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ABSTRACT

Films containing Ag-doped titanium dioxide (Ag-doped TiO,) nanoparticles coated
on aluminium plates by electrophoretic deposition technique (EPD), various preparing
conditions affecting the characteristics of film, Ag concentrations (0.1-1.0wt%) and applied
electrical potential deposition (20-80 V) and deposition time (1-3 min) were studied. TiO,
nanoparticles and films containing Ag-doped TiO, were characterized using Scanning
Electron Microscopy (SEM), X-ray Diffraction analysis (XRD), particle size analysis and
photocatalytic oxidation of organic dye.

It was found that TiO, nanoparticles doped with 1% by weight Ag (1% Ag-TiO,)
demonstrated the best degradation tendency of methylene blue dye by up to 95% within
60 minutes under ultraviolet irradiation. 0.1% Ag-TiO, nanoparticles were most likely to
degrade the methylene blue dye, degrading up to 77% within 60 minutes under the visible
light irradiation while undoped titanium dioxide did not respond to the photocatalytic
performance under visible light irradiation. As for Ag-TiO, films, the results indicate that the
film preparation method 1 yielded a film with better photocatalytic properties than the
film preparation method 2 with 0.1% Ag-TiO, film. Method 1 also had the best tendency

for organic dye decomposition: up to 30% of organic dye within 12 hours.



The results indicate that the developed Ag-doped TiO; film has the potential to
be an alternative material for industrial wastewater treatment systems under visible light

irradiation.

Keywords: titanium dioxide, electrophoretic deposition, wastewater treatment
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nszaedINAUuIve sl R esgiautadesgedmiuiluTusy Wieannisnadive Ui Ay

= & v}
Tndleulaanlonnienaanisue

NuATpldLwAn ez idulnmdeulasenledninisiesiuuuiansessunualni
lngnszuaunsanazaudianinglnian wedreindszansnmaulnlsazaglafnuazantinueieg

a

yosldulnmilleulasenledirlianisaiinnisssdjisersmenasliudismusanunieddlale
wszeunalewmaty Paeluiseanisaieleudidnaseusarnuaunisil (Conduction band: CB)
Jasfunszurunisnduunsiuiuvedidnaseu-1aa (Electron-hole recombination) dusuldiiu

TanUinindeddounnlsanuenamvngsy

[ [
1.2 qmqﬂszmmaﬂﬂsamu
121 wefnwnswisueynalmnilleslaeenlenninisdesiu
1.2.2 Wednwinseseuianlnmdeulasenlaniinisiiasiulagnszuiunisandsay

a & a =y a
auininslvisinuuTunueaiiiley

= 1\ \a/

123 ednwidadeninasaansuenianienmasilaulnmideulaeanlonninisdesiu
1.2.4 Wednwuszansninvesiaulnmideulaeanlanninisidesiy dusuldlunisindn

Y1agauLusanua

Y

1.3 VaUUAVDINIUIY

aw &g [ ae = 3 1 a A v
NAeildunsvmuilaulnmidedlaeenleduugiusesruegiviey lagldnszuiunisnn
a « aa . . I [ = a ¢
dazaudanlnglwsan (Electrophoretic deposition, EPD) t1unszulaun1snantunisinsouias
Inmileulasenled wagsiindszansamvesiidulnmieulaeanladlaenisidesiuiveyniaiy
v - va ¢ = saa A o v evd o 0o W o o aAY
meldaneimunzauaglanaulnmdelnoanledniinisiesiu dmsuldluianiidndndeddon

NLTNUAAVNTTY
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131 msfnwanneimuigandmiunisessusynialnndeylasenled (Tio,) uas
sunmalnmiisulaeenlenileauniaiu (Ag-TiO,) lasan1izvseladenvinisfinu dassialuil
- dnndvesasniduwazUiinameteynrlanziunifodnluilussduszneu

- gunadnltlunsEuAsIEA

9 Y

a s

1.3.2  mseEnwanznmanzalunswseaiaulnmdeulasenles (TIO, flim) wazidu
Inmifleulaeanlefidoayniatiu (Ag-TiO, flim) vugusesunuegiiilloy lnsan1iznsadaded
o = N v dy
ns@nw) Aaswialull
19 ] = a
- dnvduvesanswuiuaseldlunsruunsAdiou
- Usaweseunalnmleuleeanlediinauasluluaisuuiuassdmsuldlunis
\AGOULNUBaNIL Y
- Andlihldlunsindeuusuegiiiley
- nanlunsngRnlunIEuIUNISREeU
- aUNENIINITHNAIBE1NNRINISIATBURY

9 Y

133 nsvegevandine 9 veteuniewasiaulnniteulaeenlyd (Tio,) waglniniey

1%
(%

lpeanlesiloauniatiy (Ag-TiO,) 1u Anvaeituill dnyaen1alasw@sne wuneynia audinial

(%
v

Tnazmglafneall
- agamsﬂﬁ@Léﬂmauuwdaqmm (Scanning Electron Microscopy; SEM)
- mn??&nwwum%’ﬁwﬂsﬁ (X-ray Diffraction Analysis; XRD)
- Lﬂ%ﬁmmiﬂizmsﬁasuaﬂ‘ummaymﬂ (Laser particle size distribution analyzer)
134  Anwandanadnlapzaglain (Photocatalytic activity) lunisidnddenainmiegng
ihadeundauugnieliannzvesuasdansilileion (Ultraviolet) waguastnamuaaiiiu (Visible)

1.3.5  AATILINANISNABBILAZINYINS18UINe TS

1.4 Uszlewidnaindnazlasu

141 Wilamaidauagidnsnisuoynalnnieolaeenlediinigies Aflautanig
Tnllaazngladndia

142 ldBoudnmamseuiidulnmdenlasenledfifinisidesiu lnsnssuiunisnnazay
BianInsInian (Electrophoretic deposition)

1.43  asawseuiduinmieulneanlanniinisidesiy Alaudinadulnazesladinia

wazdlmnuanunsalunsunununddeu
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uni 2

= awv oo 174
NEW bASITUIVININY IV

unilnanteannisuasvguiinedesivauided Feussneulumeridendn lawn n1s
wisuildulnmdenlaeenlydninisidesuvugiuseswnuezglifoy dewadianisanazaudian

sknERn (Electrophoretic deposition, EPD) Ingnanidsduilulsslesiniagnnanidatiasianis

¥y (%
v

AMRUIWINGITNUST ITia A arLANUNTETULALTALIUE ST
= -1
2.1 lnmtlsulessanlaa

Inndeulaeenlyd (Titanium dioxide, TiO,) fidnwuzilundnn wansdagud 2.1 lny

(%
a o

o Y & [ a = a = Y & @ ! aaa
anldiduingavlugpannssud nszany wagnatain uenanifennanlddudiswiseley

} %4

afgndanunadlunisuszgnalditenisunUanisdmanaey lneddedne Useansnings dauluse

v '
a v @ 6w a

=% o v | | v g I aad A = a o« o oo
LLﬁQ"\]\‘W]'ﬂﬁLLﬁQﬁ@QN']UVL@LU‘U@EJ'NW lIW‘LW]N’JQQ?}QNQ?W@J%@JWUﬁﬂUﬂ'}iLfﬂg@@W\l'} Nﬂ'ﬂquﬂﬂﬁnhﬁﬂaﬁ]u

'
v a

sUdlaiinufisennarlidiinnisianseu Snvisliduiivivdwndon Weldfundeanuainuas
nmdeulaeenledazasiearsniinnylilunisyiugiserganiiuazesndiauluenialaun
auyalansenda (OH) wazglileseanladuoulassu (O, ) FwuinluuiAseaaieasiueng o

FeUuleuegluundey [10]

Tnmideulaeenlemduasnsiiniussnm ntype Flasmdnveslnmienlaoenlenil 3
WUURD BruInd (anatase) 3d (rutile) wagugalant (brookite) laelasandnuyiinugalandseuundn
[ a s o A a v | =2 a &) =
Juesslsseutnliinnuiadesigaumgivies diulaseudnvlinesuing uazslnalissuundniluwm
nselnuea awanslugun 2.2 lnimdleulasenleanfeuldndnlaguionlulsemagesdy Ao

Degussa P-25 @sUsznaumeazuiva 80 wWasiius uazslng 20 wWesidud [11]

JUN 2.1 Snvagmamenimvessinnilledlasenled
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M15197 2.1 uanspaaudisineedlasiasiman 3 wuuvesinmillaulaoenlyd [12]

AMENUALRNIE

WIaluana 79.9 n¥u/lua
AUVULULY 3.86-4.26 NSU/NUIANLIURALAS
01580 2,500 a3ALwaLTYa
ANADUMA? 1,850 o9ALwaLToE
Asavanei laiavaneni
AMENTUANINIEAIN LaziTena

A0UZAIN Youdedun

Nufian 50 MNTNUAT/NTU
summaqmma?ia 20 WlULIRg

AU ILUL 130 N3U/G03
AN 0.7 N3/QnUIANATLUAT
Modulus of Rupture 140 Mpa

ANAALLIING 680 Mpa

Poisson’s Ratio 0.27

Fracture Toughness 3.2 Mpa-m /2

Shear Modulus 90 GPa

Modulus of Elasticity 230 GPa
Microhardness(HV0.5) 880

ANANINAIUNIUY (Resistivity, 25°C) 1012 ohm-cm

AIAINETUNIU (Resistivity, 700°C)

Dielectric Constant (1IMHz)

2.5%x10* ohm-cm

85

Dissipation factor (1MHz) 5x10*
Dielectric strength 4 kV-mtm?
Thermal expansion (RT-1000°C) 9x10°
Thermal Conductivity (25°C) 11.7 W-m™tK!
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Anatase {

Rutile

Brookite
" A

JUN 2.2 lassaiawndn 3 wuuvedlnndlelaeanlen [13]

nndeulnesnlediludiseuiisemenaiiivussaniamd Wesanduarsiaiifiados
noufisenad saliung wazliazaneuvinlianuisadinduanlglumile danulusauasdavinlinas
dowulailuegned dnunfntngaddiauduiusiunisinizinia Sanuasiilidsuguille
a aaa 1 a v ! a @ [ a v o 1% =2 = 3 ! =
Anufsewaslifianisinnseu Bnvsldiduiiwdvdwindeu nanlnmillvuleeanleaudasiuud
Auansatumsdudusfisersssasandieiulusundnvesezumaiinnnuaiunsodudus
UfAemeuas (photocatalyst) Nfniudnvessinduazndnvosuglan wansliiiuitarudunand

nasenuasatunsduiissUfisefieuas

s & v

2.2 lnmtlsulasanlannilanialany

Jagtuiinsfinwiiioiuamuandilvsidaniadun lulnmdeulaeenled 1wy n1sidede

A

Tanensuddu wu win [y e wwaftl nanfey wazdingd Weusuussnmuaudfinisinuns

AandulaunsnuImniesmusialitulnmideslasenledazaunsavenstienisganiuues

<) 1

a v | q' @ = Aa 1 PN a Y
GUENVLWLWLUU@JI@@@ﬂI"ﬁ@ﬂﬁﬂi@UﬂQ@J LLaﬂUqummqﬂJaﬂLV]UGENLUUSWUWNQ?WNL%@JQQW@@T@Q LLaQ@quG]Ej‘lﬂ

(7
a v v

Fadunisinlszaninmnistesaaisaisuaiivdunsglanvy Snnsdnlinlaseadavesianuily
nndlsulpeanlednauiinuiiniuazanudugnguganiinmileulaeenled Fsaursagadu
a13dunsdlaiudunvianunsadseaniamlunisgesaaeiintunulisme [14] uonannisiie
v a o Y i A v 1 ] I3 v v = =

melanensuddunaidimuitaiunsalenigelane wu visurlunisveuladniiy dmnlilnmiley

Taeonlonaursaurlniale [15]

Tuussadissufisenlulfisedesaasmeunasiu indenlaeenlediduinssufizen
"iiUszansnmuazauaiags s1agn kel wisglsinulnmilleulaesnledfiitense

