬂ XRD mmiammﬁmmm%’aﬂazmm

pyuunaLazg Ind (3199 3.1) Tddeaunsfi 3.1, 3.2 uaz 3.3 (Sheng et al., 2006)

W, = kA, I(kA,+A, +kA,) 3.1)
W =A /kA, +A +kA,) (3.2)
W, = kA, (KA, + A, +kA,) (3.3)

4 1Y 1 3} [y J
e W, W, uaz W, fle dadanihminveudozuund §1na uazugn
4 o W A 9 ~ =~ 14 =~
Tad awdien A, A Uag A, A9 ANUUNVDINADETUUNT (101) Wﬂ;”l‘vm (110) uagWAUIA
4 o w 1 LY a 4 1 1w o W
Tad (121) MUAAU dIyudulszans k, uag k, UAUNMN 0.886 1ag 2.721 MUA 9
a Y I v =< A Y o
M3h 3.3 waaslimunvinananimiow laegluszaunluwas uag
1 (4] 4 { a { [
wumsIad Fe' adldlulnmitionlaoon ladniSunmves sno, nen 3 mol% liisosiing

ADVUIANDNUDIENT d1M5UAI0679 TiO,/35n0,/0.5F” wunvwananiduiu lddoandos

v
=

Y
AUNaINNM TEM Tugilii 3.5 Aelivinailszunar 16.53 nm 1az 20 nm MU&IAY Lonvni

Wl Indina ldngamngil 600 °C

3.2.2 anEwavesmslal 3sn0 /Fe aoilfnsenlaunnsladin

[

a d‘ 1 Aad d' U S A
Wosangln 3.6 uaawamsdesaasunauuginasusadginull 4

Y A

o As o (Y 3+ A a ) Il A
2119 #a 1ade 38n0,/0.5Fe™ tazingumngil 400 °C @13 desaae laangaaziie

Q

a g < ' @ { : 1A { ]
Aalunlesiduaannsodesaate’la 98.7% dmsed 3.4 degannilavili1dTM nazge

1 As o A ) ~ ~ a A o As e (Y
NN 1AYIAIIE SnO, 3mol% ualo AN NUNYINFIND 600 °'C Wanlallae 3Sn0,

U

v
=

1 1 P a2 o 9] ule Y
ey 38n0/Fe’ Inwalumsdesaarovioandi lnmiion laeon ladn lulida1a1 seiimwen
a 0 { [ J 1 o
gargimswn  600°C  laezuunan)aswdlumlag Inavedin  (<5%)  ihldwaves

Ugnsen T Taunaz Tadnasas ngili 3.69 ownfigugil 400 °C wuinlsnwas 1l

3+ ~ A a 3+ A 1 o Y aaa
Fe'" Mwianzdy Ao 0.5 mol% Uswia Fe' NW1nnI1 0.5 mol% VIﬂﬁNﬁ"Uﬂ\iﬂgﬂimﬁﬂaQ

] Y ] F4
iHoanInWuNAIveeYMATA1aAaIIN 1.64 m7g Maofied 1.44 m7/g UONIINTUGINUN

a ! ) [ A a
gamgimswiiuzaufie 400 °C mazanuilundnveuldezuumaauyssinngurgil

Q U a
a a

9 1
300 °C ugdguugigunuliisu 600 °c Anldiawlag Indduiouseninawi ldnan

U

v
a1
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n) 1819 300 °C

1 = Pure TiO, -2-TiO,/3Sn0,
-5-TiO,/35n0,/0.3Fe**  —-Ti0,/3Sn0,/0.5Fe™
0.9 1 -5-TiO,/3Sn0,/0.8Fe?*  —Ti0,/38n0,/1.0Fe*
08 -8-Ti0,/35n0,/1.2F e
0.7 A
0.6
9 05
(6]
0.4
0.3 A
0.2
0.1
0 . . . .
0 1 2 3 4

Irradiation time (h)

