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ABSTRACT

This research was focused on the development of photoelectrocatalytic (PEC) technique
cooperating with PZT piezoelectric technique to remove tetracycline in agueous solutions.

ZnO semiconductor thin films were developed by using a cyclic voltammetric deposition
(CVD) method on the fluorine-doped tin oxide (FTO). The optimum parameters to prepare FTO/ZnO
electrodes under both stirring and non-stirming precursor solution were studied. The preparation of
FTO/Zn0 electrodes with optimum parameters that could confirm the performance was carried out and
the chemical composition, crystal structure, optical properties, and morphology which corresponds to
high efficiency of photoelectrocatalytic properties for water oxidation under visible light of such
electrodes were tested. It was found that the prepared FTO/ZnO electrode from non-stirring precursor
solution was more stable after tetracycline degradation testing than the stiring method. The FTO/ZnO
anode electrode with optimum conditions under the non-stirring precursor was able to eliminate
tetracycline up to 51% within 1 hour by using PEC technique together with piezoelectric technigue. Such
efficiency was over twice as much as that using only PEC technique. When the best FTO/ZnO electrode
mentioned above was used in prototype cell, it was found that within 3 hours, 62% and 53% of
tetracycline were removed by using PEC technique together with piezoelectric technique, and using only
PEC technique, respectively.

To sum up, an anode FTO/Zn0O electrode from CVD method was successfully developed and

it could be confrmed that stirring precursor solution with various optimum factors affected the
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photoelectrocatalytic activities for water oxidation reaction. Hence, understanding of its catalytic
mechanism could be drawn from the research and a large scale prototype for tetracycline degradation

could be developed for further development to remove antibiotics contaminated in wastewater.

Keywords: photoelectrocatalytic, ZnO thin films, piezoelectric, tetracycline degradation
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2.1.4.4 UFATeTIRIms
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2) mizqilufuseuasuan Usingenmsifmiinaiignuauan
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weilseulugdinsea

2.1.5 nansgnuidiawnsleaduluiauludauandey
Tunessuiiniuunsldeufirusianslonduinsuaisainiunistesiuiay
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Snwlspindouuaniseludmunnduarlunyuddwmaliianisuuilounigasaanaiugin
dgl 1 IS a a QIJ % U 1 1 9(: a
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) v & Y aaa Aa a a o w a ! 1a Y
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2.2 N15NAALKNSIbIARAY
AINAISNUNIUITTUNTTUN LA 829N UNITHAIUNNATANITAITALARS AR T

naNUaNg I NReUNY fara Uil

2.2.1 nszvauMsUUaNI9AUNEnd (Physical treatment)
2.2.1.1 n3gUUNTUNLUIU (Membrane Process) Lﬂumzmumw"mﬂ Wl
o A . . a 5 oA
91FULEBLUNLUTU (Selective Semipermeable) lun1susnianstlenduponannuIni ovouNad
[1], [2], [3], [4] Wenseulrunsiuausunteulanuknsanelnadl
1) S1esa eealuda (Reverse Osmosis, RO) WUNIEUIUNITNUIRIN
aa Y v o= & A Y] = = @ A
ansaraeNi AU LTUT LH U B e (Membrane) lUgsansavateiinans dadunszuiunisely

§55UF YA LU ULSIAUAUAITA B LTY UNSEN T U aulUA1uansaraedaand

LERPAINING 2.2

A15REAL
wau

#3RzAE
132979

AN 2.2 NIZUIUNITINGSE 0aluTa (Reverse Osmosis)
in:http://Avww.neutron.rmutphysics.com/news/index. php?option=com_conten

t&task=view&id=1057
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2) ddnlnslaezlada (Electrodialysis) 1unsyuiunsiloninuang

gl vilmAnnsuenasidevunuandiiudesulaeonainii wallaiunsanenansdunse
o

3) Fansdlawmstu (Ultrafiltration) Wunssuiunisnaaieiusiesa

o
a o

soaluda Aonisldussiulivasnanndouiituiouns uauand1aduiinasléussdufisnia
wagldnsoseunavinaluanavuatnglas

22.1.2 ﬂizmumim‘?‘?ﬂ (Adsorption Process) Hunszuaunmsiiiendostu
N5AT AU 9E15NS DA U UVR ST US A uR IS o5En 19l amin (interface)

nszUIUMSUaTaAnuTnaRduRaTEng 2 dannazla o 1wy vesualiuveLan Aeiu

[y

vouvad Maiurewds visevasmadivvewds lnsluianavsensansenfignaadusenit 413

'
= U

9nNATY (adsorbate) druansivindiaasuisenin a159 U (adsorbent) [5], [6], [7], [8]

Y

LEARGRINING 2.3

(a) Adsorption Substrate Surface | 4 adsorption (b) Packed Bed

Physisorw Flue Gas —>—> N, rich
2 Heating
Blndlng/sxte CO. fich ‘

Chemisorption
3 Purge

4 Cooli
T T co, ooling
Flue Gas = | Clean bed
= Lean adsorbent
Cooling
Rich adsorbent
By - (c) Fluidized Bed

Heating
Flue Gas

AN 2.3 NIEUIUNSRATU (Adsorption Process)

1Y

JadudrAglunisuenulinueenszuiunsgaduasiansananksedn

'
a YY)

wilgasznandduianafigneaduiuiivesarsgadu duwssdamidendunswiunesinad

Y Y

(Van der Waals Forces) aztun1sgadiunisnianin (physical adsorption) usituse8nmiles

'
Y

iniaiuszialseninsluianafignaaduiuiivesarsaaduas 138031 n1sgaduniuad

(chemical adsorption)
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1) magadunianmenin unseeduiinanussiegseninaluana

1 1 A s s = a a I
281900U AD LIIULMBIIAE (Vander Waals Forces) 49NAAINNTITIIULTY 2 YUA AD 139

s

n38979 (London dispersion force) wagusslninaing (electrostatic force) miﬁ\‘i@,méﬁﬂmﬂ
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)=

neouvihlinisgadulsziamilindsnunsaeanuseureudiatey fie f1nd 20 Alagasslua
wazaunsaianIsRundurasnsyuIunslahe Jaduded msizanunsalulaninvesigady

9d1esag ansfignanduaninsanizagseu 9 Ravesasgadulaatetu (multilayer) w3aluus

o

azduvadluanaalsgnaadulzineg iutuvedduanavesarsgnaaduludunesumini lng

Y

[
=

ﬁi’mau%’uamﬁué’mﬁauﬁ’ummLﬁuiu%aqaﬁigﬂ@m%’u WAz NN TUAUANNINT U

maﬂﬁagﬂazmﬂumiazmﬂ

[
% v v o

2) nmsgadunuail nsgadulssinniliiaduilledignaaduiudigg

1Y o Ly

whuisenaiiu Fedamaliiinnisideuidamaaiivesiignaaduiiy Aslin1sviaieuse
N = i = i a D o A [ =3
gawmllgnszninesnouvisenguornauifulaminisinsesesaeuluiduasusenaulnidu lag
= e =TI a 2 o v v A v o § v v =
fiuszadigaduiusenudass Tndsunseduidiuiietesilinuieuveinisgaduilen
geUszanae 50-400 Alagasiolua maneAudINIsiNdndignandueanatniifmgaduasyinla
10 Asliianunsainufaserdunauld (ireversible) waznisgaduuseianilasidunisgadu
WuudwAe (monolayer) Wit Fan1sgadunenienmuasmaaiiveunnasiuraigegi
dnSutedninvenIE UM IUIUTULAENSTUIUNSAATU D T8n1sranailianinsavihaneeans

wawisusilunsaeleuasuafivannsvesnilalugdnsvawils

2.2.2 nsgvIumsesnBindudugs (Advanced oxidation processes)

nszuumstilunmskdnayyalansenda (hydroxyl radical, OH) Tuin@aduans

U

saNTuauniUsyavisnmannaninsaeendladasusenauduvsdlavarsvilaniiiuseg uasiuse

!
§ =X o v Y

e eyyalansendaiinanaisesndlad wulslou lelasiaulesesnles dainldvmiu SedeT

[
= v A

vise ansneiai/lave NAduiuseUizen lnenssuiunseantndudugeiuivainvane Al

2221 nszvumslnllaadl (Photochemical process) mslussdsanslaloanlu
n1sgevaatse U] T ruznnsilead ud unid duwuinieignldeg 1aniaas 1 0991
waslrauiinulrensanessd nssuumsinlalada (photolysis) Wunsyuiunside axen

[ [y

sinbiung Ingaglisddannlblomnlaensdlunsgesamewnsilendu Sddanliloanazgnan
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Fulagluanaves H0 aagaiwaneiugeondladniusedniam wu syyalensenda (OH°) uae
lalasueseanlan (H,0,) wilssdnsnwveanszuiunsinlalagalumsindadndendslasu
Hansevuanvatelady Wi anasunsgaduvesansidmiing vliavesuning ANNUeesad
wazAldTeiumdsuliihdaludadendin dmsunsldssuudansbilemslunstivninde
[9], [10], [11], [12]

2222 nszvrunsmaaiiliin (Electrochemical process) Wunsyuaunisi
Iosumuadlaiduegrannlusiudaneden Wuwelafiazenn Sangu uaziiuszadvsamdms
o o © T A o Y a a o = M oia a =
msvaiuazide Weguiumsineendindumaaiinszuiunsiliiimafvansieiiady

1 ¥ | a U Al a °o v v aa
nszuIunstevaanesieweil iy lunszuiunmsesndndumaadlviihansuafivazgnindnaies
anodic oxidation & siduansnenafi vilgnaAFTUUEN LRI IUINKAZY NYIIA1BIINNTWANUE B
BLANATOU LAMFINING 2.4 nssuumamaailiihguid euagmanzdmsumsundmindewsidn

Y

iiusgavinngaiinisldnszuiunsidadddnanguuuasiduuigeann [13), [14], [15],
[16]

2 L
=4 |c
[=] -
= | ®
c Tetracycline 3
g g
o =
s P
Degradation ¥
product
Anode Cathode

Ai 24 nssurunsmaaitiifi Electrochemical process)

2223 nszviumsllaazazlafin (Photocatalytic process) lUunsEUIUNTA
iladne dzen s1Akiung Fezendenisldansieiundudussuisemnauas a1sisia
= v =) dl Y o % d‘ 1 Gl
ANFNIULOU %30 band gap energy Lilolasundsnuasdansililawan (UV) AunnIuse
WINTUATNS U U U RBIANATaU (&) waulaus (Valent band ; VB) aztadauiill

gauaun151n (conduction band ; CB) tinYesinanielea (hole ; h*) MTUs¥IUINATUINAUN
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FeazHUNTEUIUNTNAULATE UL R5en Tnethanunsainufiseneendindu

a aaa a

fiulea (hole ; h*) Fedimwanunsatunsiinufiseeendindugeuaslusendladinnilyniy

¥ o W

16 [17], [18], [19], [20] ##ingzUUN1SUEElT01A Rl LIS 29URINSAANITIINAIVBIDLEANMTOU

fiulga (recombination effect) Fsagyilviuszansanlunisindnansdunsdanasiazoynina

[
a1

YaeMLs U Asevznsyavasgurasindevihlinisiiuasnauvesiassufisenmandaoudns
1N
2.2.2.4 nszuiunmsinladianinsazaglaiin (Photoelectrocatalytic process)

Junisusudgenszuaunmsivlaezaglafinlaeni ssudasslfisendunszuiuniseandindu

&

mMapd i1 789 0158071 nszvaunsliladidnlnsaznzlafn (Photoelectrocatalytic)
-~ Ada X 43 = =% o o A a aaa
nszvaunstidunszuiunisiiindundaliiwelualasn3sansneiauiiaunsafnugizen

2NTLATUN USRI bl le anduld@ngluilinisuanliwnd ndwelun Wisans

= o

Asinilasunisnszduainndinuuasiinueaiud ol sund 1uninn Ao una 11y

(Band gap energy ; Eg) Biinaseuainuauinaunvzgnnszauiuluduaunisii (conduction

band ; CB) vilmAnya3i14 (hole : h*) Mkauanauy (Valent band ; VB) feiiminuaiuisatu
nseendladinnsilerdulsog1stiuseansninuardesnunisiinnissiusivesdianasaunulea

(Recombination effect) inszilalidndln1didnaseuszgniniieadluiidalniualne

(%
v v a [

saTudianaseudslunduunsiudulsawaznszuiunisinleadidnlasazezlafingdsaunsanian

[ £
Y a A 1

washleedulanieluduneufen Fanetedioinduisniewazuseudaaldanslun1ssiian

[

meﬂ%ﬂﬁﬂuﬂwLﬁﬂﬁﬁmaﬂajf\'aiﬁl,ﬁﬂmaﬁwiaﬁm’mé’am [21], [22], [23], [24]

£ '
I a

wangslsAnnlusddedyaiuiiasiiuuszaniamlunisdida

a ~ v a a a Y o ¢ % | a
wnsladuiieliilusednSainganiagalaglauidnuilanszuiunmsidiunsiu Ae nseuIums
wieledLdannsn (Piezoelectric) § 415 8nNT2UIUNITIINT 1 nszUUNISIReladLEnNSn-

Ilndidnlnsazaylain (Piezoelectric-Photoelectrocatalytic)

2.3 wellaglediannin-lnledianlnsacazladin
Junszvumsiiendomsvinuresdiaisalfiser Tnedusafaselussuvieas

AN T auUR N LAY 1 aa15AIm U vuT A e S undaunalaensd uaziiouag i

w3l (Voltage) Mi38n31 Usingnisaliielediann3a (Piezoelectric effect) audf
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dielediannia ssieduludanifian mdudmsliivindurih idadidnvsalalnaluaud
(Electric dipole moment) & suaurauniazdivszqiluvindauaiuisaglunisesndlad
asBUNIdAAANTEUINNT SR TBunIOlan wazlloansReiningnneumenasaILLE

TUA9ANY IR UTNUNZANIZIN IABLANATOUI NLAUINAUN (Valance band : VB) LAADUT

lguaunisun (Conduction band ; CB) Feibiingesinefiduszqiluuan (Hole; h*) fiuau
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Yo ea
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lafunTunazainnsiviassnszuIunsanuiwililavesitmselaa (hole, h) NliUseq
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A shendannisaenanawsalssgnadmaiaiieledianvsn-nladidnlnsazazlasinly
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n1sidnansdunsdnilueujiuswaalendulanedife Weotalvinarsisdnignnssduaae