2
a v v

o a o [y kY] a & [y} . . a
Weanniionsinisnaulusiuaivesdiannsaunulaa (electron-hole recombination) g9 BNV
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1
v =

F937319537131900uge bidudendaluFesuszdnsam deiuidianuidefivuundnwinisde
Inndvuleeenlennislanzuazelavsvianieg Wednwdadenviliensinisnaulusiusives

didnnseunuleaanas

sussufiselmndenlasenlednfisnvazilunafiolldnussidedeluseweanis

=

wenfaseufAsenfinanniendmiunszurunistesfisuas dnialnmiieulaeenledmdunsasd

aaa |

wwlduiazanswiuduiouluraziiaufizen dwaliuszdninamlunisdesaasanas Asiuiedl
AungeunIzandymdsnamensduasgiiissdiserlnndeulaeonlenneglulasass

Suiielrinesenisugnesn [16]
2.3 nszuaunsiilnnznzlada (Photocatalysis process)

nszuiunsinlanzmzladadunissaujisenilduaadumnszduoyninvesnlnasnzdadn

1%

= a & A Yo o ~ 4‘ v Y a aaa av oy o o ]
“dﬁﬁ]%Lﬂ(ﬂ?JULﬂJ@lﬂiUWﬁﬂLLZ‘N“UENIWG]E]‘Ll‘l/lll’]ﬂ‘W@Wﬁ]zﬂi%ﬁ!ﬂiﬂLﬂ@ﬂgﬂiBﬂﬂNLmﬂ,ﬂ FINAWNWTUAINAT

[
a

#3071 wisunszdu (Activation Energy) annsnduialdanauniseeluil [17]
E=hV=hc/A

e E fip Wasa1uAI8UFAN (Quantum Energy) , 7@

H Ao AAsTivesndsa (Planck’s Contant) = 6.625x10, 383U

V Ao anudvesndunas, Sundt

A o AmEIPALLES , IR

C 7D ANUL5IVBIAAULAY = 2.997x108 , lns/AuT

WMnaznzaaanieulddiuuinduasnadiui (semiconductor) wiu lnmilsulaaanlas

(TIO,), wanleudalna (CdS) warderoanlan (ZnO) Wudhu
natnvesuiselnlaasezlada Usenaume 2 Tunau Ao

2.3.1 mMIgaRnRl (Adsorption process) [17]
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Junisipdeudgvesnaivseufaisunindigngadu (adsorbate) 1169R2v01

Y v

I ) s 1 2 aAaa [ d' LY a ! LY
VDILUIVIIDADARDYAFIUVDILTINUNNUUNLNIEAULITNINGIAAYU (adsorbent) N1FLNI1EIUVDY

Y

LLaNaUURIVEIAN TR TUMIELTININIEN INNTBA LTI IUATINT BV D98E195 90T

2.3.2 m3agne (Photocatalytic oxidation process ) [17]

+ Pollutant

CO,;+H,0

i
~ <+ Pollutant
(0]

He

.

H,0

U 2.3 nalnmsdulileaenzdadvedlnmidenlaeanlys

WWasTia - Daneshvar, et al.. 2004

190U N1AYRIAINIILINNTEAUAIENAIURAINTAININNTI MDA UNE 1911
=% o o o va & £ [ o a < ! a
vasansnadinivilidianaseugnnszduainuauInaudludwauiliiinduduedidnasou-laa

(e — h*yp) AIENNNSN (2.1) BINT2UIUNITUIRENIINTZUIUNT photo-oxidation TIAUEINITAN

v
[y

svaneloudidnaseuludansnsiulunisiinufisenfigngadu (adsorbed species) Tuagfiusziu

LAUNAINUVBIEINIEILAZSEAUNAIUANE (potential energy) Tun1siinUfiAzen3nand (redox

'
al

reaction) vesansTignaadulasUnAseiuveandsnuiiifgarewaunisdl auduseiuremdnnuy

s o aaa a v

AndnyliinUjAsesdndu (reduction reaction) saedidnnsauiignnssiuiuly (excited
electron) uazszAuUvBINATUNggavaawauiaud aziluszaundsnudndviliiAnufize

a LY . . . 1% PN I 1 [ Aa & v 1% ] PN
aan@Biatu (oxidation reaction) melaa (hole) Mndesgndinnididnaseugnnseduluudd dudn
Arvesansiedadind h azfinufiseneendnduiulansen-leddesu (OH) wazun iadulansen

a a a = 9 - - ) Aa 24 o o aa
FaLsAn0a LazLSAABARIDY AYLAAILUANNITH (2.2) Wazdun19N (2.3) @IUNKNIAITNIRIUINY
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aaa v o (%

idnnseu wAnUfizenidndutiuoendiauigafnuuiiiansieiai tiadu superoxide radical
anion Weslonsenda-lsAnea faunisi (2.4) wavaunsi (2.5) wavlalasiaulesoanlas (H,0,)
wansluaunisi (2.6) wazaun1si (2.7) Turngfiannzlunimaaesdeandiauliiifissne Tnnouds
Anannisuanivea asdnaniiunumdrusidnaseuuny iadulalasiauisiaea (Hydrogen
Radical, H) Ufsenlnlnaensladamnsylonsendaisinoailuansilensiinufjitendesean F-

wiigend1 Cl- wagvifisenduansusenavduvisdlannudn nsinsineanian wanslidssialuil
QREREELY
Semiconductor + hV ——— e + h° (2.1)

ASAALSAARAN e/ht

h* + OH ——» OH° (2.2)

ht o+ HO ™" OH + H* (2.3)

e + 0, 0,7 (2.4)
-

oMY 4 o OH," (2.5)
TR

2H,0 + 0 2H,0, (2.6)
e

H202 + e OH. + OH_ (27)
AN

H* + e H: (2.8)

AsUNURENSIUNSE

OH" + Organic compound ——— Oxidized Organic compound (2.9)
H* + Organic compound ——— Oxidized Organic compound (2.10)

mssudiulniveddnnsounazlea (Electron-Hole Recombination)

e + h* —— Heat (2.11)
dle h* R Toafiuauriaud (Valence Band Hole)
e Ao Sannsau (Electron)
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Heannlensendaisineauazlaalinivessiinzasdasiaudfidulszquinnisesndladues
leanulansanlundeau tolensandalsinoawasvaizineliulaannainn1seandntuiuansdunse

meaiunsiinufiseneendinduredlnlanznzladadauintulans 2 e fe

nsinuisensendnduredlea fulansenleddesunsetildlansendaisinea uag

UffsevesBianaseuiveandaunielalasiaudesulsguileseanludisinealossuaslansonda

\SAnPa vselalnsiausinea

nsiinUisereandindulnenssreda1sdunidigainuudinsasiadivlea a9
AUANNITOVDINITANUGATE109NTLATUVBIENTBUNIENNINNIIAIUEINITOVBINISANUL AN

sandwduuulnndeulaeanlanusefinensdandy

[

2.4 Uagsndnasanszuiunisinlanznsagn

Uadeniinananszuiunisinlanzasdan laun A pH, Anududuresiviniieulaeenleys,

[

gaundl, USunaseendlauazane (Dissolved oxygen) UWagAuLUNYDeednaLl
2.4.1 Ao (pH)

UsgAnsnmweanssuiunisilanzasdaniuedivan pH Tuansazanedadulade

[

d1ArednIInsiinuf)isen ewnel pH dnadenduainnsalun1saan1zresasusenay

o

=

wn3duazeliuvsdniivesiisel)isel Wesnuseglniiiivesissuisenasasuludias

()]

pH ganes Tnasduuiniian pH a1 waziluaudedn pH @y dmsulnimideulasenluden pH 7
aa

viliuszulunans (Isoelectric Point) fie 6 — 6.3 91nnsAnwileavziidnsnaselnlnaznglada (e

A1 pH < 3 Auziilensendarsifainudidglunisvinujiseinian pH < 3 [18]
2.4.2 enuauduveslnmideulaeenlea (TiO, Dosage)

Inmfledlaeanlealuaisazary iminlnleasendaisadagassminuiizen

o w 4 o v o o 2/ a = =2 =2
nsmanasuulou wazvinuimdusinansiiaisdunsgluaisazaiadainie lnen158an1z99

v v v
§ v o A A

a15dunIduaranseliuvsdiuegiulsinauazauiavesaynialnitloulneanlen AaNuNuNRIR
Juladenisludadenisasvaunisiinljisen wivsualnmdeulaeenlyanuiniululy

asazany agvibiuiselnlergegladaanadiiesainaynialnmieulaeenlenazludnuinuadi
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dodludaansazate bivsualnmdsulasenledngnnseiumesuniatamazyiunalansenda
shfaanas Ysunalnnllsudlelunisdneseodnlneendindu dulvgdanududuy 1-5 nfuse

8995 [18]

a

2.4.3 v (temperature)

Y

aaa

nvaumans aaumgiituinduladudrdgysednsnmaiaudiselaemniens

Y

fanuduiusivaamgiasaunisvesensisillva (@unisi 2.12)

3

k = Ae Ea/RT (2.12)

k) k = Reaction rate constant (min™)

A = Frequency factor (min™)

E, = Activation energy (J.mol™)
R = Gas constant (J.mol™.K?)

T = Absolute temperature (K)

lagausamndsunszau (£,) 19ananuduvens niiaeuseninaniisns

MvUATen (k) Avdunduresigamgiiduysal (1/7)

Y

Ink=(-E,/RT)+ln A (2.13)

lngdnsvesd Jiselnlnnzagladaasiiutuilogamiiiindu Wewingnsinig
MUASE1009 e g bae htyg Auastuleouluansazarsdiiuinniangnsinisnavunsiudiiulnives
z o

e cp WAz h'yg WazenalliesannarunlunisyuivvedluanaiiinnIuillogamiigadu wazilownan

NsARAsYRINALUNSEAUlUNSYINUGASEN [18]
2.4.4 Usuueandiauaraty (Dissolved oxygen)

gnsNsiaUgATewNTuaANduTuYeIanT Az s U TATa UL LAY

o w aaa

a [ ! d' a a =2 a o ' aaa
pandlaulududsznaundAgluliseilnlnnzneda mszeenTaudsdanisuuiifinsugisen
o Y A= o _ A o o Y a s o aaa v

IMNNNENTU e s Nuauilniviliinguieseenledlossu wagasigisedulalasiaulessu
(H) sielulsdulalasnueseanlanoendiauisvimihndumeaainisnauunsaumiiulnives
e Wag hty uanAndeendaudunlminlensendalsinanie [18]
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2.45 AULVBILES (Light intensity)

Wesnanuduvesias (e wasnusenimileiunidenitelnaimiseynia

wad 1 Tlmaw Afiaud v dndsau E = hv Aalu 1 eeudin) Ffusgiundanuvauadlagnssdi

Tndanuveaasiauainnnsenuuunilamheiufvesinviinlanedu E, fetu

UIUINABUNNNNTENU = NI UVDILEIINUATIRNNTENU
PAIUVDINET 1 INmaU =E /hv
FUIUNABUNANNTENUAD 1 U = ANUTULES hV

miﬁ%mzéjuimLmLﬁauimaaﬂI%ﬁiﬁLﬁm es WAz h'ys fodldArnue1niy
Usgana 390 nm wiedealdndsaueg ey 32 eV navesaruduuasiiinadosnsinig
AaufAtefiseduanudunasndasnsiinufisensdudadiulnenssfuanudunasisedu
mudunasunadnnsiauiitenasulsiumunniiaemesaudulauasissduanudy

wasgadnsnsiinuisenagliiuiuanuidunas [18]
2.5 nszuUNsAngzaudanlnslnsan (Electrophoretic deposition, EPD) [19-22]

gnaunuly 1808 lne Reuss vosuyIngtqeusaln laasungnszuIuni1saeifeIfy

NszUUNIANAZANBIaNINTINGAN TIMINTsvazaNveInNMUITeIENLAYFUNTY NSRAUNITNS

o

ndfgylunszuiunsesin Jaeensezuiunislunistuguilauginlagiualng nssuiunisnn

azaudannslnain a1suvivaesvetounIAwIinduediunisldaisazane nszuIunIanasaud

U

=< a

I3 aa da o« o | 44' a al s a a
3 ﬂIWﬁIWﬁ@ﬂ‘W@JLﬁﬂ f‘Jiﬂ'ﬁNLLagiﬂiﬂﬁiqﬂNQu’ﬂu‘ﬁ?ﬂLi@ﬂﬂqiLﬂqgﬁﬂsﬂaflwaN‘UqﬂL"?ﬁ’]mﬂ‘ﬂﬂlﬁﬂ LLUUN