V) 1119 400 °C

—Pure TiO, -8-Ti0,/38n0,
1 -5-Ti0,/3Sn0,/0.3Fe* —-Ti0,/35n0,/0.5Fe>
0.9 | —5-Ti0,/38n0,/0.8Fe** & Ti0,/3Sn0,/1.0Fe>
--Ti0,/38n0,/1.2Fe*
0.8 1
0.7
0.6 1
g
O 0.5 1
04
0.3 A
0.2
0.1 1
0 T T T |
0 1 2 3 4

Irradiation time (h)

@

51 3.6 anuduiuseaniduanududu c/c, veuwiauug TAsRATIO, TiO,/SnO,,
TiO,/3Sn0,/0.3F¢’,  TiO,3Sn0,/0.5F¢”,  TiO,/3Sn0,/0.8F¢’,  TiO,/3Sn0,/1.0F¢",

Ti0,38n0,/1.2F¢” melanalumssusidgiveans Ngauugiidunsizd n) 300 °C v) 400°C

1AL A) 600°C
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f) W19 600 °C

—%Pure TiO, -8-Ti0,/38n0,

-5-Ti0,/3Sn0,/0.3Fe>* —-Ti0,/3Sn0,/0.5Fe*
-5-Ti0,/38n0,/0.8Fe% -A-TiO,/38n0,/1.0Fe™
—&-Ti0,/38n0,/1.2F 3

1

0.9 -

0.8 -

0.7 1

0.6

CICy

0.5 1

0.4 1

0.3 1

0.2 1

0.1 1

0 T T r )
0 1 2 3 4
Irradiation time (h)

@

§ 1 o S v 1 a
517 3.6 (f0) AnuduUToATIdIUANUENTY C/C, veunnauLg TABRNTIO,, TiO,/Sn0,,

4

TiO,/3Sn0,/0.3F¢’",  Ti0,3Sn0,/0.5F¢’,  Ti0,/3Sn0,/0.8F¢’,  Ti0O,/3Sn0,/1.0F¢",

[T [

Ti0,38n0,/1.2Fe” mwldanalumssusidgiveans Hgamgiiduniizd ) 300 °C v) 400°C

q

1Az A) 600 °C

M3 3.4 wesiFudmsdesaasduiauug (MB) Taows TiO,, TiO,/SnO, LAy TiO,/3Sn0,

'
[ v

T8 Fe™ 1 mol% a9 a5 u5aded 4 42 Tue quuuigiiduns iz 300, 400 uaz 600 °C

U

% Degradation of MB
Sample 300°C 400°C 600°C

TiO, 58.6 65.7 89.3
TiO,/3Sn0, 79.4 68.8 82.8
Ti0,/3Sn0,/0.3F¢” 72.6 81.1 66.3
TiO,/3Sn0,/0.5Fe” 72.8 98.7 58.8
TiO,/3Sn0,/0.8Fe” 82.3 82.2 88.4
TiO,/38n0,/1.0 Fe'' 77.4 80.9 72.9
TiO,/38n0,/1.2 Fe'' 83.8 82.3 81.2




3.3 Man A UTo T WAZHUATISEVDING TiO,/3Sn0,/0.5Fe”

3.3.1 HaMINUYD E. coli

a) wamsnagouilena3luniialasluldsuuaalan

' Y [l v
517 3.7 M3AUTO E. coli MIA1A199) 115054 TiO,/3Sn0,/0.5Fe™

60
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k4
lumsnaaoumsaiude E coli @28MI TiO,3Sn0,0.5F Iasiiims
Ao A . . 3+ v ~ 7
NAADIIUNIENTFO E. coli 1Az M Ti0,35n0,/0.5Fe’ meldueegd uaagosisdaud uaz
4 1 A 1 @ P ' v
Tunnzilifiuas  (gaauau)  Weonawu lildunamsainaassnunluagniinaegii
A a & ad a &£ o = 4
Usgansmmlumssinredngauazinavuluszeznandu (3Un 3.7 a) Weornaimsnaaed
o 1 = = ] dy 9 ] dy Q' d? 4'
dmsunaag el 30 Wi wamsaingeld 91.33% wazwalumsainfomiuniuses Iy
] = ] dy 9 d’ o (% d'
pawull 120 iiansasinge 14 100% (Ui 3.8) Hwsumsnaassiinnzuagoaisa
4 { ' § o ] 4
iua (U 3.7 9) wanmsaingeinu 1l Tumadernuuasg Ao aunsoainge 1 100%
H 1 ] Y
N7a1 120 W17 (317 3.8) uailions Ti0,/38n0,/0.5F” e Tnl Tauaas ladnTumsainie
A A (=} 1 o Y 1 dy 2 = ~ A 1
puaiGenng lulivassui ldwamsainge 1alid (U7 3.7 n) vaziionaimsnaas ki
Y 1 1 H
) 120 Wil wamsaindo'ld 19.33% (310 3.8) Fawanmnaaesi lddeandesiungu]

