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ABSTRACT

Infectious diseases in humans are caused by pathogenic microorganisms like bacteria and
viruses, which exist in the environment and are found on food packaging. In biomedical applications,
natural rubbers or polymers, with antibacterial properties, have been developed to destroy bacteria and
other microorganisms. To improve the antibacterial properties of natural rubber surfaces, V-doped TiO,
and Zn-doped TiO, with high photocatalytic activity and antibacterial activity were prepared and
applied on the surfaces of natural rubber products.

In this research, V-doped TiO, and Zn-doped TiO, nanoparticles were prepared from titanium
(IV) n-butoxide and ethanol using the sol-gel method under microwave radiation. The synthesized
powders were characterized by the X-ray diffraction (XRD) technique, N, adsorption-desorption
measurement, particle size analysis, Fourier Transform Infrared spectroscopy (FT-IR), scanning
electron microscopy (SEM), UV-vis spectrophotometry, and fiber optic spectrometry. For the
antibacterial property characterization, the time Kkill assay was used. The XRD patterns of V-doped TiO,
and Zn-doped TiO, showed that the sample was composed of anatase TiO, nanoparticles. The
absorption spectra of V-doped TiO, and Zn-doped TiO, showed an obvious shift to visible light region
(red shift). The band gap energy for the V-doped TiO, and Zn-doped TiO, values were around 2.1-2.2

eV and 2.9-3.0 eV, respectively. The photocatalytic activity results showed that the synthesized TiO,
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nanoparticles were efficient for the degradation of methylene blue solution. The degradation efficiencies
of V-doped TiO,and Zn-doped TiO, were higher than those of undoped TiO, and P-25 TiO,
nanoparticles. The antibacterial activity of the sprayed films on natural rubber products was tested
against Gram-negative (Escherichia coli ATCC 25922, E. coli) and Gram-positive (Staphylococcus
aureus ATCC 25923, S. aureus) bacteria. The thin film TiO, coated natural rubber products presented
strong antibacterial property against both E. coli and S. aureus with the reduction percentage of 100%.
The antibacterial property of the thin film containing TiO, was significantly decreased (the reduction
percentage 20%) after being left at room temperature for 7 days.

The results revealed that the V-doping and Zn-doping to TiO, was an effective method in
improving the photocatalytic activity and antibacterial property of the natural rubber products. The
optimal conditions for V dopant and Zn dopant for the synthesized TiO, nanoparticles were 0.2wt% and

1wt%, respectively.

Keywords: sol-gel, titanium dioxide, nanoparticle, antibacterial property, band gap energy
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s vy a < 2 s Yy & P
AL IITUAY LADIDUNIANVUIALAN lqliﬂ]@\Tﬂ']ﬁLaﬂ')ﬁ.lum@ﬂllﬁﬂlﬁlcﬁﬂﬁfﬂgﬂﬂ'l\? SHIAITULUILLEN
PN ¥ P J [ @ 1% 4 [
ﬁlﬂﬂﬁnﬂﬂ’]ﬁlﬁﬂjlﬂum@%tﬁﬁml"ﬁﬂiﬁk}uﬁ%ﬁﬂ ﬁlggﬂﬁi?ﬂ?ﬂﬁ?ﬂﬁ?ﬁifJi]?ﬂ"’U@\‘l!.ﬂ%@\?'Jﬂ"’UU?ﬂ
o I I J 1 3’; g‘; o I 1 A
BUNN Llﬁgﬂ'luﬂﬂ!l,ﬂulﬂ@ilcﬁuﬁlmgﬂ']"l]E]Qﬂ]u’]ﬂ@lgﬂ’]ﬂuuc] inl‘mmmmﬂmamzﬂummaﬂ
Y
YoIUUIAOYNIA |4
A a (ﬁ’ Aa
2.8.5 1T9UATICUNUNNI (Surface area analyzer, BET) [34-35]
P v
MIMNUNFHIT UL (Specific surface area) LHAENITNTEIWUYUIAVDIGWTU (Pore size
9 '
distribution) 5IWD9UTMIATINFUNINUA (total pore volume) IZOIHONIT IFAUMIVINNYHHN

o = Y 9 a . = v o J U
UL AUNUINIUIU “lfx‘lul,ﬂiﬂinﬂ%@%mﬂﬂ“l]@ﬂqﬂicﬁmE)ll (isotherm) FILAAIANMNANNUTISHIN

v o o J v 2 @ 4 A 9 . 9
ANUAUAWINT (P/Po) NUUSINATHIDMIMINUINMHNYNAATY (adsorption) HAZNITAIGH

v
Y

(desorption) ¥DITAANU)

a

mamiuRa e (Specific surface area) AIWNGBYUDI BET (The Brunauer
Emmett-Teller) “1%'wﬁﬂmssuENmmﬂcﬁufﬂ”wuuw'guﬁwmﬁmdwﬁﬁ'mmmﬂﬁau Taal
amﬁgwudwmiaﬂcﬁ’ummﬁ”wzﬁﬂ%uﬂanmj’nmJa Maildianuannsalunsgadunu
ﬁuﬁa"lﬁ’ﬁﬂhmiﬁﬁwmﬁﬂﬁq@ﬂﬁum A lulasiu, N)

a a

286 Ilaazazaanuennia lagmatagd-ddaadaning I lauas (UV-Vis

U

spectrophotometry) [36]
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gﬂﬁ 2.16 HANMININUVDI UV-VIS Spectrophotometer [36]

nanmsvegI-dmiaannIng I lamas UV-VIS Spectrophotometer

S =

gA-imdaannIns I lawes (UV-VIS Spectrophotometry) (iumadiafildlunis

asrvialSnauawazmanudundslugiedsdginazauauninggriiuvsegnganau

LY
[

A A

Tasdaedeineglumsesiioitongi-Adaaulning T lalwes Tasfinnwenaaunaeay

a A J

= o o Jo a a ~ 1 @ 1 = 1 1 S|
Nﬂ’J']JJﬁiJ‘W’L!‘ﬁﬂ°1Jﬂii]1ﬂllla$"lfuﬂ"’ll@\iﬁ1§‘ﬂﬂ§1uﬁ'Jf)fﬂ\i WQﬁUHiﬁigﬂ&ﬂNﬁ?iﬂuﬂiﬂ
Y

a 9 a A dA A 1 A 1Ay Y
aslsznoudideunas d1seiuns gnamsnganautes luranueInauraIl 18
wvAa A A v 1 v Aa (2
antialumsganaunaIvesasilie TuanavediI0813gNR1ea18aINTNAY
o Ya 3 a A Y A 1 2 A
mnganazihlioianasouniteluezasunamsganauuasudnasuaniuz ldoglusuni
sEAUNAIUFINI erkinsials nmveswdsimurs ez RouanandIedraiiounune
' o A { 4 T 4 ad
VNUAAIRUTATIAINEIIATUAIAI] AIUNYUOUTIB5-1auiliTa (Beer-Lambert’s Law 130
Beer’s Law) A11139ANAUIAY (absorbance) ¥o3d15vzulsiunudauluananiinsganan
@ g‘/ = 9 a g a = 1 Ao ] ( ] 9
werg asiussdnsa lmadiail luszyatianaziSinavesansaeg itiod luaregiala

daulsznovvegi-idbaanlnIns I laliwes

1) uHaINUUALES

42



'

1 o a a 4 [ 1 H
uvasnuiauaalualnIns I Tatmesvzdoalised lugisniiuennaundosams
] ] Y ]
2861900119 AUALAINAADAIAT TINNIVANVTULAINUINNOAIY YiapAn MALAI Ua1ewTia
A ~ ' 2 g A yq ¥ £y Y A o o
MuANNEIAaNLEINlaseen Fdeadenlyligndeuninzauduveurnaiminiaan
A
ganauLaY

Aedranrasiuiiauds 529 UV l¥nasa H, and D, lamp 1¥A11me1naueglusag

aa a

] 4 3
160-380 nm LA FILFINAWBUTUKT 0 d11a (visible) T¥vana Tungsten/halogen Tanue
Aauluegg 240-2,500 nm
2) Monochromator
1 dy I 1 Aq Y o Y A ' o A
drlsznoutiiludiunldaruguuadlasrzm Iduaanoonuianurasnuiiang
2 g a a v 3 a A s R A A
gauilunwea Inswan WduuasluTulaswanrsounadwonsaa Fudutaunawnu ¥iounu
1 -~ Pl =
gnauRed 19ilanes (n529nd) Y3TU (prism) 30 1NTAAY (grating)
S 9 o 1
3) aan1¥uTIA1TALA18AI9E1

P T o ] Z’, = 1T A 4 d' 9
AN lae15@10819 (sample cell) VI9ATIDNNIGTINIT AINT (cuvettes) gﬂgmuw%

o 9 Y

v W Y S Yy ¥ ' aa a & v
ﬂ‘l!'Vl’.J‘l‘]_lllﬂLLﬂL“ﬁﬁﬁ‘ﬂ‘ﬂWﬂ’JﬂLLﬂTﬁﬁﬁNﬂ? %z“l“v"lmawwmmmua INTISIUBUNITITNAIYN
A 1 a2 Y s o Y an s o 9)3‘/ 1 =) aa a

aanauudsluregdla uaziadiihalesan wagaiesad (quartz) 19 lanssegiuazidida

4) Detector

A

o 9y A o 9 o oA o A o oa g
‘V]TPT‘HTVI111!ﬂ13’Jﬂﬂ’J'liJL"lJiJ"U?JQﬁQﬁV]Qﬂ@ﬂﬂaMTﬂﬂﬂWﬁLLﬂﬁ\iWﬁ\‘]\ﬂuﬂﬂuix‘]ﬁLﬂu

A 9 9 <

Y 4 v o { = { <3
wase Iilunsesnsaesudygrmiadestianinlge AeudSuanasaznlasu lihanidos n

o o ' Y A o S v A @ ' Y] A
auseaIudyyaunnuuana1ela nsesiauasndsiounuedluegiu Ao vaoa T
v a 4 4 @ Aa aa
TawaAnatee03 (photomultiplier tube, PMT) aziaTeiaasyiazanou lalea (silicon diode

detector)
2.8.7 YisesniwmanesudurlsaaninInsiimes [37]

ﬁﬁ ginguaresudusamninsimes (Fourier-Transform Infrared Spectroscopy,

A o o o d‘ A o aa A < A
FT-IR) Nﬁ’)uﬂigﬂﬂﬂﬂﬁ1ﬂiy Llﬁﬂ\‘]ﬂ\‘igﬂﬂ 2.17 esedaususaniviareanudnnuvasnau

[

Faddulsusa i l)ddumes I lsiiwes dwasrzgnutiailu 2 dau druiiflu beam

. o & & 1 o a4 = o A 4 A dygy < d'
splitter ﬁnlﬁﬂﬂiﬂﬂux‘]%%NW‘u‘l‘ﬂﬂﬂﬂig"ﬂﬂ‘ﬂ@]i\‘]ﬂﬂﬂﬂ‘ﬂ LLﬁ$ﬂi3ﬂﬂﬂlﬂﬁ@uﬂ"lﬂﬂﬁlﬂﬂ’ﬂmi?ﬂﬂﬂ

U

'

A o A

1y ﬁ%tﬁﬂﬁgﬁ’OUﬂﬁ"Ulﬂﬁ beam splitter NAMITUNI NTOAUULLETUAUKTOMIUNTNADALUY
v 9 ' A A 1 o 1 v v v o A 9 A
NNANUVBILUADSAITNYIINAU LiJ?)LLTCNWWHTcTTiW’J’PJEJN‘IﬂfNW’J’JﬂﬁiyﬂJWm ﬂﬂWHqﬂuﬂﬂ’ﬂwﬂ

v o

[ { o J < { 4 {
W%}ﬂuﬂuﬂﬂ%ﬁﬂﬁllﬂuﬂlﬂﬂﬂﬁgﬂﬂ Iﬂﬂﬁ@@31ﬂ'l‘§quﬂﬂﬁi‘gﬂ]ﬂmuﬁgﬂ"nilli’J“U@Qﬂigfﬂﬂﬁlﬂ'ﬁGUﬁ
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— Ne Laser 71 Internal Reference Laser ”rgtgwmﬁm
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unsugniny 13
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o

Detector
XYZ stage

=)

(Y

Mirror-F
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3

Microscope

Switch
IRIS

| Condenser J'
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DAC

Microscope-R

<E
”
R

If B
Mirror E‘J:&_E: e

; w
— ‘:‘l e =

Sample
XYZ stage

Objective
lens

+

v o =t

oo

sndynudedsnndiadyauiinanintase He

Fadggu o1ldvzeglugdumes 1nls

Bruker Vertex 80
IR spectrometer

KBrwindow
T

Optical relay box

o
Wisible source

31 2. 17 N3 aUYes FT-IR [37]

2.8.8 1ATBIIAANMTULAY (Fiber optic spectrometer) [38]

1 o

A3097ANNUTULES (Fiber optic spectrometer) 1¥iaamasnuuaasian)nasy 1n
1 o A 1 1 A d I < Y Y a @ .
UM AL IA199) 1Y A28 viaea I uasawes Wudu TagldimaiinmsSauny Fiber
9 ¥
optic spectrometer HAWANNNENIAAY 200-2500 nm 13 BTAANUTULAINIAY Photometric,

o o 1 g o 2 o
’Jﬂﬂ’JHJL"’ISJ}llLLﬁQ IAAINN Colorimetric L‘]J‘LJGB]}H ’d?iﬂiﬂ’mIl@%}‘VNLl,‘]J‘UﬁTiﬁ%ﬁWEJ?id‘i@LL‘]J‘]JGIJENLL"IN
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4 . =AM 156

Wavelengthinen)

317 218 n3lszrIeANUT LA AZANNEIAAUDINAT N Fiber optic spectrometer [38]

a v

Ay
2.9 NUILNINSIVDI
o rd = 4 A A A a
2.9.1 myduaiizd sy laoen loanazmamudszansa i lanzas lage
Tasmsanansive
Duminica et al. (2007) [39] fin1)sz@niaimvellfns el Tanzaz lagavesildy
~ x4 Vo ) s 1 o
Tnmidienlaeeen loavusgnulnssaiteveuraez uunanazilas Ing ezununaiuegnu

gungilunswn Taoguaia1nil 420 esrusaded azvihldine Inssadvezuunaiiosodns
= = wa Aa ~ a a A a P
Aed uazliania I Tanzaz Tada Ngungll 430-600 eeruaaGod Gunamavosg Indau &
o 2 A I a
Mt laseasnaredlumanay auiaanuiluinlnazes lagaanas
S A a a 4
Gullapelli et al. (2017) [40] M35 o T lmmifiswoon lad NAudreFanos
A A = A = ¥ 9 a 7
pon las Niatesge TaenfFoumeumsmuveslalasnuannameseanazii melduaseriing
~ = J Y any o Aa A 4 If = A o
wionwn Ty lnmidisnlaeen lsameds lalasmesvea Nauganeseen lud lulSunanaiany
1 a %I @ o a =
(L@, 0.5,1, 2, 3, 4, uaz 5 minlasuia) Mlmnaazneu meldmslduas ndweseauas
4 a 1
11 93799 VHAMENNAY XRD, EDX, DRS, TEM, XPS, BET 1/azinAiiA Raman W31 AT
A d‘ d' A = a A a A 4 a’:i
min'leTasnuigengaionSeufounananmeninuaziail Ao maauganeioon ladn 3%
Y
Wninlaeguda
a a ana A 44 2
Lin Liang et al. (2014) [41] Usz@nSamveslnsonlnTanzaz laganmuiu dre
o 1 Aaan a 4 4 g’/ o a
ansalnsenganes- lnmidleylaoon lad/ss-15 aelamslduas mimivdail)idedesa

neseonlad (liide, 1%, 5% 1av10 %) AA31zvlag XRD, SEM, N -adsorbtion, UV- Vis
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spectrophotometry  tagauaIsalulfasenInlanzazaa wallsingniidedrodanes
ponlad 5% Tio/SBA-15 UszAniammaiiulnlanzaz lagadniwa lnmidionlaoon lad

v A A =< 9 o =\ d o Y a
nansa waznlume saunamsin ldunsadrvesu Tulnmitieulaesn lsaniildina