Y

nannviany

nsrulunisanazaudidninsluiin (Electrophoretic deposition; EPD) sunilely

4

nsrvILMsigInuABaaeEanIeNIsHanIln Itenfe Tdnaitlunsnintes gunsalnldlidudeu

¥ (%
= o

Lifwuagusnmesgiusesardndusedddimitondszaiu (Bider) WolSeuiisuiumalintugudu

Y

=

a o aa < aa =
GABERY nsgUIUNSAnaaudlaninslnsfntdunssuiunisidanunainraigun WWesang1u1se
YFulasunszuiunmsiianganduaundainuanis a1unsniinisanagauuugIused (Substrate)
WUULRY LUUNTINTEUBN M385UWUUdU 130013 UUAUN1500NLUULAENITNITINAILNLS

A lARINAINADIN1T FautinszurunIsanazaudianinsinsandunszuiunisntneITeenu
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YDUNAT UAANNNTIATUANAINNUILAEF NGNSV RIENRNayauTIUNsEUsaUTUUAB UL
lunisanazauld lnenannisvesnszuiunisanazaudianinsluifn Aenislieynianeniiuszq
nN3¥378 (Dispersed) ¥30a134IUa08 (Suspension) Tudinalsvesnal nUuYiNIsazauaynIA

aananlegldaunulninnssuansivugiusesint@diuseanseiuduiulsequeseuniauinty

[ '
v a

a N a 1 [ = [ a =
nsguIUNIANazauBlaninsnsin uwuadu 2 Yssunn ‘Uu@gﬂU‘UUWU’JW@‘UﬂWﬂG]ﬂﬁgﬁNLiJ’e]

9

aunAfiuszuInmsanazauinluuudiauy (Cathod) wasnszuiunisil Sendnnsanazaudian

[

Inslnsanyfiaualn@n (Cathodic electrophoretic deposition) d@3un1sanavauvedayn1AUszgaun
AWavudalniauan (Anode) Seninnsanazaudianinsiniinviiaueludn (Anodic electrophoretic

deposition) lnenszurunisanazaudianinslisfin aursointuldvisaeuuuiusgiunis

(%
A a 1

U5uasuuszquuiiuilneyninegiaunuigay SnyazyeInszuIun1sanasaudidninslnian v 2

q

Uselnm uansnagy 2.4

. +bo» .
! a.0 b ol
«.4 .
“.«. e o
@ ®-
| T-@®l le @[

JUN 2.4 dnuaizveanszurunsnnazaudianinaliEan (@) ualvdn (b) weludn [21]
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2.9.1 weila UV-Vis spectroscopy [23]
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uwaarillafianuenaiuaeie aungueales-uauidin (Beer-Lambert) A1N1sgAnaULAMTaAT
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Data g -
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Beam S%J} f
splitter P

Monochromator

5UM 2.5 dudsgneuradanIed UV-Vis spectrophotometer

WA : https://www.slideshare.net/woravith/analchem-uv-vis
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UV-vis diffuse reflectance spectroscopy (DRS) Wuwmallanduseloviednads
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2.9.2 WwAlANSIAYNUUVRISELONG (X-ray Diffraction Analysis; XRD) [24]
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JUT 2.6 1AT09IATIZINSELIULYRISIEENT (X-Ray Diffractometer : XRD)

WIABSTILN © https://www.slri.or.th/bdd/th
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2.9.3 wipflaganssAmidlannsaunuudesnsia (Scanning electron microscope; SEM) [25]

ndedganssABLanasouLUUd8In3IA (Scanning electron microscope) %30
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' Electron
Condenser : % Beam

Objective

JUN 2.7 d1ulsznouteIndeiganssAlBianaseuLuUdeINTI
WIS : https://science.howstuffworks.com/scanning-electron-

microscope2.htm

2.9.4 MFIATIRMEWALA Fourier Transform Infrared Spectroscopy (FT-IR)

Wuwmedafienfun1sInanuduidunasNanue1Ind ua et ueg19satlow e uiu
1381 (Time - Domain Spectrum) 3 nuuaggniuasulinduanaiuvesnuduvewawoninugtd
AaunNsatavAaulaens Fourer Transform fasaaufinmasazlseanudu Fourier Transform

Spectrum MgAsnsiavdiglinisiiaTeiiausInswRLTuLaEYe Resolution Anvu [14]

FT-IR Wumeadaiildfuegraunsnarslunistuiin FT-R ainadumeliiiuduas
Surisariulufiansiedislaensslneimlusiddunsiisaiinueindusgsyning 0.78 mm fis
1,000 mm %38 5 Wave Number 71 12,500 cm &9 5 cm ! 9gdag1sainnsuvesds@sunsisg
sondu 3 Frdausaztaiierinisinssinisaninsalnd aslinansiaszinlanstueantd

=Y

A

1. Near Infrared Region Wavenumber (NIR) 12,500 - 4,000 cm’! Lﬂu%j’mﬁ%ﬂﬁ

anasuiilaann Tevesinu (Overtone Band)

2. Middle Infrared Region Wavenumber (MIR) 4,000 - 400 cm™ Hugaeiifey

Talunsiwseiiiasannldusslovdlounlunisimsis
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3. Far Infrared Region Wavenumber (FIR) 400 - 5 cm™ aidnasuiilaagidunis
dunawnuvadlasiasisluanalsendt Ysaneiunialevrasans (Fingerprint Region) Feiiuseleiily
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Interferometer
Stationary mirror

Beamspitter
Moving mirror [

IR detector IR source

|
|

Sample

5UN 2.8 dulszneuveanies FT-IR

WiEsTis - G.EA. Swann and S.V. Patwardhan, Application of Fourier Transform
Infrared spectroscopy (FTIR) for assessing biogenic silica sample purity in
geochemical analyses and palaeoenvironmental research, Clim. Past 7 (2011) 65-74.)
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newwaluduslnd WevhnsiSeudisumainunuin n1susulgeing Zn iansssisense
Las?Angt Cu assdrufvantfnisdudonuadisen Cu wansliiuinduaisiaudinisiuie

SN dAa Y ] & ™ ] a v & N I o |
WUATISENANTY N1sUTuUTMuLTvedaneisaasliinananginssun1siugenuaiiisey uainlug

a X ] aaa 1Y =
ﬂ']ﬁLWllsUusUaﬂﬂﬁgﬂ'UUﬂqﬁLi\?UQﬂiEﬂﬂ"JEJLLaﬂIu‘U'Nﬂ'ﬁﬂJ [26]

Veres A et al. (2014) vimswsenaunawilulnmilledlaesnleidoayniatuy
(Ag-TiO,) NUTHMWBUNNARY 0.5 W% DBUAIARUGNATENUUNURT TiO,(P25) N15U31ngv0381n1A

I a a =

wiluduuulnmdelaeenledgnissulasaunasugd-iada Suandiuuaunisganiuwadlugad
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AIuBaiiu (Amax = 455 nm) 1330 XPS Aliiulneynadueglugluuusenlanuudnsaujizen
Ag-TIO, hag TiO, gnilaaglu [Poly(ethyl acrylate-co-methyl methacrylate; p(EA-co-MMA)]

a a Yo « a6 a o A a 1
copolymer tinAuatgsnenalnlagnsa, Aduulurenin@nilauidlnlnazezladn nsgesaans

Y

oNIUDanNURIHaNU I UABUINGRTEIN photocatalyst U polymer 9189 WATNaLNLTUDENS

o

Y] o v o v ° Y & o = P a
Nu%Ja']ﬂﬁUyI@EJﬂ']i@']EJiQﬁ@'JEJLL?N uv ﬂ']i@']EJLLE‘NQﬂuqlﬂisﬁlu%um@uwaQﬂ']ﬁW]iEJllL‘WE]L'W&J

(%

UYszanSnmeasnanssulilaazeelafnvasilanunlunaulngn \Hinn15UasulUasuasanyasnuR

WALLIANITINAIEUNAIUTDINDALUDS b9 UTUTUIINNATDI AFM wae FTIR [27]

X.F. Lei et al. (2014) vin1swsendaguilulnindeulaeenlediionisiu (Ag-
TiO,) lne35lea-aa lassasrswesianuilulnnideylaoenledidometu In1snsivaeunuanume
lngwmadanig 9 lauwn Xray diffraction (XRD), UV-vis diffuse reflectance spectra (DRS),
X-ray photoluminescence (PL) spectroscopy, X-ray photoelectron spectroscopy (XPS),
Thermogravimetryand differential thermal analysis (TG-DTA), Fourier transform infrared
spectroscopy (FT-IR), Transmissionelectron microscope (TEM), Scanning electron microscopy
(SEM) wag Nitrogen adsorption-desorptionisotherms n1snageuanian1slnlanzazlafnnadeu
Kun13ida Cr (V) Tnsuuudiassansuseneuntelinisaneiduastrsiinueasiu wanisinw
WUIIN9Re Ag avaumgilunisindunuimddysdenisiinuredas@inmiganianagivlang
nelafnvesiodrslmmioilasenledfiiefuiigumall 4000C wansufisonlnlanzmladniigenin
Fregedu 9 meldnsaneuasfivesdiule 28]

L. Jiang et al. (2012) nmsdansizvdaissuisenlnmdenlasenlenlaseaie
1 iR MToAe8u (1D anatase TiO, / Ag) Nnauaupiravskasntansulad1sa luisn1svinla
A A | v b ~22\Neud] a & a = <
Penhdresenisld nansnasesuansdviiiuiteunirulutuinaquuunuiivedinmitluglasenlyd
agvaiaueuaziilasiasnadu heterogeneous NfiUszanEAM F39UHAT1 1D anatase TiO, /
Ag Nlasu uansuiselnlamznglafinfieanigey Aoy 100% nglu 2 Talug) dmsumseesaany
2,4-dichlorophenol Tutidy Faruineyniafiviizauvosayn1auluRuinalunsasuslawuudg
& a 14 a v Y A ! 1 a [ o [ a &
yosnurarlassaiufndeliusuureinsdmiuredianaseu-laa ndsniinduunldlnidunss
roulndndsnadilvlnrzailafingafanssuuansanudunsnfigey [29]
Trang T.T. Nguyen et al. (2015) w3gufauuis TiO, wag Ag/ TiO, lnsinadla

N1531LATDUUUFIUTOINNT HaNUMmTenTudulinIsnsIvasunudnuwuzlngldmatlia X-ray

diffraction (XRD) wa¢ Field emission scanning electron microscopy (FE-SEM) Ufjise1lnlnae
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mlafinvesiaugnuszdiulaguisenisaatesiivesudaseaisuineldsed UV nanismeassuanli
WiuhanududuiuduresansaraisddouiinadensaaedvesddounSaneisuduazniaifung
fussufisenlnnidenlaeenledadluaisarareisifinuszansnmvesnszuiunsinlangazladin
Y99TldNUN TIO, UTans nmadsudunssiguesuiiaeaisudldsunisusulagaiaudeanis

28NTIUNILAL (COD) warMFinUSudunsgaA1sUauY (TOC) [30]

oA v

Chuang H-Y. et al. (2011) faastzsioyninululnmifivulaesnleniidese
synauifiewluyszgndlfdudaluiidmiuufazeinisuent (water splitting) Tugudian
upaiiu JUT 2.8 (a) waz (b) wansdaugiuineweseymeaululnmideylasenledfideselanydu
wavaymaululnmidelasenled auaidiu Guagiiuieyneidiesgildivuneymalssainm

(%
1 Y

10-20 WULLAT waztAANISINZARNARABEUUTANWAT [31]