Y o Ao o o Va & 3 2 A ! o
MsduaiioukasiaingsuInme Mlvigidnaseuinuauaun iwdeunlduaunisii
iAnderindfivszquiniuavinawiiduduiunn Welidndlnihmunzaudaly sz

TiAnnsasuUszglad Inetdosiifivszaduuan (h') aziivszgansnmlunseandladeansi

o

agusnauRmIUIlWi LR uasiidsdawalnaaziididnasewdudviuannlalasiaulessuiz
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LGZJ’W’]TUEJLGﬂ@i@uuﬁ%gﬂi@’)‘ﬂﬂﬂﬁ&lL‘U‘LJLLﬂﬁl@I@iLf\]u ﬁﬂﬁ’]ﬂiU‘Vlﬂ(ﬂ“UEJx‘iL‘VlﬁumWEJI"?JEJLaﬂVliﬂ—

A

a a a

ladianiasmrzazladn do niswmutaluiiasieiilidusednsamlunisiAnujisen
AMeldanensiuELLiauNISS I BwaLasFNg TN AW al AauNTRmLIT bansN
fhdaduiiladdalunisilimaiafinanfiusednsnmaunduniufineanns [25], [26],

[27], [28]
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2.4 n1snauY2 lWWnasneRun

o

d1nsuni1swalu W 1a1sa 9 d i oA uUsEans anlunssuiunisg

I
U I ¥

Felwdidnvin-ladidninsazaglafindu Sogfetunarnmaes futelud
2.4.1 msmaudRnIsganauLas

wavorfinddaunassssunAiinusinniian feutseenidu 3 daunmeisnny
g1amaunas Toun wasdansilalowan (Ultraviolet; UV) wasgaafimuasdiu (visible light) wa
Surisa (nfra-red: IR) FIuanInINg 2.6 LLﬁﬁﬁﬂﬁMﬂﬂ%@&ﬂWN 400 -700 nm (visible
light) SiuFinasnnigaileSeuiiisuiutauasdug Wy uasisdansllelan (200-400 nm)
way BunNsusA (>700 nm) é’qﬁmﬁaiﬁmzmumimzéjuﬁaaLLaaﬁUizﬁm%mWMﬂﬁqm n13
denldansi st adaudfymsvanst swthdesaiuisonevaue s owadlug 297 a1

@ [
19ule

25 | ;
UV , Visible , Infrared —»~
1 1
I 1
24 ! 1/ Sunlight at Top of the Atmosphere

1
!
)
1

1.54 5250°C Blackbody Spectrum

Radiation at Sea Level

Absorption Bands
H,0
27 €O, H,0

Spectral Irradiance (W/m2/nm)

O3

o8 ‘
250 500 7504000 1250 1500 1750 2000 2250 2500
A = (400 to 700nm) length (nm)

AMA 2.6 USHauuasluuAagii9nI N 1IAAUYBILEIRTIng

1 https://www.quora.com
lnganusafinnsaauausalunisganfuiaswesansiswiidilaaine

NS991ULAU (Band gap energy ; Eg) eA1naaanuuautdutoidneseninad undsanuvoaay

MU (Valence band) fukauni1sii (Conduction band) vasasnasungakansbuning 2.7
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Photo-reduction

conduction band

charges
recombination

valence band

Photo-oxidation

AN 2.7 WOUNEIIUYDIENTNIAENNNETAZN1ILLTINELES

i - https://pubs.rsc.org/en/content/articlentml/2014/cs/c3cs60262a

P Y a @ [ o v 9
NNMA 2.7 wanan1snsgaudianaseulukauIausiludumaunisindesly

wasUMaInwe Bidnaseuinadeunludaunsinls Weldndanuwaslunsedudians
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v o =

917 W9a15A9R1 LA SUNS I ULEINLINNINT DLV UATNE I U UL UVDIAITNIF1N

v 6

& o va < A r-:l' L o el' [y
uu%wﬂ‘maLaﬂmaumaau‘mmﬂme%ausﬁlﬂaumumim Tagaun1sy 2.1 WAASAINEUNUS

SEWINAMAUNGIU (Band gap energy ; Eg) U99a13n9R11UAIAINENIAAUYDILaIDing
(N) Fasraunsaldaunisieiuwisanuaiunsatunsnsziuaisnainiusazyialugisning

YIIAAULEAIFG)

E(eV) = % (2.1)

A1NAUNITTF UL TFI18150 98T A D UAND I8 DL AL UY AL DT

(% (% 13

(400-700 nm) AIFHALAUNGINUTDENIT 3.1 eV WBNIINUTLAUNS N IUYDIMOUL AU
waunsindaudrgylunisiiasananuaunsalunisiiaufizein1sesnd nduresiing
AT 2.8 WAAIAIUFUWUS 52N 1998A UNG 1 1ue9a15A 93T uAIdng lnil1veanis

=

Nnufiseneendintunariantuvetl lagasnaihnisissduuaunmsiiganimseluniu

ausnnnIAAndliivesnisinuisensanduvesin (0 V Walisuiutalwionsdainggiu

Normal Hydrogen Electrode; NHE) Wagseaunauaauyinisiseauniniingeluaiuuan
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aaa a

wnndAAngliinvesnisiinuiseneendinduvesin (1.23 V illawisuiuddlning1eds

1115511 NHE)

A
2.0 |- coscor
B Cl.tzO
i g-CaN,
-1.0 | TiO, Cds CB couco
| snatse TiO, CB WO ZnO CB COLECHO
- 5 rgtile 22| ‘& SnO. T Bi, WO, 2H-H,
Zz 0.0 | c'? a} CB — CB 2.7 [ \ COCH,0H
£ o CB ev| CB COCH,
> i Fe,O, eV -
‘5‘ B H:OJ'O:
E 1.0 32 30| CB VB 32 ao
L eV eV | 21| VB 2.8 oV 29| |
- eV eV| 3.8 vB eV
2.0 | e i
B VB = i
— — VB f— s
30 - v VB VB —g
i = pH 7.0
VB
Semiconductors

A 2.8 Laundsnuvesanshsitinazadndgluinisndunazesndintuvesun
41 : https://www.researchgate.net/figure/Band-gap-of-some-photocatalysts-

with-respect-to-the-redox-potential-of-different-chemical fig2 279636361

2.4.2 mMswaaulRNsdRuBEnnTeU
Sloansnisshtgnnszdusendanuuasluinseugnaauiianzas szl
Annsuenszuinedidnaseu () fulea (hole; h*) Bidnasouaziadoudiluduaunisiuas
Angasnaselsadivauniaud nesssugAsianaseuainuaunsiuazleaanuauitausioz
Lﬁﬂmiﬁq@mﬁuéfaaLLiq@UaauﬂLLa:ﬁLﬁﬂmsﬁwﬁ'sﬁuﬁﬁaﬂ'jw Recombination effect ffatutite
annoutledymdingty anunsafinuseansainvesnseuiunis Windidnlnsasaglafnlé

lneWauauRnisdwudianaseuiitinainnisnszduansieiagn Falananiaieds dwe

oluil
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1) msldansiedad 2 vllanTeunnin 2 ¥ila Felivareguuuy Wy pn
junctions n-n junctions Wag Z-scheme junctions 1Jusiu lnefindnn1suein1sdugansn
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(B) N15L59N15@09H1UT99919 (h*)
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2.4.3 mswandnuzimhesdilii
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2.5 WMAUANITLASIUWANUINEITNIRIUN
2.5.1 T8quiadeu (Dip coating)
Jumsnseuildudanlaenisihansazaneilnsey 11vn1sguniausianansd
AoIn1s viliiAnnisiSesdivesauninvuiuiivesiinalsfiseanisiuiaduiiduuisiu
& o as l 1% % A o g wa s = a a 1 v v va Y
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A 2.10 dmsunszuaunsilunssuiunsndte agadnuanisiiuuinlas widiaiuay

Anunuesiiaulaen [29], (301, [31], [32]
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2.5.2 F5msvuiaiau (Spin coating)
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WJun1snssuiauunelaenisnyuaisessu Ing s vy uaiuauisiasnen
AN5AYA1YAIUUAITBISU F998Ta15aTA18UNNAIUNITAAUSIUNURIVDIAITBISU d@15a%ane

UNAILIZN TR LN UANLSMLUNITLATEUY kansfannil 2.11 Ffefveansyuiunsilfe
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aa a a Yo v <@ % o U 1 @
Lﬁ‘LJ’Jﬁ‘Vl LG]iEJlII@\‘i’]EJ ﬂ’J‘Uﬂll?’]’J’]ﬁJ‘VI‘L!’]IG]"ﬂ’]ﬂﬂ’ﬂllLi’li‘Uﬂ'ﬁ‘Viﬂgum’Ji@\ﬁU LLG]’E]EJ']QIiﬂ (M

q

v A

nIzUIUNITRINaNUUGIdveddalun1TvensvUInainatNon st ulussuun e du [33],
[34], [35], [36]

Spin up Thlnnlng of a liquid film

f@)*ﬁ)/*ﬁ@/

/‘/ Solidified region Saturation of solidification

@ @) e 2

(™ _() A @)
- R4 -

AN 2,11 NTBUIUNSHTEUNENUIAILTTNTNYUAGOU
11 : https:/Awww.spincoating.com/en/featured-items/how-to-do-a-sol-gelcoating-

using-spin-coating-technique/205/

2.5.3 oelulawdu (Anodization)
WJunisldnszualidviliianiivedanznaradulanzeanledudlans
oonlustiuazindouiveslanglsiiinnsansou fanwdl 2.12 dofivesisiae 1uisfisAgn

warveneanald uegdlsfimunsyuiunisasnanddlddndluinasnn [37), [38], [39], [40]

Anode Cathode

"=

Electrolyte

A 2.12 nsEUuNsHSeuduueeeITalulaedu
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https://www.spincoating.com/en/featured-items/how-to-do-a-sol-gelcoating-
https://www.spincoating.com/en/featured-items/how-to-do-a-sol-gelcoating-

2.5.4 Fonsemealllnili (Electrodeposition)
Jumawieuilduuisianlaenisinlilanswseansisdailunenyueg vy
Aavtvesyuiu lnensidndlniwianseualii vinlilanylesouiiegluaisavaie

%
[

Anufnsesandulaglanslessuazipdouilusudidnasouiidiavresdianinsauasiuaey

o—

| Y
(3 (Y

anmiduilduundavenielanseonleafiiuvesudmenyuetitn wanianini 2.13

potentiostat

oAl

Working electrode

Reference electrode

Beaker =

Magnetic stirrer , Hot plate

Counter electrode

electrolyte
Magnetic flea stirrer

A 2.13 nsEUINNSseuiduuneeeisnswaldn

\WawnnteRvesnszuIunswseulauuaeIsmaailiin Aeliusvaninings

J1isde anunsamuaununidieannaiidlunmswsen sudemsoiivvnavesilay
Yy o Ao S o a = a « a a a av vo

vl daunmAdeldeulaiauimetiamglsdianysn-llleadianlnseeaginilasuauaula

sghannlumsihunUsse pdldiunuiundsuuagd wind o lnensiamunsnsaianaisia

s ZnO snewadawdl ihdwsuldduraliihiuwelun Wesnduasiainhadundey

L4 1 =

wasduTaniisledidnrian WewnaAuaudanduendnval wu Saueadesmernuiou Jany

=< a 1

wusyaall kay Apdaieledidnvsniunn [41], [42] FElrwauinaunndfng i luniauln
innmzunnnseendladeanslan lneilinguszasdnandonsussenaldivnuamunismdnmnns
lardu Tngldurdunszisinludan1sii urunueat Wi A NauIT Y LazeankUUSEUULaa

Wieleddnvianlladidninsezazladin Wsliiluygasunuudmsuidannsleedu
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uni 3

ASALUUUIRY

3.1 @153l waz w3aslle aunsal

3.1.1  a@15.Adl

A1519% 3.1 LaAnIasLALl

ansLAdl

bNIR

[N

. EENTUBEA

(Ethanol; C,HsOH)

. laReugams

(Sodium sulfate; Na,SO,)
e BnInlalann
(Zinc acetate dihydrate;
Zn(CH,CO0),"2H,0)
FaAlunn

(Zinc nitrate; Zn(NO,), )

a s
. ALNBTLIU

(Detergent)

. apUastalne

(Copper(ll) sulfate; CuSQ,)

laeulanseanlan

(Sodium hydroxide; NaOH)

. ASAMISNIEN
(Tartaric acid; (CHOH.COOH),)
. wasleAdu

(Tetracycline; CyH,5CIN,Og)

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

ACL Lab scan

Univar

Univar

Univar

Univar

Univar

Univar

Sigma-Aldrich




] =
AT 3.1 LEARIETLAL

a15.adl N3A v
10. Luﬁﬁuuq Analytical reagent Unilab
(Methylene blue; CgH15CIN3S)
3.1.2 iAsesilouazaunsel
M13197 3.2 wanapIesilanazaunsal
wIosanazaunsal N3A v

1. nszanilii
- Sigma-Aldrich
(Fluorine doped tin oxide; FTO)

2. aelaianaaund
(Copper wire)

3. dend 15du
DURO 20 Petttex
(Epoxy resin)

4. LA
< Wisd
(Furnace)

5. edvnuSeu
- Wisd
(Hot plate)

6. Waslulmos
(Thermometer)

7. $alniiheneda
Ag/AgcCl -
(Reference electrode)

8. aliiene
Pt -
(Counter electrode)

10. 1ASR9LATIEANLAT LN

VersaSTAT 3 Ametek
(Electrochemical analysis)

a

11. w3esd3ada awnlnsluladines

UV-1601 Shimadzu
(UV-Vis spectrophotometer)
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M1319% 3.2 uanuAIesllenazaunsal

A A ¢ v
Lﬂi@ﬁN@LLazq‘Uﬂim LAIM gie

12. NdeIqansIAUBLaNAToULUUEEINTIA TM3030Plus HITACHI
(Scanning Electron Microscope)

13, psedinneinsdeuusidiend JDX 3530 JEOL
(X-ray diffraction spectrophotometer)

14. \pesiaTziinaTan JPS-9010TR JEOL

(X-ray Photoelectron Spectroscope)