A oy YA ¥
‘ﬂfJiJIW’CT‘VI SBA-15 ﬁﬂﬂﬁ‘]J’JiJﬂ'JulﬂUJ’E)Qﬂalﬁlf\ﬂuu1u

(10}

|
Lf

Intensity (a.u)

2 Theta/degres

5109 2.19 1Wla XRD 494 a) TiO,/SBA-15, b) 1% Ti0,/SBA-15, ¢) 5% TiO,/SBA-15, d) 10%

U

TiO,/SBA-15 1ag e) SBA-15 [41]
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KCnt

Ti

Ag Ti
'y

0 200 400 GO0 £00 1000
Energy-KeV

317 2.20 7 mae TEM waz ilaues EDX ¥84A70819 5% TiO,/SBA-15 [41]
2 a A a a A = o a 7
2.92 mamilszaniam I lanzas lafnTaaduasRernuifeuesn lsauasdene
on lard
Taiswal et al. (2012) [42] Ainyimsivalgemnialnlanzaz ladduuy Visible light
= s A a an =2 @
vou lnmidioylaeenlyd Tasn1sReruu@ennaz lulasou Tasds lva-na Anyidadonitu
WutuvonuuwReutaz lulasnutaznageuauidals TEM ~ XPS uay UV-vis WU
Tnmidlenlaeenlodnideaisaslyi visible light Auavad 11nUnd 2.3ev 7 2% 1uudonld
v H v v
2.4eV uazi 4% luTasould 2.95¢v saaasmmfSouimsuTug i 2.15 wiounumsminduaou
MIVAREY (ball mil) Tuszeznaimunzay wan ldi 1 Visible light uavuaaiumalifi

Uszansammadulnlanzaz laga
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319N 2.4 waasmlTeudisua Visible light (Band gap ennergy) vad lnmidisn'laoen loan

Fuasen la [42]
Samples Band gap energy R’
(eV)
Pure TiO, 3.17+0.06 0.997
Ball milled TiO, 3.13+0.06 0.996
N-doped
TiO,-N 2% 2.99 +£0.06 0.994
TiO,-N 3% 2.97 £0.06 0.993
TiO,-N 4% 2.95+0.06 0.991
TiO,-N 5% 2.95+0.06 0.996
V-doped
TiO,-V 0.5% 2.50 +0.06 0.999
TiO,-V 1% 2.44 +£0.06 0.998
TiO,-V 2% 2.42 +0.06 0.998
TiO,-V 3% 2.40 +0.06 0.998
TiO,-V 4% 1.94 +£0.06 0.997
V-N codoped
TiO,-V-2%-N 4% 2.31+0.04 0.998

M. Bettinelli et al. (2007) [43] Ansiauiia i lanzas ladavos lnnilonlaoon laa
A a an A A 9 a A A g
Tasnsea15 lUsoULaL LAY 1AgID lya-10a NIBa8AsY 118a% 1ag NI

Tusou 9Twa% NATOURI8 XRD BET 4agmsaawdunmanug (Methylene blue, MB) W1l

"o
o a A A

g j’ A 2 = = = I
aozuunanug Ind, Nuh@Mwuiu uazmsanasvesdunmauug uaastannuilulile

U

Y
=1

aza laganauy
Zheng et al. (2007) [44] 1&dnuaniiaves lnmiienlaeen loa Nidedrenads Tums
Y &' a A J ar o =\ J a [ d'
Murouuaniie o1 Navurvedlmmidionlaesnled Mamlaszuumna ¥aanmswIn 450
=}

a oA a o o q vy X a
ez 500 osruaaFea tag Inan 550 eermuaadod 910113 1Al wade silddudouuaiiise

Taani li'ldide Anvimelduasgd luszezna 2 52 Tus
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< == = d'
Yuzheng et al (2014) [23] gnimsmuuunaiiZeveslnmiionlasenlednidods
a 7 = o < Y am Ay a 7 =3 a o
FIAazyaFToN dUAIISHAIIT 1aa-19a lagiaod1eFALazgaison A1 Iag XRD, TEM,
9 v
XPS, DRS tag PL wunInssaduiinseuunaunaz Ininauiuegoinmsiuguugiilumsmn
a g . . . o v 2
vaziauaslszney Zn,Tio,, ZaTiO, 1Az Y,TiO, HAIINNATOUMIAIULUATIE SNDIIN
1Y A A Y 1oAY 1A
aoamunuaniselaaninline
.. A a2 = 4 1 ..
Ranjith et al. (2012) [26] Ro1u@enaslu Inndisylaeen leduaniant Photoactivity
4 X y X aa oo . Y A ~ a s
ngeuulumsddonuniiise Escherichia coil wazmidanuesiluoa Innuiionlaoon lad
A I a l A A A
Nauauialumaiulnlauaasddogudn uamulszdniamdensiternudouasly uda
il naaeuauiaaie wu SEM taz TEM (99 2.21) woniivuiaiszuim 30-100nm og
I\ aa a ¢ y X Aa A 0 Ay A a o 7q ¥
lurriddalan wazmsdudonuaiiizeanin lulaRe1u@ennn rimznumsilszgna 19

lugaeinssuse lmeilszvdanldaie

3UM 221 uaAenIMENe SEM (1189A) 1Az wae1n TEM (109B) Madveedge [26]
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Nguyen Minh Thuy et al. (2012) [45] Uffzerveuadimialaiveslnmiionla
pon laduaz Inmidioylaeen lediionmudond§izo v Innzazaa lnndionlaeonleduas
Tnmidienlaeon lsamonnudon duasiz lagldis lalasmesuea Ysuaiiee fe 0.0; 0.1;

03: 0.5: 0.7 uaz 0.9% lua Tnmsien'laoenlsamioRearoudeutidnyazidulaseaiig

(5

2 Aa = = a o A '
NN NUVUIARANIRAY 10-20 u'ﬁu&ﬂ@'ﬁ ﬂﬁﬂi'ﬂlﬁ@ﬂllagGITVI']aza’]ﬂl@ﬂTuﬂaﬂNIulaQauﬂﬂ@]"N

a 1

fu annsaih ldinamsunsinauviegluuuaany nloninasemsoenmvesiagmilnaiy
=< % 1 cs' A a0 o cs' 9 aan
MIPATUVBIAIBIINITBYULAIMIgATULA NANITNIad 380 W1 Tumas YT Tnlang
a a aan ' ~ @ = Y a 9y 9
azdaAalgiseimsgesaarasazagiliuea 1aa1n 360 W Melduaalnglas ArdNDY

~ A
vosupaanawian 9%

H 1 [ 1 4 a
ﬁ‘ljﬁ 2.22 MND18 TEM YB3 AT IUTENIN ll‘i/lL‘I/lLaﬂiJﬂﬁ@hliﬂ y nsalo@on T YeM

U

U9 a) 1:4:20, b) 1:5:20, ¢) 1:6:20 ttag d) 1:8:20 [45]

=3 I a [ g

Park et al. (2016) [46] M3fFeumsunsnsznauazaNuiluiynendliorsives

4 =\ ~ 1 @ Y a =\ 4
aymau Tueen ladnuudsuiuanaisnuluvy vndagiumslimaluladmsiszgndves

= 4 1 Y Y Y o 9 J =1
Mudeneon lwagiaie uazlunargqaulddinuamwnadounazuybd TagnfSouiioy

o 3’, [ (g Y 1
HANITINNUDIIAINEDN la Tuny NI duasgHIuNAUNIIMsmM nuNinsazan
Yo uuwAoween ladlugl v,0, uaz v,0, @au vo, uaz 3Uoulisesazauun uamsazauy
g‘; =] A Y ’o’ o 1 Y a [ o dy

Huseaanaulorgan s IvsasvyaunsalsvanimsumeIianmaunaninwnilu

v o AR
W‘i’t’]llﬂﬁ‘m\lﬂﬁclﬂllﬂ@ﬂ
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200 nm 5 200 nm

511 2.23 7MME1e SEM 984 a) VO,, b) V,0, 11ag ¢) V,0, [46]

2.9.3 Tnnifionlaoon laduaz s lumsdde s mazuunfigelueems,

Rathnayake et al. (2012) [47] Auasiz¥uazAnmiaminvesdanesuTuluions
srsuna Tud Mg e wazaifs  msAnmamiavesdanefinTunmhos
FI5uMALDUA Ty (ﬁ"ﬂgﬂﬁ 2.24) FanennTuilddunieiidlaoms lasdmsn Ia@ouluh
AW anialy Uv-vis uazInszioynialays SEM nunhiimsnizaioduagiadosniwdiu
AT ERANTUINIAZUNTUALYN Escherichia coil 183 nagoumsdiuion Aspergilles

. ' Y Y
niger wmmwmmmu"lm

4‘ % 1 %’ a = %‘ a 2 A A I4
§1JTI 2.24 LLFANANIDYIIVDY a) WI9N9BITURALLVA 1w b) HeNBITUNALLVA TR oFaes

w11y [47]

v A A wa 9 )

Boonchai et al. (2012) [9] Anwinissvilgadfesiusidginazauiiadunuaiiceveq

U

a =

81955509@ Iao 15 lniiion laven ladsiiag Indur TuaeuTuan wsouTasld lnmitionla
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J v a ' a [
@@ﬂllclfﬂ"llu1ﬂﬂi$ﬂ1m 73 nm 9aa31 1sHA NUNHANIUENTTTUA 5 phr ﬂﬂﬁﬂ’ﬂﬂ1iﬂ@\1ﬂu

[ [

a a o & aA . o w vy s A A Yy
INTYIDEMIYVIUANLIY E. coil, S. aureus AUAIAU WUNATUIITYILASUUANLIY L9

t1)

T e
8,888 19 Sphr

K= 088 1 10 phr TRED.) 31 H3.888. 11 2) phr

. 1 (<%} 4 H U g
510 2.25 AN IMIBN1AAAYI19AIIAT 09 SEM ¥od Inmition lasen lsandunsienaunan

U

Tuenas55094a (2) lines (b) Iphr (¢) 3phr (d) Sphr (¢) 10phr (f) 20phr [9]
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o AUTens

a o aa 5 Yo a4 A
3UM 2.26 NAAOUMITUEUIUANITY ) E. coil 1A b) S. aureus MTATITEI WU 24 U [9]

53



UNN 3
EMIAUHUMIIVY

U

3.1 BN1F¥AnE AuadazIoy

a o I

E4
Tuauiveil givelatimuaumunisnaaes vouwansanyl d1usunIsnau

=1

= == a A Y tg a A A = @
Tnmidieylaeen leantilszanionlunsdudenuanizeluerams Tagdendnyiny
A a Y =3 4 o =1 J o = A 3’1 a Y
13199 2 ¥iia laun 1udeuesn lod uazdinzdoon lad msanyiansideniasariianie1d
Y
MINAADI ALl
= A o o o o = s =
3.1.1 Anmannzmnzaudmsumsdanizy mmilon laoon laauas Tnmidloy
o A o = 9 1 a A
lasenlsads lasnszuiums Iva-wa mvuaaanzlumsanu 1dun yiiavesaside, A
Yy 9 A
WUTHYDIATID
=< wAa 1 = 4 = o A
3.1.2 Anpauiaais 9 weseyna lnmidion laven lyauaz lnmidion lason ladide
meseula Tag
Y
a o o
- MANANT ANV UYDITIAONS (X-ray diffraction analysis, XRD)
a a3 (]
- INAUATANTTIAUBIANATO ULV TDINTIA (Scanning electron microscopy, SEM)
% é‘ d'a o
- JIANUNNIVUNIE (Surface area analyzer, BET)
- VA UMA (Particle size analyzer)
- T TangazadnuennIa (Photocatalytic activity) TasimaiingI-dmiiaalnIng Inla
A3 (UV-Vis spectrophotometry)
4
-Ysz@nTammsaudenuniiise Tagmadia Time kill assay
= 9 X A A ~ I o N Y A a
3.1.3 Anmsmuenuaiis svesans Immiien laoon laandunsizs ldununumd
YDINANN UINDINGNTITUIIA
/q Yax A Ay v= 9 o 7
3.1.4 mstlszgna 19asmssazanngimuzaui ladne1ndoe 1- 3 lumsialss

=1

ay a A Y j’ =
VUHYUITUHINTITUF AN ULYDLUUANLTY



d
3.2 ﬂ15!ﬂﬁ!!ﬂ$@ﬂﬂimﬂ1iﬂﬂﬂﬂﬂ

GRBLFY
q13191] 1n39 G
1. Titanium (IV) isopropoxide (TTIP)  Analytical reagent Alfa Aesar
2. Ethanol Analytical reagent Carlo Erba
3. Hydrochloric acid (HCI) Analytical reagent Carlo Erba
4. Vanadium oxide (V,0,) Analytical reagent Sigma-aldrich
5. Zinc oxide (ZnO) Analytical reagent Sigma-aldrich
6. Methylene blue Analytical reagent Fluka
gilnsaiminaans
FoirToq G
1. unasfudiaueagd (UV lamp) PHILIPS 34 TUV F17T8
2. Lﬂ%@ﬂﬂﬁlu’d 15 (Magnetic stirrer) THERMOLYNC 'g"u CIMAREC
3. TuTago (Microwave oven) ELECTROLUX 5: U EMM2016W

X v
4. 1A309UATIYHMTAENUUTITONS (X-ray diffraction SHIMADZU 54 XRD 2000

analyzer, XRD)

5. NR999aNTIMIDIANATOULUUADING 1A (Scanning  JEOL FU ISM-504LV

electron microscope, SEM)

6. 1A309AT 1$ﬁﬂ§h1mﬁ1@ (Energy dispersive X-ray JEOL ’g"u JSM-504LV

spectrometer, EDX)

7. B30T 1L UIABYA A (Particle size analyzer) MALNERN 1 MASTERSIZER 2000
8. Lﬂ%@ﬁlﬂi 1$ﬁ’Wj}u°ﬁﬁ’J (Surface area analyzer, BET) QUANTACHROME §'u AUTOSORB
9. g-raaelnIng 1 Tawwas (UV-Vis- IQUV-Vis master

spectrophotometry)

A J J a a J 1
10.i5esnmaresuaunusaadaInslimes (FT-IR  NETZSCH Ju STA449

spectrometer)