Y

wazaunrululnmdenleeanlan(b) 1311

2.10.2mMswssuidulnnideylasanlanlamatiandianinslugfin

A. K. Singh et al. (2014) n1sanazaudianinslwifnassiiduuislnmdeule
3 . . 3 < o a A v a

panlyd (TiO, thin film) vug useNndnI1A1gn Andunisivesguugilagldlulasianlunis
duangroyninululnnifisulaeanlen (TIO, NPs) suataulunas lauusdunsislasunis
neapuluTunousIg 9 09N13d0AT12Y laua Tassadimdn dugiuine) N1sinsieiesnyszney
waruiig lngdnuarduguing1vetoynansInauuazn1sneives Tio, lasunisdudulag
WALA Scanning electron microscopy (SEM), Energy dispersive spectrometer (EDS) hag X-ray
diffraction (XRD) eunauluignduasizvidulumaweuinaivuasdnussanu 12.3 unluwng 4

flufiRn 43,52 m¥/g uarfivuneunia 33 wiluwes wndnssulnlaaganladin (PO) was TIO, NPs

a e . X a < o o w a ¢ a a '
wazwau TiO, UUWUNQLWaﬂQﬂmﬁqﬂaaUﬂqﬂimLL?N UV @ msuNsiAs1enudsednaninnisesegdans
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ad

dosddeu sunaulunduangikanslssaniaminanindmsuddeuuwsiuug (MB) unninfldy

' 4
a6 o

luvagnauuansfanssulvlarzaylafinigiudmivddouuniasn (MR) [32]

F. Nyongesa et al. (2017) lun1s@nwiaselldwmanianisanavaudianinglusan
Wathduuslnnlleulaeenled (TiO,) Windauuugiuseswiidmsunisidaulunisindile

U3gnsanastuiowdunsd Aueagnldiluwuudiasauaiinv mnfiwesninerdosivaisuuiuasey

a o [

EPD wazanznsanazaulasunsusulimunzauiiandmsuildauauning arswuiuassiining

q

[
o

iafosuazannensanazanidnaliinniainiginidveseunialnmieileeenledindouidudy
Asududadotuuuiuiovet wsueail pH 3.0, Usuu TiO, iy 4.0 wt%, Anududu
Tolodu 0.2 wt% lusivinavany warusssulnirazan 20.0 Taad Tuan 210.0 3wl Wlnazalai
nvelduu1a TIO, anawnigameuaiaaniililaan (UV) anfiansuas LLazé’J’qsﬁuag}ﬁ’mmwmmm

[ 3

Ty gaumiilunsien uagAuduveuas UV damnmsiinujiselnlaasmlafingaaiiaaiumun

9 U

(%
= 1

HauNwmza 95.0 £2.0 Um WY 300.0 ° C Haawsmatignnanifaiienisesnwuuszuui1dnin

Tusanaliunsdmsvanamnssuneudeutgssuuiivae [33]

M. Nun“o et al. (2015) l¥msanazaudidninslwianiiordnuaiumnisonnialag
W lmnienlaoenlesmlaazuimg anatase TiO,) Wuaisiadouiinevausssouas lunsanyni
sUkuUezwImaves TiO, anhluldiunszan FTO, aunuiaa wazlnimilloy lagldlelalnsniuea
wazezIfa 3%Imut,ﬁumsazmaﬁu§m Fdndladia 20, 40, 60 uaz 80 Taas. WislfiuAuuduss

Y08 Uiy sEninegIusesiu TiO, iewWadsumaduslvi fregragnnid 450 °C WWuiian

[N

a IS

2 §9109 n1sipdeuinfiinTuiin1snsisdeudnumelasmaia Raman spectroscopy, X-ray
diffraction, non-contact optical profilometry 1&g scanning electron microscopy A a4 @44 @
Wlnmzaglafinvesnisimdeuiivseilunaainnismsnuialulasiaulaeanlan (NO,) lnawaila
Electron ionisation mass spectrometry a1859@deuasiinaueniniy 376-387 unluiuns 1u
nan 100 Wil aezumaTindeuuunsEan FTO uansujizenduasgeandmiunisian NO, I
Foavnvainisadnslassaiauluaudinfeunmauiifdmualasannensnnazay iy

2 ° o o & o a Aoy ° & A oA a
‘1/]']\‘1La@ﬂﬁquUﬂ’ﬁWWUWﬂ'ﬁLﬂa@‘UjﬁﬂLGENLLﬁ\‘i‘VIlIG]‘LJVI‘L!GﬂLLagwuwsUu’]@IVﬁJLW@ﬁ’JUﬂﬁJNaWH [34]

9

M. Laamari et al. (2016) mimﬂasam6Lﬁﬂimiw%‘aﬂgﬂﬁmﬂ‘é’ﬂumiwémﬂﬁm

1%
o o o

Tnndsulasonled (TiO,) vugiuseaesasludmnarsiiiluidmsunisldnudiulnlanzailadin

40



Polyvinyl pyrrolidone (PVP) A28875111%1In31A 0 9 15% Qmﬁm%’ﬂummmuaaa TiO,-P25

3

Waiun1s8anizvesilay Adulasunisnsiraeuandnyuslaunisideiuusediend, naed
an53eY, NMTINNFUHE, N1INAAOUNITINIEEN waz N1savausLTas Aanssulnlaazalad

nvasilaunaaaunle amido black 10B Meldn1sa1essd UV nan1s3denuindugivinewasauus

(%
& = (Y

\D9INavINaNTULTUUSUI PVP MLALNLY N1SNAaaUS8Tnv1UuLandlmAiuINA L wTas s

Y

WNgtiNIuilaUsuie PVP 1iindu aut@lnlnaznilafnuesilay TiO, Ndwuasgiinieg PVP 13% 3

Usgdndnmgegn [35]
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uni 3

A5n150 1 HUN15IY

Tuuniindfstunoukarisnisnaasssiuliisesesonasgunsainneg Aldlun1side ns

saa

(%

Waueunaululnmifeulaeenledninisdesiudieldidudiunanluaisiadeui Inewadea

NITUIUNNSANAZaNBANININSAN A ntuTanantiunsun1InsIvasvatin1an1enIn laseasia

qanmauazautinisliihuesdidusiietedlflaefineandonuand fauddudall
3.1 @151l
d151a3l LnsA Bva
1.Titanium dioxide (TiO,-P25) Commercial Evonik
2.1sopropyl Alcohol (C5HgO) Analytical Reagent ~ Merck
3.Acetone (C3HO) Analytical Reagent ~ Emsure

4. Acetylacetone (CsHgO»)
5.Nitric acid (HNO5)

6.Silver nitrate (AgNO3)

Analytical Reagent
Analytical Reagent

Analytical Reagent

Sigma-aldrich
Merck

Sigma-aldrich

(Particle size analyzer)

7.Methylene blue (C;4HgN5CIS2H,0) Analytical Reagent  Unilab
3.2 \n3asilauazgunsnl
CRIGERN U 8o

1LinsanenusdAnunsnindnes XRD-6000 Shimadzu
(X-ray Diffraction, XRD)

2. 1503y Aa0a awnlnsinlnfinos CE1010 CECIL
(UV-Visible Spectrophotometer)

3.Nd099aNIIADANATOURUUABINTIA JSM-6510 JEOL
(Scanning Electron Microscope, SEM

4.Lﬂ%"aﬁm€uumaqﬂfm Mastersizer 2000 Malvern




CRIGERE Ju 0]

5450998l TzuARS GPR-30H10D GW Instek
(Power supply)

6.Lﬂ%‘aﬂmua’13 CIMAREC THERMOLYNC
(Magnetic Stirrer)

7.uvaaniiauasg TUV F17T8 PHILIPS
(UV lamp)

8.unasniiaaaidila X-Fire EVE

(Visible lamp)

3.3 A5N15NNAD9

3.3.1 fumeunswssulnimiieulaeanledfiinisidesiudiseuniatiu (Ag-TiO, Particle)

i A %

niswssueunialnndeulaeanlyaiiessaynintulaeyinisnataynia
Inndeulaeenlen Uinau wazasazaredaneslummanudutuniee lawn 0.1, 0.5, 1 Sovaz
Tngimiin lngvinismumewrisivinfigamgives anturhnisusurmiieyvesansazaneliidie
7.2 mvarsazaelupoulansenlen seunvinisidvaisazarslenenlulslamsnainugntu 0.04 Tu
s Y o ] o o o y a i ! A & Y o
ansuavinisnunaidual 1 $alus nduidundumisaietsndiuiidunznoussnun wdun

nenaunlaluaumIefaualTouIUNLNOURY

~ & o~ A
Tnndeylesanlas dnan T3 Luan
Usuarwtenidn 7.2 v
(AIVRITRZAY — mImudsuviawimanfgunnivas
ladonlaasanlod) i

Wwusnsazanelaauululylaiam uas

o 1 I <
NnInIwaatdwIa 1 T?I&l\‘i

v

W T AT AT LN &I

Adwaznanliaulwurs

JUN 3.1 Tumeunisdaaszilninielasenledniinsidesiumesuniatu (Ag-TiO, Particle)
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3.3.2 TJumpumseseNanswIuasslniieulaeanlan

yhnswsuansuriuaesifidinusznevvedlelelnsiiausanesedliussdusznaunan
nauffuordlauuazerdfnordlaudaiuasivasludesnmandoufidulidame At unudadoud
vihmsinw wasliiinfusasiiueynalnidelaeonlednalfnaifnuainduinstumie
Hunan 10 unii fgamniivies uazdansledadeifunar 10 unfl tharsuvuusuaseildlulily

gj a a
JUABDUNTHNALAUDLANINTINGAN

lalarlwsNauaanasgas 2T law A TARasElan
A\ 4
a = o Y n{ ci a Y (=
LANRS NN | dmsthumissnamngiivesduaa 1o
6 " = Qs a 1 [ =
laaanlad W wazaaa lanadatilwiial 10 w1

Ut 3.2 Sunsumadsuasuauasslmndeslnoanled
3.3.3 funrsuNsadevdATIEiansuiuastlnwiiuylineenlus
3.3.3.1 1A pH Lﬁ'amqmﬁmmzam AaNIEANYIn pH
3.3.3.2 Madaunsnsyateivassynmalnnlleulasenledluaisuvivaes
3.3.4 funsuNsRssdalidsunsEUIuNTBIERINsTHIAN

a A

3.3.4.1 AALNUDZATINEN VUIA 67 MURLAT avindutauin

Y

3.3.4.2 Anwduegivien vun 3x5 wudiuns iWevidutiay

3.3.4.3 Yunuezglifouutadluaisazasnsalunsnanududu 5 Tuans WWunan

1 97lu9 hazanemgUinau

3.3.4.4 Wwluergiliflonundniantisiensenunsng (Wwes 600) wevineanlyn
INUUANMLUINAUAETU

I 1%

3.3.4.5 gavnetukueaiilondnswisesdlay wagaansl i

3.3.5 Jupaunswseuidulnieulaeanlesmionszuiunisanazausianinslnsin
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wissnidulnmdenlaeenleduugiuseswiveraiidenlnemafinnisanazaudiiningi
Fanluanswvivaselnndevlaeenlennszarglulelylnsiiaueanssed Mn1sdninegunsallunis
WwsailausagUT 3 TaevinsAnwianiiznaedousng 9 iflnadenudnuazvesilandls Ao anu
duduveseymalnnideulneenles Gevaz 0.1-0.5 Tagthwin) dnslufdldlunsiadeu (20-80

v
a a U (3

Tad) hatlunisenagay (1-3 uiil) nuihduanuesgiiileunivuila

11U 500 BALA

Weoa Wunan 1 97lua

v
pratauduazgiiliian

JUN 3.3 insesilegunsallutuneumsnisaitaulnndenlasenled

v a s N a
PENTEUIUNITANAZEUBLAN NI LNSAN

(3

3.3.6 Tuneumawssniiaulnmiliulaeenlunimiesiuiisaunialy (Ag-TiO, Film)

TuaAdedvinnsAneIsniswssuiaulndeulaeanlas 2 35 Tawn

1) wissulduaneumalnmiieulneanlenmiesiuiie Ry
wisuAdulnnideulnaonludiiesuniatiu (As-doped TiO,) UUFIUTOILAY