3.2 N13NAABY
321 mawsoudaliiianshssaiuelun (FTO/Zno)
Tunnseondladindusendiounaznsidnmnsloaduazlddn niueTusly
naAnUffselaaginsiaundalafihansisia FTo/zno Welfidudalwiluelun Tned
Fupouniawioudaluih FTo/zn0 a:1438manss Zno Femaiia mMsgaaieu (Dip coating)
[43] wazilli (Electrodeposition) [44] Tnefiswasidenduneuselui
3.2.1.1 wallan159uAday (Dip coating)
1) wisaisazarenaiy TnawmIouansazas 0.05 luaredns Zinc
acetate #8134 Zinc acetate 0.27 n$u avanelffudiomenlu Ethanol 25 Tadans
2) Ymmazernssessunszantilndin FTO fiflvunnanuniexend
Wi 2 x 3 wuins Tngtitenly Sonicate Tuansavans Ethanol WWuan 15 undl a1ntiusi
Tiukaudsedalnihiuaslnuazdniusessosis Epoxy resin 1u1aALAIe x 812y
2 x 1 wuiung se9uni1 Epoxy resin wiaiinazlddali FTo
3) P39a15A IRV ZnO asuufaseesy FTO Taeth FTO fivhanu

a

avennusguadluasaraefiwseulianded 1 Jwa 2 nil uastalwinilallenigamad

400 aernwaltea Wunan 2 92l azladnlnidn FTo/ Zno datanstunaulunsiessudlninaqe

Bmsuedeulunng 3.1
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' 1

ano 1
% - H»H*K ,*H =l

0.05M Zinc acetate 25 mL

A9 3.1 N13959EnsNaiil ZnO asuunsyaninli FTO feweiaguniou

3.2.1.2 watansesemeipdlliia (Electrodeposition)

1) W3Bua1SAzaNIRIRY W3Bua1Sazate 0.075 luaneanszine
nitrate Tned Zinc nitrate 1.1155 n$a udrazanelutingu 50 fadans

2) auareInasessunszanilni FTO fiflsueadvuinaiy
AexeIWiniU 2 x 3 wuRuns taedenlu Sonicate luansavanefmesiauduian 10 ud
W& Sonicate NaOH anudadu 3 Tuasiedns Wuan 30 wiit 99ntiu Sonicate #e Ethanol
ALY 99.9% WWulan 10 w1l uay Sonicate ¢ae DI water Wuian 10 wfl seaunsyan
inlniwisatinuazihduaneliiazUavivsessenie Epoxy resin UUIAAIINNTINE X 81269
2x1 WURLLAT 2UNT1 Epoxy resin Wisalinaglamsesiu FTO

3) 9338158 45217 ZnO asuuiasessu FTO agldwaila Cyclic
Voltammetry deposition (CVD) faewa3es Potentiostat 1¥nszanthlniin FTO Wudalnitwien
(Working electrode) 1d43lmiln Ag/AcCl iiudaluiiingnsda (Reference electrode) wagldaalwiiin
Pt ilutaliinge (Counter electrodellneiUsaunisuannizmatasuuuuaunasliinuansazans
Jausaranmezazdnwiannziivanzauigaud wUs suiisvand Alnladidnlnsagazlafnlunis
Anufiseeendndulumsazanatinvest 2l FTo/zno Taenuinmsededaliiia FTo/zno
wuuliiauansazanesaadngludin 7 -0.5 Taad f 1.5 Taael Algaungivesansazans 60 asmm
wadd snsilunsauny 25 fadladseiud Sruauseulunsauny 20 seu washialuiilaly
wnfigamgfl 350 svmieaidea iWunan 2 92l wasnsedadalaliih FTO/Zn0 uuteuansazans

1w a

faA@ng il 7 -0.5 1ad 09 -1.5 1ad Neunnivedaisazany 60 99FwaLRad 9nsItUNNS

9 Y
a

awnu 100 dadliadseiui Surusevlumsaunu 10 seu wazthdalihalalimnioamad

Y

a7



350 parwaea 1unan 2 9lue aaanstunaunseseudllningeIsniseseseailiniin

Tunnd 3.2
'
Distille
FTO/Zn
water
* Scan rate 25 mV/s ‘
350 °C |
Number of scan 20
0.075M Zinc nitrate Q
0.075 M Zn(NO3)2

AN 3.2 1593981509610 ZnO asuunszantdilndn FTO ameawaianisnssniawai bl

Uy Cyclic Voltammetry deposition (CVD)

322 Anwautivesaliih Tnewidnlniildlunsdasnsfiwesludneaudives
Sl Faselud
3.2.2.1 @nwaudAnispanduuas
ﬁw‘]yalw%’fwﬁllﬁmﬁﬂmmiﬁgjmﬂﬁuum A 28LA5 99 UV/visible

spectrophotometer Tua19A111817AA W 200-800 UITULNAT LAZAIUIUNIAIY D971

v 1240 = 1 1 ! g = 1 d‘
LOUNAINIUINNEGAT Eg = T 1ng Eg ABANYUBIININAINULLOY WaY A ABAIAINUYIAAU

ORIRETS!

3222 @Anwaudilledianinsazazlain

Ul FTO/ZnO w3els sndadnseuanlaanmainufizen
sanBnturewil lnglidndliiee 1V daewmatin Amperometry wiourulviuasadulsiliuasmn

9 10 AU uAsU 90 U7l luansazanedidnlnslas 0.1 luanedns Sodium sulfate TH47luin

a8




FTO/Zn0 iudaluitwiau (Working electrode) aliin Ag/aeCl it lilnd1e84 (Reference

electrode) wazdlaiin Pt Wutalniingae (Counter electrode) fauandlunmil 3.3

potential

Q\
.
i

RE: Ag/AgCl

WE: FTO/BIVO, _f’ R —— - 1\

— CE: Pt

Az Na,SO,

Al 3.3 nsdngunsalifiednwautflnladidninsanglafnlunmsiiaufisensendinduly

ansazangunnelaannzlsekasaz@ane i

3223 ﬁﬂmmmﬁmmuLLazmmwNLﬂﬁIWWw

el FTo/zn0 w3 oaldand eus o iuins as3asnevinng
Wil wasdnwimanunuukaraugnsnidaemedia Electrochemical impedance
spectroscopy (E1S) Tnelaglsidndasi 1 V enud 100,000 - 0.1 1850 Tuansavanedidniaslad 0.1
Tuasiodns Sodium sulfate meldannymsiruassansiilown TWaalwih FTo/zno Wushluih
¥ha1u Working electrode) i Ag/AeCl hudliingnds (Reference electrode) wazdaluliin

Pt iudaluiiieine (Counter electrode) tteBudumsdsruddnmseuiiiaminvest sl
uanni Salgudaluin FTo/zno w3 enldanis Cyclic Voltammetry deposition

(VD) lufnwnAauanTRsne) fewnsen 3.3
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A3 3.3 MsAnyIRaaNTRvestalni

Wisdwes weilo

1. AnwanURLT e UV-Visible spectrophotometer

2. AnwaudRlnlndidnlnseznglaiin Potentiostat (Amperometry)

3. Anwanudumunaed i Potentiostat (EIS)

4. Anwdnuaened g nane, Scanning electron microscope (SEM)

5. AnwlATIEseKEn X-ray diffraction spectrophotometer
(XRD)

6. Anw10IAUTZNOUNILAL X-ray Photoelectron Spectroscope
(XPS)

7. Anwn@ndasiiAsm High Performance Liquid
Chromatography (HPLC)

3.2.3 dnwiannzimnsanlunisnisudaluin FT0/zno faemaiin Cyclic
voltammetry deposition (CVD) wuulsipuaisazany

A5AnEIan1ET sz auiildlunasimsud 2 laiin FTo/Zno wuulyay

asazaresomedalendnliaunuuesdelidautinudulnledidnlnsazaylafnlunis

=

Anujiseneandwduluaisazaneun (Water oxidation) Inefnwimisfwesaegduladei

¢ A a a

finasaniswssudaliiudifnnunuautfssuesiduiwssula lneiarsanaud@lnlng
& a a aan & o T Y= P N o A
Wnlasaeazlafnianisiiauisereendwduluasazaeounlundn deliwasidendadan

AnwsasalUll

2.2.3.1 ANWINAYIINTINGUANSTAWNY
ANSANBINAVDID NI UNITALAUINNAITAS AN IHAU ZnO #e
wialla Cyclic voltammetry deposition (CVD) lnala@nwsnsitunisaunu 10, 25, uag 50 fad

Tanaiui
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3.2.3.2 Anwwavesirwiuseulunisaunudnglniln
nsAnwITIuIuseUildlunisnTsansiaiit Zno asuunszanih
T FTO $hewmnadia Cyclic voltammetry deposition (CVD) l@nwnsususeulunisnid 10,
20 uag 30 59U
3233 Anvnavosrududuansavans gy
nsAnHaTesmLdI U sazaER B ua NSRS NS ZnO
#emaila Cyclic voltammetry deposition (CVD) Inglg@nwmnududuvesansazanafedui
0.05, 0.075, uag 0.1 luasiodns
3234 Anwigungilunsindalili FTO/Zno
nsAnwguundldluniamndaluils FTo/zno téAnwenmgdly
A9WA7 300, 350, 400, 500 BIFNTALTEE WA AOUK
3235 Anwiguugiivesasasanesasiy
miﬁmenqmwgﬁsummiazmaﬁgaé’umﬂm':?m'%*amsﬁ!m?hﬂw Zn0O fe
wiatlA Cyclic voltammetry deposition (CVD) lngla@nu ﬁqmmﬁﬁaq, 40, 60, L8z 80 BIF
CRIGEG]

%

3.2.3.6 AN®INIIAIINEITOUNSELUBIAY

[
= L4

= o w a a e = v v aa Aa
nsAnwINIsMInansdunidilosiu lnedenldddeuunauugnd
Y v a a o I a 1< o a a ¢ v a < a

ANUNTY 5 dadnTunedas Wudlunuvesarsdunigaiunalnliledidnlasazazlafin-
Weledlannsa (Photoelectrocatalytic-Piezoelectric ; PEC/PZT) Inlnd & nlnsazaglafn
(Photoelectrocatalytic ; PEC) Inlnmaznglafin (Photocatalytic ; PC) uagdianinsazaylafin
(Electrocatalytic ; EQ) lnglddrlnilualun Zno Mmseulanazldunaiiududqludnalng
Lidng 1 1aad aelduasgIuasfnnunanisanasetansilenduyng 10 und tluian 1

Falue deedes UV-Vis Spectrophotometer

3.2.4 Anwianeimunzanlunisimdoudlwin FTO/zno drewmaida Cyclic
voltammetry deposition (CVD) WUUAUE1TAZAY

AsAnEIEaN1IE Iz aud 19lunsmisudalnia FTO/Zno wuuay

arsazaresowmadalendnliawnuuedfielidaudiaudulnlsdidnlnsasazladnlunis

Anuffseeandinduluaisazaieun (Water oxidation) lnefnwinisnfiwesansqmdudaden
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s o = a

frasonswiendalaiudfnnuauaudidevesiiduiinieuld Tasfinnsanauiainlng
Srlasezaglafindenisinuffseeondintuluasasaneiniundn Seiivvazduntaded
Anwdielul
3.2.4.1 AN INAURIONTINITIUNITALAU
A5ANBINATRI8RI U1 TALANAINA3AT 98157 9L ZnO fae
waila Cyclic voltammetry deposition (CVD) Tngladnwisnsilunisannu 7 25, 50, 100,
wag 200 Jaalianmeiund
3.2.4.2 Anwnadnuiuseuresnsanudngluiin
nsAnwITIuIuseuildlunisnisansiaiat Zno asuunszanih
T FTO dhewmadia Cyclic voltammetry deposition (CVD) lgFnwsiuiuseulunsedad 1,
5, 10, Wag 20 58U
3243 Anwravesnnudduasazanafaiy
MsAnwINATEIAINILT T ATz E R dURINNISAS IEN ST A
Zn0 aewmadla Cyclic voltammetry deposition (CVD) Tagl@nwimnududuansazanods
fiufl 0.025, 0.05, 0.075, 0.1, war 0.125 luaredns
32.4.4 Anwigungiivesansazanomuiu
nsfnmgavnivesasazatefiriuaINMInsEsisiath Zno fe
wiAtlA Cyclic voltammetry deposition (CVD) lnglafine ﬁqmmgﬁﬁaa, 40, 60, way 80 BN
ERIGHE
3245 Anvigungiillumawndaluih FTo/zno
Tunsfnwgamgiillumswndalih FTo/zno WAnwgungiily

ASWAT 200, 300, 350, 400, 500 DIFLTALTHE LAY NOUN

3.2.5 AnwiAnuanesyastibiin FTo/Zn0
AnwANUEDsseI AN FTO/ZnO Tastindnlwidnlundamese landuaie
wanalnladianlasazazlafinfsiusmamaiaiieladiannsa (PEC/PZT) wazinadalulndian

Insazazlafn (PEC) a1nanizniswssukuuaunuliauansazaienady
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3.2.6 mMseseuliidnalng
3.2.6.1 NMSLM38UAITHAL
wisy 0.1 luaredns CusO, 9 1.25 n¥u U 0.1 N3 Tartaric acid

1% '
a 12 o LY a a

#10.75 N3y wdUSUUSINRsEendudy 50 fadans 9ntulsy pH 9 18 0.1 luasiedns
NaOH a¢l¥ansavmefifidtiduduuaslgumaiauds 70 ssiwaldea
3.2.6.2 NIMIANAZDINAIT9TU FTO

Auazoransyanti i FTO fiflvuiadvuinainuniiaxe
Wiy 2 x 3 wuiwas Tnelu Sonicate luansavans Ethanol iWuwan 15 wndl a1nduvinli
Wik wavihnszamiliiin FTO fivhanuazonudsludedalniihiuanglvuasdnusessedae
Epoxy resin UUIAANNNTINXETIVINAY 2x1 LEURLUAT nuseaUnI Epoxy resin Witsailv
agldanluin FTO

3.2.6.3 N15A39@15N9031UY Cu,O A9UUAITBISY

n5ad15A a1 Cu0 asuunszandilila FTOm 28753
Electrodeposition #ewp3as Potentiostat 1¥nszantliin FTO Wudalfivihau (Working
electrode) 194l Ag/AgCl \Huialaliignsds (Reference electrode) uarldaalusin Pt
Hudalwitheae (Counter electrode) tnedsandndlulit 4 -0.4 ladk figumnivesansazans
80 arwaLTod 1aluNsASe 7 LT FalanstuneunsinT s iR 8IS nsn3ede

il lunnd 3.4

Thermometer

»