11.1A5097AA NN NLAS (Fiber optic spectrometer) Avaspec §'u Avaspec model
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~ = Id o =y Y %’ o
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o i ¥ o y .
Mmudoweenlad (v,0,) NA19iude 0.2, 0.4 uaz 0.8 Yesay Tualaoimin mwaluingu
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9
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= Y Z; Y =} o A = 4 A
100 paFsaTFaa UL U laas Inmitiey laeen laadonnufeuesn layauuuna 1o

asIvEoUAMANYME 1ag XRD, SEM, BET, Particle size tag FT-IR @0 11)
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~ v S ) - P 7 A
raF oAUt 31Uz laans Inmiiien lason loasaroon leduuune tlonsrvaon

Auanbme 1Ag XRD, SEM, BET, Particle size tag FT-IR Ao 11

[ [ 4
TTIP+HeMUBa 11 danzdeen lua FovazTual, 2 taz 4) + lemusa

'

Y 1 ] < I o
MUABLNINIULIMan 1Wuna 1 “IQIZN

|
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KUUINAU ﬂ’JuG],‘I’iL"lﬂﬂu

'

USuilerasnaudisasazatenialalasnaoan Hudu 2 M

|

TanufouluTas 1 ¥ Tue

'

pUNgUUAN 100°C IULAI

|

NAFOUANIANIYNIN
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U

[ = o’t—il G v
3.4 mInygevgaanyazedlmnisilacenlvanimiean’ld

dy v A J
3.4.1 MSAgAUUVDITIFDNG (XRD)
A ° a J o 1 9 g}l < A o 1 A 2
11399 XRD mmiammsamiwmﬂmaw"lﬂm“lugﬂuumamm P ER R RIANLISIEY
S % ]

Y = 3| <3 9 Ay a Y = ' A o oA
[N hlﬂ 1uﬂimﬂﬁ3661ﬂlﬂumﬂﬂllmﬂ ATUNADINTITNATDUNIVEADIUITYU muiummmamm

3| Y A < ' A . = ) =
HUnIIzABINVUIAOYNAENNI 325 mesh 30 152119 40 micron (FaazPoanaenanila) 34

60



E4 1
[

v Idtwamsnagound TasiSunandesldlumsnaaeuaenss szeguszua 12 niulunsain

k4
=

o 1 I 9 Y =1 Y " Aa 25 z;l A o I ~
#108100UNDU ABINVNIANINET) UliJLﬂ‘L! 10cm M9 WuNNvzimsnaaey vziiluines
= [ 2 ao - @ 1 [
UInaana Yseuna 10 mm 11U 28], [40] [42] THa1uIeinToua10e 19 U UHIB AU
A1 1799 XRD SHIMADZU 1 XRD 2000 713 Theta 5-80° scan rate 0.05 20 / sec.[51], [52]
Ja < 1

3.4.2 aNITAUDANATOULVVADINTIA (SEM)

(J oA o = Y 9 <3| < X ' o A

AIDYWNISUINIANYIAIY SEM ﬂ%ﬁﬂﬂlﬂu‘ﬂﬂﬁlﬂ]ﬂﬂi1ﬁiﬂﬂﬂ313J“I)'1!h11|ﬁﬁ1ﬂﬁﬁmﬂgﬂ

Y o a s A a o ' Y =~ va o G @ '

NITNUNAITAIDIANATOU Lm%WuW’WI3@81\1‘0$@]®Q3Jﬂﬂ!ﬁ“ﬂ@1!111/\]17\h lTumswsouai0819

152n0URY MIARAI0619%I 0 158HIAIE13, NIAAAIDEIT LAZMITRIVAD [30], [40] [42] &9

E4
Aav A

a @ 1 <3| ~ A vy o A J ' 9 <
mamaﬂnmamﬂummwmﬂumimsﬂmmum ﬂﬂisﬁﬂ1uﬁ1a€guwﬂﬂ’3’t}EJNLm’JIiEJ@Q‘]J’LJ’GW]’U

o

E A ' X o ) A a Aq v
[ASISTAINN] El]']ﬂuuu']llﬂE]l]LWE]llaﬂ"]']llslfuuagu']llﬂﬂ']l]ﬂjﬂﬂaq 1787130 IUIN ('Jﬁﬂcnﬁlcﬁg']\?

a

A

A10g19no NI UATETENIIAAY  F3k1INIdaraeF AT UNDUNADI0gRINNS
4 I Y Aq Ya o [} Ao dg‘ Y A 1 o
msvewuaunnléaadiosns) luanuldetiles 1n5e9 SEM JEOL ju JSM-504LV lagdn
ad I o A ad o o w J
dianasouiuduiiiiasidnaseu Nend i 5 Kv Masvensaie [49]
4 a < A
3.4.3 13099035 Wz‘ﬁﬂiiﬂm‘ﬁm (Energy dispersive X-ray spectrometer, EDX)
a 4 9 v A <Y a I d‘ a Y o k)
MIANTILHBIgAIeTITeNgaIematin EDX Huszuundenlenuninlundes
/a o ' A a o A g s
ONIIAUDANATOUNVVADINT 1A (SEM) 1H0391neusnunszisigiiluesdlsznevves
] 9 ] a 4 9 [ ] = @ G
aguazldnar lduwlumsinsizd [321. [40] Tesldnanmsmu@odny SEM msiws oy
o 1 A o v 9
A0 NN UAUANHIVD 3.4.1
4 a o
344 m‘%ammwwmmumﬂ (Particle size analyzer)
2 v a 2 Y A o \ i A o
Wunsiadnggdi lag191n30999U1190UN1A (particle size analyzer) 139992730
4 9
yuraeynin laglfnatians@enuuvewds awisnn ldntvuiauaznsnszaoaves
8YN1A [33], [34] 1A304 Particle size analyzer 3 MALNERN §1 MASTERSIZER 2000 19363
o A o a %’ < Y @ o =
Taamsrhman ldunmitluansazareluinay Tumulidhdudlsgana 10 wH hansazaen
a v o %’ g}/ 1 ci 1 ci
181135 1zrimimInsznedveseynia MmInaaous 3 a5e udnaundonnamnaisi la
A a o’dy d'a
3.4.5 1A5D9UATICHWUNNI (Surface area analyzer, BET)
MIMINUNFRITUNE (Specific surface  area) GH‘JJV]E]HE]"UEN BET (The
U U g a % 1 d'
BrunauerEmmett-Teller) 191dnn15veansgasumauuiuAIveiiedsidesnmsnagen lag
a a ' [ (22 a ds! (] :; 9 d' Y [
Newuagunmsgaguvesmanavuegaitane menlduauansalumsgaguuu

j’ = = 1 d' =) % 4
fuAa lddniimsimanadsganues Agmalulasu, N) [34], [35], [40] 1#a509 BET
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v v
QUANTACHROME §u AUTOSORB IQ tfa luTasiau Out gas figaivigil 300°C vhmianuea 11
Y J d'
19 UFIMNAURDEINAT I
3.4.6 WisosnsmarlesudourisasnInsiines (FT-IR spectrometer)

v

ti S Li' o o A A v A A S
1309 FT-IR  Spectroscopy Mﬁ’«]uﬂigﬂﬂﬂﬂﬁWﬂi‘g A9 BT IAdUNIUTANNTIAY

v Aaa

{ [ 4 1 v Aa o a J o ] I 1
anvnnurasaaussdoudsusa i 1gsdumes T lsiiwes duasszgnuiailu 2 dau

'
' [

< . 4 A o 4 e A 4 4 duy
dauinilu beamsplitter duasnsantiarzru ldinszaniassegnui uaznszaninaoun 1
s 4 A o 4 _ - A o
MEANWTININ W aae N o AT VNN beamsplitter ILINAMIUNTAA DALV UIUNTO
MIUNINADAUVVHNANVOWAAZANNENIAY otk ua1saee1 lfdTadyam [37],
o I a 3 = o =1 @

[52] azuladayauiunslinaiu Taons a1zl eudouiuinasgiu (53] Tao
a o cil 4 1 ~ @ 1 v o 1 I ]
uItei1HATe9 FT-IR. NETZSCH U STA449 M3tasondl10019 920aa208 10l unkuug

59U KBr Jafavaanaszanal 400-4000 cm'

3.4.7 1n303anNuduLas (Fiber optic spectrometer)

IAT09IANNUTULLES (Fiber optic spectrometer) 1% iammasnuuausianasy 910

1 o A 1 ] a 4 d I Y 9 a o
uraIR i ANEIA19e) U adeefing, vaea W, uawawes Wudu Tasldimaiianisiauuy
Y ¥
Fiber optic spectrometer UALAAINIIAAY 200-2500 U1 TS [38] 30 IAAINITAAT LN,
dsl I [ | ] 4 [
msazRou, maaenun iudu lun1s 9AIN159FUIAIYDUAT 04 Fiber optic spectrometer U
L o 2 o Y o a ey A ]
Avaspec  model FUATINAIDIIUDY dATUFUNTINAN HaNINTATIZHALIAT 0 TAe T4
Absorbance mode ANNEIAAUMNLAN]AA
aa aad o (] = 4
3.4.8T1 Tanzazaanuenalavedniddnd 1 Inmiion lasen luq
= an Y 9y 9 ' -7 =R -6 J o

- mssuaIsazatewnauyg lianuduinlurig 1x10” 93 1x10° Tuars Jamsg
nauuaalae UV-Vis Spectrophotometer [36], [52] $39A213813AAY 200-800 U1 THIUAT tiaza
f1 Absorbance VOUNNAULY HAZIABNANVY1IATY 664 U1 TUNAT TUNTTA Absorbance Y04

A
wnauug 3]
o = J = I A = v o a J Y

-hwdlnmidienlasen leduazma lnmidien laoen ledinenm@euiusad niow

msazaemnaungiwson 1ildnasanaans Taeldre 0.05 n§u Tundulddrin 30 i uds

o A [ 9 a aa A J. = A 9y = = =
l!ﬂﬂ?]ﬁlW’f)i‘]JLLﬁ\iﬂ?fﬂH‘Hﬂ\i‘ﬂﬂﬁ (LLﬁ\i’JE‘TLU’ﬁ‘lﬁ‘W) N[ LITUAY, S U, 10 U, 30 U

9y

waz 60 WIH Jamanuyutunnlasunasdie UV-Vis Spectrophotometer t@1iUAinHasas

) Y o ° Y 9 A 3 Y A~ o
NITAANUDNAITNLUNUU LLE‘]’JUWIIIIﬂWH?mﬂ?WNWWHN‘V]ﬁﬂﬁQLﬂHiﬂﬂﬂmuﬂmﬂﬂﬂﬂl?ﬂ?

62



a a é’
349 UszANTAMMIANFBUUANG Y  Escherichia coli (ATCC 25922) uag
Staphylococcus aureus (ATCC 25923) 1a87F Time kill assay
o & £ 0
MIATINHUFONATOY (Inoculums) 14 Loop 19Z1¥0910¥09A Working stock U111
a 9 dy g . oA a o < o ¥ a g
Streak YUNINUID111TLIDY9LYD Nutrient agar UUNguUngu 37C LﬂUL'Ja1 24 ¥U. NMFI1DHN 1 A

¥ A A = . 19 <
nuu@enlalailined 9 1 Talail tnizasly Nutrient broth 5 ml 1Y81928A2135250U 200 rpm

=1

figunigil 37°C iflunan 24 v, Wf%ﬂMﬁ?L%ﬂ%ﬂﬁﬂUTﬂﬂﬂ%ﬂﬂ’JW"ljuﬁllfJWtI!:ﬂﬁ}?ﬂ Normal saline
(0.85% NaCl) l#lianuyuminua1saza1ou1asgIu Mc. Farland No. 0.5 (Biomerieux) N3
NAFl AT UNANIY TURNYLIAYDA inhibition zone 50U HHUNATDY MHIFIDE1IALTY
YaoANAABIUT AN 1061982 3 Maoa 1Nt 1d inoculums 133193 100 luTnsAnsaq
VuRIFI0613 waulisfued e easuszeynaduda s, 10, 30 uay 60 WAld letheen
broth Y31105 10 1. a9l lundazasa e lidduediaiai v‘l’wmiﬁmfﬁaﬁmﬁamﬂuuﬁ
ATHABARIYIT Standard plate count technique A1UIUNT % maﬁﬁm%mﬂdﬁﬂmﬁﬂuﬁuﬁamu@u
ay (ﬁ!,m' inoculums) Iﬂﬂi%}ﬁumiﬁlﬂﬁiﬂqﬂﬁ [48]

R= C'Bxloo
C

A
[$\)Q]
P A
R= Lﬂ@ﬁlcﬁu@]ﬂ'ﬁm'ﬂcﬁ'ﬂ
o 4 X Aoy o
C= ﬁ]WM'JHLTIQﬂﬂl@ﬂl‘ﬁ@%uﬂulﬂﬁ]1ﬂﬁiﬂﬂﬂﬂuaﬂ

° = A doyy Aao > o @
B = 913uma ﬂﬂlﬂﬂl%ﬂWUUulﬂ%Wﬂﬁﬁﬂﬂﬂim WY NHAITELIMNMTUNTAN ©)

= = d d o o a o d
35 milmfm’mimnuaﬂﬂ"lmmuﬂu"lﬂ@ﬂﬂ"lmmmua!ﬂiﬂmﬁinwaﬂﬂmffnmd

5554310

v A

dadon lnmdleylaoon leduas Inmilenlaoon laae nulszansamlunsaiu

,i’ AAa AaA A = A A = J d A
WwouuaizeNangaioms onasuuauassNtoynia lnmilen lasen laduuvalsd wion
2 o = @ o X '
il e Inmidienlaeen ledmiin 5 ¢ @uilsireinlessy Usinas 50 ml Tuniudieuns
g v g ~ A o a g o 4 ~
auugimanlinswiunat 30 1A amivi lUdas Tedfiadlunal 1 5 Tue e liades v
F) =) 4 a A = 4
laarsuvivaselnmniionlaeenled 3 sia Ao arsuvivase lnmidionlasenled a1g

= o A = a d A o =
wvrvaes lnmidiey laoen ledideudsy uazasuvivasy lnmaisnlasen laaRedins @
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U
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"UEJQNﬁﬁﬂﬂ!cl’lﬁﬂﬂm\i‘ﬁﬁiiﬁﬂmmﬁ’lﬂﬁ@ﬂﬂ15ﬁ1uwﬂlmﬂ‘m§ﬂﬁﬂ‘lﬂ

=2 Aa = J a
35.1 ﬂ'li‘VIﬂf’ffJ’]JﬂﬁfJﬂLﬂ'l$"UE]QﬁﬁLL“U’JuaEJEJ‘VI3J?J‘L‘!ﬂWﬂUl‘Vlle!fJiJUlﬂ@E]ﬂll“]fﬂ‘Uuﬂ’J

LI AL RER

V) ? < 2 ' o a J a
1) Tﬂﬂﬂ"liullﬁ]TH’J‘HﬂiQGluﬂﬁLﬁlfﬂf)'ﬂﬂ"llﬂﬂ“lﬂlﬂ"lulmﬁgﬂiﬁ Iﬂﬂﬂﬁ’JLﬂi1$1’i‘ﬁWJW\‘l