voufisen W Taunas Tadniii Inmidenlasenlaaiamlunngitnas

120 |
=] =
- & 2 @ o o
-] : =] o o
[=2]
S p
= ©
o o Blcontrol
5 =
E Ovisible
5 801 muv
5
=
E 40
w
— [ ]
m] 2] [
20 A g =
x N
- ]
0 +—e===xi r r L e RERRENE r
30 60 90 120
Time (min)

51 3.8 M3 E. coli 198K TiO,/35n0,/0.5Fe” 1ifo1sdredialae lilasunas 185

4 Yo A 1
Llﬁﬂwgﬂfllﬁﬁl“ﬁu@ ngﬁllﬂiﬂllﬁﬂgﬁﬂﬂfﬂﬁ']\‘]c]



3

1

A
N

3.3.2 HaM 39N Salmonella typhi

f) wamsnageuiiena B3 lunialas luldsunaalas

3.9 M3NUTD Salmonella typhi MINA9 11BTRI TiO,/38n0,/0.5Fe’

62
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2

lumsnaaeamsainse Salmonella typhi HIMINAABIAAGAUMTNATDU
1 dy .Y . 3+ o A dy .
MINUFO E. coli 20K TiO,/38n0,/0.5F¢’ Tagihimsnaaoslunneiiio Salmonella typhi

A 9 . 3+ v ~ 4 Ay 1A
SuAY 18z MY TiO,3S8n0,/0.5Fe’ meldudayy uasgoasawua wazluannzi luiiuaa

] [ Y
amuan) el luazdfvasgih ldnedidszaninmlumseinge14a
~ a & o i A 0o w o ~
ngavaznadulusseznaidy (IR 3.9 a) WenamsnaassdmsunasgIrulyl 30 Wi
[ dy 9 ] dy Q' d? d‘ ] = ]
HamsauFela 96% wazwalumsainFernumniwsesgaunariull 120 wiiasaah
g { ) @ { I 4 { ]
%014 100% (31N 3.10) dmsumsnaassiannzudgoosadua (UM 3.9 ¥) wanisan

9 9 [ Y
1¥01108NHAVBINSIYD Salmonella typhi Ao Wearuly 30 wiRaunsasnye 18 26.8%
1 9 v 1
uazienainly 120 wiiawnsoainie1d 74.13% (317 3.10) uaionsrinlfne 1 Taun
Y v 9 [ I
azlaanlumsainseinnie lutluaes i ldwamsainse 18 1ua (U0 3.9 n) uazilonal
9 v 1 1

m3snaaeruly 120 wiil wamsainge Idiies 13.23% (314 3.10) Fwasnmsnaaoai 14
[ aan a 4 < o §
aeandosnungufuecfnse i lauaazladn A9 lnmidleylaeen ladtamlunngid

1550

120 4

98.9
1 99.8
100

100

=]
=
1

m Control

L=}
=
| 45.59

o Visible

o
=
1

Buv

Disinfection efficiency [%2)

[t
=
1

1.67

=]
—

30 60

Time

511 3.10 M39UF0 Salmonella typhi TABKA TiO,/3Sn0,/0.5F¢” 111910619 Tag lai 185

U

Yo % Yo A 1
e ”lmuumﬂgamimcuum uaz”lmmgmg’mnmmm
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3.3.3 HAM IV Fusarium sp.

f) wamsnageuiiena B3 lunialas luldsunaalas

3.11 MINWHO Fusarium sp. YOIW Ti0,/3Sn0,/0.5Fe”
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Y
lumsnaaoUMIAUTOT1 Fusarium sp. AWK Ti0,/38n0,/0.5Fe™ ‘A
v Y
MINAADINANMZIAYINUAUMINATDUIFDUUANIS Y AT o2 IUMITNATDUUIUNIT INIY
dy =\ 9 S A A ~ A Sh:' [
ol Inseadugaanannnuuaiiie 1ngdA 3.1 uaawwadionsAnagmssunes

=

' A Yq Yo < o A v .