5

a a a aa = ¢ A a
avgiiflsulagmaiinnisnnazaudianinslnsainluarsuviuasslnnitleylasenled Feoyniaku

[

nszaelulelelnsfiaueanesed vinnsiningunsallunisiedeniidudsgud 3 Taeldanududures
sunmalnndeulneenleiosar 0.1 Tasvniin dndlwifildlunisindeude aohad iHunan 3
uit Mnfuidunuergiideuiiiduiiduluoudedouauiouuuis
2) wissnildulnnitedlasenladudinnisnieuniatuy
ynaeTeniidilnnidonlaeonlediiiemeeyniatulaeviinisuduruildy
lndeslnoonlediiwSenlfannszuviunisanazaudidninsliiinasluansazaredaneslunmi

Aadudusingg Toun 0.1, 0.5, 1 SesazlagUsuns vnsnumewiairanfigamgiives 90
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yIMN15USUANLEYYRIaNTaraneluilan 7.2 leaisavalelaieulansentes sau1vinnsuea
arsazarslanonlulslamsnainududu 0.04 Tuais walrvinnisniusedunal 1 $alug annduiin

WHUABE1NE99EUINAY kAR LAI0E9lUBUMIER o UANTRUAUWI

L
/ w1 ) N\
Ag-TiO Film
2

/ 3 2 / ™

Ag-TIO Film
2

JUN 3.4 Jupsunswenildulnmidenlaeenleniiiesiusieeyniatu (Ag-TiO, Flim)

3.3.7 MInTvdeuAMdnsuzrateunakasildulnnitieulaoenleanwsuula

(3 Y

° a als aa ~ ¢ A
MR seaudnsuevesiaunteyn i lulnnideulasenleniioaynia

q
£

Rufiwieuld semadadneluil ndosganssaudiannsousuudainsia (SEM), LA3oLASIERNTT
e’l’ v 6 d' % d' (% a a6

By nUuYesadond (XRD), 1303TATUIABLATA, 1ATBIIANITIAIEAATDITANUIN wagnadey
Usgdninmnszuiunisinlaazazlainveseuniauiluluiiduvugiusesergiifleslunmsaaivddon

widuugnelameuaeluayidila

3.3.7.1 M3Anwiuiveseunauaziiaulnnitleulaesnlydmeinisindesganssa
AAnATOULUUADINT A (Scanning electron microscopy; SEM)
1) dheumaululnmieulnesnlydlussasuumnumsueuasmindwdaiuuiy

19(Stub) wara1uTUIUMENawNBlETLIUE WAL

a6



2) 3unuidulnmdeulneanlaninsasuunyiuang (Stub) Amualsuauasd
wihlagfuiineanyinegmuuy wara1uiunumeneiialitunuliiild
3) UMY U1 I6ATDS SEM TAgAIRUAAN1IENISNABBI LM NTEWEN 20 KV

Maee 1 ,000 LY 5,000 Wi ey 10,000 L1 quaﬂlﬂuqﬁﬂ‘t}’]LLﬁ”')Lﬂ’i’]”ﬂWUN')‘UEN UNALLAY

TldanitogsusnuasdnuazvesgnguLmine

l-f La§

JUN 3.5 LA38dNdeIRanssALBannIauLuUaeINgIA (SEM)

33.7.2 myiezilasiadwdnmeesonenasdinunsnlafivnes (X-ray Diffraction

Analysis; XRD)

1) dslmndeilaeonlefizetuldmannszanniouiuhudualasnasegels
Boutumannszan nduiinaniegildiinedesenmssanunsnlnfives (XRD) Figuil 3.6
nsnszmasesenasdanwisnladimas (XRD) TWusupdouluilh 40 Alaliad nszua 40 Had
woud Scattering slit 1.0 ®4r1 Divergenece slit 1.0 89A1 Receiving slit 20 mm lag Scan Tuyas
20 = 5-80 947N MLENTNS 5 DAY/ U

a

2) WududdulnndeulaesnlenuugiusesergiillonldidnnIosonaisdain
wisnladiios (XRD) faguil 2.5 nslneiiaseaenesdanunsnlaiitnes (XRD) Tousaafoulnih
40 Alalaad nyzua 40 Aadueul Scattering slit 1.0 8371 Divergenece slit 1.0 94A1 Receiving slit

20 mm 198 Scan Tutd 26 = 5-80 99A7 AEEATITI 5 99A/ U
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3) sluilauinmiesleeenledideluuugiusesergiiesldiiinIaaenssed
Avunsnlafwes (XRD) Ae3UT 2.5 N193AsIeniAIotanetsdanunsnindiines (XRD) 14
wsatpaeulnin 40 Alaliad nsvua 40 Jaduweud Scattering slit 1.0 8971 Divergenece slit 1.0

847 Receiving slit 20 mm 1ag Scan Tu¥ia 26 = 5-80 84 FRESATUSI 5 BIAV/UT

gﬂﬁ 3.6 \A3eaanuisdanusnlndines (XRD)

3.3.7.3 nvieszdaewmatia Fourier Transform Infrared Spectroscopy (FT-IR)

° o | NG ~ s o & a ¢ ! s o
u’]NQC‘]')@EﬂQLLagLLNuwaN‘lWW]LuaﬂJlﬂ@aﬂl%ﬂWLmiﬂﬂJﬁﬂu'lﬂ?Lﬂﬁqzﬂﬂqﬁﬂuﬁ\?ﬂ%u

[

vosaslaeldinaila Fourier Transform Infrared Spectroscopy lngiltunaunisiATIzneadl

1) Msaseinsiegslmmideulaeanlas

uansu lulmnidleulneanlannlaainnisduasisilvaziden wazaun

[

gaundl 80 °C nntuthnswlulnnlledlaeenlennuaaziBunudiussyldwadneuinluingey

2) mMsweszwEuRdulndeulaaanlyn

a

eiuiaulnlledlaeenledwieuls Weungaumgll 80 °C

Y

3) Uwampg1amarkiuanlndeulneanlan lUinninuianduvssasinaly

Y

\A384 Fourier Transform Infrared Spectrometer 7 wavenumber 500-4000 cmt

a8



UM 3.7 duneunsinsgvimmyilenduresansiaely FT-IR

3.3.7.4 MTIATILRAMOUNGIU (Band gap energy ; Ep) vaslniememeatin UV-

Visible Diffuse Reflectance Spectroscopy

1 v

MAILAUNT U (E) vasdredrsunuildubnnillonlnsanlyduasuruiidy

sal & v a a ! o Y 1

InwmdenlneanlaaiiiasmeRua nourin1sIesiziuwHuAdusag1sllauy 80 °C Wuran 1
Filue Mntuhuduilauiiegaluamnisganiulasosusuilauiiogialugi 200-800 nm Aag

\A389 UV-Visible Diffuse Reflection Spectrometer

3.3.7.5 manageullnpenzdfnueniinlunisdosaaneddeuiiuugmemeatin UV-
Vis spectroscopy
1) MswlgiasaraemiauugIiudu 5 Iadniusedng
Unasazangiifuugidudy 300 dadnfusedng 8.33 Iadans adluvin
USuUsinms 500 fadans USuliunnssrethnduaunsu 500 aaans
2) MIPSPNATAZABARUURLINTY 3 Hadn3udedng
Tinasazaglufiauugiiudu 300 fadnsudedns 5 Taddns aduvin
USuUsinms 500 fadans USulsunssetnduaunsu 500 faaans
mﬂﬁuﬁﬂmﬁmmmiamﬂ?ﬁuLLmé{’m UV-Vis spectrophotometer fiA1ue1induy

664 Wl luN3inA1 Absorbance vasdwiiauug lasiasiaveuNfiduuguantiszun 3.8

N

N

H3C. +_CH
3 N 3

N > .
CHs CI~ CHs
Ul 3.8 lassaiswesddoniiduug (Methylene blue)

a9



3) msvegeulnlanzazdfnuanfinveseunalnmieulaeanlydilosyniaiy

nsnegevuizenlnlanenedinlunisdesaniedvesuniauugeglugung

Tnndleuleeenlen waznslnnlleulasenlenidosuniaiu lnginn1sdeus 0.1 ¢ Aeansazaewudia

duug 100 mU Tudnines 250 ml Asiialy 10 uiianndumudmewiawivanlilundemeaeu vinns

Wuaen 2 an1g Ae Ae nglduasdaniililoan(uAifuugaudutu 5 ppm) LavuwaIyIem,

wpU(wRauUgaIdudy 3 ppm) lagszesinssenindninesiuraenginazrigeaisasuidu
! 3 Y ! o L ! aa £4 =

15 cm. guiiudieg1anng 10 Wil vin15iaAn absorbance vesd1TAEALUNAUL] FIBLATEY UV-

Vis spectrophotometer #1A1MN81IARY 664 UTULLAT YINE19UATU 60 W Lagviadeuaniizay 2
RN

nstsgamedveduiduugaunsarmuInliaINaunIs

. " c—C
% mmaﬂamﬂﬁmaumﬁuug = €-C) x 100
0

Co = AMUTUTUINAN (Maeluans)

C = MNUNTY Qd aImaaau (Muigluais)

H50819 0.1 ¢ Methylene blue \U3Uu
Taludnunes vuim 250 ml 100 1aaans

| |
v

Tuas UV/Vis wagiiusineg1avng 10 Wil

maiumjmaau Photocatalytic activity
v
%13 Centrifuge asuTILADET 5500 rpm 20 U7

v

ansazangldinmnisganiuuas 1 664 nm

éjasJLﬂ%‘laa UV-Vis spectrophotometer

JuiinAtn1sganauwes

UM 3.9 unudsnmsnaaeulnlanzngdfnueniinveseunialnnideulaeenlyn
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JUN 3.10 mnnaeanaaeulnlapznzdfnweniinveseyumalnmidoulneonlen

4) msveaeulnlapzazdfnueaminvesiiaulnmnilledlaeenlynisoyniatiu

nsnaaeuliselilnazazdfinlunisdesaniesdvesuiiauugedlugy
wuRaulnmdlsnlaeenled wazuiuiaulnndeulaeanledizeoyniatiu Insdunuilduiisgng
Meadtuaunan Mnduldansazaigwuiauugaanududy 3 ppm 50 ml dafishilundaamnaaey 10
Wi wawihnshiuasasmueaiiu lneszezrinaseninsaunaniuvaoavigesisawudidu 15 cm.
1 < Y 1 Y] o [ I aa ¥ al .
duiiusegnamne 2 43lue n133AA7 absorbance Yoda1TazaNElUTIAULE AELATEY UV-Vis
spectrophotometer #1A211817AAY 664 UUILAS Y11913UATU 12 Tal9 Inenadeuanzay 2

A8

nsyevaaydvetuiAuUaaIsaAIIMleAINANNTT

€=%) 100
C

0

[l A ad
% NNTUBYRAIYRVDILUNAULAR

u

Co = AMUTUTUENAU (Miaeluans)

ALY B LIaageu (Mieluais)

@)
1l
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Methylene blue 119U

UHuduAI9E19198 9 U WNaY 3 ppm 50 fadans

I I
v

Toiuas Visible wagiiusognamng 2 4l

mﬁﬂ,uﬁmﬂaau Photocatalytic activity

v

WansazangldinAnisganiuuas 11 664 nm

éf’.}&JLﬂ%ﬂ UV-Vis spectrophotometer

TuiinAINTAANAULES

JUN 3.11 wnudansneaeulilnavazdfnueniifvesidulnmiielneanled

JUN 3.12 nmndemaaeulnlanznsdinueniinvesilaulninieulaeenlyd
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uni 4

NAN1SILaLNUSIUNE

ATeilavinsAnwmaniiznamseneynalnnlisnlasenledniiesiumelansdu uas
anmzmawisuniuiiaulnmillvulaeenlenfiiiemelans Sulpensyurunsanazaudianlnsme
391N (Electropheretic deposition) s3ulUfsn1sAnwianaudfinisnigninuaziall Snuasids

la59a519 dnwaueiiuiy uwasauaudinelnlaagnladin (Photocatalytic)