CusO, (aq)
FTO

FTO/Cu,0

2 3.4 LEAINISA39ENSNeIT Cu,0 asuunsganiiliin FTO mewmalianisassiewnil

v Electrodeposition [45]
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327 Anwanmzimnzaulunsidnensilondy
msanwnsidamasleadu Tnglddlniuelun zno waglddaluiiualne
aupulaganafindouls sendnnsinladidninsazazlafnneliuaslugasiinueuniiv (Visible
light) wazAnmunanisanasveannsleadunng 10 udl 1Wunan 1 §2lus fewedes UV-Vis

Spectrophotometer lngaz@Anwannzivungaulunismdnnasilenau feil

3.2.7.1 ANWINAVDIANULTULLEAIN MALATLUU
ASANEIAIUTULEINLLASEUUYTINNSNAABIlUTZ 821197910
1 o a d' 1 o = ;% d' 2% 1 Qll o 6 1
wraInRALEI A UREANYI AL LAIA TS EUUN 1.0, 2.5, waz 3.0 3908961319

WURLIAT RN Y INATDIAMNUITNLAINasaN1s AT AmATT lAaun e TAnas U nn L LTiU

3.2.7.2 AnwNavodAl pH YB9A1TaTANBLARIYARU
NSANYINIAT pH Yesdsazatumaslandu laAne1An pH 09
asazaeiiAl pH = 2, 4, 8, 10, uagA1 pH SusUYesETazaee N UdsEn e IuNza

[ o a v 1 al =
Aunnsndamnstlenauniglanaslugeananueaiu

3.2.7.3 @nwnaveetniwalng
nsAnE kN Lalnalaviin1s@nw TN Neawne wwanfy
auauladada way FTO/Cu,0 wWislinsiviwavestalwdualnadnananisiidmmnsily

Aaunelanaslut N u iUl

3.2.7.0 AN INAUDIVUINLSIAUNALNTLUY
ASANEIVUIATBILTIdUN ILATTUULAYINNSAN®A 20, 30, 40, way
50 wounayn Welvinsuiraveuiaksdunliunssuuiniinadensidnmaslendiunigle

waiddansol
3.2.7.5 Anwinalnnisfinuisernvaluihdmsunseuiunisminmensladu

nsfnwinalnnsiiausenvalnihdmiunsyuiunsidamasile

Adu evinnisEnwinalnieaviua 7 naln eail
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1) AnwnalnlWlnazazla@n (Photocatalytic ; PC)
Hunalnitliuaudlldlidndlwilnesetlniuelun FTO/Zno fu
Hlwihuelnpaunuaasiadiiedy ned liivisaesiivetuilaeueglumsazanedidniaslad
291 20 fladnsu/ans wasleray fu 0.1 Tuasedns Sodium sulfate 100 fadans 94 lWihaue
4 msrauiens Ymsiendalwiidheaet sndwins sampling asazane 1ne) 10 i u
nan 60 W7 eusravs amnstdaweslerdugeiries UV-Vis Spectrophotometer
2) Anwnalnlilnavazlain-ileledidny3a (Photocatalytic-Piezoelectric)
Hunalnitlfnsduseniodansleiinuazuadnenad i uslun
FTO/Zn0 fudlwitwelnsausuaaaiadndeiu Tnedalwihwisaesiivetuiasduogluasasans
didnlnsladves 20 AadnSw/ans wasilemdu du 0.1 Tuasedns Sodium sulfate 100 Jaddns 14
FAliwwn 4 msaeuiuns ¥nsd exdaliiddaetu anduiing sampling ansazane
909 10 wd 1uian 60 undl 1l oTnUszdnd amnisidaansilendusaeias og UV-Vis
Spectrophotometer
3) Anwnalalnlsdianlnsremglain (Photoelectrocatalytic ; PEC)
Dunalalitauasuasdnd i lnes et welua FTO/Zn0 fu
Hlwihuelvpaunuaasiadidaetu nedliiiaesidetuliaequeylumsasanesidniaslas
909 20 fadnsw/Ans wasilendu fU 0.1 luasedns Sodium sulfate 100 Sadans Wl
4 sraeuians shmsset i furies DC Power supply saniuvhms sampling énsazan
nn9 10 utdt 1unar 60 undl W edausednsnmnisidmanslondudeiai o UV-Vis
Spectrophotometer
4) dnwinalnlnledidnlnsarnsladn-1weladd nnsa
(Photoelectrocatalytic-Piezoelectric)
Hunalnfilinisdumeessssansilainliuawardnd i loese
Frlwiuelun FTO/Zn0 Autalnihuslneawasaiaddaedu Tnetalnilwisaosisotuiiquet
Tuansavanedianinslanaes 20 iaansu/ans wasilemdu AU 0.1 luaredns Sodium sulfate 100
fadans Wlwihewn ¢ msaeuiuns shmssedalriidfuedes DC Power supply annt
M3 sampling ansazane vn9 10 Wl Wunan 60 Wi i oTauszans amnstdaennsle

AAUFELASeY UV-Vis Spectrophotometer
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5) Anwnalnddninsavazlafin (Electrocatalytic ; EC)
Gunalnililiuamslfensiilnes et lvilwelun FTO/Zno ffu

Hlwihuelnpaunuaasiadiiety lnedliiviaesiidetullvsueylumsavaeidniaslad
21 20 fiadn$i/ans weleedu fu 0.1 Tasiedns Sodium sulfate 100 fadans Wialnifaua
4 msraeuians vhmsset i furies DC Power supply sntuvhms sampling énsazans
nn9 10 utdt 1unan 60 undt i edavszdnsnmnnsidannslandudieiai o UV-Vis
Spectrophotometer

6) @nwinalndianinsazmzlafn-iieledidnnsa (Electrocatalytic-
Piezoelectric)

Hunalnildlfuaudlidnd i wasnsdusewrs sdansladnlagde
Frlwduelun FT0/zno futaliilualnaaunuiaaaraiindetu lned liivsaesivetutasqu
atluansazanedidninsladives 20 fiadnsu/das wasiluadu du 0.1 luaredas Sodium sulfate
100 fiaddns MWaalwiwun 4 ssramuRiass ¥nsd end i wd 1wty 9nifurins
sampling a1sazans Wn 10 Wil Wuna 60wl etaUszAns nmmsidannslendude
i3ee UV-Vis Spectrophotometer

7) dnwnalnuieledidnyviaa (Piezoelectric)

Junalailinsdusees essanslednnasnialnesetlifuelun
FTO/Zn0 fudlwituelnsausuiaaafaddetu Tnadalwiwiaesfiretutazduogluasazans
dianlnsladves 20 Hadniw/ans wasileadu Av 0.1 Tuanedns 100 fadans Sodium sulfate 14
FAlRwwn 4 msaeuiung ¥inmad exdalifdad ety ernduriing sampling ansazane
yn9 10 Wit Wunan 60 und Wil oTnUsranS nmnnsiidamnst loadudieins ea UV-Vis

Spectrophotometer

3.2.7.6 @nwinavasr@ngninnlinnssuu
nsanwadngliidla lavinnisanwnandngludag 0.0, 0.5, 0.1, way
5 Taad vs Ag/AgCL el lamdngluiniianunsanidaensileadunelinaidiiand

UszdnsnmuazUsendandanuuinian
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3.2.7.7 @nwinniwesimuasiliuiszuy
msﬁnmwwsw:ﬁma%ﬁmuaﬂﬁuﬁiswﬁm%’uﬂizmumsﬁﬁmmmw
g TévimsAnwieme 3 wsdwed fdl
1) annzldluas
Tyluaunssuuiidiesansazats 20 fadndusedns wnslenay
waz 0.1 Tuastedns Sodium sulfate 100 fadans arnturing sampling @15aza1e 1A 10
w1t wuar 60 Wit L eTRUsEEaNE A nn1sAIT RS lead U 18LA3 89 UV-Vis
Spectrophotometer
2) anmgluas
TRuasunszuufisifieosasazans 20 fadnsusodns e londy
waz 0.1 luasiodns Sodium sulfate 100 fiadans arntuvinnis sampling @15azae 9ne 10
Wit et 60 uai L eTaUszANS Amnsmdaanslandusaeia3 89 UV-Vis
Spectrophotometer
3) anliusaduasiiiou
Tyluauliussduazifiounninsosdandledefissat1adieann
ssuuarlusyuuiiissasazate 20 daansusedns wasiloady wag 0.1 luamnedns Sodium
sulfate 100 fiadans antuins sampling a1sazane nng 10 w9l Wuan 60 Wil e

UsgBnsnmnsmaneansnlenaunlginias UV-Vis Spectrophotometer

3.2.7.8 Anwmavesiassansilalewan (UV light)
lainisdneanisnaawmanlerdulaglduasdansillowan (UV light)

wWisusuiusadutsinueaiiu (Visible light) iieiseuiisudszansnmlunisindn

3.2.7.9 @nwvunaiunnuear b
TunsAnwrvuieiunEveat MAYinN1SAN®IN 1, 4, wag 16 A5
WURLUAT W BLANTIUINVUIAVIN UN R NAFRBN1SAaLeRsT beadun1eldwaslugaevian

=3 & 1
199 UI ol
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v

32710 Anw1Aududuretasaraefeduii Tnaneni1svesuInves

2l
TunsAnwaueiiufinavesdalnidedivwuiavestalnindy 16
msaeuiung vlranududuvesansazaronduldifomosuiui e afiunnududuves
ansazanemadulne@nuiianududy 0,075, 0.1, 0.125, way 0.15 luasredns wagthlumdan

s lepdunislitasasluriafaius iy

3.2.8 ANWILAYRINLUUARAULUUEUSUMInIMnI  lonauy

nseenuuuwadileledidnvEn-lnllndidnlnsazazladn ieldiduyaduiuy
dwiuidnmanlontunnindunsed Tnowadiivwn 350 fadans uaz Anwiszezianisl
UszAndamlunsidnmanleeduldiiian Taglddalndih FTO/zn0 Wudalwihuelun S
wihfieendladnaslendulinareidumsveulneenladiui warldinlnihaunuaaaiailu
Hlwitualnadsiuihilunisidlalanaulessulinaaduuidlelanauuasrhnisnsedu
Hrlwildouauardndlnih a1ndu Sampling ansazaemnsileadunng 1 Falus Wunan 6
Falug LLé’a’E’mmiammmmmmi@mﬂﬁuum@’hEJm%'m UV-Vis Spectrophotometer Laginan

nsganduuadluAumAsesarn1sMInen I lenau (%Degradation) 31nauNsH (3.1)

A0—-At

%Degradation = x 100 (3.1)

Tned
Ao = ANIAANTULAUTHUAY

A= AINIRANGLLEY 0 TLIantag
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unil 4

NaN15)gkazaNUsI8Na

4.1 wan1sw3gudlwia FTO/ZnO frewmallan1sguiaaau (Dip coating) way

wAla Cyclic voltammetry deposition (CVD)
4.1.1 wansfnwandRnsganauwes
Panamsdisuidisumeaialumsnioudaliih FTo/zno denegouauta
N1SAANAURAILAZATUINATNG 1 1UKAY (Band gap energy ; E,) inAila dip coating 61

WAIIUKAU (E)) Wiy 3.18 Bidnmsouliad walla Cyclic voltammetry deposition wuuldl

(%
v Y

P o a ' a . . a aa I3
AUANTAZANUAINU UAINANULAY (Ey) NLAUNINALUA Dip coating A 3.10 dianmseulian

wagldUSuna ZnO wnnimaiia Dip coating yhlvidauaudAn saanduladlaunIu fuans

Tunmd 4.1
a
3 - -
N
9 (
C
©
Q 2 -
(]
(%]
Q0
<
1
0 A

200 300 400 500 600 700 800

Wavelength (nm)

Al 4.1 Absorption spectra ve1 (a) nszaniiilali FTO (b) 43lwifh FTO/ZnO flwiseude

wafia Dip coating () lndl1 FTO/ZnO fiwSeudewmaiia CVD



4.1.2 andinslilndianlnsazazlafindmiunsiaujisersendinduluansazaiy

INuaNIsiUSsUisuwmAtAlun1sSaNd WA FTO/ZnO Wienaaauaud?

nlnlladianlnsazazladndusunisiinujisoreondnduluaisazatsunnielduas

Yy v
a = v

dans1hiletan (Ultraviolet; UV) wlafiansanansewafindudaliin FTO/ZnO fiwseuann

wailla Cyclic voltammetry deposition liiAnszualunisiinuiiseteendnduluaisazany

Wiigeninnaia Dip coating Failunaunandaluiln FTO/Zn0 Mweulasinaiia Cyclic

voltammetry deposition @ynsaganausadlaunnitnaila dip coating Auuandlunini 4.2

a

wona Nl FTO/zno Mwseslaewmaiia Cyclic voltammetry deposition §auansaudi

aaa a

nalledianinsrznzlafndnsunisiinufisvreondnduluansazaisinanelduasiion

wedAU (Visible light) Fauansluning 4.3

300 -
- Dark Light (©)
g v *
= 200 4 > o |
E JM: ' & E /
0 2 M@ WU NS P!
5 | B |
Q g (b)
(@] g
£ 100 1 | [ \ e
o r (a) [Iean
I /

0 10 20 30 40 50 60 70 80 90

Time (s)

AMW# 4.2 wans Amperograms gl (a) nszanilwdilh FTO (b) 4alwih FTO/zno ¥

w3Ba fewmnadia Dip coating () aluilh FTO/ZnO fiwSeudemnadin CVD
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300 -

_ Dark Light (b)
<
3
= 200 A '
c
g
3 @
8 100 A
(o]
c
[a
v
0 (N T T | T I T {

0 10 20 30 40 50 60 70 80 90

Time (s)

A7 4.3 uans Amperograms 1nUfAseneenTntuluasazateuivestalnin FTO/Zno
Mmseusemaia CVD 310 (a) n1stiased (UV light) (b) nslviuaslugieiian

waaiu (Visible light)