A1) NAKaNMINaaouleI I DuasgIitunar 4 Ju wanmsaiudesla 90.22% uazai

v ) H

Wo511a 100% iWerasunasgdrull 5 u U 3.12)  drunsnaseslaelisunas

9 Y [

sysuaas lldsuuaalan Uszaniamlumsaindeveana liansoainiye Idlunainna
= vy 4 1a a4 1

MInaae(gUi 3.11 n-v) duiwlsmamamsomyszozna lumsnaass #aveINIIHITo

ad
D19TAUVU

120 -

100
100 -

90.22

(=]
o
1

BAcontrol
60 - Bvisible
auv

40 -
30.67

Disinfection efficiency (%)

0 T L) T

Time (day)
[l Y ]
510 3.12 M3AUFO Fusarium sp. 19oH9 Ti0,/3Sn0,/0.5F¢” 1io1sded1alae lilasunas

Yo o Yo aa 1
]’lﬂ ‘]JLLﬁQV\I@J@’E)LiﬁL“]iH@ uaz"lmmgmgamammm



3

3.4 WAMSIAADUNA TiO,/3Sn0, /0.5F” vudlaainaneIsanlsd

1

A
N

66

o v o o ard
20813/ NUINFUANUTINW AN

w

Magvensy

1%w/v

1,000 1911

)
5%w/v

250 1911

5%w/v

1,000 111

f)
10%w/v

250 1911

10%w/v
1,000 1911

3.13 7NN SEM vaslauiinanudiens Tio,/3Sn0,/0.5Fe”




67

VINWANINATOUNITDIAAIETAZABIUNAUUQ Nanseosaae
ax S)dd' A ) A . 3+ R o dy
Msazaenauug lMangainamagon 4 %1119 fio W9 TiO,/3Sn0,/0.5Fe” daimegasi
9 ¥ 9 [V v 9 ) & Ao [ 9 v W 3
ilszgnd lgmeaunssydusdnuazeald Tashweddidnsazaoudsnammedamniu
° A It ) v 4
Aounilduvirvassluenaueansaed Ueas 1@ 1%w/v, 5%w/v Uag 10%w/v IWON
o 1 A A A o AP A A Y o 2 a
dadrunmunzavlumamasudduuna lasihlaunmaouudl llasrvanvagnund  uag
o A o ard Y, A o A Ay YA
ANUANUTNOVRINTNNTZIBAIDUTANUAIBIATEY SEM Adnaaslugii 3.13 wahlade
4 Y] ] a1 d o %
e ldme Ti0,38n0,0.5Fe" ludadin 1%wr ndevasuuilay PvC sl ldnanszaiedd
a o o A > o o o = A qu
VUHANIUUANDNNTIMIAAo UL U WASIaE 2 Fu deglil 3.13 n) naz e ldw
[ 1 a| d oa.ll o
Ti0,/38n0,/0.5F¢” Tudadiu 5%w/v wdsuasuuilay PVC droanuvut 15uih i 1dns
o a| d ] o‘ 1 Aa 9 a d' o A % =
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09/‘ I 09.:’ o i~ o { ] ] (; a § o
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{ 1 [} 1 a| d
511 3.13 v) daumsadeu Taeldme Ti0,/38n0,/0.5Fe™ ludadau 10%w/y indouasuuilay
Y 3 o Iy Ya( 7 A YR~ [l o a 1
PvC dreanunun 1 suinld 1ddduniinnszaeduiu lumitaneuausnamuua g
a A A P H ] PR v o & Y o A
VSN waianaudlennurin 2 Fuaztiu ldmsazimeainuiudoun ludnuash