4.1 wamsmssinuautivesaynalnnidelasenlediiFofreRulanszuiunisnie
idevhmsAnwmswieueymalnndeulneenlsdlne@nuanuduturesiuiililuninie

Tuthsdesas 0.1 81 1 Tnethwidn Tnenszuaunisenss nuieunialmndelaeenledfiodedu

(Ag-doped TiO,) f¥nwmzmanenmunsduneuhiuasdfhadutumuiinaveseyniaiiui

WNTY & P-25 TIO, Hanwarn1ansnmbunsduaguy Wanwagun 4.1)

s A ¥ a A

JUN 4.1 degveunialnndienlasenlad(a) uareunalnmideulaeenlediiiemeRuiinig

Wutusasay 0.1(b), 0.5(c), 1(d) Inguuin muaisu

4.1.1 NaMTIATIEYNISIALNULBISIE NG (X-ray Diffraction Analysis; XRD)
eunalnmdeulnesnleafiwiouliunfnwndnuuslasaimdnveseunialaginaiianig

AATINNITEEUUUVRITIFHDNG (XRD) hanIAIFUN WUTI P-25 TiO, (wananegui 4.1) uans
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lAseaaanansEnIIeuIaLaL g Tngusingdnaainvedlasaitteuninail 20 = 25.4°,
37.8° 48.5° 54.0°, 55.4°, 62.9°, 68.9°, 70.3°, ey 75.2° s‘z’iqaamﬂé’aﬁmzmumngmLuu (101),
(004), (200), (105), (211), (204), (116), (220) waz (215) arudwu (JCPDS, No.82-0514) luduwes
aumﬂlmmﬁamimaaﬂlﬁﬁﬁﬁL%aﬁ"wLﬁuﬁ?uhjﬂs'mgﬁ'zgimmﬂﬂmaqﬁul,wmzmﬂm%’w’u’wuaqL“ﬂuﬁﬁ

Yunadesiiuluiasasianulag XRD wasdyynqaeeniinresiuil 20 fie 37.8° Fagniiudeulng

gongIAnvBNaR WA fagun 4.2

45000

@ Anatase

40000

35000

30000

25000

20000

Intensity / a.u.

15000

0.5%Ag-TiO,

.
0.1%Ag-TiO,
M\JMM

35 s0 65 80

10000

5000

n
2

2theta / degree

U 4.2 XRD patterns votounialninillodlaeenleduagaunialnmideulaeenlennissiety

Wovin13fnwy1 XRD pattern voseunialnimillenlasanlediissunialuimisulagy
‘NI ¥ ¥ a 1 ¥ Eé C% £ 1 ‘NI a L
Wasuwlasaudutueesduluyiefosar 0.1-1 lnewniln ayniadiedrsnmsoulauans
lassasieeuima wansfagun deldunnsnsegrafidodrdgiloSouliiouiu P-25 uananagud
ae13lsAnnu XRD Pattern vasdee sunalnmielasenlydiioeyniaiulivsngdayayadin
a = Y v a da a o a =i 9 =
Y9934 1HpeanAuuTuvesRunivSinatesiiulufagnsianulag XRD uasdynnqnuandia

Y9IIUN 20 Ap 37.8° Fagniiudeulnganganvreunaaulng fgun 6

4.1.2 NaNITIATILNEN UL EUNIAGIBNABIRaNTIALUBIANATOULUUADINTIA (Scanning Electron
Microscopy; SEM)
sunalmmienlasonluduansdaguil 4.3) uazoynialmmieulasonlediiooyniaiu
(LLam@]’quﬁ 4.4-4.6) ﬁqaaaﬁaaémmmé’wmzLﬂuaymﬂﬁa&ﬂué’ﬂwmzLmzﬂzjmﬁu (Aggregration)
yurneynaeglusziuunlung Wednwdedseynalnmilenlneenlediiosyniniufiaiig
uturoaiuine dae SEM (uansagudl 4.4-0.6) Weasdefinduriliailiasiiauevesoynia

Y

A a £ a < ad a ' ~ fan 1 -
Minay feunpvuiadninizegiiiuiunniteunialnndeslaesnleailiiinignie

54



5.0kY x1,000 1@},‘I’1‘| WO Smm

- ¥4 %“-u_g .\
L.
S e ‘s
3 v A

z eoN - < e i

TISTR SEI 5.0kY STR S 5.0kY %18

5UN 4.4 2 SEM veseunalniniieulasenlediloeyniaiusesas 0.1 lag

[

Switn Airngavens 1,000 m11(b) 10,000 tv1(b’)

s

1,000 10pm WO Bmm TISTR SEI 5.0kY 1pm WD Bmm

5U# 4.5 2 SEM vaseunalniniieslasenledilesuniaiuiesas 0.5 lag

[

Smitn Airngaveny 1,000 t11(b) 10,000 1(b’)
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Lol

TISTR SEI 2 x1,000 18pm WD Smm 1pm WD Smm

5UN 4.6 2 SEM vaseunalniieslasenledilesuniaiusesay 1 lag

dhwtin fifdsuene 1,000 win(b) 10,000 win(b’)

4.1.3 NamiﬁLﬂi’lzﬁmmﬂaqmﬂLLazmiﬂizmaﬁ’J (Particle Size Distribution)
MNITIATIERVUINBUNIAKAENITNTEIERIVBIRUN A MLTsulneanled (a) wazoynia

InmdlsulaeanlendemeRuiannuuduses 0.1(b), 0.5(), 1(d) Wneuniin Ingviinisiasien

AenAtlla Laser scattering AeAsod Malvern Instrument 2000 NAN15ILATIENVUINDYNAIAKAY

AINTEMUAILAAIAINITIN 4.1 LLﬁ%E‘U‘ﬁ 4.7

A15199 4.1 G]’]i’NLLﬁ@I\‘i"U‘Ll’]ﬂ@‘lgﬂWﬂLaaﬁlLLﬁ%ﬂ’JWNﬂ%’N‘U@\‘Iﬂ'ﬁﬂi%ﬁﬂEJ(?]J'J

W) mu’maqmmaﬁ'a A71NNII9UDINITNTLANLAD
f29819
(lalasiuns) (lulasiuns)

TiO2 9.604 170.282
0.1%Ag-TiO_ 9.177 41.700
0.5‘VoAg-TiO2 12.859 56.217

1%Ag-TIO 15.115 155.376

a & ) ~ & ~ & al
31NNITIATIERNINSELFatsynannitlulneenleduazaynialnnlloula senlend

MN9R0AIRUMINAIRY Han1TIszinuIeunalnmlsdlaesnlenfiileniveuniaiuazd

WIRNBUNIARAETLTUANUSIIvBeYNARUATINTY uidunamiuiieyneiiiadulvwinegd

[

D.

Lulawns Feerainainmisiniziulunguiou (Aggregration) vesayniauily fulueyniaaiedn

Taszilienaaglilivuafiuiaswaseyniauiluinienaulunuideil
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1.0

0.0
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Particle Size (um)
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0 1 10 100

Particle Size (um)

1000

10000

JUN 4.7 nsmuaninsnseneivesvuineunalminitletlaeenlyd(a) wazeunalnimideuls

4.1.4 {aNINAFBUUIEANTNINNTZTUIUNS

YINNNSNAADUUTLANTAINNTZUIUNIT

ponlenaMianigtunaudIusas 0.1(b), 0.5(c), 1(d) Wwewmin

a a

a a

llapzmlafnvesaynialnnitlotlaeanly

llnagnlafn (Photocatalytic activity)

'
& o

ANNINITL

9

ArgaunIARunALtudusiie Tunisdesaaeddeuunauugnaiududuy 5 Jadnsusedng

melauasdanirlilewan uaznisdevaneddouwiiauugnaududu 3 Tadnsusdeding anglauas

FreupLAULazALAITaTAIERaAIaT WnevinIsduiieg1EsaraIeNn InAINSYANGULAITRIE

v a a = o
EJ@MLJJV]@@UUQVJW] 10 UMAUATULIAN 1 7]"313“

a a a i ay a o
A1919N 4.2 LLﬁ@ﬂﬂigﬁmﬁﬂWWﬂqiﬁl@UﬁaqEJaEJEJMLLlWW]aauUQ

U52aNsnInnIsyaedans

Sample
melduasoanitlalean | neldudetisnuaadiu
TiO, 88% 10%
0.1% Ag-TiO, 86% 78%
0.5% Ag-TiO, 18% 66%
1% Ag-TiO, 95% 76%
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1.00

0.80

0.20

0.00 1

1.00

0.80

0.60

C,/C,

0.40

0.20

0.00

Wevhnmaaeuauadnsalunsgesaavddeniiaduugnieliuasdanirliloanuay

—e—(x) MB (Sppm)
—eo—(b) TiO,

—o—(0) 0.1%AgTiO,
—o—(d) 0.5%AgTiO,
—o—(e) 1%AgTiO,

Time (min)

JUT 4.8 nmuanamsteraaieddouuiaduugnieliuaanililown

—e—(a) MB (3ppm)
——(b) TiO,
—o—(¢) 0.1%AgTi0,
—o—(d)0.5%AgTiO,
—o—(e) 1%AgTiO,

0 10 20 30 40 50 60

Time (min)

JUT 4.9 nsmluansnstosaaneddenfiaduugnielivaayasmuoiiu

wastsmmaaity wuhmelduasdaniihleaneynialnmideslaeenlsdiadouariiiooynaiu
fauanunsolumsgesameddomaiioduug udasfiuifieududuiosar 0.1 Tneruiin lutas
10 wiusniianuannsalumsdesaaneddonldnadudenainliussansnmsniogiisos
av 80-90 uslludruvasiianudududosas 1 lnethwiin fauasiivesussansomlunisdosaaied
Houatsarinaue aunsagesaaeddonldfieiesay 95 melunan 1 dalus dedufienudududes

az 1 lnguniin Jwnlinlunisgevaaelannan
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aelduasmuesiusynialnndeulaesnlediioeuniatuiinuaiuisalunisges
amvddeuniiaduug winduiuluduveseymalnmidenlaeenlediliiFooyniatuiuliianis
Seiiselumsdesaasddeiniesainoymalnnieilaeenledlineuaussetisuasmueiu
dufvoynelnndenlasonlesdiFooynausie 3 anududuiiuszansninlunisdesaaeddon
witnduugeyiisesay 60-80 Tnefinudududosas 1 Tnetuiin fuualiilunsdesansldffian

Tnganusagesaanvadaulanedosas 76 melunal 1 Talus

4.2 wanslenziguanvariidulnmideulasenludiifefsstulnenszuiunisnse
vhmslinneiandnvazvesiiduifoynmaululnnideulaeenludidesynatuiieieuls

Frendesqansmidiinasounuudeansan (SEM), tafesdinsieininiasnuuesdsdiand (XRD)

\3esinvurneynia, n3esinnisiniziinvesilduung uaznaaeulszansnmnszuiunslilnas

a a

miladnvaseunrululuilduuniusuesgiiilenlunisaaeddounuiauugnielauase v

Y

=) a

Sp7aLUa

4.2.1 HanIIAdRUNIINIEANEfvateunalnmilislneanledluaswuiuasy
ihnsvegaunsnsganedivessynalnmilleslaeanledluaisuviuaseil pH 1-6 dmsuld
Tuduneumsinseufidusmewadannasaudianinsivs wuitdlenatkuly a1swviuasef pH 5 3
v N a = v 1 < - Y =
n13nsEAEfieYNIAATgn auntalmmitleulaeenladlinnagnewSumileuduaisuyiuassn pH

due Fanungandwusuldlumswseniaulnndeulaeenlanmemaiannazausianinsng

Time pH 1 pH2 pH3 pH4 pH5 pHE

5UT 4.10 Msnageunsnseemvetsumalninieulasenlynluasuriuaesi pH 1-6
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4.2.2 wan1snadaunsinginvasiaulnnilsulaoanlyn
FnsneaeUsefensiKLsLTIwSels umedeunsinzisvesiidusenisiiuiuiidy
lushumsniudsuvisusivdnluiingu Wunan 2 su. wuihiidndlaih 60v wag 80V Snisvanseu
gostuildalnmienlaeenles wasfidnslnin 20viuiiduiianuusnniuluyinlsiliinsgusin
dlUlutuiidus dimane gl ddmduaugiunistitni wasluduiusiuiedeilddnslaia ao

a

V iU Avia1nisiadauiil widl uag 2 wid iidinsBuriuluuisge nudadonlduwniuiiegei3 uiil

D

snAnwluTunause lUms1zdNa10150FURIU LAk LS UD 98 9R9TINSINNE AR DIt UNA LR Ll

GER)INRE

Applied potential 20 V Applied potential 40 V

* Applied potential 60 V- Applied potential 80 V
‘{ ..<l—— -

1 min 2 min 3n in i 2 min 3 min
(e\\" = 7

&/
/

"J/,\ o . A

N = /3 .