4.1.3 Wan1sANYI@NURAINAIUNILNIGLAL LT

nNNsAEnwIaNTRnuAIUnIunIad Wi (Electrochemical Impedance
spectroscopy ; EIS) %aa%ﬂﬁ/\lﬁﬂ FTO/ZnO %ﬁlﬂﬁﬁﬁm%‘auﬁ’wLwﬁﬁﬂ Cyclic voltammetry
deposition 1ﬁﬁi1ﬂaﬂmﬁﬂuwwu1uﬂWiLﬁmJgjﬁ%maaﬂ%m%ﬂumiazmmjfw (Charge transfer
resistance ; R.) AnTunedia Dip coating dwaliiiudnsinisaneloudidnaseunaslimainy
ﬁlﬁlﬁ’mﬁwgﬂwﬂﬁ (Constant phase element ; CPE) 41nn3t91AilA Dip coating i1l
Qmauﬁ’ﬁmmmmzﬁwﬁﬂrﬁasﬁg’ﬂw%qa fauandlumsed 4.1 nnansinwiantini
Frumumaeiliih annsaduduaudivesaluin FTo/zno fiwseuldarnmada Cyclic

voltammetry deposition HaudnazUsednsninlunisiinufjisernanitvedia Dip coating

61



M13199 4.1 wansranueniRInthdalnihuagAaudunurestdliin FTO/Zn0 MinsSey

Taarnwaiia Cyclic voltammetry deposition wag walla Dip coating

Al Farafifiavtdalii; CPE (L) Ry (Q)
FTO 7.49x10°® 33,700
FTO/ZnO (CVD) 2.30x107 7,907
FTO/ZnO (Dip coating) 6.96x107" 25,700

4.2 wan1sAanwIdan1znmurzanlunismseuvaliia FTO/Zn0 dreawmaiia

Cyclic voltammetry deposition (CVD) wuuliauansazane
4.2.1 wansanw1onIINsawnuAnglneili

4.2.1.1 audAinadWladianlnsazazlafndmsunisiiaujizersendnduly

ansazansth
MnnsAnwAinsvkalunisfaufaseneendinduluansazaneii
Angluin 1.0 Tad vs. Ag/AgCl Tuasazane 0.1 Tuais Na,SO, maiéfaﬂnzﬁmé’ml,mg%
g3illdin FTO/Zn0 Aildannsmsinmsaunudndladia wihdu 10, 25, 50, 100, uag 200 fiad
Tadsedund daansluning 4.4 ignsansaunudndlni windu 25 fadliadneiund ile
dalwih FTo/zn0 fifidnszualuninfnufiizeneendinduluasarmetigefigauandiiifiuin
Snsnsaunuiidasdmaliinanlunisunsnsraisansaedures Zno Almweanszanii

N FTO unn@u slatiuansinisawnudnglniln Aiunzay A 25 Nadliansaiuny
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400 -

Light

31 300 4 (c) Dark
€ (d)
£ 200 4 (o)
5
%4
5
£ 100

0

0 10 20 30 40 50 60 70 80 90
Time (s)

AWA 4.4 uans Amperograms 31nUfAE1eenBnduluasazateuIves (a) nszanualtnil
FTO wagt2lin FTO/ZnO fitessunasinaia CVD wuuliAug1sazataNons

Tunsawnu (b) 10 mV/s () 25 mV/s (d) 50 mV/s (e) 100 mV/s wag (f) 200 mV/s

4.2.2 wansanwrauIuseulunisawnudnglain

4.2.2.1 antinliladidnlasazazlafindmsunisinujiseneendinduly

ansazansth
mﬂm'ﬁﬁﬂmmﬂimlﬁiumﬁLﬁﬂﬂﬁﬁémaaﬂ%Lﬂ%’uiuaﬁﬁaxawaﬂfwﬁ
#ngliln 1.0 19ad vs. Ag/AeCl Tuansazane 0.1 Tuans Na,50, neldaniizisaseuasuy
gl FTO/Zn0 fildannnswIeusiuuseulunsaunudndluiinwingu 10, 20, uag 30
sou faudnslunnit 4.5 Weousiuausevlunisauny 10 seu &9 20 s0u ¥ lALET e
FTO/Zn0 it AnszualunisfnufiSensendinduluasaraieinganniu uiiudiuausey
Tunisaunudu 30 seu danalilddaluiih FTo/zno fifAnssuaanassniisiuiuseulunis

AN 20 58U NFIEHAN ZnO TANNANI AItUTIWIUTaUlUNSALNUNMILNEANAD 20 S8V

63



400

300

200

100

Photocurrent (uA)

0O 10 20 30 40 50 60 7O 80 90

Time (s)

Ad 4.5 Amperograms 9nUfATe10endaduluaisazarsuveadalwiln FT0/zno
fimsoudrawmaidn VD wuuldauaisazanedsduiitiviuseulunisawny
(@) nszanilwilh FTO (b) 10 cycles (c) 20 cycles uag (d) 30 cycles

4.2.2.2 NansANYIANWUEMSH g INen

fafnu1AumunweslduaIndnuae e dusWINE WU cross-
section vasiA i FTO/ZnO fisruiuseulumsaunudnglalsinmabu 10, 20, uag 30 50U &
wandlunmil 4.6 mnglaziuldindeiivdauseulunsawnudngluiianumunvesiidu
FTO/Zn0 inunilufsusifiodauseulumsaunudngliiunnifuludsaliliduianis

duMlagiinnsugaaen

ZnO

- SﬁO e ot e o
2

Glass Glass Glass

20kV R3.,509 Srm 241261 28kU K3,508 SHm 241261 20kV X3,509 Skm 241261

A 4.6 anvuEFugIUINeINIUT1e (a) 10 cycles (b) 20 cycles uaz (c) 30 cycles
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4.2.3 HATBINISANYIANUILTUYDIETALAYFIAU

4.2.3.1 gudnalnlndidnlnsazazlafnd msunisinaufisereendndulu

ansazaen
Mnmsdnwanszualumsinlfiseeendintuluansazanenii
#ndlndin 1.0 Taad vs. Ag/AgCl Tuansazane 0.1 Tuans Na,SO, neldantiziisasauas UV
Y0317l FTO/Zn0 Aldannenududuveansazareaadu 0.05, 0.075, way 0.1 luasodns
Fawanslunmd 4.7 Weanududuvesansazanesdumnntudamalsilddaladi Fro/zno 7
ﬂ'fmszLLeﬂ,umiLﬁmﬂgjﬁ%maaﬂ%m%’ﬂumsazmaﬂéﬂ Wt uusideruidutuvesansazaons
frusnniduldmalilédaliih FTo/zno ffidnseudlunmsifediiseneendinduluarsazans

1asauilasanilduilanununuiniuludaealmannisdeinuessdianasauanad

1000 - Light (b)

Dark i mﬂ

600
400 | (@)
200 4

0 bt » i 1

- (o)
|
0 10 20 30 40 50 60 70 80 20

800

Photocurrent (uA)

Time (s)

A9 4.7 Amperograms 9 nUfAseeendinduluaisazaieunves (a) nszaniilui FTO
waza i FTO/ZnO Mwssumewaila CVD wuvliauaisazateNanuuty

(b) 0.05 M (c) 0.075 M uag (d) 0.1 M
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4.2.4 wavesmsfnwgumgilunnedalnih FTo/zno

4.2.4.1 antAinslilpdianinsnazazlafndmsunisiaufisereendndulu

ansazaen
nnmsdnwanszualunsinlfaseeendintuluansavareiii
#ndlailr 1.0 Taas vs. Ag/aeCl Tuansazane 0.1 Tuas Na,50, neldaniisfiseieunas UV
Y0397l FTO/Zno mﬂqmmﬁﬁi‘é’ﬂumﬂm 300, 350, 400, Wag 500 DIANYALTUE WAL
nowwn elvigangilunisundaliiuiuduaglddaluds Fro/zno ddanszualunis
AnUfAsereendindulumsazarstiiudumuludedesngamgdildlunswdalai

4 A

1 I Y a 0 ¥ = o a
denasian1sdnitesiivetoyumatarlassaiandnues Zno udiilelgamaiiluniswngaiuly

'
a

dwaliilagalnin FT0/Zn0 fdlanszualunisiinufizenesndnduluaisazarsiianas 910

A 4.8 wansliiiudngaumgiin 350 ssengadea udgumgiinamndalndn FT0/Zno

Pursnza
1400 -
< 1000 A i Yl
€
o 800
3 600 A
8
_8 400 4
[a
200
v (a)
0 n | |

0 10 20 30 40 50 60 70 80 90

Time (s)

WA 4.8 Amperograms 91nUJAE10nTwnduluaIsaza1eu1ved (a) nszaniilii FTO
wazd3lifin FTO/ZnO Mwieusiumaia CVD wuulinuaisazats (b) nowww)
warnawuigaumgdlunisundaliiniuansiesiui () 300 °C, (d) 350 °C,

(e) 400 °C, wag (f) 500 °C
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4.2.4.2 #avINISANBINATIATIWEN
MnuansAnlassadiandnvosdaluih FTo/zno funlugumndi
wanEsfudewmaila X-ray diffraction (XRD) fawanslunmi 4.9 wuinnszaniludia FTO
il sn0O, WussdUsznaulinsiasuudadidndd 20 fe 26.4°, 37.6°, 51.4° uay 65.4° (1CSD
84576) [46], [47] wazanmnndalali FT0/zn0 Tugasgamad 300 F9 500 asrisaidea

WAL NOULNT 199AUTZNAUNISHEINULTIALSNDVDY ZnO Ap 31.6°, 34.3°, LAz 36.1° FINTINU

'
=2

52UV (100) (002) kag (101) ¥es wurtzite ZnO (JCPDS No. 01-079-026) [48], [49] & ¥
1AT9aS19NANUUU Hexagonal 31ARa XRD pattern HandALs 89 uuilse1dau (Preferred
orientation) 1AYIALTBIFINULLILAUT (c-axis) MUTTUIU (002) dIRaliAIsdu (Intensity)
anaasMsaeiuY (Diffraction) Anluainmuduss de fim (100) Tidufiandnmely way
Ml FT0/Zn0 Tuthagamgll 300 fis 350 ssrnwwaidoa utiilassaiandnd

autAlnlnnznzlafiniinfigndsaonnsosiunaveinsiinufisesendwnduluaisazanein

» ZnO

(002

B 5n0O, ®

e
u
]

(e)

(d)

Intensity (a.u.)
— e

(©

(b)
(a)

10 20 30 40 50 60 70 80 90

2Theta

ATNA 4.9 XRD pattern 984 (a) nszaniilwia FTO wag U7lWdn FTO/ZnO Mmsvuaag
waila CVD wuuliauansazaty (b) MWK LagnauH1 Neamgilunisiug

Sl Fuansnafuit (©) 300 °C, (d) 350 °C, (€) 400 °C, uag (f) 500 °C
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4.2.4.3 wanmsAnwANTRNIRANFULES

MnHansAnwautAnIsgAnduLaesialuin FTO/Zn0 Mlmni
gumndfuandnatu fuandunmd 4.10 ngagiuldiudiofugumadluninmndaluih
dwalilddalnilh Fro/znofifimsganduuasinndy uiideiingumndlunismndaluiliun
Auluvilvdnumenianisamaeesdaladin FT0/zn0 iiansvaiuazunnoendwalild

Tl FTo/znoniinnsgandusasiieulugadunainanlasasimdn

q

Absorbance

300 400 500 600 700 800

Wavelength (nm)

AM# 4.10 Absorption spectra 9849 (a) nsgania il FTO wag 11l FTO/ZnO Mwsou
memaa CVD wuuliauansazany (b) AouT Lagnawkl Noangilun1swn

Sl Tusnenetui (c) 300 °C, (d) 350 °C, (e) 400 °C, wag (f) 500 °C

4.2.4.4 HANIANWISNYAENEUFIINEN

DA NI A NWULNINIEAINVBIVINNT FTO/ZnO Aeldnisiund

gauigdl 300, 350, 400, waz 500 peALTALTUd waz NEWNT FaENdeIganIsAudidnasaudes

a A

N30 fasandbunind 4.11 asdulaindiadugamailuniswdaliihunndwiliiiuiadigngu

Y

a a

WU Mgamal 350 osrwaldua uansdseyniavuiuiat i fnssaedilusadeu

9 Y

(% '
=] aa

IALEN wariliauveszun dwaliinuniiiduialunsinufiseeendnduluaisazay

Wlaunn usiilaliitguniin1s Taliinuinnda 350 esriwalfied dnuuzYe0UNIAUY
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[ 1

R i fivunelwevilidianuvgvsedesnsedmnudugnuiovdmalnliunRsdudalu

nsinuiseneendiwnduluaisazareinlatdosniy

W

NMUD4.2

NL UD4.0 100 pm

NMUD4.2 100 pm ~

NMUD4.3

NMUD4.3 100 pm NMUD4.1 100 pm

AW 4.11 2 SEM vae03lifin FTO/ZnO fwssusieinaiia CVD wuuldauansazae (a)
NOULNT Wagndun Meunnitun1sinad i unns1esdua (b) 300 °C

(c) 350 °C wag (d) 500 °C
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4.2.5 waveansAnwgUngivesETaza LI
4.25.1 anthnsliledianinsazazlafndmsunisiaufisereandndulu
ansazaen
mnnsAnwanszualunsiniisereendediuluasararedii

Andlain 1.0 Toad vs. Ag/AgCl Tuansazaiy 0.1 Tuans Na,S0O, neldaniizyilssnaeuas UV
w8393kl FTO/ZnO #ildannniswseungumgivesansazaiunsiu Meungiivies, 40, 60,

wag 80 asrwalled Awandlunnd 4.12 Wegungiivesansaralensiuiutudnalild

'
=

93 FTO/Zn0 NfiAnssualunisiinufiseeendnduluaisazarsuninduniuluaig

Y A

NAMNA 4.13 WAAIANBULNINIEAINVINAY FTO/ZNO Mmsaulaainaisazalunadui

[ '
a a v v A

gaundisingg aziulainigamgiivesaisazatensiud 60 ssrnwaded dudnnuadiaue

< & a Y oA 4 a =2 = a6 a a U ! 14
wazilullowieniu uideligumngiiauie 80 esrwaldoa Nauinaududdanalle
93 FTO/ZnO #idAnszuanisiinufisersendinduluaisazateui luwansiaiu delu

gaunnluge 60 serwal@ea Jumuizuinisesatalnih FT0/Zno

1600 -
(d)
1400
BT
. 1200 4 'S
<
= 1000 4 (e)
€
g 800 1 (0
3 |
-8 600 - (b) ) :
2 l
£ 400 - "
200 4 (a) ‘
0 : e .g_—l
0 10 20 30 40 50 60 70 80 90

Time (s)
A9 4.12 Amperograms 91nUfjAseneendnduluansazaieunves (a) nszanu i FTO
wazalniln FTO/ZnO MwSeusiewmaiin CVD wuuldauansavaiefigamgives

asazanufasuiiuanasiy (b) ﬁammﬁﬁaa, (c) 40 °C, (d) 60 °C uag (e) 80 °C

9 Y
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Bare FTO

Room temp.