H 1 v
Foununuasgl 3.13n) e ldaunlaomns

v A 2 A & ad A A Y . 3+
3.5 namssuvenuuafisanazres1vesilaniindeudls Tio,/3Sn0,/0.5Fe
3.5.1 HaM391%0 E. coli

o & A . H
MnMsthauRduMINAeUAI0RI TiO,/3Sn0,/0.5Fe™ 1magaounsai

dy A 1 < Y ~ £ ~ dy Yy o 1o =2
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U
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A d? I =R o o’dy . & Ao a a =2
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Abstraci: Problem statement: Since bacteria mainly causes damage on fresh vegetables and fruits
during transportation to market, anti-bacterial TiO, photocatalyst was applied for their packaging
films. However, it has been known that pure TiO, exhibits low photocatalytic property due to rapid
recombination of photo-activated electrons and holes. Doping with metal or metal oxide shows the
improvement of photocatalytic activity and disinfection effect. Approach: Fe'* was considered to
dope into Ti0,/38n0, photocatalyst in order to enhance the photocatalytic property and bacterial
inactivation efficiency. The Fe’* doped Ti0./3Sn0, nanoparticles were prepared by sol-gel method and
calcined at 400 °C for 2 h. The synthesized powders were characterized by XRD, BET and SEM.
Photocatalytic activity and bacteria killing effect were determined by means of degradation of
methylene blue solution and inactivation of E. coli bacteria, respectively. These tests were performed
under UV and visible light irradiations. Results: Fe'* doping into TiO./38n0. has an effect on
inhibition of anatase crystal growth, led to the enlargement of the composite specific surface area.
Therefore, the photocatalytic activity of Fe'* doped TiO»/38n0; composite in proper concentration was
greater than those of pure TiO; and Ti02/38Sn0, and 0.5 mol% Fe'' doping exhibited the highest
photocatalytic activity and E.coli inactivation efficiency. The E. coli was completely killed within 90
min under UV irradiation or 99.7% inactivated under visible light exposure. Conelusion: Fe’* doped
Ti0»/38n0, nanoparticles were successfully synthesized and identified as 100% anatase phase. The
0.5mol% Fe'-doped Ti0./38n0, which has particle size of 12.89 pm and specific surface area of
117.61 m® g”', exhibited the highest activity and disinfection efficiency. An attractive feature of Fe''
doped Ti02/38n0; photocatalytic disinfection is its potential to be activated by visible light. Therefore,
these composite Ti0» nanoparticles can be utilized for fresh food packaging films.

Key words: Photocatalytic, sol-gel, antibacterial, Fe'' doped TiO»/5n0,, TiO,

INTRODUCTION experimental conditions, preparation methods and
standards for the evaluation of photocatalytic activity
In recent vyears, titanium dioxide has been are there are many argumentative results reported.

extensively used as an environmentally harmonious
and clean photocatalyst, because of its various
qualities, such as optical propertics, low cost, high
photocatalytic activity, chemical stability and non-
toxicity (Hoffmann er al., 1995; Fujishima er «al.,
2000). However, its practical application seems limited
for several reasons, among which one is the low photon
utilization efficiency; another is the need to use the
Ultraviolet (UV) as an excitation source. In order to
solve these problems, the modification of these
catalysts has also been attempted by doPing them with
various transition metals, including Fe'". Because the

Some research groups have reported that the presence
of these foreign metal species in TiO, is generally
detrimental for the degradation of organic compounds
in aqueous systems (Paola er al., 2000; Navio et al.,
1999; Dohshi er af., 2003; Sinha er al., 2001) while
some controversial results have also been reported
(Choi et al., 1994; Zhang er al., 1998; Yamashita er al.,
2002; Arafa et al, 2002). The photocatalytic
sterilization property of Titanium dioxide (TiO,) has
been documented (Watanabe et al., 1999). The first
research on the microbiocidal effect of TiO,
photocatalytic  reactions was carried out with