SIEFTRLN (Energy Dispersive X-ray Spectrometer, EDX)

a J a (~ '
2) Tﬂﬂﬂﬁﬂlﬂiwﬂ‘mm%\iﬂilﬂm (Energy Dispersive X-ray Spectrometer, EDX) iile

nawu 1l A1 uay 75U

3) fnuanvuzdugiuvesiaaluszauganin lag (Scanning Electron Microscopy,

SEM)

a

y X o Vo o = ¢ d'
3.5.2 ﬂ'lTVlﬂﬁE]llﬂ']'iﬁ']ulslfﬂllllﬂﬂﬁﬂiuwa@]ﬂmcﬂﬂqﬂﬁi33J"]f'lﬁﬂﬁlﬂﬁﬂﬁ']iﬁgﬁ']ﬂﬂ 1

U 1AL 7 MMINAFY 2 35 A9l
1) Disk diffusion method (CLSI, 2012)

K4
M356383 inoculums 19 loop HAZI¥ONATOUIINHADA working stock 1131 streak U
a dy 4 . oA a o I g’/ A A
AM1101M151009%0 nutrient agar UnNgangd 37°C Wlunat 24 . vimivdenlnladihen
= . vy (] A a 0 I
1 TaTa® m1za3alu nutrient broth 5 ml WEIAIBAWITITOV 200 rpm NQWHN 37°C 11ual 24
G Y ¥ 3 X j’ = 1
¥, wseurenaaou1aglSUANNYLYBUTER8 normal saline (0.85% NaCl) 1¥liauu
2 4
MINUETAZ81ATFIU Me. Farland No. 0.5 MIWSou0IMISNAT0Y  INO1HITIASUTD
. X ' o = A ° X
Mueller-Hinton agar #3¥asuauazatwagunInaziguugilszum 45°C aslunumiziie
¥ L yy < Y q9 & .
(90 mm) Y311a3 25 mi/au asine Bauemanaaeunds 91n1u1%F cotton swab Us1A91nF0M
o & a ) S o X ' A Y U = 9
Warenadovtheasuumimihemsnageudmiudouaazsialining  msnaaey 19
forceps U5 1ANINIWOHTUAIDEINATDUNIAMIME 10T NATEY 1H1la1e forceps NALNY

nagouie A0 duian eI NAd o UDE19N I hauersnaaen 11iulu
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A0 MMINgaY D MUNANBATUNAILN YUTAAYUIAVDY inhibition zone FOUS LHUNATOL

(48]
2) Time kill assay (ASTM E 2315)

k4
M356383 inoculums 19 loop LAZI¥ONATOUINHADA working stock 1131 streak U

a Y ::3’ g . oA a o I g A A A
A2111191M1518031%0 nutrient agar UNAgannl 37°C 1Hual 24 su.ontwdenlalalifed 1
. ' < { Aa o I
TaTafl mzaalu nutrient broth 5 ml WEIAIGAINTITOU 200 rpm Ngmgil 37°C 1Hunan 24
~ @ i‘ [ [} dy Y . Y [}
By, wsenirenaaey IasliuaNYLYeuF0AI8 normal saline (0.85% NaCl) THTAU

Lﬁ1ﬁﬂﬁ1§ﬁ$ﬁ18h1ﬁ§§1u Mec. Farland No. 0.5

ad o 3 ) ti‘ 1 g o 3 1 a|
BmInadey iatestamadey f 1alalunumnzire uu 1 @wa1vau Yula
v
inoculum 131195 0.1 ml HIAAIVUFUAIBEMNATDY 19 191U plastic 19TV inoculum

1 v 9
el# inoculum dudanuAIMAIeE1INATEUDE191ID4 911U 19 Saran wrap WWIOU plate

& @ 9 Y, Y A o j/ 9 A a

odoanu'liln inoculum uiailowainmssznie humziye 1nde 2 Tuuiiguugi
o I = A o @ i‘ A ] Y v o d

37°C Wumal 10 W w350 1 $u. MinsHulsnasenszeznaniay (szaznatdunaily o

A

A j’ A A A ] v o Ao v a
130T0) HazSunrenivasagiiie HuATUMNsZaznaduianmrua’ll 10 ¥R (T10) 39 1

v
¥, (Tih) TeorhFunagounson film ldaslu stomacher bag 711 SCDLP broth ldeg 10 ml
N8I91MINIIAT 04 stomacher NBFLUUANITEOONINAY A20819 IMITUIUIULVANG 8l

4 y Z g
SCDLP broth #2875 viable cell count 1a81% plate count agar 11 1e1¥151@8UFD UUIUNIZIF

a

3’; A o 1 ) @ zﬂl A Y o = j’ A
NauaNguu)l 37°C Wunal 24-48 ¥y, dMMIV@enUsIngualmuIn viSunanyehn

u

Qy (2 1 o g v 1 -
NU/BUAIDYNINATDU NITATUIUNY m’;‘@aﬁum Iﬂﬂi%ﬁﬂﬂ?iﬂﬁﬁﬂqﬂﬁ [48]

R = Mx 100
0

A
iio

s < vy &
R = nosIHuAms Ao

2 A tg A Ao Y =

C, = log,, Veulsmannasvoureunaiizeniivlanal o wi
C, = log,, Veulsmannasveureuuaiizemivlanmal 10 wii wie 1 wu.
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UNN 4
a d
NaNSNAAD WAL IATIZHNANTNAADI

a o dy 9 o = a =\ 4
NuIvenldminsaavianizmsaseuu Tulnmtienlasen lesauaz ur Ty

'

I A g

IS) ) (2 = =2 Li.
"lmmuﬂuhlmaﬂ"lcmmimmﬂawmnumsm wazdanzd laonszuiums lea-va lagdnyii

9 9

ANututuyeTanzn g1 9 fumeldan1izn e Titanium (IV) isopropoxide (TTIP) (Fues

Y A

3 & ¢ & 3 {
asaund Ti iWueedilsznoy 19 Vanadium oxide (V,0,) 11a2 Zinc oxide (ZnO) iuarsasduni
@ I J o w { 3
Tavznmu@en (V) uazdangd zn) Wuesndszaeu awaiay meldaniznlsiuaziem
< ) a < a 7 o aan 1
woaiuaihazate uazldnialelasnaesn (HC) Huazazaddlumsiilfnser 529a01
Y 9 Aqva o X ¥ o W . .
Wntnvedlanzn1wve a9l 0-0.8 wi% loading @145 V-doped TiO, tiag 0 — 2wt% loading
d115U Zn-doped TiO, Hataquiluiwionlaninnszuriumsainarmihumageuduiiauaz

o

1 = @ = Jd A a Jd . . .
Auanyuzal 9 1WFeuiieuny lnmitioy laeon lyaizawiaisd (Commercially available TiO,)
A . Ao o =2 0 7 < 9 [ J a
fle P-25 TiO, wennndl fuimsanwimsthlilsegnditluansuviuasedmiuanlssunia

a ] ' a o A ¥ =1 ¥ Aa a [ '
NN UHNINGNTITUHIA LAz iIMIAREIaNIAMIMUTBLUARE sUpIN UAINEAN A 1NES

ad A Al A = A A ]
s35umannaeuNauu1anl Inmidisy laeen lsanws o 'ld

d LY
4.1 ﬂ]ﬁ!ﬂ%ﬂu V-doped TiO2 Iﬂﬂﬂ’i%ﬂﬁuﬂﬁi“ﬂﬁ-mﬁ uazm‘ﬁmmzﬂqmanymz

demsdnmmsiadoniaqurlulnoidlen laeen ladieAnuamduduves
e 1F1301um9 0-0.8 Wi loading TaenszauTua-19a SnHYZNIINIEATNVDIRILT T
§9IIUMI AR N 4.1 WU Be undoped TiO, (HaRsRazUR 4.1 (@) Hansazma
mﬂmmﬂum?rﬂmﬂjuu.azzﬁam%fmiﬂamﬁLamm%mmﬁﬂu (V-doped TiO,) WL W3 V-
doped TiO, (ansfazit 4.1 () fdnvazmemenilunsdivdesua dau P25 Tio, i

Y < @ {
ANBULNINMINNITURIFV (aaeagii 4.1 (c)



gﬂﬁ 4.1 ANYAULNINININVDA (a) undoped TiO, (b) V-doped TiO, t1ag (c) P-25 TiO,

1 o A ¢
4.1.1 MIAGNVUVDISITONT (XRD)

waw Tulnmileylasen ladnasouldriuasrvaesnlnsesaiananveans
Tnmitionlaeon | Taamaiin XRD uaasnazi 4.2 o1 a P25 Tio, (1aaafaz i 4.2 (a)
uaaslassaduanausyniewimeayg Ina laodsingdyanaiinveslaseadouunai
20 = 25.4°, 37.8°, 48.5°, 54.0°, 55.4°, 62.9°, 68.9°, 70.3°, uaz 75.2° FIAOAAFVINUILUIUMT
@Y (101), (004), (200), (105), (211), (204), (116), (220) 1Az (215) Mua1sy (JCPDS file No.

) [ = Y J = o 0 o =
21-1272) dwisudyanadinuesTaseadeg Inddsngn 20 = 27.96 °, 35.70° uaz 54.65° &3
q0AndpINUTTUIUMSIAeNDY (110), (101) 1Az (211) AIURI undoped TiO, (LEAIAIFUN 4.2

(b)) vandlasaaduaouunaog1a@ed (JCPDE file No. 82-0514) [53]
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B TiO2-anatase
L] + TiO2-Rutile
=
@
=
[
E
b) u u u ™
0 10 20 30 40 50 60 70 80
2Theta

311 4.2 XRD Patterns Y94 a) P-25 TiO, 1182 b) undoped TiO,

11971M3FANY1 XRD Patterns Y99 V-doped TiO, Mgison Tasnldouulasanuiudn

Yo uuAeNlugIe 0-0.8 wi% loading HAAIAIFUN 43 WIAIBEN VO2wt%/TiO, 1Az

V0.4wi%/TiO, nanalaseaivouund uaasaszlf 43 a) uaz 4.3 b) awaey ¥9lduandig

pgnIisdnylonioumniouny undoped TiO, (V Owt%/TiO,) aadnagi 4.3 d) 11099105l
A = Y v v A ~ =

azaau leu RN (0.59 nm) HalndiRestusatiozneuvodleaeu lnmitlon (0.68 nm) 34

° ' A a ~ A . ' ]

e lumsileseuru@ond ldunuleseu lnmidloylunaniisves Tio, [55] eg1alsn

A1 XRD pattern YDIHIAIDGN VO.8wi%/TiO, i Insas1umlanew Tio, Wil Tassadwuuue
é z!' A = d‘ a [ d' [ Y a

wunduag V,0, Failowunninmsmernumenanmnuli uaasaagali 4.3 o) wildawaniy

v Y [
wisiaes iiniu (317 4.7 o)
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= mTi02 anatats A V205
) f\ . " a .

A

Intensity

0 20 40 2Theta 60 80

31/91 4.3 XRD Patterns U943 a) V0.2wt%/TiO, b) V0.4wt%/TiO, ¢) V0.8wt%/TiO, 1z d) Undoped

U
TiO,
A a N s . ' A Y 9
MNATIN 4.1 uaNAWITNADIUDY V-doped TiO, WU HoaNududuve
A = g = o F2 d' A = Aa A [ g’;
13099 (MUAEY) 11PTY Tean i o/a anad HBIIRAITRoNMRsNaNTWa lusFuda
a =3 d’l d' [ = < = =
M3aUTaveInan UaNINI HBInTAll lepauveNUAEIanANTAY losauud lnmitiey
v Y
Junalulnseasa (Microstress) TuvagNonn ldwanawan Tio, [56] aaiu anuiud

VOIATIONIRBUMINZ Ay Ao THIAY 0.4wt%

1 1 a a 4
Mmsan 4.1 AMLANNFNIT NN DIVUBY V-doped TiO,

o\ Lattice parameter (A)
fIDYIN
a=b C
V 0 wt%/TiO, 3.8034 9.4840
V 0.2 wt%/TiO, 3.7888 9.4668
V 0.4 wt%/TiO, 3.7922 9.4972
V 0.8 wt%/TiO, 3.8006 9.4864
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412 Besnswanesu-sususe anlnInsalndl (FT-IR)

H Y
ﬂ1ﬁﬁﬂH1W\Wﬂ®fﬂ\1 Ti02 Vl"lﬁ}inmmnauuax P-25 TiO2 Tﬂﬂlﬂﬂuﬂ FT-IR (aA364
d‘ ] -1 a . o . 9 a

5UN 4.4 923 450-800 cm' 1AN9IN Bending mode ¥ouiUsy O-Ti-0 lulaseadrelnmiionls
J A A -1 A L g 1 a
@@ﬂq%ﬂllﬂﬂﬂunﬂﬁ WNN 1,630 le 1NA21N H-O-H Bending vibration ﬁﬂlﬂuﬂ]@ﬂﬂgqaﬂﬁﬂﬂ%ﬁ
= ' P 1 a 4 H

(hydroxyl group) fin¥anei 3,000-3,500 cm” (AALil99IN O-H stretching vibration U9IUN

YTNURINIAIDE [54], [57]

=]
&
|

%T

a0

75

&0

I
8

&
L b v b v by b by By

342081
310545—

o

o

ARRRS R ERRRTASS Sl RS B A b B o it el et e el s s e sy W e A e L B RE AR LR R LR Rt R RERR LR ARt S AL
3600 3200 2300 2400 2000 1800 1600 1400 1200 1000 =00 &00 a0
Tioz Adem

31 4.4 a1)na$y FT-IR 404 a) undoped TiO, 118 b) P-25 TiO,

U

dleimIfine FTIR wes V-doped TiO, nfsuiioniianududuvesasise
MuiRenlug 0 - 0.8 wiv uanadagildl 4.5 Fadnumzvsanlna FT-IR veanndoddl
AnuAdIAGatuIn MJ3Eanas 500 cm” 1AA9IN stretching vibration YBHUTE Ti-O-Ti uazi
600 cm’ (AN stretching vibration Yo4WUTY Ti-O [58] a¢4l5fiay Maaeuusiiaduiia

9 & ' ) ' -
mi%umaﬂmgimmmﬂ’nﬂumq 400-700 cm
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3109 4.5 @1lnasy FT-IR 494 ) V0.2wt%/TiO, b) V0.4wi%/TiO, 11ag ¢) VO0.8wt%/TiO,

U

413 @amiﬁﬂ’&ﬁﬂmsauuuudmﬂsm (SEM)

31N 4.6 uEAI SEM 194679819 W undoped TiO, (aAda331/7 4.6 a)) 1ag P-25 TiO,

U

D.