AN 4.13 dnwasn19nenInd (@) nsgandliidn FTO wag 92N FTO/ZnO fwmsew
arewmaila CVD wuvliauansazatefigamgivesaisavareniuiiuang 19y

(b) Tlgaumgiivies, () 40 °C, (d) 60 °C uae (e) 80 °C

U

(%

4.2.6 HaYBINIANYINITAINEITOUNIIUDIAU

dlolgdaluin FT0/Zn0 flanmefiminzauudranntuihludnwmnnismin
ma%um‘%élﬁaaﬁu‘lma‘tsﬁﬁﬁauLmﬁﬁuuglﬂuéffsﬁaLmu%aaﬁ%um?s‘i nenalnlnladidnlnsagng
ladnsamnudaniilaiin (Photoelectrocatalytic-piezoelectric ; PEC-PZT) nalnlwladianing
Azmzlafin (Photoelectrocatalytic; PEC) nalnlnlamzazlafn (Photocatalytic; PC) wag nalnd
Wdnlnsazmzladin (Electrocatalytic; EC) 9INAINT 4.14 uananaln PEC-PZT fiaansarien
a1s8un3gddouldungs 71% nelunian 1 99lus luvasiieadunaln PEC anunsaridn
ansounsdadenldifins 30% naln EC Midnld 18% wae naln PC Mdnldifies 11% windy av

Wilsdlaiiunszurumssanslatndnlusiudumaia PEC aunsateinydsesansninnis

Y
[

idnansdun3dddeulimntudadunaniainnismiudas inisaisloudssi iuidagalil

FTO/ZnO lafuaeem
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100 -

80 -
S
c 60 —eo—PEC/PZT
©
B 40 PEC
on
a —a—PC

20

—=—EC

O T T T T 1
0 10 20 30 40 50 60

Time (min)

v a

AW 4.14 UszAnsnmnismidnddenmiiduugienalniiuandsiuleglddalnd FTO/Zno

Awseuse wada CVD kwuvliauansazaie

4.3 Han15Anw1an12eA wnizautunisesaut WAl FTO/Zn0 asewmaiia

Cyclic voltammetry deposition (CVD) LuuAUa1sasane
4.3.1 WaNISANEIENIINITIUAITALNU
4.3.1.1 gudAnsliladianinsnzazlafndusunsiiaujisoreendinduly
ansazaneih
nnnsnwdnszsalunmsifauiiseeendiaduluasazaieuii
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Waudussmanalnlndidninsazazlannisiusewadaiieladidnnsa (PEC/PZT) neld
uasluganaueaasiu (Visible light) luansazanaiansleaduidanududy 20 faansuseans

[

U3u195 100 1a8a9s Nan1SANEIanNMeNmunsdl Unad

4.5.1 wansineauduasiliviszuy
TumsAnwanudunasiliunssuvlunsmdnmasloadulnelddalwdi
FTO/ZnO fistaund udomaialnlndidnlnsavazlafnii saudromadaioled dnnsa
(PEC/PZT) aelduaslugasiinueaiiu (Visible light) le@nwnaudunasdi 1.0, 2.5, waz 3.0

[

TAARDANTIMTURLUAT INNANITANEIUAINT 4.34 WUINLLDLANAIULTULAININTUIUDS 3.0
% 6 1

TNANDANTNUYURALNAT ’ﬂ%LﬁuvLﬁd’]ﬂ’J’liJLSEJJN‘UENLL?NﬁLﬁll%‘UﬂlﬂNﬁﬁf@ﬂﬁ%ﬁﬂ%ﬂﬂ/ﬂﬂﬂ’]iﬁ']’ijﬂL(F]
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30 -

25
<
S 20 -
c
o 2
5 15 - —4—-1.08 W/cm
® .
En 10 4 2.58 W/cm
o 2

5 1 —e—3.08 W/cm

O - T T T T T 1

0 10 20 30 40 50 60
Time (min)

AN 4.34 n59ANNENTUSYRIANSaUAENISMIALAAT IARUNAIAULTNLEIRNSY

4.5.2 Wan13AN®IAT pH YO9A1TATANYANT L UATY
Tun1sAnwidn pH vesasazanemas lenduiimangaslunisidamnnsile
aaulaeld il FTo/zno ivautussmedalnlndidnlnsasaslafinfisrudiomaiaie
Tedidnv3a (PEC/PZT) melduadhurisfinuasiiu (Visible light) l@Anwnfl pH=2 pH=4 pH=8
pH=10 uay pH Suduvesansazans fauandlunind 4.35 wuine pH lugreiiduuardae
n3Tlenduldinnnind pH lurasiBunsngar pH lutauanntudsdsualinnslondugn

ATAUINTUDT 74% F9A1AI1L191NNaYae OH looau Tuansazaty NaOH waag1elsAnuly

¥
a v

A15NAAAFIN1TANEINITATANRI lsrauaInNavawmatlalnladianlnsazazlafnisiu
sawmadaieledidnnsa (PEC/PZT) lagliiinaves OH lesau WWiunieitae satudadond

pH wasasazansisuaulunsAnwlunisdiwesdunsll
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—o—pH 2
—=—pH 4

—m—pH 6 (Default)

Degradation (%)
5

pH 8

—eo—pH 10

O T T T T 1
0 10 20 30 40 50 60

Time (min)

ql U U 3 U ¥ o U a dl ! !
2n#l 4.35 nslanuduiusuesatsesazn1smMInnnI A UNAT pH #119¢)

453 namsenwviavestlniiualng

Tunsinwaiavesinliiualnafivanzaslunsidnmesleadulngyiny
Sauudallin FTO/zno fiwamndudiamadalnlndidnlnsaznzlafnisiudremaia
Weladidnnsa (PEC/PZT) anelfuaslugrsiinuoadiu (Visible light) la@nundalniualne
Stainless steel, FTO/CU,0, Cu, way Pt fauanslunini 4.36 nurdlowSeudisuussansam
Tunisiandaluiiiualng Stainless steel amnsardmmnsilordulduinnindaluiadasy
dloeusuialaliiualne Pt Cu, waz FTO/Cu,0 agwiulainanunsadiudidnnseulavay
n7 Stainless steel 9nnguf Pt Ul l§Rnd1 Stainless steel usiiosann Pt fluuradiui
tounindsdwalilduszansnmlunsidnnnslendudidosniiuas Pt §ufisianfiunsannidle

= Y . a ' V) v v &
LMYUNUY Stainless steel Ni"lﬂﬁ@jﬂﬂ’)’]LLEWEJ\‘]ﬁ’]SJ"IiOGLSN'm‘LWUWULW?W%%’JIW%W&IW}’W@QWU&I’M
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(S
o
)

g 40 A
g 30 - —e— Stainless steel
2
B 20 - —— FTO/Cu,0
on
8 10 - —=— Cu

0 A - T T 1 Pt

0 20 40 60
Time (min)

AN 4.36 NINANMUFUNUSVRIANS8aLAISANIALANT bARUNTLU INHLAINaRLANANa Y

4.5.4 WHANSANEIVUIALSIAUNIARASEUY
TunsAnwvuakssdud biwnszuvlunisimaawnsitleadulaeldaluin
FTO/ZnO A imund usisnatdalnlasidanlasazazlafnisiusrsnatdaielsdiannsa
(PEC/PZT) melduadlurianauaaiiu (Visible light) lafnwiussdui 20, 30, 40, uag 50 Wox
Wa9n (Amplitude; Amp) 91nA7 4.37 azLiuladnruinvenssduniunTudanasonisindn
a A P A a o ' a ° 9 a a
wasleadununauluaeusiilalfinussdusnnndl 30 weundye vinbiuseansamlunis

o o a ‘ﬁl :’I o
mf\mmmﬂ%aua@mmawmmlﬂﬁwgamma

60 -

:\8 ——20 Amp
c 40

e —=-30 Amp
o

gn 20 40 Amp
0]

e —e—50 Amp

0 —T T T T T !
0 10 20 30 40 50 60

Time (min)

AT 4.37 nslmNdNTLSTRIAISoraznITIANAT lYARUTITUNALTIAURNN
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455 wanmsfnwnalnmaiaufiseniidalwihdmiunssuaumssidameslsadu

Tunsfinwnalnnisiaufaseritalaiinlunsidaansleaduniolduas
Tugasiimueadiu (Visible light) Tnglddalnin FTO/zno Aivauntu Tnednwinalnduansly
Al 4.38 arnnansinwnalnlunismdnenstleaduazdulai nalnlnledidninsazayla
Anfisaumenalndieledidnnia (PEC/PZT) Admensylendulduinniinalndus saunse
anls 51% nalnlWlndidnlnsezagladin (PEC) nalnlwlnazazlafnfisiusenalniiieled
dnvise (PC/PZT) nalnlnlmpzaglafin (PO) nalndidninsazaslafniisiusenalnuiieledidng
3a (EC/PZT) nalndidninsazazlain (EC) waznalniieledidnnsa mdnla 20%, 15%, 13%,
6%, 1%, WAz 2% AUEWU InHan1saaesildidelinalnifieledidnnsalusaudunalndug
Uszﬁw%mwiumsﬁﬁmmmwimﬁwﬂm%ﬁfaLﬁuwammﬂmiLﬁmé’mwmsmaiauﬂizquuﬁu
Rl wiegrdlsimuusiinnalnlnlndidnlnseenslafniisausenalifteledidnvisa
(PEC/PZT) azrindnldgafignfadaudimadadendnidnadeninuaiosveavesd 2luil

FTO/ZnO satudadennalnlnlndidniasazazladn (PEC) lunisAnwimsiwesdusaly

60 -
PC

50 -
~ —a—-PC/PZT
S 40 -
c —e—PEC
(@]
B 30
o —e—PEC/PZT
©
on i
8 20 EC

10 - —— EC/PZT

0 = — = - - PZT

0 10 20 30 40 50 60
Time (s)

2NN 4.38 AINANUFUNUSYRIANSDaLN1SANILARSE lwRdunelana lnAkaneE1eiuy
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4.5.6 Wan1sANEIANENE IWANATAwATEUY

Tuns@nwardng i lvwnszuulunismammasilaedulaeld s ludin
FTO/ZnO AT usamanaluladidaninsaeazlain (PEC) Anelduaslut199iniua i
(Visible light) la@nwadndlwdan 0.0, 0.5, 1.0, waz 1.5 1aad adndlndialaunszsuvinase
M3fdnaTBun3d JeansBunidusasinasiidndlniilunisfaufiseunnsiaiu aanam
d' <@ FZ d' a' [ d' d9{ a a o al @
7 4.39 agiuledndaviudng i lunrauiniunduussansainlunisindnmnselandun
Wudunuluaeiiasannilelv@ngliiiunszuuiiuduazlugiesanisdeinuyesdidnnsau

wazdenundidnasaun e lnalaanazniendalndwslusil hole (h*) lAANINTY

¥
Y 1

FadmaliiuszansnmluinufAsereendindulunisnisidamnsylondulddu uedly
dndluliigenniiuluondmanodalifinilidigniiansuieorafinadoaignisldsuves
Haluih fafulunisveaesinsidenldadndlnifuneauazdr sauoutalnihuagnnsldan
dngitliinniiulugsheussndandsnu fafiuFudenlddngluiii 0.5 Taad lumsidannsd

lopdudunisiimessoly

30 -
o
> 20 —e—0.0V
c
1)
= 0.5V
o
©
E” 10 ——10V
()]
—A—15V
O k T T T T 1

0 10 20 30 40 50 60

Time (min)

AT 4.39 nslmNduiusTRsATaazn1TidnwnIlenaunaAng Ll
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457 wamsAnwmsiwesiauauliiniszuy
4.5.7.1 an1azluliuas
Tumsfnwmsfimesimuauliunszuulumsidamasloadulag
agluszuuiifissansazanoianslendunaglalilasunszuu arnsanis@nuilunind 4.40
wuiluanngliliuaadessuuhiinmassufisondetadedugnuitliianisidanns e
AL
4.5.7.2 an1zlvilas
TunsAnwmsiiwesimuailiuassuulunisidnnnsloadulae
meluszuufifissansararswmnsileedunsldaneifuadugisiianmeatiu (Visible light)
whitu wuianmgliuaseiafivrannsaidannslsaduldifes 5% vy
4.5.7.3 annglvussduasiiiou
Tums@nwmnsilimesfiruasliiudszuulunsidamnslendulag

meluszuuilinesa1sazanenns1leaaulay s Iduas o uaINAS 09983 lalnvintu 910

AN 4.40 WUMBSIFUEZTIaURENRANNITARARARAS ladulaLNee 3% wintu

6 -
5
g 4
c
o)
B 3 —m—dark
yo.
©
E” 2 4 —eo—light
[a
14 us

0 1 N - - 5 # N
0 10 20 30 40 50 60

Time (min)

a v o & v o w a A a ¢ al v o
AN 4.40 ﬂi']Wﬂ'J’]ﬂJaﬂJWUﬁGU@QﬂqiaBagﬂqﬁﬂq'ﬂ@lL@@igleﬁﬂau‘mWW?’]@JLG]E]?V]@'JU?’]NIWLL?]

eUU
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4.5.8 wan1sAnwassansitalotan (UV light)

lunsAinwmavesuassansilalotan (UV light) Alvunszuulunisminmns,

[
= ¥ a

Tapaulnelddqluiin FTO/Zno fivmuniudiomaialnlndidnlnsazaylain (PEC) wWiolduas
Famsillewan (UV lght) anelusyuuiiiidaluiiuelun FTO/Zn0 vhausufudalwiuaina
Stainless steel wazlidngluliln 0.5 Taad Wisuifisususadlugsiinueadiu (visible light)
Faugnawalunnd 4.41 wuiwaveswrastudauasidmananisidnmnslenduuiy 9y
Wulguasdansihlelandidanuduuas 0.2 Sarsemsiusuiuns @aunsamdmansleaay
Innniuaslugfinusadufifianudunas 1.0 Sadrensiasufiuns uidounnud
waslurisfinuendiudy 3.0 Sndsensnaauiiung dwalimanmasilendulauinniineas

Fanshlowan satuusnanuranLiauanilnason1sidnmas lsaaunainnuLuLa Al

NARBUILANSNINAITANIALIULRNLINU

25 —
20
g
§ P UV lght
% 0.2 W/cm?
S 10
’(z]?)n —e—Visible light
(@] 5 3.0 W/sz
—a—Visible light
0 ! | | | | | 1.0 W/em?