Corresponding Author: Lek Sikong, Department of Mining and Materials Engineering,
Faculty of Engineering, Prince of Songkla University, Songkhla, Thailand
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Escherichia coli (Matsunaga ef aof, 1985) and
subscquently has been intensively conducted on a wide
spectrum of organisms including viruses, bacteria,
fungi, algae and cancer cells (Sinha ef al., 2001) In the
last decade, TiO, has been widely utilized as a self-
cleaning and self-sterilizing material for coating many
clinical tools including sanitary ware, food tableware
and cooking ware and items for use in hospitals
(Fujishima et al., 2000). It has been approved by the
American Food and Drug Administration (FDA) for use
in human food, drugs and cosmetics and compounded
in food contact materials such as cutting board and
other surfaces in contact with unprotected food. An
anticipated use as a new material technology for future
requirements is in the hygienic design of food
processing facilities. As known, doping TiO, with
metallic ions or oxides such as Fe’", Ag, or SnO,
enhances the photocatalytic activity and bacteria killing
effect (Zhang et al., 2008; Akhavan, 2009; Erkan er al.,
2006).

In this study presents the effect of Fe'™ doped in
Ti0+/35n0, photocatalyst on TiO,, crystallite size,
photocatalytic reaction and bacteria disinfection.

MATERIALS AND METHODS

Raw material: Titanium (IV) isoproxide (TTIP,
99.95%, Fluka Sigma-Aldrich), tetrachlorostannane
pentahydrate  (SnCl,.5H,0) and ferric  chloride
anhydrous (FeCl;) were used as starting materials.
Ethanol (99.9%; Merck Germany) was used as a
solvent.

Sample preparation: The Ti0./38n0, doped Fe’
(0.3, 0.5, 0.8, 1.0, 1.2 mol%) powders were prepared
via a conventional sol-gel method (Fig. 1).

Firstly, TTIP was dissolved in ethanol, mixed with
SnCly.5H,0 and FeClsy by stirring for 15 min at room
temperature and followed by adding droplets of 4 M
NH; into the solution until pH about 3-4. Finally,
distilled water was slowly added to the solution by
stirring for 30 min. The solution was dried at 105°C for
24 h and calcined at the temperature 400°C for 2 h, The
synthesized powder was ground and submitted to
determine the particle size by a light scattering particle
analyzer before using as a photocaralyst.

Materials characterization: The phase identification of
samples was conducted with X-ray diffraction analysis
using X-ray diffractometer (PHILIP X'Pert MPD). The
crystallite size was determined from XRD peaks using
the Scherer equation (Bakardjieva et al., 2005):

D =0.9%/Bcos0, (1

When:

> = Crystallite size (nm)

% =the wavelength of the x-ray radiation (CuKa
=0.15406 nm)

B =the angle width at half maximum height

0y = the half diffraction angle of the centroid of the
peak in degree

The morphology of sample and specific surface
area of Ti02/35n0,/0.5Fe™" powder were characterized
by Scanning Electron Microscope (SEM), Matersizer
2000 and BET surface area measurement, respectively.

Photocatalytic reaction test: The photocatalytic
activity was cvaluated by the degradation of methylene
blue (MB) under UV (310-400 nm wave length)
irradiation using four 50 W black light lamps. A 400 ml
MB with a concentration of 1%107 M was mixed with
1.5 g of photocatalytic powders (pure TiO;, TiO2/38n0,
and Ti0,/3Sn0, doped with 0.3, 0.5, 0.8, 1.0 and 1.2
mol% Fe'' ) under UV irradiation for 0, 15, 30, 45, 60,
75 and 90 min. After photo-treatment for a certain time,
the concentration of treated solution was measured by
Ultraviolet-Visible spectrophotometer (U'V-Vis).

The percentage of degradation of MB is calculated
by:
Percentage of degradation = 100(C-C)/C, (2)

When:

Cy = the concentration of MB aqueous solution at
beginning (1x107° M)

C = the concentration of MB aqueous solution after
EXPOSUTE

[Tre]

Eﬂ; |c_ﬁ J

EnCl. fH:O |
l
E ¢ H:0 —

Mixed
solution

Stirred 13 min

NH; 4 M pH 34

Srirred 30 min
Sol-gel !