@ & @ 1 @ I A @ 1w
ansasgln 46 b)) MEesedidasanvazilueynafed ludnyazimengui
(Aggregration) ¥11ADUMABY lUTZADU THINAS 1WOANEIAIDE1S V-doped TiO, NANUANT

A = ' ) o = A a4 A2 X g9 '
YOIA50INWAGNAN 9 @28 SEM (udasaazili 4.7) ieens@emuiuiui il

o Aa & Y v A A A (A A A a
ﬁﬁJ’]LﬁN@ﬂJ@Q@Hﬂ’]ﬂﬂlﬂﬂmu ﬁﬂﬂﬂa@\iﬂﬂﬂ'lllaﬂﬂ“]fWTi']illﬁﬂiﬂlﬂaﬂuulﬂ LUDAITDNININU

Wo
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188w WO B

311 4.6 7M1 SEM 904 a) undoped TiO, t1ag b) P-25 TiO,
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1pm WO Smm

31091 4.7 7MW SEM %93 a) V0.2wt%/TiO, b) V0.4wt%/TiO, 11ag ¢) V0.8wt%/TiO,

U
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d Y
4.2 MN8N Zn-doped TiO, 1A8NIZUIUMIITA-190 HAZMIIATIZHQMADHUE

@

11 4.8 FanzToon laanduniizn la

2o

E4

4.2.1 MIAGIVUVDISITIONT (XRD)
A = N A A A Yy v
1oANY1 XRD Patterns U9 Zn-doped TiO, ieison Iaslasuuilasnnududuyes
danz@ U919 0-4wt% loading (HARAIAIFUN 4.9) WIAIDEN Znlwt%/TiO, UAE Zn2wt%/TiO,
ueraalnsead e und (taasnazili 4.9 (a) naz 4.9 (b)) My F9 liuanaeedeiiiedfny
WenlSeuifieuny undoped TiO, (Zn 0wt%/Ti0,) (uansfagii 4.9(d) Fatmuar Irdumsunun

a F) [ = S A A A 3
Ulf)f]f]ul!ﬂﬂﬂ"]fﬂa'lflﬂﬂ')'l!utﬂElilf]@ﬂulc]iﬂlilf]ﬁ'liﬁlﬂlwwllu
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] mTiO2-anatase 4Zn0O

d)

| | | | | ] n
A

2 A4

2 c) Allm u "y ']

9 n

[ =

- b | ] [ ]

b}
L]
]

0 10 20 30 40 50 60 70 80
2Theta

3111 4.9 XRD Patterns Y04 (a) Zn1wt%/TiO, (b) Zn2wt%/TiO, (¢) Zndwt%/TiO, 1ag (d)
Undoped TiO,

M519% 4.2 ALanianilineived Zn-doped TiO,

JAIS« Lattice parameter (A)
AIDYIN
a=b c
Zn 0 wt%/TiO, 3.8034 9.4840
Zn 1 wt%/TiO, 3.8017 9.4540
Zn 2 wt%/TiO, 3.7970 9.4520
Zn 4 wt%/Ti0, 3.7988 9.5000

{ a a J 1 4
VINAITNA 42 LANAFNITWABIVDI Zn-doped TiO, WU WoaNuINTUUD
3 = o 1 4 U AAAa a Y g‘l a
a13RomnUu Hnar i o/a anaq iesnnaswedengdlionswalumsdudaimsaulaves

= o ¥ Yy v A o ad A ' a
WNAN ANUU ANUUNVUUDIFITIIOTINS T NUNISTU AD Ulillﬂu 1wt%
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422 vEeinswanesu-sursusa anlnInsalndl (FT-IR)

A o =2 . = A 9y 9 A o =
(W9IMIANE FT-IR Y94 Zn-doped TiO, 3 8uiMeuNANUINIUYD I35 R0 dIned
Tur19 0 - 4 wi%  (uaasaagii 4.10) FanvazvoIdlnas1 FT-IR ¥099)0A208191A21)
ATEAAIAUIA NTZIY 500 cm’ (AAIN stretching vibration YOIWUTE Ti-O-Ti Lagh 600

cm’ 1AAIN stretching vibration YBINUTE Ti-O [58]

@
2
|

%T

180

130

120

110

100

)
g

U g~ W g = | L L B B I L B L T T
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
zn Tiem

3109 4.10 FT-IR patterns ¥4 a) Zn1wt%/TiO,b) Zn2wt%/Ti0, ¢) Zndwt%/TiO,

U

51U 4.11 uaas SEM 409670619 Zn-doped TiO, NA1NduveIdsfodang dang

U

)

1 Y v H Y Y
9 #28 SEM tijpensieminiusi liany limiwaueveseymaninaliuinniugie
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3109 4.11 7MW SEM %03 a) Zn1wt%/TiO, b) Zn2wt%/TiO, 18 ¢) Zndwt%/TiO,

U
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4.3 msanninlanzazadin nonAnves Tio, Mnsanla

== aa aad (S ' . A o Y [ !
msanu I lanzazaanionflnvonios TiO, ‘1/]MifJiJﬂﬂ‘mﬂﬂ'iﬁJ’JuﬂTiﬂﬂﬂﬁWﬂ
TagfinyimsanasvesaNududumsazarouiauug  neldnmsaesslrouaiaiiann
' o A < = = = = = o v Y .
unasn e Wunar o UM, 5 UM, 10 U, 30 UM Las 60 UIN ANaAD Tagld UV-vis

spectrophotometer NANUEIAAY 664 W1 TUNAT

0317 4.12 weras T Tnazazdnuend3nves P25 Tio, 1BuAY undoped TiO,, V-
doped TiO, 1182 Zn-doped TiO, MuazouI&vNNIzUINNS Twa-19a W P25 TiO, Tigns1Msanas
ANUTNTUVOUUAAUDFINI undoped TiO, M 4.12 2) AaudiBudy g undoped
TiO,, V-doped TiO, 1% Zn-doped Ti0, fitsi3 o3 1S vunfieniu V-doped TiO, wag Zn-doped
TiO, U8n3IMTanasvesduiauyg 59n91e15 undoped TiO, tNTITMIANATITII0dINA TR
szansamves Tio, Gl,um'i!,ﬁﬂﬂgjﬁ?ﬂﬂwTﬂﬂzaz"laaﬂmaﬁlﬁ'uﬁﬁﬁtﬁaaeﬁu [42] 511719 V-
doped TiO, 1A% Zn-doped TiO, i Zn-doped TiO, H8ATIMIAnaIR NI UVB FINATULY

a

v & 2 1 1 1 1
Tndifoenuns 3 Usuannududu®auianit undoped TiO, ATINGT V-doped TiO, LAZWLI
V0.2wt%/Ti0,  Hidasimsanasnnududuvesdiuiauuggenga doandoanuaanis
wisdimes nlaninmsmiuinvesns i XRD - MfSinamsternwdouiminzay limhu

. a A Aa g o a = . \ )
V0.4wt%/Ti0, vzina luTnsaiasa (Microstress) vz o llduanfiandn Tio, danalidms
a aana a aa A dg d a Aa o
walgnser Tl lanzaz ladnaielduadidiiadyu Tasneliinanisunsussuvenis
A ' A v o A J . A
wanilasuilszy3z1iang d-electron YBIE3TOLAZUOVADUANTUNTOLOVINAUTYDL TIO, 0

A151991UURBN VO.2wt%/TiO, M ay
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100 \—\‘
~ 80
H —+—P-25
E 60 =& Undoped TiO2
v
E
240
‘4;4
£
220
2
0
il 10 20 30 40 50 60
a) Time (418
e (U11)
100 100
==\0.2wt%/Ti02
80 -0 4wt5/Ti02 -8 == 1wt%/Ti02
g —Vbnad 20 200%/TiO2
s 60 =60 =10 At/ TIO2
= 2
2 3
Ip 240
g 5
v 8
5 %
"::, 20 ' 2‘20
B i h n
:.‘ 0 - — iy
10 20 30 40 50 60 - 10 20 30 L4 50 60
e (MNM)
b) Time (¥11) c Time (0

51 4.12 il Tanzazddnuondiaves Tio, Mwsen1a Tasfnyninmsaanududuves wi

Y

’E‘mug a) P-25 M) undoped TiO, b) V-doped TiO, 118¢ ¢) Zn-doped TiO,

d d A
4.4 msfinMueures NN Inaltnses Fiber Optic Spectrometer

' o w a

1A3097AANMTULAS (Fiber optic spectrometer) M iaAMasnuausian)nasy 1n
1 o A 1 ' A d J < 9 Y a @ .
UraInHALAIA19e) 11 A29eiind viaea I uavawes Wudu TasldmaiinmsSauny Fiber
9 )
optic spectrometer ﬁmtmmmm’mﬁu 200-2500 U1 11T [38] w‘%ammmiﬂwmtm N9
d” I v 1 o 4 1
aztou msmenvu Wudu lumsiadimsgdundivouniod Fiber optic spectrometer U
= = I [} @ g Y o a o A 9
Avaspec model FUATHUAIDIUY  SATUFUNTINAY  1dNNIRTIERNUAT O Tae T4

Absorbance mode ANEIAAUAVLAI AR
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' ' P P { y 1
1N3UN 4.13 AL DT WUVUTUBY Undoped TiO, MATENNTA1IZAN ) Lag P-25

=

| J ' . . .
Faihulnniionlaoon ladn1amss Wy absorption edge Y99 undoped-TiO, 1ag P-25 TiO,

a1

A1 405 nm f?léml§J:°lu61hmmmnﬂﬁuumﬁmmﬁu Gmia) dMIVNAI9819 TIO, fisede
Fanzafanududuae @ wuh danzafideiinarliiAasasw (Red shift) Y94 Adsorption
edge 910 405 nm Tty 420 nm dau V-doped TiO, INALTATNUD Adsorption edge 910 405 nm
il 600-800 nm iHfesnnIzAUNSIHVEImITe luauN AN IR TiO, neldiRantsum
3uc’?ﬂ?usummmamﬂéﬂuﬂs:@iwin d-electron  UBIETROUAZLOUABUANTUHT BLOL

o a a < @ 3 y
naugYod Tio, ngﬂﬁlﬂmﬁﬂ“ﬂ‘Wﬁ]mv{uNﬂ"lfﬂﬁ]uﬁulﬁﬂﬂ311]&%1]%1!"11@\16“5&%@1"!@!?73“3

1.8 e Ti02 cOmmercial
16 - = = Ti02 Undoped
i -~ Znlwt%/Ti02
1.4 ! .- \‘\ )
. - Zn2wt%/Ti02

1.2 == Zn4wt%/Ti02
_ 1 V0.2wt%/Ti02
(:‘;j 0s VO0.4wt%/TiO2
“:g ' V0.8wt%/Ti02
S 06
2
S 04
0
<

0.2

0

wPN

______ A i T 8

02 9 100 200 300 400 500 600 700 800 900 1000 1100 1200

Wavelength(nm)

‘ﬂﬁ 4.13 muaumimmum Vo408 TiO, mwnmﬁmamn 9
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MIMUIUANAINUFDII958 MU0 (Band gap energy, E) 1A8AUMNT Kubelka-Munk LaA

AITUNT
1,240
T
ie  E = wasmuuuaudn (luniie ev)

A )
ATNY1INAU (1uwuaﬂ nm)

PNAIT 43 Amdinusesiessiiwauves ey laeen lu s ou 18T
dosnd1 P25 Tio, ilefnymdinuresinszuhaauluiiests Zo-doped TIO, UM
Znlwt/TiO,, Zn2wi%/TiO, 1% Zndwt%/TiO, WAAIA1 2.95, 2.94 1Az 2.95 MUAIFY T4
IndRestuuasiaiidoonn undoped TiO, tofn¥1 V-doped TiO, WU VO2wi%/TiO,,
VO04Wt%/TIO,02 VO.8wi%/TiO, Ieraam 2.10, 2.17 gz 2.25 mwd ey Fuileifieuiussrig
undoped TiO,, Zn-doped TiO, ta¢ V-doped TiO, 1191 V-doped TiO, NAIMNEINUFDIINTENIN
uouesnin USamsitenl VO2wes/Tio, 1ag V04wt TiO,INd 111389319520 140
tosiiga Fennns i T Tnnzazaanuenddn il Vo2wewTio, aunsoandveunmiiauugld

moelunaniosnga AOANADINUATNAINUTOIINTZH WD v ldninns

Absorbance H0IfignRD Wavelength NUAINAINUF0III9TZUINLOVMAA LHOIDINMTTATN

(Red shift) U934 Adsorption edge 910 405 nm ul‘lJﬂdJu 600-800 nm A28
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M13199 4.3 ANEITUFDIINITLHIWOY (Band Gap Energy) UDIA10019 TiO, Migisonla

Samples Band gap Energy
(eV)

P-25 TiO, 3.03
Undoped TiO, 2.99
Znlwt%/TiO, 2.95
Zn2wt%/TiO, 2.94
Zn4wt%/TiO, 2.95
V0.2wt%/TiO, 2.10
V0.4wt%/TiO, 2.17
V0.8wt%/TiO, 2.25

1NA519 4.4 LAAIAT Particle size (nm) 11a¢ BET surface area (m’/g) Wu31 W1 4.57
nm, 65 m’/g 48 9.33 nm, 208 m’/g AWEIRND DILFHVURDIAAIA V2TMINTZIYAIVOIBYNA
nnnduadituiaa$unzdosnta undoped TiO, IFURGINUNUMSIVoR8TINZ A Particle
size (nm) 1@z BET (m’/g) Indifgariy undoped Tio, daumsfedaenufon (U 4.7) vty
NANBUZOYNIAVOY  VO2Wt%/TiO, 1Ay VO4wt/TiO, Huuiauazn1ssamizngu
(Aggregration) 1ndIRe9nU (SEM) d2U V0.8wt%/TiO, %xwu’jwﬁﬂymzaumﬂ"liiaﬁuanmmzﬁ
MRSz ooni 34iim 22.66 nm |, 215 m’/g, 22.34nm , 270 m’/g 1831 nm , 189 m’/g
WAL i nFmamaSeve e dansd dawasudnsuzeumaiimezngy

@

(Aggregration) AoARgeIR UMM SEM (31t 4.7 udlidesdnatumsnszanediveseynn
Particle size (nm) 41010 #1590 UURAGY VO.2wt%/TiO, 1A V0.4wt% SRR I
figa dauil VO.8wi%/TiO, Waiuifiasume idoras oruiieaninasidefiuinifiume
danaden1sianswalumssudimaauTnveswannazaaniswisines (gﬂﬁ 43 uag
3190 4.1) i ldmsinlgisen T lanzez ladn i lfuaddidaanas snfuasierudend

iz e 1N 0.4wt%/TiO,
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M13197 4.4 LAAIAT Particle size(nm) 1ag BET(m’/g)

Samples Particle size BET (mz/g)
(nm)

TiO, commercial 4.57 65
TiO, synthesis 9.33 208
Znlwt%/TiO, 30.07 144
Zn2wt%/TiO, 31.27 164
Zn4wt%/TiO, 39.00 202
V0.2wt%/TiO, 22.66 215
V0.4wt%/TiO, 22.34 270
V0.8wt%/TiO, 18.31 189

y X | ax 3
4.5 MInageuMIMuronuaiisalaads Time kill assay

G [ d A A ant @ 1 [ Z/ ~
wsenesFansTziiuunaiwson’ld 1agds laa-na Medeas 5 a5y NauET oY
J A
Wu¥enaaey (Inoculums) 1% Loop Unzi¥0a1nvasa Working stock 1131 Streak VUAINTH

a

ci’ j} oA o I o ¥ a H )
9IM151A0UTD Nutrient agar HuNguYH 37°C Wunar 24 ww. 190 1 A59 NUUEeN
$ ] <3 { a
TaTafifen 9 1 Talail mnzaslu Nutrient broth 5 ml 1WE1AI8AIMTITOU 200 rpm NYUHR
o & ~ DV A & ' X g .
37°C iHlunan 24 vy, wsswiurenaae IasluANYUYOUFEAIY Normal saline (0.85%
NaCl) IiHianuauminua1saza1eu1as§Iu Mc. Farland No. 0.5 (Biomerieux) M3NAgoU (/o
ATUNAUY TUANVUIAYDY inhibition zone TOUY LHUNATDY NRIAIBE19R IUMABANADDY
4 9
Usenie ded1eay 3 vasa 311nHY 1d inoculums 511935 100 lulasansasuunadiedns
Y ' s o= A v ~Qq