0 10 20 30 40 50 60
Time (min)
AN 4.41 N5INANUFUNUSVRIANSREALNISAITAMAT 1 AR UlUNISRIELAID ARSI laLan

(UV light) wa waslugsfimueaiiu (Visible light)

459 WNAaNISANEIVUIANUNRIVDIT WA
Tun1s@nwrvuranuniives il lunismanwnsilandulnelgy i
FTO/ZnO fWaunduvinausiusuirludnalng Stainless steel samanialnlndidnlnsazns

lafin (PEC) nmelduaslugasfinuaaiiu (Visible light) Fsla@nwivuiniuiiivesdaluiiqedl
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ax4, 2x2, uaE 1x1 MFURLAS NHan1sAnwNUIL e ufiufiiivesialuiindy axa
msaEuRng pudiduvesensaranessdulunisniealiin FTo/zno liiome daiuds
Foufiumnnduduresansavasdsuiieliifivmenonsiiauifsevuianivestaliih
Tngla@nwanududuresansavarodadudad 0.075, 0.1, 0.125, uaz 0.15 luaredns uas
iluAnwnsidmensilendy sanddunnd 4.42 suduldindefivaududunes
ansazaneReiuan 0.075 luasedns audls 0.125 Tuasiedns wnslsadugnidaifisnnnduus
deiumnududuvesansararosaduauia 0.15 Tuasedns nansidmeasiloadulsiwansng
Tnanuudy 0.125 Tuadedns iy Anududuvesasavanefediu 0.125 Tuasodns 39l
aunzanlun1sesetaluin FTO/Zn0 aunm axd msnasuiiuns ﬁqm ntuthda i
FTO/Zn0 #ildansfimnzauudrludnuaavosvunaituiiinvesalilih annnsineimui
mumﬁuﬁﬁwaasﬁ"jﬂw%ﬁmﬂ%udamaiumsLﬁmﬂﬁﬁ%awuuﬁwﬁw%ﬂﬂﬁwlﬁmn?jaﬁu NN
ASANIFILERTIUNINT 4.43 YuniuRRveA NN dxd PSITURLAS @1ansardae

nslepdulauniian fe 33 %

40 -

3 30 - / —4—0.075 M
S
2 20 - —=—0.1 M
§e)
© ——0.125 M
on
8 10 4

0.15M

0 R T T T T T 1

0 10 20 30 40 50 60

Time (min)

AN 4.42 aslAudUNUSYRIA1TorarN1IANdARSleAAY (%Degradation) MiiA1w

WUYUVDIANTALANYAIAUNLANAU
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o
J

S 30 -

‘C’ —eo—14x4 cm
Re)

& 20 2x2 cm
o)

©

® 10 ——1x1 cm
a

0 T T T !
0 10 20 30 40 50 60

Time (min)

AN 4.43 AlANdUTUSYRIANSREAENITATALART 1 LlwAAY (%Degradation) AdawIA

[

NUNRv997 WA Awnnenaiy

4.6 WANISANEILAZERNLUULTAARULUUEMSUAIAnNs luadyY
AsAnwuazeenuUUIEad g uLuUd i UMSawmasleaay Tnglddalniuelun
FTO/Zn0 fitaundusiausaududalnfiawelng Stainless steel Yunn x4 AS1GURLAS
$1uueday 4 92 Widndlwih 0.5 Taad neldnsarsuadludieiinuesiiu (Visible light) 7
T londududy 20 Dadnsusedns lussuuruin 350 faaans mewalalnladidninsay
azlafin (PEC) wazwmadalnlndidnlnsaznzladind viisusiudumadafieledidnnsa

(PEC/PZT) wauanslun1nd 4.45

N

a ¢ v ° X ) ‘o Y] a
AN 4.44 LLﬁ@I\‘IL"?IaaG]ULLU'Uﬁ']VTUﬂ'm@L@G]i']‘l‘lmau
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4.6.1 NANISANIAMAIYAAUABLYAAAULUU
INHANITANBINITANTALIAT AR UAEIARAULUU WwAdAINIaBENTnTAL

nzladn (PEQ) Adale 53% nleluian 3 97109 wasmadalnlndidnlnsaznslafnfvinau

o

Swfumedadieledidnvsa (PEC/PZT) idals 62 % angluan 3 $alus Ssanuavzidiulgin
dleveneszuulngudlszansamveanedalilndidnlnsazazlafnfivhausudumadaie
Todidnnsa (PEC/PZT) luildanasunnitn wazannnd 4.46 uansnsmanuduiusveseidos
armsidmanslerduiituioufiourests 2 wada svdiuldimeialnlnsidnlnsnzazladin

Avauswiumadeieledidnnsa (PEC/PZT) luldunnsnaiusg1eiveddn aaiumnadal

o

Tnddnlnsazezlafin (PEC) Reilmnumunzauuinninlunisvensssuuluauinn

80 -
70 4
60
50
40
30
20
10

0

PEC

—e—PEC/PZT

Degradation (%)

Time (h)

AN 4.45 ns1vlenudusiusyeeriSasazniIsniTawas lardursanadalnlndianlnse
nzladn (PEC) waz wmanalwlndianlnsazazlafnnyinaiusiusumeiaiieled

\annse (PEC/PZT)

4.62 wamipsiauduiuiianamennasilondu
NAITIATILRAUINTUVDUART AAY 20 DaanSUADANT NOULAYNAT
HruszuumSasawmadalnlndidninsazaylafniisiumomadafieledidnvsa Ineiinses
GT’JEJLﬂ%laﬂﬂ’illﬂi/lﬂ‘i']ﬂGUENLMEYJEIJJGUSQQ (High Performance Liquid Chromatography ;

HPLC) nwidl 4.47 uanaismsnloadunaugnindail Retention time 4.354 &1 Peak area 389505
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o v A

wazln s lAaunasQNi1dnl Retention time 4.370 i Peak area 10884 Lilotnaiilaunyie

Savarnismdawasileadu nuinesslerdugnidalane 97% dwanslunmi 4.48

o Befor

AU

0.06]
0.0

0.02]

Peak1 - 3.292
15
3.991
Tetracycline - 4.354
4.775
Peak3 - 7.002
1 [7.576

o
8
§4
g
g
éL
g

0.00 [y TTO O O ™ L3 Ll
T T T T [ T T T T [ T T T [ T T T T T T T T T T T T T
1.00 200

9.00 10.00

o=l After

AU
=]
7

0.0z

T

7.084

1|Peak1 - 3.422
4 | Tetracycline - 4.370

Th3.e67
»3.853

3 3
i T

T L O e e e e e e L LA s e e e e e e e e TR
00 5.00 6.00 74
Minutes

g8
:
:
:

AT 4.46 HANNTILATIEVANUTUTUNDULBLHAINMAAMAT AR UAELATDY HPLC

97%
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- 40

©
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Before After

MW 4.47 wnugiiuviauansdesaneularnaainsidnmnslendy
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Ui 5

ayunansIveuasdatauauue

5.1 d3Unan133e
Ao AW e 1Y) a < 2 o o A o w a v
MATEiladnensvauInsessudalnirasisiainiemdnmasi lendunae
wadasiislediannsawaslilndidninsazacladin lne@nwiniswsoudalnfwelun Zno
vunszant il FTO aaawaila Cyclic voltammetry deposition (CVD) waglaused@nsain
gudlawSpuiisuiumalinfuaiiou (Dip coating) 3ntuAnwnSeutalifuelun Zno fag

wafla CVD wuuldnulagauasavanefenudalaanneliviigay sauandun1siei 5.1

AN 5.1 anemanzanluniswseudllndiwelus FTO/ZnO aewmaida CVD

WAmes Linuansavanefad AUATAYANEIRY
1. dndlwidi 1.5V H1-05V 1.5V A3-05V
2. ududuansazane g 0.075 M 0.075 M
3. NIINTALNY 25 mV/s 100 mV/s
4. Srunuseulunsauny 20 cycles 10 cycles
5. gaungiansazaneluniinss 60 °C 60 °C
6. Qmmﬁluﬂmm%ﬂv\lﬁﬂ 350 °C 350 °C

(unan 2 $2la)

Sovaaeunudnuueineg Inanisinwasandesiuantilnlndidnlnsaznslafinly
nainufATeneendintuluasazatetn nuansAnsiniswiendaluia FTo/zno dae
weadalsadnlaunuuay’ aansaduduanifnisgandunaslurisinmeadiu fassaimdn
wuuienuzlnuea (Hexagonal) ¥84 ZnO dnwazysdagiuineriinanszanediveseyniad
Husaidou vuneyaelndidssiy sdanusunlunsdsindidnaseudinn amnsadudu
p9AUsENaUYeIs NIl Zno agase wasiilovadeununatesvesdaluiinnanTeudali

FTO/ZnO WUk FTO/ZnO Mwssusuuliauaisazatefsnuiininu@ies 4anuaamu



Ron1sUssnAldiunsmdnasmaslerduluaisazateunuinningalnin FTO/Zno #laain
NIATEURUUALENTAZANEAIAU

INuanIsAnyIaneAwmuzanlunismamms lwadaulae 3 WHwelun FTO/ZnO

' ¥
a o =

fiwaud ulasassunuuliauarsagatsyieusaududaluiiualng Stainless steel Tu
a15arany WA ARUANMNTY 20 Hadnsudednsluansaranedianinglad Na,SO, AL
Wty 0.1 Tuasedns A pH Buduvesansazats muauadndliing 0.5 Taad meldnisas
wadlutefimueaiuiifianudunas 3.0 Fddomaausuiuns wasussduazifiou 30 LoNna
90 wuhansamdamasleaduld 51% aelunan 1 $9lus uazeenuuUYRdULUURIMSU

a a a

Mdammstlondu AfU3nns 350 fadans auaudndladi 0.5 Taad aneuadlutisfinuesiiu
(Visible light) anunsarfdmansileaduld 53% neluaan 3 99lus wazdlelwdndluii 0.5
Taadt anouasluthaimueaiiu (Visible light) wazussduaziiiou 30 uouwdga nuirmdnis
aladuld 629 nneluiian 3 $lus

MnuaMIAnsaaULiTelidn mewanseseudalihasising zno
Tunsidamnsileadusemaialnlndidninsnzazladn (PEC) fiuszansangadiloiiiy
wediadelgdidnvse (PZT) wWhundae widlevenessuulvgusyansamlaldunndnstuegnad

(%
o w LY a

HYoddn sty wedalnledidninsezazlann (PEC) Faflmnumnizauunnninlun1sveneseuy

o

TusuAndmsundnmnslgndulazansounsgduspell
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The organic dye is one of the i ic and toxic that are used as the colorant in industries. Therefore, we have to develop the efficient technique to
remove the dye in wastewater. This research aimed to develop the photoelectrocatalytic (PEC) cell with the high efficiency, which offered a simple method to remove dye from the
wastewater. The ZnO photoanode electrode was consldered for developing to enhance the efficiency of PEC cell for dye degradation. The ZnO electrode was fabricated by cyclic

voltammetry method and then was compared the oxi ici to ZnO from dip coating. The film thickness of ZnO was controlled by the number of scan for a cyclic
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the two fabricated electrodes. The results showed that ZnO by cyclic p higher ic activity for water oxidation than that
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dye degradation was evaluated by the d. b 1 of h blue dye (5 mg/L) as a function of time. It was found that the | dye d d

efficiency with ultrasonic-assisted was enhanced up to two times with 71% degradation in 1 hour. Therefore, we that the ped ZnO by cyclic y

a high ytic performance with ultrasonic-assisted degradation of organic dyes.
The organic dyes from textile industries are one of the most water pollutants with g 7 3
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organic dye removal has been developed to improve the efficiency and practical in -

process [2]. The photoelectrocatalytic technique (PEC) for organic dyes degradation has o gt
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we have studied the ZnO thin film fabrication on FTO substrate by using cyclic g

voltammetry deposition (CVD) method and comparing with classical dip coating method. § 600
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Abstract. The organic dye is one of the carcinogenic and toxic substances that are used as the colorant
in industries. Therefore, we have to develop an efficient technique to remove the dye in wastewater.
This research aimed to develop the photoelectrocatalytic (PEC) cell with the high efficiency and a
simple method to remove dye from the wastewater. The ZnO photoanode electrode has been
developed to enhance the efficiency of PEC cell for dye degradation. In this study, the ZnO electrodes
were fabricated by cyclic voltammetry method and were compared the oxidation efficiency to ZnO
electrodes from dip coating. The film thickness of ZnO was controlled by the number of scan for a
cyclic voltammetric method and the deposition time for the dip coating method. The effects of the
scan rate, the number of scan and calcination temperature were optimized to obtain the highest
oxidation efficiency. Absorption properties, photoelectrocatalytic activity and electrochemical
impedance spectroscopy (EIS) were measured to confirm the characteristic of the two fabricated
electrodes. The results showed that ZnO electrode fabricated by cyclic voltammetry presented higher
photoelectrocatalytic activity for water oxidation than that from dip coating. Thus, the ZnO electrode
by cyclic voltammetry was applied for degradation of organic dye using the photoelectrocatalytic
technique. The efficiency of dye degradation was evaluated by methylene blue absorption (5 mg/L)
as a function of time. It was found that the photoelectrocatalytic dye degradation efficiency with
ultrasonic-assisted was enhanced up to two times with 71% degradation in | hour. Therefore, we
concluded that the developed ZnO electrode by cyclic voltammetry demonstrated a high
photoelectrocatalytic performance with ultrasonic-assisted degradation of organic dye.

1. Introduction

The organic dyes from textile industries are one of the most water pollutants with toxic and
carcinogenic properties which cause dangers to human health [1]. The method for organic dye
removal has been developed to improve the efficiency and practical in process [2]. The
photoelectrocatalytic technique (PEC) for organic dyes degradation is attractive method with high
efficient and practical use [3-5]. The critical factors of PEC development are metal oxide selection
and the deposition method on the substrate. Among of many metal oxides, ZnO has been interested
due to its high oxidizing potential with more positive valence band, low cost, and chemical stability
properties [6-8]. ZnO thin film fabrication has been studied by many methods such as chemical
deposition [9], hydrothermal synthesis [10] and electro-deposition [11-12]. Especially, the electro-
deposition method is one of the most attractive methods due to its simplicity, low cost, easy to control
the film thickness and able to scale up. In this work, we have studied the ZnO thin film fabrication
on FTO substrate by using cyclic voltammetry method and comparing with classical dip coating
method. The ZnO electrode has also been investigated photoelectrocatalytic water oxidation
properties. The efficiency of organic dye degradation from developed ZnO as a photo-anode under

Al rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
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UV light irradiation was evaluated. In addition, the effect of ultrasonic assisted photoelectrocatalytic
dye degradation was investigated for higher performance.