JUN 4.11 wiuildunaurunisniusiswiasdmantuingu wunan 2 v,

-

Applied potential 20V

s

1 min 2 min 3 min 1 min 2 min 3 min

JUN 4.12 uruildamdsrnunisniwiewiaudmantiuingu Wuna 2 v,
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¥
¥ v ada aa

423 dnunzneaniennvesiidulnmideslaoenlosiideseGueaisy 1 uagdsn 2
WarnsAnwiniswisuaulnmieuleeanlenliemekuissas 0.1 89 1 Ineunin Ing

= & aad aaa o ajs AoV o1 | a s A o v
AILUIUNITHINNIGN 1 Lhagddn 2 aﬂ‘b‘m%ﬂqﬂﬂqEJﬂ']W‘U'ENWﬁﬁJV]EN‘hJN']Uﬂ'ﬁLN'] WU'J']W@NV]WWEJN‘L@

a a

1357 1 fdnwarfueynevuindninzegitnveusiuoy il Taefienduduiuosas 0.1
fdnwaridudugu anududutuiesas 0.5 Tdnvasiduitmasou uazanududuiiuiosas

1%
€ A o

1 fdnwaugilaudima Wansdsgui 4.13)

a

ad a

U 4.13 wiviidalnndenlasenlediiFosmefuseisn 1 Annu

WUTURESpEag 0.1@a), 0.5(b) way 1(c) Tngtimiin

aaa I

Tudiuedisi 2 Tanvanduoynevuiadnuasindndtuinzegiiivesuiuezgiidon

a a

Tnsfinnududutiuiosas 0.1 fanvasidudvnguindnvuiadn anududulduiesas 0.5 1

¥
=3

ANuUr AN UTINENVUINANANTY LayAUTUTURYS ey 1 HanwusNaudimgoulinan

vnAeuinglng) (Lansdsgud 4.14)

C N

ad a

U 4.14 wivildslnndenlasenlediiFosmefiuseis 2 finny

Wduiudesas 0.1(a), 0.500) way 1(c) Tagtnwin
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4.2.4 NaMTIATIZANISELNUUVBISIELBND (X-ray Diffraction Analysis; XRD)

nanNsAnwIanvuglassasananvesilanlnmdeulneanlen(c) Haulnwieulaeanlaniiie

'
a

v a & aad ax a a ¢ X o a s & 1 as
AIYLIUVIIITN 1(d) wagIsnN 2(e) IWEJLVIF’]Uﬂﬂ']s')Lﬂi']%‘Viﬂ'ﬁLaEJ'JLU‘UGUE]\ﬁﬁ\TﬁLE]ﬂ‘U I@?JQBL‘WU'J']W&@J

{ & v

lnmdlsnlaeonleaniienisdu Ysingdyyruiinasaiuiavednmileulaaanlyd @) e

A

Wisuiiguivusueggiifieu(b) Favsvenanwaglassaindnvesiidulnmillvulaoenlenindiia

~ A

wan# 20 fe 25.53° vpundewwd (anatase) Us1n)TuuugIusesezgiillonfiviinsiadeuuaans

2 38 faguil 4.15

N Anatase

(e)

Intensity / a.u.

(@

T T T T - T ¥ T ¥ ¥

5 20 35 50 65 80
2theta / degree

U 4.15 XRD patterns vosilaulnimieulaoanled(c Juagiaulnndeulaeenleniidenetu

Ya¢I59 1(d) 89 2(e) Wieuiveunalnilisylasanled(a) wasunuevaiilieu(b)

4.2.5 NaNIFIATIZRANBUZNURIENegansIAUBIanaTauLUUdeens A (SEM)
o I oae = ¢ 1 ey =1 fa A Y a A o % & ax
suildulnnitlenlaeenleduazwiuidulnmdeulasenlydiilemetuiwioulivomais
= aa A o a & v & a do o ' i [ Y A aAa £
7 1 uaydsn 2 Wwhnsiaseianyue NURINMaWeIe919 iondnyaewostuiauinduy 210

d 1| a o ac ~ fa A v a P Y =
sUszuInAatuilduveseunalnnieulaeenled Mienietuuugiuseserqilidoy uidindisey
WANIIIVDITUNAY WAALAUINNITIAS BUTNANA8TTN 1 TuldanwuzvoItuidUNAN1ISA 2 Faufn

v | S ae i a Y  aad a v a °
iaﬂLLmﬂﬁq’J@E‘,}N’]ﬂUu%uwaﬂJ bUBIVINNITLHRIYUAIYITN 1 uuLG\iSﬂJIﬂﬂﬂq{LﬂﬂigLLaVLV\Iﬂ']LWUEJ'Ju’]

a a

aunalillineinuiitezgiiileulaonsevinliiinnisdniseedivetoyninaunisiduduidudn

Y

° 1 a v Qddl :j a o Aa ¢ IS (3 o = a
FUNFUD WHANITLATUUAIYITN 2 uummmmsmﬂamlmmma:u"lmaaﬂlmmmmsmqauﬂ'mLquiu

a

AEYE N13NIUENTAZaNmEwwimandsdinaituiduinlaliadanewinias uaseuniadud

a Y a e a vy ® =2 o b4 a 1 o X a a s v O
WAUUTUNANNANITAUANUUNAN wﬂ‘mawmﬂLﬂulmﬂismalﬂmwummmWam ANUUIINATNLLEN

(3

Ty AlauAwseusedsn 1 laduidunianuaiiananinos19admau wagNINERYIN Ut uURlaL

WA LALAUIIAM U UNITRINANTReTiANTUNUSEIN 1 lurseu (Fe3UN 4.16)
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1,000 18pm WD 1B8mm

1Bpm WD11mm S 10pm WD Bmm

1,000 10pm WD11imm | 1Bpm WO Pmm

1Bpm WD Tmm

a

SUN 4.16 NN SEM waakuazailiden(d’) waztuidulnndeulaesnlanNildoniekussuay

v U

0.1. 0.5. 1 MUA1PU 19359 1 (a.b.c) 359 2 (@’.b’.C7) kAN INHAVINLEUNA()



ca A

aUnmsy EDS n1sIAszvipsaUsenauvadwiuilaunmisulasanlanNianigkquisyi 1

wansliiuisesrusznovvessaiutuildulaun nmden(T, senTiau (0), ezafiflon(Al) uaz ¥y

(Ag) YanzRunusinguuituiivestuilauludnvasndnduruindnegiiesas 67 waglutuildusg

Y

Yovay 3 faguil 4.17

Spectrum 1

3]

* Spectrum 2

[l

|

Ch1 MAG: 16.0kx HV:15kV WD:9.9mm Px:32nm

cps cps
250
Spectrum 1 \ Spectrum 2
200+
150 ag
.:l’l m
] Ag Ti
100 n
1
il |
50: {
; oimh' ’ ]l 8
500 1000 1500 2000 500 1000 1500 2000
Channels Channels

JU# 4.17 awnadu EDS vesilaulnimieulaeenluniiienieRuisi 1

AUNMSU EDS N153kAszviaenUsenauradwiuidulnmiisulneonlonniienenu 359 2
wandliiudvesdusznouvessigluduiaulaun uwdeu(T), senGiau (0), sxgliluu(Al) way [y
(Ag) FlaUT 4.18
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Spectrum 1

Spectrum 2 ’

Ch1 MAG: 8000x HV:15kV WD: 10.0 mm Px:64 nm

cps . cps
180 90
160
Spectrum 1 o Spectrum 2

140 70
120
100%

80 O

60|

40|

20|

0 ‘ :

500 1000 1500 2000 500 1000 1500 2000
Channels Channels

U 4.18 awnesu EDS veslaulninteulasenlediyeneiuisy 2

' I '
fal A b4 v aaa

a I3 s I ae = a aa A
NNFIATZIRUsENoUsITakuldulndaulneanluniiomeiunadsn 1 uagisn

2 wandliiiuiaesduszneuvessinRuuuiuionagluduildy wudfiiuiavesiidaudsi 2 dusuna
POIRULINAIUNTIZINAPNENRUBLIA IR UUN LRV IR TILERatiinnn weludiuastuiiona

& a e aaa A a a G as | aaa & v
UUNAUVDIITN 1 fu‘lJ‘imm‘UENLﬂuagwluﬂquamﬂﬂm’nﬁVl 2 LNUDY

4.2.6 NaMTIATITARNwUENURIREmALA UV-vis diffuse reflectance spectroscopy (DRS)
awnasunisaandusasasitegslaulnmillenlaeanledwazunuiidulnmilioulasenlenn
\ForeRuniaisn 1 wazdsn 2 wandiiuidnisgandunadugisdansililewan (200 §3400 uly

¥

wns) wiloudu inennisiididnaseuveseynialnndevlasenledgnnszdulumaunisun
Tudrwedidulnmdeylaeanlednvinnisifeseduiinsgandusasseiliedugiuamiue iy
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The preparation procedure of Ag-doped titanium dioxide (Ag-doped TiO,) film coated on aluminium plate by electrophoretic deposition (EPD)

technique was studied. Various conditions; applied potential deposition (20-80 V), deposition time (1-3 min), and Ag concentrations (0.1-1.0wt %)

were studied. Then, the obtained Ag-doped TiO, film coated on aluminium plates were calcined at 500° C for 1 hour. The Ag-doped TiO,

ticles were characterized using ing electron microscope (SEM), X-ray diffractometer (XRD). SEM micrographs showed that the

thickness of films was about 1 um. Photocatalytic activity of Ag-doped TiO, photocatalysts was also analyzed based on the decomposition reaction of

methylene blue dyes under UV and visible light irradiation. The results showed that the photocatalyst could degrade over 95% (UV Isgh!) and 77%

(visible light) of methylene blue (MB) dye within 60 min. The TiQ, and Ag-doped TiO, films also have disad ges in their app i for
pared 1o catalysts.

B 2 B3

ﬂ@ Conclusion

The characterization results showed that the surface of the TiO,
thin film was uneven and rough. The presence of Ag particles in the
TiO, powder immobilized increased the photocatalytic activity. But
Ag particles in the TiO, films immobilized decreased the
----- lyti mmly TmndsAg particles hiding on lhe TiO, film
surfue. the Ph lytic degradation efficiency is red

The result showed that photocatalytic activity for the degradation
of methylene blue (MB) of 1% Ag-doped TiO, (more than 95%)
within 60 min under the UV irradiation and 0.1% Ag-doped TiO,
(more than 77%) within 60 min under visible irradiation. TiO, and
Ag-doped TiO, films also have disadvantages in their application for
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The preparation procedure of Ag-doped titanium dioxide (Ag-doped TiO;) film coated
on aluminium plate by electrophoretic deposition (EPD) technique was studied. Various
conditions; applied potential deposition (20-80 V), deposition time (1-3 min), and Ag
concentrations (0.1-1.0wt %) were studied. Then, the obtained Ag-doped TiO: film coated on
aluminium plates were calcined at 500°C for 1 hour. The Ag-doped TiO2 nanoparticles were
characterized using scanning electron microscope (SEM), X-ray diffractometer (XRD).
SEM micrographs showed that the thickness of films was about 1 um. Photocatalytic activity
of Ag-doped TiO: photocatalysts was also analyzed based on the decomposition reaction of
methylene blue dyes under UV and visible light irradiation. The results showed that the
photocatalyst could degrade over 95% (UV light) and 77% (visible light) of methylene blue
(MB) dye within 60 min. The TiO2 and Ag-doped TiO: films also have disadvantages in their

applications for wastewater treatment compared to catalysts.