W 1IN L eE192D9 1BATUSZ Uz IAITUNT S, 10, 30 ag 60 W1N 1d letheen broth Usuas
' VY Y w " bR o o XA 4 a ' ' Y ax

10 wa. asldlundaznasa warlidhiuedenine Mmmsivyeimaoegluuaazasaaiedd

k4
) v W o &
Standard plate count technique AUIMUNT % ﬂiiﬁim%mﬂ‘%ﬂﬂLﬁﬂﬂﬂﬂﬂ?ﬂ?ﬂﬂuau waziniu

n5191521319 Antibacterial (%) AULIA
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1IngU7 4.14 werariu 1 60 w1H 13 P-25 TiO,, Unodped TiO, 1182 Doped TiO,

y X A yyaA ¢ P L Ao < y &
annsodugeunaiiseldiney 100 1WeSiyua ua V-doped TiO, Hoas i1 lumsduie
uuAfEe At 5 UIR YD VO2Wt%/TIO, , VO.AWt4/TIO, 1Az VO.8wt%/TiO, 11111 88.64 % ,89.4%
1Az 89.79% N 10 UIN 98.64% ,99.69% 1Az 99.79% A1 Zn-doped TiO, Y9I Znlwt%/TiO, ,

=1

Y .
Zn2wt%/TiO, 1ag Zndwt%/TiO, UM 5 U1 21.96%, 23.12% 1oy 28.9% uagh 10 w1
o w < P . D o < £Y X
30.64%, 28.32% Az 37.53% auaiay 912iulan V-doped TiO, liasuiilumsmuie
AA A ' . . A ac o Y A
LUATNTENGINI Unodped TiO, 1182 Zn-doped TiO, Tasuan10 minnawsaiila mov 100
4 J o % . = 3 Y ] = . Yy o '
nlosiyua 3D Zn-doped TiO, BANWTIIUMIAMFBLUANGY Ecoli InAIABINY a1 S.
A . 9 Y & A 9 P~ ) o . 1
aureus N Znlwt%/Ti0, THarlunmsmussnuaniFollosnga 113U V-doped TiO, W1 Tu
Y
MIMUFUUANGE E.coli INQIRINITURY 89U S. aureus V0.2wi%/TiO, 1ag V0.4wt%/TiO,
A o < Y zﬁl Aa Ad oA A a Y (Y ! v
oasuirlumsdudenuaiiseniinnnteasuinnull deandeenuanAIngIIu
1 1 1 H 1 a a 1 1 v a Q' 3
¥947195nNwoy niani lndraiavnnnadawaliauia I Taazas ladniuay [3], [42]
a A 1 o o
91905 U8 1411815 V-doped TiO, 11a Zn-doped TiO, NFuAT W lagmnsodunuaiisela
Y
NIA0IFUA UAMULUATNITOUNTUDIN (Gram  positive bacteria) IANINAI UATUAY (Gram

. )
negative bacteria) taNUDY
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100 mP25
90 B Undoped TiO2
W Znlwt%/TiO2
80 M Zn2wt%/Ti02
W Zndwt%/Ti02
. 70 B V0.2wt%/Ti02
& & B VO0.4Wt%/TiO2
= mV0.8wt%/TiO2
;§ 50
o
= 40
>
30
20
10
0
a) start 5 10 30 Tinwelpin)
100
mP-25
90 B Undoped TiO2
W Znlwt%/TiO2
20 W Zn2wt%/Ti02
m Zndwt%/Ti02
70 W V0.2wt%/TiO2
wV0.4wt%/TiO2
. 60 wV0.8wt%/TiO2
&
— ‘50
2
£ 40
3
=
= 30
<
20
10
0 P
b) start 5 10 30 Time(min)

M 2 k4
31 4.14 vamamsduieuuniise 1ae3T Time kill assay VOusouUATIEY a) E.coli 102 b)

S.aureus
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v

a o d aa dy \1 a ul vl da d\ly
4.6 WEWIﬂmm.‘.ﬂﬁﬁiﬁu‘]ﬂﬂ‘nﬁ!ﬂiﬂﬂﬂﬂ NINHEBN 1ADON LBANTIAIICTH LN

v
vnmafseuniouauia I lanzazddn ¥o9 undoped TiO, AUMITRONT 2 ¥iiA
a o a ] a A ° y A A a .
(MuReutaz Fangd) wunmsavasveas li ldinulse@nsamues Tio, [23], [26], [42],
a a 2 aa a ¥ < 3
[45] 1dTauia I lanzas laanatunielduadddida sadamsdudeuuaiEois:9unelu
v
30 WHVRIEIIONT 2 FTia
A = A aa d' G Y
M3 UAsN Minadouauia I lnnzazaanuesasimsonla uaznmsnaaou
Y zﬂl = asy . . = wa 1 A = &
MIAUFOUUANIGY 1AeTT Time kill assay TINDIAUAVLAAE) A1TTOIUUATUNT 3 AW
2
g VO.2wi%/TiO,, VO.4wt%/TiO, 1Az V0.8wi%/TiO, Minadoumsauyeunniiise £ coli
Y [ [ Y tg a A A 9y 9 .
Indifeeny daumsnadoumsmuFonuniize S aureus NANVITUIU V0. 2wi%/TiO, 1Az
. Y 2 @ 13 1 a A A A = Y j
V0.4wt%/Ti0, Indtfeanuuaiz1ninfSmaidoun Aontelunar 10wl dunsod e
aa g A . A a wa a A =
HUARIF I3 INNN VO.8wt%/ Tio, tazilonTeuieuamnia W lanzas ladnvesansnernu@on
] Yy 9 ' . wa a a Y Y A '
M9 3 AN UAIU WU V0. 2wi%/Tio, auid I Taazaz Tadnananudududu msizuanal

ad Y 9 = an Y A Y v 1 1 o
5 ‘LH‘VIﬂﬁﬁﬂi‘Oﬁﬂﬂ’JHJL"UM“Ul!"ll?)ﬂﬁmﬂauﬂa‘lmﬂﬂﬂﬂhﬂ AOAAADINUATYDIINNNAINTU

U

sgrnanunduald $avo. 2w/ Tio, Iandlndidialeslfnaniosiiga (2.10 ev) 819

v
A 9

A 1A d‘a o a o dyd A 9 9 A = d'
FHBAUINNATWUNHIVUNIENAD UV NG IIUIVYUIUADNANTVVNVUVYDITITLDIUULAIUN
=

. & 9 A A ] =3 1 vada Y
V0.2wt%/TiO, “INENLHJ%SL‘G?JLLﬂﬂﬁiﬂm‘liHJWﬂﬂ?NWﬁﬁﬂﬁiﬂﬂﬁ‘ﬂmm3

Msvedingd nnaaevantialnlansazannvesasision 18 iazmsnaaeums
duFounaiize TagTs Time kill assay s nauaniiad1e msdedany e 3 anundudy
Zn1wt%/TiO,, Zn2wt%/TiO, 10 Zndwt%/TiO, MsnageUMIAuFeuUAfi3 TasT3 Time kil
assay MINATEUMIAIUHOIUATIZG £ coli IndiRBsi dIumsnageumsduisonuaiie s
aurens it ZolwweTio, Taimsdudeiiganitanudududy awlu 10
gunsadude Idinu so wesiFududs uazilenFeuoyauid v lnnzazlafnvesmsiie
JuAsne 3 A U Zalw/TIO,, Zn2wt%/TiO, 1Ay Zndwt%/Tio, aualdIa

azazlaanlndifeaiy doandoanuAIFeIIINaInus s uRmuI 1Iaae Tuuanaiaiu

v E4
1A a av AKX ' =

1 £ Y aa v A A o = A v
Un Lmnm‘mﬁuﬂﬂaummma"lﬂnmmmllmi]@’mﬂza MUY UIINUINNITRDAINS T

= A

. = < Y a a wa a Y g
Znlwt%/TiO, thoauantesnansomulszaninmantia 1 lanzaz ladnuaz msaiude

by

==
nuaniselaa
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wionasuvavasentoynia lnmnilonlaoenledunualsduos undoped TiO,,

@ -4 o 4 @ a ’o‘

V0.2wi%/TiO, 118z Znlwt%/TiO, tazonasil e lnmidionlasenlodmin s ¢ uazi@i
y ] [ I v Q) =1 3’;

151a910 levou 51105 50 ml Tunirudrsunsnruutimanlfdinuiunar 30 1 3
o % a I~ < 4 4 a

lsas Twiadlunar 1 52 Tue e liiades a2 ldesuvivases Inmitlenlaoon laq 3 siia

A a o a o A =
fo asuvvase lnmidienlaoen lsd arsuvivaselnmiioy lasen laamennufey uazans

= SN o =
uvrvane lmmiien lasen lyaedansd

asuvauasesaenaIniun lFuundasusinnesssuna (ieueanis) Tami
asuvuaee w3 wiia mlsduummeusans GUi 4.15) Adadurudmdonina 1 o
X1 an (i 4.16) udaldesina131Fuds feamgiives funar1 S waz 7 fuiteriun
nageumsBamzvesoyma lnimiilonlasen laduuituihvesansusianeesssumauas

Y &‘ A J
‘Vlﬂ’d’f)‘]Jﬂﬁ@1HLGH®LL‘]Jﬂ‘VIL‘iEJ¢l’E]l1‘1J

PN~

e o
) PCLAIDIMN (s
() », ‘..v.v.\_/.v‘v..‘, ©

\

4 a o o { o o y
Eﬂﬁ 4.15 Nﬁﬁﬂﬂ!“’I/'I‘HM@u&1ﬂw1i1ﬁu1ﬂ1¢lﬂlﬁﬂfﬂi“ﬂﬂﬁ’l‘]\i
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a ' ¢ o ¢ A o @
ETJ‘VI 4.16 ﬂﬂuﬁlﬂiﬂllavﬂﬁQﬁlﬂiﬂﬂumﬁﬁﬂm“ﬂﬂWQW'ﬁ']

wa A A P A a a o @ A '
46.1 waaeuaviAvesmsazateson lduuiuAmaafusieams uileszeznawuly 1
U uaz 7
1) 9aNssATDIANATOUILLADINI1A (SEM)
U ~ <3 J 4 =
1INMNA10 SEM (37 4.18-4.20) aziminlduilean)sdasazatead’ly wod ims
= I A A v AN Yo s = =
daimzvesmsazaaiuyaqnizatwesn lu eieunun L ldihmsanlsde: Tulimsdams
) v Y v
yosouma uaziionatdulyl 7 Suuda anvagAnufelinisuan wis vesrunuLazoYAIAN
= 9 A A a Y = Yo a
wuiitesas 8191010 5282081 Ay vieguugineluies Fulsen Idnuaninlndves
a o o s e 3 O A
Handuair1anTIleng uNWNeIHs ¥9N3 undoped TiO,, VO0.2wi%/TiO, Hag Znlwt%/TiO, §

anvauzaAdY
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188m WO Smm

H ' A o {y 1 o o
ﬁ‘ljﬁ 4.17 91 ND18 SEM GlJ'l’]QWZWIﬂﬂ!“ﬂﬂ"NWTi'lﬁlliJ]lﬁlﬂ"lﬂ"lﬁﬁlﬂiEJ

U
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51/ 4.18 mwa1e SEM voenansmaisrsnis1ian)sd undoped TiO, a) 151 nag b) 73u
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51 4.19 nmane SEM veendndmaiorans1ianlsd Znlwi/Tio, a) 15u uag b) 751
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5111 4.20 Mwao SEM vesnaadaaioewiaianlsd a) Vo 2wt/ Tio, 17u uag

U

b) V0.2wt%/TiO, 73U

2) BT PREAYE: wﬁqﬂ?mm (Energy Dispersive X-ray Spectrometer, EDX)
v H Y H v
91AHA EDX U83%UIIU non spay (31/7 4.21) maunm;mmwmﬂﬁe‘f(;ﬂw 4.22-4.24)
9 v Y v v
nunFuaun bildalsd wnuuAiiuAIve 9819 IBTTUMAM Y (C, Carbon) EIUFUNY
1 ' 1 v
019MS5ITNANaNlTd (GUR 4.22-4.24 nazanineh 4.5 wuNeINg 3 ¥ila undoped TiO,,
Znlwt%/TiO, taz V02wt%/Tio, nal3 19U wuesanlsdifauuiuinlsyna 2-12 %
undoped TiO, 10 %, Znlwt%/TiO, (Ti, TiO, Ua¥ Zn, ZnO) 12 % uag V0.2wt%/TiO, (Ti, TiO,
Y A = A s3I A A = 9 '
wag v, v,0,) nudesngan 2% ervieaunannilesiuailsinaaismesvesnumeuissni

[ o U 1 4 v [
voadangdoan lodaanulSunaniosnin drudenariull 751 JuurTiuasawwsolndines
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N undoped TiO, 10 %, Znlwt%/TiO, (Ti, TiO, 1% Zn, ZnO) 9 % g V0.2wt%/TiO, (Ti, TiO,
& Y o o ! Aa o v X v v
oy v, VZOS) 2 % BIN0AAADINVANHUSHIND1Y SEM NUANYUSUHIVU Wﬁﬂuﬁq@]aﬂﬂ‘lﬂ

Tagde

T T T T T T T T T T T T T s T
] 2 4 B g 10 12 14
Ful Scale 501 cts Curgor: -1.020 (0cts)

gﬂﬁ 4.21 N3 EDX 994 non Spay

Ti
Ti

Ti

Ti
o) Ti o
Ti
WY/ e

T : T T T T T T T T T g f T ; T ¥ 7 T ¥ i 7 T
a 2 4 g ] 10 12 ] 2 4 g i 10 12
Full Scale 501 cts Cursor: -1.020 (0 ct=) Full Scale 501 cte Cursor: -1.020 (0 cts)

31/9 4.22 n519 EDX 4043 undoped TiO, a) 134 tag b) 73U

U
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i
a) b)
Q
Ti
Ti In K
o n Ti n In In In
T T T T T T T T T T T W| Saa T T T T T T T T T T
0 2 4 [ g 10 12 1] 2 4 5 g 10 12
Full Scale 501 cts Cursor: -1.020 (0 cts) Full Scale 501 cts Cursor: -1.020 (0 cts)
v
‘]J = w o . Y o o
31N 4.23 N3 EDX U034 Zn1wt%/TiO, a) 19U 1ag b) 79U
i I
a b
) ' )
O
Ti
Ti
v W
M |
Ti
4 W
0 2 4 ] 8 10 12 0 2 4 [ 3 1d 12
Full Scale 501 cts Cursor: -1.020 (0 ct=) Full Scale 501 ctz Cursor: -1.020 (0 ct=)

aP

519 4.24 319 EDX 494 V0.2wt%/TiO, a) 19U 1ag b) 7 U
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3190 4.5 59395 a Taon o9 EDX