2. Experimental

The glass substrates coated F-doped tin oxide (FTO) were treated for 15 minutes with ethanol
in the ultrasonic bath and rinsed with distilled water, respectively. The ZnO thin films were fabricated
on FTO substrate by cyclic voltammetry deposition method (CVD). The three electrode system
containing with FTO as working electrode, Ag/AgCl as a reference electrode and Pt as a counter
electrode were used for ZnO deposition in the electrolyte solution of 0.1M zinc nitrate. Cyclic
voltammetry deposition of ZnO thin films was performed with an applied cathodic voltage from
-0.5V to -1.5V, scan rate at 25 mV/s, number of scan at 20 cycles with electrolyte temperature of
80°C. The fabricated ZnO thin film by CVD was calcined at 400°C for 2 hours. The dip coated ZnO
thin films by dipping of FTO substrate in 0.05M zinc acetate solution for 3 minutes and calcination
at 400 °C for 2 hours were fabricated to compare with CVD method. The ZnO thin films from both
methods were measured the optical absorption spectra by a UV-Vis spectrophotometer (Shimadzu,
UV-2401PC). The cross-sectional morphology of ZnO thin film on FTO substrate was observed by
a Scanning electron microscope (JEOL, JSMS5410LV). The crystalline structure of the film fabricated
ZnO was confirmed by X-ray diffraction (Rigaku, SmartLab). The photoelectrocatalytic properties
for water oxidation were investigated at 1 V vs. Ag/AgCl in 0.1 M Na,SO4 under UV light and dark
condition. Electrochemical impedance spectroscopy (EIS) was used to study the charge transfer
resistance of the prepared electrodes. The photoelectrocatalytic dye degradation was investigated by
using the fabricated ZnO electrode as an anode electrode under potential of 1.0 V and UV light
irradiation. The efficiency of dye degradation was studied by measuring of the methylene blue dye
absorption (5 mg/L) as a function of time. The effect of ultrasonic-assisted on the
photoelectrocatalytic dye degradation of ZnO electrodes from CVD was studied.

3. Results and Discussion

3.1 Characterization and photoelectrocatalytic properties of the fabricated FTO/ZnO
electrode

25

Absorbance
AT} A

©
v

Wavelength / nm

Figure 1 UV-Vis spectra of (A) bare FTO substrate and FTO/ZnO electrode fabricated by (B) dip
coating method (C) CVD method.

Figure 1 shows the absorption spectra of the ZnO thin films fabricated by CVD and dip coating
method. The band gap energies of ZnO on FTO from CVD and dip coating were calculated and
obtained the values at 3.10 eV and 3.18 eV, respectively. The results showed that ZnO prepared by
CVD method presented the higher light absorption and narrower band gap energy than that dip
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coating method. This indicated that higher UV and visible light absorption was found in ZnO thin
films by CVD.
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Figure 2 The photocurrent response from water oxidation at 1.0 V vs. Ag/AgCl in 0.1M Na>SO4 of
(A) bare FTO and the FTO/ZnO electrode with difference fabricated method of (B) dip coating
method and (C) CVD method.

The photoelectrocatalytic properties were studied by measuring the photocurrent from water
oxidation reaction under light switching with a dark condition at the applied potential of 1.0 V vs.
Ag/AgCl. The photocurrent of the FTO/ZnO electrode prepared by CVD presented significantly
higher than the FTO/ZnO electrode prepared by dip coating (Fig. 2). The result could confirm that
the photoelectrocatalytic improvement was obtained from ZnO film by CVD. According to high UV
and visible light absorption, ZnO electrode from CVD could produce more photogenerated holes (h")
at valance band. As a result, higher water oxidation was caused from higher photocurrent of the
reaction.

Table 1 The electrical resistance properties of the FTO/ZnO electrode with different fabrication
method under light condition

Electrode CPE Ret
[ oETO ~a N R || 33,700
FTO/ZnO (CVD) 2.34x10° 7,907

FTO/ZnO (dip coating) 6.96x107 25,700
An electrochemical impedance spectroscopy measurement was introduced to study the
electrochemical interfacial reaction at FTO/ZnO electrode for water oxidation under UV light
irradiation. Table 1 shows the comparison of constant phase element (CPE) and charges transfer
resistance (Rct) values of FTO/ZnO electrode prepared by CVD and dip coating method. The
FTO/ZnO electrode prepared by CVD method showed the lowest Re and highest CPE values than
other electrodes, indicating that the highest electron transfer rate and more capacity with high surface
roughness properties at the electrode. These results could support the highest photoelectrocatalytic
activity of the developed ZnO electrode by CVD. Therefore, the FTO/ZnO electrode prepared by
CVD was selected to study the optimum condition of the highest photoelectrocatalytic water
oxidation reaction.
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3.2 Optimization of FTO/ZnO electrode fabricated by CVD method
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Figure 3 Photocurrent response from water oxidation at 1.0 V vs. Ag/AgCl in 0.1M Na;SO4
comparing of (a) bare FTO and FTO/ZnO electrode prepared by CVD method with the difference of
the scan rate of (B) 25, (C) 50, (D) 100 and (E) 200 mV/s.

The scanning rate of FTO/ZnO prepared by CVD was studied in the range of 10 - 200 mV/s.
At slow scan rate of 25 mV/s presented more photoelectrocatalytic activity than higher scan rate
condition. It indicated that faster scan rate affected the speed of a precursor deposition resulting in
incomplete growth of the ZnO film on FTO substrate while slower scan rate gave more diffusion time
to deposit ZnO precursor on the substrate and then provided perfect growth of ZnO film. However,
slower scan rate than 25 mV/s had not presented ZnO film on FTO substrate and was not found the
photocurrent. Based on this experiment, the scanning rate of 25 mV/s was selected due to the highest
photocatalytic water oxidation.

3.2.2 Effect of number of scan

The number of scans was varied to study the effect of films thickness at the electrode surface.
Figure 4 shows that the photocurrent was directly related to the number of scans from 10-20 cycles.
However, the photocurrent was decreased when the number of scan up to 30 cycles due to the effect
of ZnO films falling out by the saturated of film thickness that affected to charge transfer rate at the
electrode surface. This result indicated that the photocurrent of the fabricated FTO/ZnO electrode
was depended on the suitable film thickness related to the number of the scans.
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Figure 4 Photocurrent response from water oxidation at 1.0 V vs. Ag/AgCl in 0.IM Na;SO4
comparing of (A) bare FTO and FTO/ZnO electrode prepared by CVD method with the difference of
the number of scan of (B) 10 (C) 20 and (D) 30 cycles.

10 cycles 20 cycles 30 cycles

Figure 5 SEM image of FTO/ZnO fabricated by cyclic voltammetry with the effect of number scan
of 10, 20, and 30 cycles.

Figure 5 shows the SEM image of FTO/ZnO fabricated by cyclic voltammetry with the effect
of number scan in the range of 10 - 30 cycles. The ZnO film thickness was increased from 6 to 10
pm when the number of scans increasing from 10 to 20 cycles. The film thickness was decreased to
5.5 pm when the number of scan was up to 30 cycles due to the saturated and falling out of the ZnO
film at the electrode surface. Moreover, the number of scan of 20 cycles showed perfect arrangement
of ZnO film on FTO substrate resulting to the highest photoelectrocatalytic properties. Therefore, this
result used to confirm the effect of film thickness and morphologies on the charge transfer rate
properties of ZnO flm by CVD.
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3.2.3 Effect of calcination temperature
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Figure 6 Photocurrent response from water oxidation at 1.0 V vs. Ag/AgCl in 0.IM Na>SO4
comparing of (A) bare FTO and FTO/ZnO electrode prepared by CVD method with the difference of
calcination temperature of (B) 300 °C, (C) 400°C and (D) 500°C.

The effect of calcination temperatures at 300°C, 400°C, and 500°C on photocurrent response
from water oxidation was studied. The highest photocurrent was increased at calcination temperature
of 400°C (Figure 6). The suitable calcination temperature was affected to the great crystalline
structure of ZnO on FTO substrate. The proper crystalline structure resulted to the excellent
characteristic of light absorption and electron transfer rate at the electrode surface.
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Figure 7 X-ray diffraction patterns of the films calcined at different temperature of 300, 400 and
500 °C.

Figure 7 shows the X-ray diffraction patterns of the ZnO films calcined at different
temperatures of 300, 400 and 500 °C. The peaks at 34.5°, 36.3° 47.7° presented the pattern of wurtzite
structured ZnO with a highest photocatalytic activity. Especially, at 36.3° as the main peak of wurtzite
ZnO was clear presented when the calcination temperature up to 400 °C. Therefore we could confirm
that the complete wurtzite ZnO was attributed when the temperature over 400°C. However, the
photocurrent was decreased when the temperature up to 500°C due the ZnO thin films were destroyed
under high temperature.
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3.3 Organic dye degradation study
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Figure 8 Dye degradation with varies catalytic mechanism of PEC/US, PEC, PC and EC by FTO/ZnO
electrodes.

Figure 8 presents the organic dye degradation efficiency of FTO/ZnO electrodes as photoanode
from various catalytic mechanisms of PEC/US, PEC, PC and EC. The dye removal up to 71% was
detected with PEC/US for 1 hr, while the dye degradations of 30%, 18% and 11% were found in the
catalytic process of PEC, EC, and PC, respectively. In addition, ultrasonic assisted method could
encourage the photoelectrocatalytic organic degradation resulting from enhance charge transfer rate
at the photoelectrode surface

Summary

The FTO/ZnO prepared by cyclic voltammetry method (CVD) presented better characteristic
and higher photoelectrocatalytic water oxidation properties than that of the ZnO by dip coating
method. The developed FTO/ZnO electrode showed high efficiency for organic dye degradation by
photoelectrocatalytic mechanism and enhanced up to 2-time (reach to 71%) for 1 hour when using
ultrasonically assisted condition.

References

[1] X. Shi, A. Tian, J. You, H. Yang, Y. Wang and X. Xue, Degradation of organic dyes by a new
heterogeneous Fenton reagent - FexGeS4 nanoparticle, J. Hard. Mater. 353 (2018)182-189.

[2] V. Katheresan, J. Kansedo and S. Y. Lau, Efficiency of various recent wastewater dye removal
methods: A review, J. Environ. Chem. Eng. 6 (4) (2018) 4676-4697.

[3] C. Ponchio, A. Y. Nosaka and Y. Nosaka, Photoelectrocatalytic performance of WO3/BiVO4
toward the dye degradation, Electrochim. Acta, 94 (2013) 314-319.

[4] Q.Wang, Q. Zheng, R. Jin, S. Gao, Q. Yuan, W. Rong and R.Wang, Photoelectrocatalytic removal
of organic dyes and Cr(VI) ions using Ag3PO4 nanoparticles sensitized TiO> nanotube arrays, Mater.
Chem. Phys. 199 (2017) 209-215.

[5] Y.M.Hunge, A.A.Yadav, M.A.Mahadik, R.N.Bulakhe, J.J.Shim, V.L.Mathe and C.H.Bhosalee,
Degradation of organic dyes using spray deposited nanocrystalline stratified WO3/TiO2
photoelectrodes under sunlight illumination, Opt. Mat. 76 (2018) 260-270.

120



Key Engineering Materials Vol. 798 411

[6] M. Fan, C. Yang, W. Pu, J. Zhang, Liquid phase deposition of ZnO film for photoelectrocatalytic
degradation of p-nitro phenol, Mat. Sci. Semicon. Proc. 17 (2014) 104-109.

[7] C. Lei, M. Pi, D. Xu, C. Jiang and B. Cheng, Fabrication of hierarchical porous ZnO-Al0O3
microspheres with enhanced adsorption performance, Appl. Surf. Sci. 426 (2017) 360-368.

[8] X. Pan, P. Yang, H. Nan, L. Yang, H. Chen and X. Zhao, Preparation and enhanced visible-light
photoelectrocatalytic activity of ternary TiO2ZnO/RGO nanocomposites, Electrochim. Acta. 261
(2018) 284-288.

[9]J. Feng, L. Cheng, J. Zhang, O. Kevin and O. F. Chen, Preparation of BiVO4/ZnO composite film
with enhanced visible-light photoelectrocatalytic activity, Ceram. Int. 44(4) (2018) 3672-3677.

[10] C. J. Lin, S.-J. Liao, L.-C. Kao, S. Ya and H. Liou, Photoelectrocatalytic activity of a
hydrothermally grown branched Zno nanorod-array electrode for paracetamol degradation,
J. Hazard. Mater. 291 (2015) 9-17.

[11] F.Ghahramanifard, A. Rouhollahi and O. Fazlolahzadeh, Electrodeposition of Cu-doped p-type
ZnO nanorods; effect of Cu doping on structural, optical and photoelectrocatalytic property of ZnO
nanostructure, Superlattice. Microst, 114 (2018)1-14.

[12] P. Thongthep, S. Moonmangmee, C. Ponchio, Electrochemical Fabrication of CuxO
Photocathode for Photoelectrochemical Hydrogen Evolution Reaction, Key Eng. Mater, 659 (2015)
226-230.

121



TmdudnAnwwanidsununinedsmeluladuinleng Samdatining Ussna

gUu Junan 2 e

BEiKXKZFEA

5 [ 352 1l B 2 K=

Magaoka University of Technology

122



Yo-ana

[

U au Ua

=D.
ete.

o)
=

ANSANYI

wasinsani

a (3
RN

=)}

a Y
AN
U

UsLINLVEU

AN quen

2 WewAAY 2537

35 g 8 shuaundlng sunewdedlu Swminguaeusiil 34150
UTeyns Auzineimansuazinalulad el el
09-0982-3525

Chirarat1994@gmail.com



	ปกนอก
	ปกใน
	ใบรับรอง
	บทคัดย่อ(ไทย-อังกฤษ)
	 กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1
	บทที่ 2
	บทที่ 3
	บทที่ 4
	บทที่ 5
	บรรณานุกรม
	ภาคผนวก
	ภาคผนวก ก
	ประวัติผู้เขียน