1. Introduction

The environmental contamination
caused by organic dyes has become one of
the most serious problems in the most recent
decades. Organic dyes are high pollutant
which possesses a durable, difficult bio-
degradable structure and is highly toxic to
humans and animals. If are not handled, they
will cause serious environmental pollution
and destruction of aquatic ecosystems. '~

TiO; semiconductor has been applied
to important issues such as environmental
decontamination of water and air. When
particles of TiO2 are illuminated with
energies greater than the band-gap energy of
the TiO2, they will produce electron-hole (e
/h*) pairs. These e/h" pairs can move to the
surface of the TiO: particles to initiate the
redox reactions of organic compounds
adsorbed on TiO: surface to complete
mineralization of organic matter to CO; and
H:0. Some metal ion doping is employed to
alter electronic structure and optical
properties of TiO to extend photoresponse
into the visible light region and slow down

the recombination rate of photo-generated e”
/h* pairs. The metal ions often used for
;lgging process are Zn, Cu, Pt, Au, Ag, etc.

Electrophoretic deposition (EPD) is
one of the efficient techniques being
developed for processing of ceramics, thin
film coatings, and composite materials from
colloidal suspensions on metallic substrates.
EPD offers advantages of low cost, process
simplicity, uniformity of deposition, control
of deposit  thickness, microstructural
homogeneity, and deposition on complex
shaped substrates, including the potential to
infiltrate porous substrates.®’

In this paper, the fabrication and
evaluation of the mineralization of methylene
blue (MB) by using the Ag-doped TiO2
powder and Ag-doped TiO: thin film to
increase photocatalytic efficiency of pure
TiO2 powder and TiO: thin film were
investigated.

2. Materials and Methods
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2.1 Materials

The TiO2 used was P25 from Evonik
consisting of 80% anatase phase and 20%
rutile phase (weight percentage), Silver
nitrate (Sigma-Aldrich, > 99%), Sodium
borohydride  (Sigma-Aldrich, > 98%),
Isopropyl alcohol (Merck), Acetone (Merck),
Acetylacetone (Sigma-Aldrich), deionized
water and Methylene blue (MB).
2.2 Preparation of the silver-modified
TiO: photocatalyst (Ag- doped TiOz)

Ag-doped TiO:2 photocatalysts with
silver loadings of 0.1, 0.5 and 1.0wt.% were
prepared by drying dispersions of Degussa
P25 TiOz in 100 ml of double distilled water;
then, 40 ml of AgNO; solution was added to
the suspension, and it was vigorously stirred.
The pH was adjusted to 7.2, and then, 60 ml
0.04 M NaBHjs solution was added dropwise
to the suspension. The photocatalyst
suspension was stirred for 60 min, washed
with double distilled water, centrifuged, dried
overnight at 100 °C and then annealed at 500
°C in a muffle fumace for 1 h.
2.3 Preparation of the TiO: Film

Electrophoretic  deposition (EPD)
was carried out using either an isopropanol
based solution which consisted of 30 ml of
isopropanol, 15 ml of acetone and 0.5 ml of
acetylacetone, and 1 %w/v of TiO2 powder.
Following the addition of these constituents,
intimate mixing was ensured by ultra-
sonicating the solution for 10 min before
deposition.

The preparation of thin films was
made by electrophoretic deposition from a
suspension TiOx. The preparation of the films
was described previously. A voltage of 20-80
V is applied between the two electrodes of
the same remote area of 1 cm during several
deposition times of 1-3 min to evaluate
deposition time both on thickness and
photocatalytic activity. After deposition, the
plates are dried overnight at 100 °C

2.4 Preparation of the silver-modified
TiO:z Film (Ag- doped TiO: Film)

Ag-doped TiO: film with silver
loadings of 0.1, 0.5 and 1.0wt% was
prepared by dipping TiO» in 100 ml of
AgNO; solution, and it was vigorously
stirred. The pH was adjusted to 7.2, and then,
20 ml 0.04 M NaBH4 solution was added
dropwise, was stirred for 60 min, washed
with double distilled water, centrifuged, dried
overnight at 100 °C and then annealed at 500
°C in a muffle furnace for 1 h.
2.5 Characterization

The surface morphology studies
prepared Ag-doped TiO: photocatalysts and
films were analyzed by field emission
scanning electron microscope (FE-SEM,
JSM-6510) and energy dispersive X-ray
spectroscopy (EDS) was used to find out its
elemental composition. The crystalline
structure was analyzed by X-ray diffraction
(XRD, XRD-6000). Absorption spectrum

was recorded using UV-Vis spectro-
photometer (Lambda 35). A diffuse
reflectance  spectrum (DRS) of the

nanocomposite was taken using RSA-PE-20
DRS accessory of UV-Vis spectro-
photometer.

2.6 Photocatalytic measurement

The methylene blue (MB) molecule
was selected as a target pollutant to assess
photocatalytic performance of Ag doped
TiO2 catalysts and films. The photo-
degradation of MB experiments was
exploited in a homemade reactor, at room
temperature. All tests were performed using
a light source with UV light (PHILIPS TUV-
F17T8/18W) and visible light (CKL JZ-
50/50W).

The photocatalytic measurement for
the Ag-doped TiO: photocatalysts in an MB
dye in water was used to evaluate the
photocatalytic activities of the prepared
samples. Among the catalytic experiment
was consistent for the catalyst dosage 100 mg
samples were suspension of the 100 ml after
being dispersed in an ultrasonic bath for 5
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min, the solution was stirred for 10 min in the
dark to reach the adsorption desorption
equilibrium between the catalyst and MB
dye. Then, the suspension was exposed to the
UV light and visible light. The distance
between the lamp and the beakers was kept at
10 cm for all specimens. The samples were
collected at given time intervals and the dye
concentration was measured by using UV-
Vis spectroscopy (at wavelength of 664 nm).
After collecting the absorbance of MB, the
absorbance values were converted to
concentration values.

3. Results & Discussion
3.1 Field emission scanning -electron
microscope (FE-SEM) analysis

The FE-SEM analysis shows that the
particles arranged in film layers have a
diameter of about 50 - 100 nm. On the FE-
SEM micrographs (Figure 1), it was found
that the presence of the cracks was a result of
the shrinkage process when the thin films
were calcined at high temperatures. The
spherical particles with relatively uniform
sizes arranged in overlapped layers (Figure
1(b-¢)).** FE-SEM images of the cross-
section of fabricated TiO: thin films (Figure
1(f)) showed that the thickness of films was
about | um and no distinction between the
different coatings.

Figure 1. SEM images of Aluminium plate
(a), TiO2 film (b), (0.1-1.0%) Ag-doped TiO:
film (c-e), Cross-section of TiO; film (f) at
10,000x.

These Ag-doped TiO: films were
element analysis of the EDS spectrum have
presented in the Ti, O, Al, and Ag in (Figure
2). The FE-SEM image of Ag-doped TiO:
films Ag present in the catalysis on the
surface (67%atom) and film layer (3%atom).

c¥2ssEERE

Figure 2. EDS results of Ag-doped
TiO: films.
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3.2 X-ray diffraction (XRD) analysis

The crystalline phase of the Ag-doped
TiO;  photocatalysts  prepared  was
characterized by X-ray diffraction (Figure 3).
XRD pattern of synthesized catalyst sample
indicated the existence of peaks at the
diffraction angle 26 of 25.53, 38.34, 48.38,
54.61, 5564, 6321 69.14, 7542
corresponding to the (101), (004), (200),
(105), (211), (204), (116), and (215) which
could be attributed to the anatase phase in the
TiO; (JCPDS, No. 82-0514). The XRD
patterns of Ag doped TiO: and commercial
TiO: revealed that there was not a typical
peak of silver in prepared Ag-doped TiO:
powder. The possible reasons for this might
be the concentration of silver was too low to
be detected by XRD or the diffraction peak of
silver at 20 = 37.8° was overlapped by the
anatase TiO; peak.'”

i

L 3 m 8 m.".‘-‘: - -
Figure 3. XRD patterns of TiO> NPs (a),
(0.1-1.0%) Ag-doped TiO2 NPs (b-d).

XRI) pattern of synthesized TiO2 film
sample indicated the existence of peaks at the
diffraction angle 20 of 25.3 characterized
anatase crystalline phase. But the peak is
small because the film layer has a small
thickness (Figure 4).

o —

s » s s o -
Stheta / degree

Figure 4. XRD pattern of TiO. NPs (a),
Aluminium plate (b) and TiO: film

3.3 UV-Vis diffuse reflectance spectra

The DRS spectra of TiOz films of the
sample absorbs at the transition peaks UV
region, where is due to the e promoting for
the TiO> NPs among the valence band to the
conduction band. TiO: films adding to the Ag
particle the presence of a continuing
absorption band range of 400 to 800 nm,
which is a good concurrence of TiO2. Owing
to the TiO: films is an additional small
amount of Ag NPs doped on TiO: surface.
Hence the Ag-doped TiO; films display
stronger absorption intensity speaks in the
visible region, a result indicating for higher
enhance the photocatalytic activity for the
reaction (Figure gyt

nmn::lhg—]
Figure 5. DRS spectra of Aluminium plate
(a), TiO: film (b), Ag-doped TiO: film (c).

3.4 Photocatalytic activity

The photocatalytic degradation of
MB organic dyes was performed in the
presence of Ag-doped TiO: photocatalysts
and films. The photodegradation of MB was
monitored by recording the absorption
spectra with respect to time of light
irradiation. The absorption intensity of MB at
664 nm was decreased on increasing the
irradiation time. This clearly depicts that on
increasing the irradiation time, the
concentration of MB was decreased. Due to,
The e/h" pairs move to the surface of the
TiO; particles to initiate the redox reactions
of organic compounds adsorbed on TiOz
surface to complete mineralization of organic
matter to CO2 and H20.
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Figure 6. Photocatalytic degradation MB dye of Ag-doped TiO: catalysts and films
under UV light (a,c) and visible light (b,d) respectively.

The percentage efficiency of catalytic dye
degradation was following equation
G -G
X =———x100
Co

Where Co is the initial concentration
solution of MB dye, Ct is the concentration
at the degradation time of MB dye. Figure
6 shows the photodegradation efficiencies
of Ag-doped TiO: catalysts towards MB,
which was found to be 95% (1% Ag-doped
TiO,, UV light) and 77 % (0.1% Ag-doped
TiO,, visible light) within 60 min.
However, the Ag-doped TiO: films are still
disadvantages in evaluating the degradation
of an MB dye. Ag NPs immobilized on the
surface of TiO2 film might reduce the
photocatalytic processes that are less
effective. The major criteria for the
enhanced photocatalytic activity are Fermi
level equilibration between TiOz2 and Ag

NPs where it acts electron trap and
plasmonic absorption of Ag NPs."

4. Conclusion

The Ag-doped TiO2 powder
immobilized TiO; thin film and Ag-doped
TiO2 thin film coated on aluminium plate
substrate by electrophoretic deposition
(EPD) technique were successfully
fabricated.

The characterization results showed
that the surface of the TiO;z thin film was
uneven and rough. The presence of Ag
particles in the TiO2 powder immobilized
increased the photocatalytic activity. But
Ag particles in the TiO; films immobilized
decreased the photocatalytic activity.
Towards Ag particles hiding on the TiOz
film surface, the Photocatalytic degradation
efficiency is reduced.
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The result showed that
photocatalytic activity for the degradation
of methylene blue (MB) of 1% Ag-doped
TiO: (more than 95%) within 60 min under
the UV irradiation and 0.1% Ag-doped
TiO2 (more than 77%) within 60 min under
visible irradiation. TiO: and Ag-doped
TiO: films also have disadvantages in their
application for wastewater treatment.
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