911U Nonspay  undoped TiO, Zn1wt%/TiO, V0.2wt%/TiO,

Junou

nagel  cio C+0 TiO, C+O0  TiO, ZnO C+O TiO, V,0,

17U 100 89.23  10.77  87.26 12.56 0.18 98.26 1.47 0.27

77U 100 89.27 10.73 90.49 9.31 0.20 97.88 1.90 0.22

v o ) < 2 o @ 4 w
4.6.2 fﬂi‘HUi]WM’JHﬂiQGLHﬂWﬁL“UﬂﬂﬂﬂEUﬂQGD'NQTL! ﬁ]uﬁi]ﬂﬂi"lllﬁﬁﬂﬁlﬂﬁﬂlléjﬂ‘ﬂ\ﬂ%}1 U Tﬂﬂ
a 4 a = H (] < ]
amiwwmmmﬂsmm (Energy Dispersive X-ray Spectrometer, EDX) ﬁmﬁaagluﬂm%mmaz
v
A3
v ' o a v J a o
i’ﬂﬁll"ll')l‘la’ﬂEJGNﬂaT)uWiﬂcl‘ff}lluNﬁﬁﬂﬂlm%]ﬂU?ﬂﬁﬁiN%?ﬁ (WN@HEH\?W]‘N) Iﬂﬂlﬂ
3‘, a o d‘ Ao & ] d‘ d‘
ATUVIUA0Y N9 3 ¥ila d)sIUuNNEUEIINII (JUN 4.15) NAATlULAUFIMEENYLIA 1 B,

Y

{ U 2 1 a < [ 4 )
X1 @, (319 4.16) udrilaeena 13 1duds Rgungiives iWunar 1 Ju o wmaaeunson
J ¥ a a @ 4 a v o
imzvesoyma lnmiion lason leauunuAiveinaniuainne19535u9a Taemsiusiuau
¥ o XA a a o ¢ = s Yy
asslumsiFasonvesasuuiuiwansuaioaws nanlsdouniads
A o d < Y v 4 . H
1IN 46 agdiauasdumadaeenldasil  undoped TiO, 3 A5,
v Vv
Znlwi%/TiO, 4 A5 uaz VO.2wt%/TiO, 3 A59 39 liwuasnaunaeey na1Ife undoped TiO,
' H s 9 Y
SURUN 10.77 %, 1 ATI4.56 %, 2 159 3.12 % 1Az 3 A5 0.09 % AWANY Znlwt%/TiO, (Ti,
1 Y Y Vv v v
TiO, 1% Zn, ZnO) NAUN 12 %, 1 AF97 %, 2AT97 % , 3 ATI4 % 18z 4 159008 % AR
' ' 9 Y v
V0.2wt%/TiO, (Ti, TiO, 118 V, V,0,) I3UAUN 2 %, 1 A592 %, 2 A5 1.8 % uag 3 A59 0.09 %
o w ] = ) 9 T 1 = A a & a a o 14
awaey  szmiu lddedwauaiclumsdamnay  USinussimegaauunuikaasmi

[ J o\ g g a o 2 v W [ ! a
PINTINITABYNAARY AU ADDINM T IFOUITITmIUATIIuMT FuianT odau LN uiE?

Y
a2 ldlszanes 3-4 a59 Feenals v
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a o g o ~ A& a9
M1319N 4.6 muauﬂiﬂumiwmaﬂ @]3'Jﬂﬁ@ﬂﬂ%u’lﬂ!ﬂ‘wuﬁ'l‘iﬂi$ﬂ’t’)‘]J°VlWHW')ﬂ'JEl EDX

P
RLIAN UIUATY
undoped TiO, 3
Zn1wt%/TiO, 4
V0.2wt%/TiO, 3
a) b)
Ti
Ti Ti
i
C Ti 'lv'k
ol Ti
1] 2 4 4 i 10 12 ] 2 4 g i 10 12
Full Scale 501 otz Curzor: -1.020 (0 ctg) Full Scale 809 otz Cursor: -1.799 (0 cts)
c) d)
i Ti
Ti i
‘....Tf.*‘..”‘-rwf‘*.“.“. .mg.-.“*——."*rju...-‘*....
1} 2 4 5 g 10 12 0 2 4 [} g 10 12
Full Scale 501 cts Cursor: -1.020 (0 cts) Full Scale 809 cis Cursor: -1.799 (0 cts)
= ° ¥ A< % ¥ ¥ ¥
31]71 4.25 N5 EDX U3 1UIUASINFAUD 4 undoped TiO, a) 0 733 b) 1ATI¢) 2 ATI d) 3 AT
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Full Scale 624 cts Cursor: -1.799 (0 cts)

Ti
Ti
Ti Q
i Ti
ol Ti
In In In
In == In I‘n. A
T ; T ¥ T T ; 7 T T ¥ ¥ T ¥ T T ¥ T t
0 2 4 [ 3 1d 12 ] 2 4 1d 12
Full Scale 501 cts Cursor: -1.020 (0 ct=) Full Scale 809 cts Cursor: -1.799 (0 ctz)
Ti
Ti
Ti
i Ti
iz A 4y SO I
n T AL ATy ey
T T t ¥ T T T T T 1 T f T ; i T T T 1 T t T 7
0 2 4 [ g 10 12 o 2 4 10 12
Full Scale 447 cts Cursor: -1.799 (0 cts) Full Scale 272 cts Cursor: -1.799 (0 cts)
e)
0 2 4 [ g 10 12

] Y H Y Y 9 9
51 4.26 N5 EDX mus1uauniaiikaves Znlwt%/Tio, a) 0 A59 b) 1 AT ¢) 2 AF3 d) 3 A

e) 4 A5
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il

2

4

Full Scale 624 cts Cursor: -1.799 (0 cts)

Full Scale 624 cts Cursor: -1.799 (0 cts)

i
a) b)
Ti
O
Ti
W
W )
X Ti
M | M
N M
T T T T T T T T T T T T T T T t ¥ '
] 2 4 4 10 12 ] 2 4 g 10 12
Full Scale 501 cts Cursor: -1.020 (0 ct=) Full Scale 501 cts Cursor: -1.020 (0 cts)
M i
c) d)
Ti
C
u Ti
Ti Yy
JL\LVM——«.W/\ -
e
T T T T T T T T T 7 T T T T T ¥ T 1 1
10 12 1} 2 4 g 10 12

U

{

M 9 9 9 9 v
5109 4.27 0519 EDX e ununsaiidnued V0.2wt%/TiO, a) 0 159 b) 1A34 ¢) 2 A34 d) 3 ASA

~ ° 208 a o & = 7 v £ gy ay o
AN 4.7 flnuju‘ﬂi\nalfﬂsllﬂqwa@]ﬂﬂ!cnfnqw131Wﬁlﬂiﬂﬁ1ia$a1ﬂ llajﬂquﬂqmﬁaﬂﬁﬂﬁ 13U

91U undoped TiO, Znlwt%/TiO, V0.2wt%/TiO,
a4 C+0 - TiO, - C+O TiO, Zn0  C+O  TiO, V,0,
0 89.23 1077 8726 1256 0.8 9826 147 027
1 9544 456 9262 7.5 023 9799 1.8 021
2 96.88  3.12  92.67 = 722 0.11 98.1 .82 0.08

3 99.91  0.09  95.81 4.08 0.11 9991  0.09 0

4 - - 99.92  0.08 0 - - -
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a

v & aa a o 2 A s v 2y o
4.6.3 Waﬂ?iﬂﬂﬁﬂﬂﬂ?i@nul%@uﬂﬂmﬁﬂiuwaﬂﬂmcﬂﬂ'l\?ﬁiim‘lﬂﬁﬂﬁlﬂifJLLa'JVNHl'J 13U g 7
gl
1) Disk diffusion assay
~ L a o J =~ e a Y o o .
mﬁﬂi]“]ﬂNWHNaﬁﬂmcﬂﬂ1QW1511’]?(L1J§EJWNN’JLLQ’J‘VI 1 U 1ag 7 IU U939 undoped TiO,,
v b4
Znlwt%/TiO, 1182 V0.2wt%/Ti0, Mntiuaseudeluminadeulag maeson inoculums 1%
4 v 4
loop LAZI¥oNAdoUIINHAA working stock U147 streak VUAINI01M151A89F0 nutrient agar

a

oA 0 <3| d A a A = .
Uungurgl 37°C Junal 24 yu. nuwaenlalatifedr) 1 Ialai im1zadlu nutrient broth 5

a

"y < A o . & ~ o X o
ml 1YE1AI8ANNIFTITOU 200 rpm NQaKYN 37°C Hura 24 ¥, wssuinsenaaey laelsy
1 i‘ 1 1 (%]
AUYUVDUTORIY normal saline (0.85% NaCl) IHNANUYLIMIAIAITAZAWNIATIIU Me.
Y 2 v

Farland No. 0.5 MIIATONDIMITNATOL  INDINITIAVUTD Mueller-Hinton agar FanaouIU
' o = A a o X ]

azangd1aNIDazlgarigilszinm 45°C aaluaumiz¥e (90 mm) U31195 25 ml/A1u A
L yy < Y qu A 0 o X a )

naBauensnaaeunds 11miuly cotton swab Usiannigesurinsenagouthoasuuranh
) [ zil J a Y U R 9 zgl a % [}

2 IMINAgeVd M UFaLAaryHA THNIDY mInaaey 19 forceps UsiAn¥enaualIos
a v ' 4 @ ' v o W

naaeuINAIRIMIe M NATeY 1H1la1e forceps nALKUNATRUILN e IFidI0eeduiaN

2IMINATBUINIDG v uomsnagey lunluanzimunzeay e1unaionsUNaIL

1JUNNVUIAVDY inhibition zone 791 BHUNATDV [48]

1 4 3

NANAMINATOY AT 4.8 1HDINAMINAADUUDY Disk diffusion assay Aoy

2 A o 1 A ) A A = A jam X o & A o ¢

Funurseareganamsaazme lameld lsuziredwzinalnsendn auiu waasmi

d' g’/ a L} ra aan g
swsianlsdasazatens 3 siiaasld liawnsoazainla 39hiRalfas e
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A13197 4.8 MINATOUAIYIT Disk diffusion assay 1 17U tag 7 3u

#2089 NATOU YUIAVOY inhibition zone (mm)
i 1 Fuit 7
TiO, synthesis 0 0
V0.2wt%/TiO, 0 0
Znlwt%/TiO, 0 0
Non spray 0 0

2) Time kill assay (ASTM E 2315)

=l Qy a o ' = n‘zgl a Y A o o .
OTINFUNUHIAA VNG TENUHIEIN 1 T uaz 7 T4 U84 undoped TiO,,
2 2
Znlwt%/TiO, 1182 V0.2wi%/Ti0, Mnuuasemdoluminadoulag msson inoculums 1%

k4 Y A
loop HAZI¥ONAAOUIINHABA working stock 11131 streak VUAINIIDIMITIABUYD nutrient agar

a

1A o 3 g $ .
Uungamgil 37°C ihunan 24 su.oniudonIalailifed 1 TaTatl mizaslu nutrient broth 5

LY

v

9y < a

' ) I o - [
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An enhanced photocatalytic activity of methylene blue using visible light
responsive V-doped TiO: nanoparticles

Siriporn Tong-on"*", Siriporn Larpkiattaworn?, Singto Sakulkhaemaructhai® and
Chuntip Sakulkhaemaruethai'

' Department of Material and Metallurgical Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanvaburi, Thailand
“Thailand Institute of Scientific-and Technological Researeh (TISTR), Thailand
‘Department of Chemistry, Faculty of Science and Technology,
Rajamangala University of Technology Thanyaburi, Thailund

*e-mail: siriporn_zinn@mail rmutt.ac.th

Abstract: Titanium dioxide (Ti0O2) has been proven to be the most attractive material for a
wide range of applications, particularly as the photocatalyst for degradation of organic
pollutants. Due to the wide band pap of TiO: (3.0-3.2 V), its photocatalytic activity is
restricted in the UV region. In order'to narrow band gaps and extend their working spectra
scope, doping metal with oxides has been an effective strategy. In this work, V-doped TiO2
nanoparticles with different (0-0.8%w1) concentrations were synthesized by a microwave

assisted sol-gel method, The characterization of the prepared nanop:

rers carried ol
I were carried out

by XRD, BET, SEM, and UV4Vis spectrascopy. Photocatalytic oxidation of methylene
blue (MB) was investigated using V-doped and un-doped TiO: nanoparticles under visible
light irradiation. The XRD results indicated that the prepared TiOz nanoparticles only
contained anatase phase. The V. dopint was nat alfecting the erystal phase structure of

Ti0z. The small amount of dopant resulted in enl

hancement of visible light absorption, red

shift, and the band gap of photocatalysts reduced from 3.0 eV 1o 2.1 eV. The optimal V

dopant content is 0.2 %wi for pure TiO2 sample.

1. Introduction

According 1o the ‘development of (he
industrialization and the abuse of pollitants
resulting from industrial wastes has been
widely caused ™ and  has) | become  a
widespread— concernéd | environmental
problem.’ Currently; mueh effort has been
focused on developing the semiconductor
photocatalysts 1o degrade organie pollutants
via the photocatalysis oxidation” process,
Titanium “dioxide ' (Ti02) wappears as a
promising.catalyst due to its photostability,
chemical ineriness, powerful oxidizing
power, | high  benefit-to-cost | ratjos,

environmental friendly, and soon' It is:

widely utilized in nunerous commercia)
applications . including - as an opacifying,
agent in paints, plastics. paper textiles and

inks. corrosion-resistant  coatings, anti-
batterial agents, water and air purification,
self-cleaning surfaces. food additives and
as ultaviolet  absorber in  cosmetic
produucts.** TiO2 have been synthesized via
hydrolysis, -sol-gel, - micro-emulsion or
reverse | “micelles; | flame pyrolysis,
solvo/hydrathermal. . chemical — vapour
deposition and physical vapour deposition.
Among - ‘these | techniques, sol-gel s
preferable because its operating conditions

are the closest 10 ambient temperature and

pressure. However, 'the disadvantages to
using Ti02 as-a photocatalyst is its large
band gap energy between the conduction
and valence “bands (3.2 eV for anatase
phase) cand high carrier recombination
rate."“ Fherefore, all kinds of attempts have
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been made to reduce the band gap to
effectively operate with visible light. To
overcome the inherent weakness of TiOz,
numerous efforts have been devoted to
increase its visible light absorption and
prolong carrier lifetime.”® The reperted
studies adopted methods including doping
metals such as V, Cr, Fe into the TiO:
lattice. Among these. V-doped TiO: was
found to exhibit high photocatalytic
activity, even in the visible region.*!!