Drving and
calcination

l

=)

l Photocatalvtic reaction ‘

Fig. 1: Preparation produce of TiO./35n0; doped Fe™
(0.3, 0.5, 0.8, 1.0, 1.2 mol%) by so-gel method
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Photocatalytic  reaction  of Til:.'!11"3Sio;;’(]..":Fe!l
powder against E. cofi: Figure 2 shows the procedure
of photocatalytic reaction in antibacterial activity of
TiO./3 SnOEIU.SFc“ powders against £. coli, Aliquots
of 10 mL E. coli conidial suspension were mixed with
250 mg of Ti0,/35n0,/0.5Fe’ powders. The mixture
was then exposed to irradiation of UV and visible light
at various times (0, 30, 60, 90 and 120 min). Then,
1 mL of mixture suspension was sampled, added to the
Nutrient Agar (NA) plate and incubated at 37°C for
24 h. After incubation, the number of viable colonies of
E. coli on each NA plate was observed. The control
experiment (E. coli + catalyst at 37°C without light)
was also performed.

RESULTS

Characterization: Particle size and surface area of
Ti0,/38n0,/0.5F¢”* powder after calcination at 400°C
and ground by using mortar were 12.89 um (Fig. 4 and
Table 2) and 117.61 m” g”', respectively. It was found
from Fig. 4 that the agglomeration of synthesized
composite powders was observed. Fig. 3 shows XRD

patterns of Fe’' - doped Ti0»/3Sn0, powders calcined
at 400°C for 2 h. All samples have shown similar peaks
with the highest peak at 25.3° which was indicated as
100% anatase phase. The crystallite size of Fe*'-doped
Ti05/38n0; with 0.3, 0.5, 0.8, 1.0 and 1.2 mol% Fe**
were 18.46, 16,53, 20,59, 16.52 and 18.44 nm,
respectively (Table 1). This result shows the Fe't
doping in range of 0.3~1.2% mol exhibits nearly the
same crystallite size of anatase phase.

Photocatalytic properties of Fe*'-doped Ti0,/35n0,
nanopowders: The photocatalytic activity of Fe''-
doped TiO,/35n0; powders were evaluated by
photocatalytic decolorzation of MB aqueous solution.

Table 1: Crystallite size and phases of TiOy38n0s/F¢" powders
synthesized at various Fe'' contents after calcination at
400°C for 2 b

Fe” Crystallite size (nm) Phase content (%)
content S —— — S
(mol%) Anatase Rutile Anatase Rutile

03 1846 100 0
0.5 16.53 100 0
08 20.59 - 100 0
1.0 16.52 100 0
1.2 18.44 100 [1]

Table 2: Particle size of TiO/35n0,/Fe™ synthesized ground powders
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Fe' content (mol%) Particle size (um)

0.3 15.75
035 12.89
0.8 12.10
1.0 14.36
1.2 14.23

Auatass phase

|

| 1
I R (5 e ST

“\\ |I &
it oot S AN NG e i
Al - :—1:‘: _‘-‘. o aw
Fig.3: XRD vpatterns of Fe'-doped Ti0s/3Sn0;

powders prepared by sol-gel method and calcined
at 400°C for various Fe’ contents, (2) 0.3 mol%
Fe'™; (b) 0.5 mol% Fe™; () 0.8 mol% Fe™; (d)
1.0 mol% Fe'™ and (e) 1.2 mol%Fe™
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Fig. 4: SEM image of 0.5 Fe''-doped Ti0./3Sn0O,
powder prepared by sol-gel method and calcined
at 400°C for 2 h
1005 & g.304Fai- - 1,203 Fe*
S0 m gstuFe

501 . 0.5%Fe
T0

= Tio:
& TiO35n0;
- 1.0%Fei~

Dicgaradstian ol M )

100

Trradiation tme {min)

Fig. 5: The degradation effect of MB plotted against
irradiation time for pure TiO;, Ti02/38n0; and
TiO4/38n0; doped with 0.3, 0.5, 0.8, 1.0 and 1.2

mol% Fe'* photocatalysts

Figure 5 shows the degradation of MB solution using
Fe''-doped 3Sn0,/ TiO» powders, pure TiO, and
Sn0;-doped TiO; powders under UV light for 15 min
until 90 min.