In the present work. vanadium was used as
a dopant to make the band gap energy of
TiOz narrow. The un-doped and (.2, 0.4
and 0.8wt% V-doped TiO: nanoparticles
were prepared via a microwave assisted
sol-gel method. The influence of V-on Ti0:
crystallization was  investigated: - The
prepared photocatalyst was applied 1o the
photocatalytic degradation of MBin
agueous solution,

2. Materials and Methods

2.1 Materials

Titanium tetraisopropoxide (TTIP) 99.99%,
and  vanadium | oxide (V20s5) were
purchased from -Fluka- Sigma-Aldrich.
Hydrochloric  acid (HCI), ethanol and
methylene blue (MB) were purchased from
Alfar, Ti02 aeroxide P-25 (purity 97%,
average particle size-of 30.0m and anatase
to rutile ratio was 70:30) bought from
Aeroxide (China) industries, was used as
reference material for the characterization
of synthesized catalysts without any further
preliminary treatment. These chemicals
were used as received without  further
purification. Water used in the preparation
of TiO: was de-ionized water,

2.2 Preparation of TiO: photocatalysts

V-doped TiO2 nanoparticles were prepared
via a microwave-assisted sol-gel method
using TTIP and'V20s as the Ti0: precursor
and the vanadium source. respectively.
Three series of samples of 0.2, 0.4 and 0.8
wi% V-doped TiO: have been prepared;
starting from the same amounts of

reactants, except water and vanadium
oxide. In a typical synthesis, 10 mL of
TTIP was added to 85 mL of ethano! under
vigorous stirring and the suspension was
stirred for 30 min at room temperature. The
obtained mixture was adjusted to pH 2 by
adding drop-by-drop 2 M HCL The TiO:z
sol was heated under microwave oven at
180 W until TiO: gel was obtained. It was
then dried in a microwave oven. The
resulted dried TiO: were ground to fine
powder. For comparison. un-doped TiOz
was synthesized by the same approach
without the incorporation of V precursor,
The un-doped powders were noticed “T"
and the V-doped ones were noticed "TV™,
The numbers corresponding to  the
concentration value of the dopant was
added (e.g. TV0.2, TV0.4, TVOB were
dopant concentration of 0.2, 04, and
0.8w1%, respectively).

2.3 Characterization of synthesized
photocatalyst

The crystalline structure of the synthesized
TiO: photocatalysts were performed on a
X-ray diffractometer (XRD 6000) using
CusKy (2=0.154 nm) radiation (40 kV/30
mA) with scan step increments of 0,002°

sand with @ counting time of 1 sfstep, The

morphology and chemical composition of
the  synthesized  TiO:  catalysts  were
observed by Scanning Electron Microscope
(SEM) (JEOL JSM-504LV). The specific

‘surface area, pore size, and pore volume of

the prepared TiO: samples was carried out
by QUANTACHROME (Autosorb 1Q) in
nitrogen atmosphere at a bath temperature
of 773 K. The specific surface area was
caleulated  wsing - the Brunauer-Emmett-
Teller (BET)-adserption procedure. The
particle size _of obtained catalysts were
caléulated - by particle size distribution
analyzer (Malvern, Mastersizer 2000). The
absorbance thresholds and band gap
energies of the prepared samples were
observed by fiber optic spectrometer
(Avaspec model)
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2.4 Photocatalytic activity

The photocatalytic activity of synthesized
undoped- and doped-TiO2 photocatalysts
was evaluated by monitoring the
degradation of methylene blue (MB) under
simulated light irradiation. 50 mg catalyst
powder was dispersed in MB aqueous
solution with an initial concentration’ of
1210 M. The Philips lamp TUV FI7T8
(50 W) was used as the light source. The
suspension of catalysts in MB was stirred
vigorously and stored for 30 min in the
dark to establish adsorption-desorption
equilibrium.  The  suspension = was
magnetically stirred  during  the - light
irradiation. A 5 mL of suspension was
withdrawn from the system at a certain
time interval during the experiment, and
then was centrifuged to remove TiO:
nanoparticles and measured by a Shimadzu
(UV-1700 model) spectrophotometer at 664
nm which corresponds to the characteristic.
absorption peak of MB.

3. Results & Discussion

The XRD diffractograms of as-prepared
TiO: catalysts with different doping Tatios
are plotted in Fig. '}, It can be observed in
Figs. 1(a) — 1(d) that diffraction peaks
always appear at 20 /= 254" (101), 37.8°
(004), 48.57(200). 54.08(105):55.4°(211),
62.9" (204), 68.9" (116), 70.3% (220}, and
75.2" (215), and cauld be indexed “to
anatase phase-of TiO2 (JCPDS file No. 21-
1272). XRD analysis confirmed that the as-
synthesized V-doped TiOz. are  mainly
anatase phases. The fa ratio from XRD
data of - TV0, TV0,2, TV0.4.and TVO.8 are
2.4935,/-2.4986, 25044 and 24966
respectively.
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Figure 1. XRD patterns of (a) P-25, (b) as-
synthesized TiOz, (¢) TV0.2 (d) TV0.4, and
{e) TVO.8.

Table 1 shows the particle sizes and BET
surface areas of the synthesized powders.
The BET surface areas of as-synthesized
undoped and V-doped TiO: were much
higher than that of P-25 TiO2. The particle
size and BET surface arcas of V-doped
TiO:z increased with increasing V content
up to (L4wt%, where after sharply decrease
was observed. Because in TV0.8, The
larger grains are aggregation with no sharp
grain. Thus, It should over dopping of V
leading 1o the reduction of efficient surface
areas:

Table 1. Particle size and BET surface area
of P-25 and V-doped TiOx.

Sampl Padticle size (nm) _ BET (m¥/g)
P25 Ti0; 4.57 65
VGO D.33 208
T™VD2 22.66 215
VA 22.34 270
TV 08 18.31 189

Figure 2 show§ SEM images of P-25, TV0,
and TV 04 The results reveal that all
samples (mainly’ consisted of aggregated
Ti0:z panoparticles.

MS-P-028 688



Figure 2. SEM images of (a) P-25 TiOx,

(PACCON
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values are shown in Table 2. Figure 3 and
Table 2 show that P-25 and as-prepared
TV0 absorb UV light due to the intrinsic
bandgap, 3.03 and 2.99 eV, respectively,
while TV0.2, TV0.4, and TV 0.8 have a
strong absorbance in UV region and
significantly  extend the  absorption
threshold to the visible region due to the
small amount of V modification, which
would introduce a series of localized
occupied states into the band gap of TiO:
lattice. The results obtained. as shown in
lable 2, indicated that the band pap energy
of V-doped TiO: was gradually decreased
with increase in the V content. The
decrease in the band gap energy may have
resulted from decrease in the Fermi level of
the conduction band."

Ve Al

Al

350 400 SO0 o BOD 500 1000

&
Wavstergitiam]

Figure 3. UV-Vis absorbance spectra of
P25 TVO, TVE.2: TV0.4 and TV 0.8,

Table 2 Band gap values of P-25 and as-
synthesized V-doped TiO:.

Sample Band gap energy (eV)

(b) TV 0, and () TVO.4. P-25/Ti0), 3.0320.05

2 z NN ™o 2.99+0.05
Figure 3 shows UV-Vis absorption-spectra / B ) .
of P-25, undoped- ‘and- V-doped  Ti0: TGS 2.10+0.05
samples. The onset of absorption for P-25, V0.4 2.0740.05
VO, TV0.2,.TVe4, a.n_d TN=0:8—were TV L8 2.25:0.05
observed at 409,415, 590,571, and 551
nm, respectively. The band ‘gap. energy
Session: Materials Science and Nanotechnology: MS-P-(28 689
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The effect of dopant content on MB
degradation was evaluated into solution
with 1x10® M MB in aqueous suspended
P-25, undoped- and 0.2-0.8 wt% V-doped
TiO2 under visible light irradiation. Figure
4 illustrates the photocatalytic activity for
the degradation of MB. It is found that the
amount of MB adsorbed onto V-doped
TiO:z in dark is higher than that of P-25
TiO: correspond to its larger surface area.
Under the visible light irradiation. TVO
sample can degrade about 40% ‘of the
original MB. After 60 min irradiation, MB
can be degraded by about 80% beyond the
value (20%) for P-25 TiO: sample. Among
all the synthesized photocatalysts, TV0.2
showed the highest photocatalytic, activity.
The photocatalytic activity of P-25 TiO:
was found to he the lowest among the
synthesized undoped and V-doped TiOs
due to the large band gap energy of ahout
3.2¢V, which is more active only in'the UV
region. Vanadium | doping effcetively
improved the photocatalytic activity under
visible light irradiation by keeping the band
gap energy narrowing with an optimal
vanadium doping of 0.2wi%.
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Figure 4. Performance of P-25, undoped
and V-doped " TiO:z nanoparticles  for
photocatalytie degradation of MB undér the
irradiation of visible hght.
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4. Conclusion

In summary. undoped and V-doped TiO:z
nanoparticles were synthesized by a
microwave assisted sol-gel method. V-
doped TiO: exhibited better photocatalytic
activity than P-25 and undoped TiO: for the
degradation of MB in aqueous suspension
of photocatalyst under visible light
irradiation. Among all the synthesized
photocatalysts, TV0.2 showed the highest
photocatalytic activity. The V-doping effect
led to enhancement of the electron-pair
generation capacity of TiOz, Therefore,
optimum  vanadium concentration  was
determined to be 0.2wi%.

Acknowledgements

This work was supported by the graduate
program  development under collaboration
between Thailand Institute of Scientific and
Technological Research and university. We
also thankful to Rajamangala University of
Technology Thanyaburi (RMUTT) and
Thailand Institute of Scientific and
Technological Research  (TISTR)  for
providing instrumental facilities.

References

1. ‘Henderson, M. A. Surf. Sci. Rep. 2011,
66, 185-297,

2. Xiaobe, C. Chin. J. Catal 2009, 30(8),
§39-851.

3. Serponie N Dondi, D:; Albini, A.
Inorganica Chim Acta 2007, 360(3),
F94-802.

4. Chen, X.oEine L. Yu, P.Y.; Mao, S.S.
Seience 2011, 311, 746-750.

5. Kapilashrami; M.; Zhang, Y.; Liu, Y.8.;
Hagfeld. AwGuo., J. Chem. Rev. 2014,

- INT4496629707.

6.~ Zhang, P 'Wang, T.: Chang, X.: Gong,

I Aee. Chem. Res, 2016, 49, 911-921.

Asahi, R.. Morikawa, T.; Ohwaki, T.;

Aoki; K& Taga. Y. Science 2001, 293,

269-271.

8§, ‘Brancho. 1.J.. Barlett, BM. Chem.
Mater: 2015, 27, 7207-7217.

Py |

MS-P-028 690



Session: Materials Science and Nanotechnology: MS-P-028

Khan, M.; Song. Y.; Chen, N.; Cao, W.
Mater. Chem. Phys. 2013, [42, 148-
153.

. Jaiswal, R.; Patwal, N.; Kothari, D.C.;

Miotello, A, Appl. Catal. B: Environ.
2012, 126, 47-54.

. Dilshad, M.; Hideaki, Y. and Yasua, 1.

Appl. Catal. A: General 2007,-325,
276-282.

Dashora, A.; Patel, N.: Kothari, D.C;
Ahuja, B.L.: Miotello, A, Solar Enérgy
Mater. Cells 2014, 125, 120-126.

134

691



Thammasom, Thitinun
Thamnium, Sirikool
Thamyongkit, Patchanita
Thanasubsin, Sudtida P,
Thanatsiri, Apicha
Thangsan, Poomsith
Thangthong, A-monrat
Thaniyavarn, Jiraporn
Thaniyawan, Suthep
Thanmongkhon, Yoothana

Thanoy, Amornthep
Thaoklua, Rattana
Tharntada, Sirinit
Theerapornkittikul, Thanyalak
thenmanee, Purachate
Thepkhun, Panida
Thessrimuang, Naruenart
Thiamsinsangwon, Puttiporn
Thiendedsakul, Pirivaporn
Thipsaeng, Lynn
Thipyapong, Khajadpai
Thirapanmethee, Krit
Thiraphibundet. Pattara
Thitilertdecha, Nont

Thitipramote. Natthawut

Tholaeng. Jitjutha
Thongaied. Pawinge
Thonganantakul; Oukrit
Thongkam, Montree

Thongkhundam, Sangtawan
Thongkon, Nisakorn
Thongkred; Paweena
Thongpanchang, Tienthong
Thongpat, Pongphak
Thongpin, Chanchai

Thongsrigate, Sareerat

o Bl s T R A GO,

373
904
1131
248
648
989
1636
356
356
1608,
1646
1100
770
1106
349
1662

VoA
asio

1461
401
1106
837
113
1091
1546
950,
1067
950,
1067
1412
1541
615
1220

1285

1360
195
571

B9
418

1465,
1494,
1500
1291

Thongsrikhem, Nutchanat
Thuamwong, Piyanan
Thummatudtho, Sudarat
Thumnak, Phakaphichchaya
Thumthanaruk, Benjawan

Thungprasert, Siwat
Tiensing, Tinnakorn
Tippuwanan, Chaiwat
Titawong, Kannika
Toboonpha, Somkiat
Tomapatanaget. Boosayarat
Tongkate, Pratoomrat
Tong-on. Siriporn
Tongpan, Nattasit
Toochinda, Pisanu

Toworakajohnkun, Natthawut
Trangwachirachai, Korawich
Treeweranuwat, Panudetch

Trichaiyaporn, Sommai

Troangjaroensub, Treerat
Tsutsumi, Ken
Tubtimitong, Tanate
Tumcharern, Gamolwan
Tungasmita, Duangamol

Tungkamani, Sabaithip

Tunyatarinun, Natpatsorn
Tusanaviroon; Amormn
=- \

Udnan, Yuthapong
Ummartyotin, Sarute

PACCON201T: Green Convergeneeon€liemical Frontiers

135

T e ﬁm

849
866
547
264
343,
349
643
108
1465
222

78
728
206
686

1111
384,

A1Q
T,

1234,
1275,
1327,
1360
1117
1296
275,
378,
718
401,
1258
156
1198

917
206
879,
1263
1222,
1579,
1662,
1668
302
1161

57
233,



=b-
?
)
2

€

A S| a
U 1oy Uina

)

=).
=}
2 et®.

NIIANHN

sz iRmau

d [} d
1We5INIANN

a ¢
aluaa

Usziagiou

UNANIATNT NoI0DU
12 N3NGIAN 2528

[l o 9 o = [ [ a o
60 11 1 NUANIENI Y BUNDIUBIT 994 IAYTEIVAITUS

a 4 [ 4

PSyaas auzInemdas aiagamdas
PHINGSBAIVAIUATUNT
255109910 Auriadsaninie

v Av A o = ]
aoniIveIneemansuazmalulaguralszmalng (37)
083-8447095

siriporn_t@tistr.or.th

112



	ปกนอก
	ปกใน
	หน้าอนุมัติ
	บทคัดย่อ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	บทที่ 2 แนวคิด ทฤษฏีและงานวิจัยที่เกี่ยวข้อง
	บทที่ 3 วิธีการดำเนินการวิจัย
	บทที่ 4 ผลการทดลองและวิเคราะห์ผลการทดลอง
	บทที่ 5 สรุปผลการทดลอง
	บรรณานุกรม
	Proceedings
	ประวัติผู้เขียน