The degradation effect of MB by Fe''-doped
Ti0,/38n0; in some concentrations of Fe'" was better
than those of pure TiO; and Ti0O2/3Sn0,. After 90 min
of testing, the percent degradation was 32.0, 33.6, 37.1,
593, 47.5, 41.5 and 33.5 when using pure TiO,,
Ti0y/38n0; and Ti0./3Sn0, doped with 0.3, 0.5,
0.8,1.0 and 1.2 mol% Fe™* respectively (Fig. 5). It was
found that Ti04/38n0,/0.5Fe’" showed the best activity
in degradation of MB and hence it was selected for
antibacterial activity test.

Results of Ti0,/35n0,/0.5F¢*" photocatalysis against
E. coli: The viable colonies of E. coli on NA plates with
the presence of Ti0./38n0./0.5Fe’ powder under UV,
visible light and control conditions are shown in Fig. 6.

123

+ UV
== \isible
4+ Control

o a0 ag &0 4] 100 1 Ll
Treatment time (min

Fig. 6: The photocatalytic £. coli disinfection efficiency
of Ti()zf}Sn{)sz.SFey plotted against treatment
time under UV, visible light irradiation and
control

Fig. 7: Growth of £. coli on Nutrient Agar (NA) plate
with the presence of Ti0./38n0./0.5Fe’ under
UV irradiation or visible light and control, (a)
control at starting time; (b) control treatment at
90 min; (c) after visible light irradiation time for
30 min; (d) after UV irradiation for 30 min; (e)
after visible light irradiation for 90 min and (f)
after UV irradiation for 90 min

The number of viable colonies of E. coli when added
Ti0./38n05/0.5F’" and exposed to UV and visible light
decreased with increasing time as shown in Fig. 7 while
control environment (E. coli + Ti0»/38n0,/0.5Fc™"
without light) had not changed (Fig. 7b). It was found
that with the presence of TiO,/38n0,/0.5Fe™, E. coli
was completely inactivated within 90 min under UV
irradiation as shown in Fig. 7f and under whereas
the percent degradation has reached 99.7% when
exposed to visible light for 90 min (Fig. 7e).
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Figure 6 shows the disinfection efficiency curve
plotted against photo-treatment time. It was found that
the disinfection efficiency increased rapidly at first 30
and 60 min for UV and visible light treatment,
respectively and after that they slightly increased and
approached to 100% with increasing time.

DISCUSSION

It was apparent that Fe3+ doping has an effect on
hindrance of anatase crystal growth, therefore the
crystallite sizes of TiO;a"SSnDJﬂ.Sch' nanoparticles
(16~20 nm) are smaller than those of pure TiO, (33 nm)
and undoped TiO./38n0; (25 nm). This leads to
enhancement of photocatalytic activity and disinfection
efficiency due to their larger specific surface area.
Ti0,/38n0+/0.5F¢’ nanomaterials have demonstrated
strong antimicrobial properties through a mechanism
including photocatalytic  production of reactive
oxygen species that damage cell components and
viruses (Li er al., 2008). As the results, an attractive
feature of  Ti0y/3Sn0,/0.5F¢* photocatalytic
disinfection is its potential to be activated by visible
light or sun light. Therefore, these composite TiO;
nanoparticles will be utilized for fresh food packaging
films.,

CONCLUSION

e Fe doped Ti0y/35n0; nanoparticles were
successfully synthesized and identified as 100%
anatase  phase. The 0.5mol% Fe**-doped
Ti0./35n0, particle size and surface area was
12.89 pmand 117.61 m” g™, respectively

e The photocatalytic degradation of methylene blue
in aqueous solution of Fe'™ doped Ti0,/3Sn0,
powder at 0.5% mol Fe'" under UV irradiation
cxhibited higher activity compared to other
concentrations

s Ti0y/38n0,/0.5Fe™ nanopowder showed excellent
photocatalytic activity under both UV and visible
light irradiation towards E. coli inactivation

s With the presence of Ti0»/38n0./0.5Fe™, E. coli
was completely Inactivated within 90 min
irradiation in UV light or 99.7% inactivated under
visible light exposure
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