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ABSTRACT

The study aimed to improve and develop the tungsten oxide thin film fabrication on
composited thin films of tungsten oxide (WO,) and bismuth vanadate (BiVO,) electrode for enhancing
the efficiency of the photoelectrocatalytic oxidation reaction. The experiment was conducted into
three trials; the improvement of tungsten oxide thin film fabrication on the electrode by the sputtering
technique and followed by the bismuth vanadate thin film layers with a spin coating technique,
respectively. The influences of the tungsten oxide thin film structure and the shape on the
photoelectrocatalytic properties were studied in the pattern of the dense and the nanorod tungsten
oxide films. The effect of the thickness of the tungsten oxide film on photoelectrocatalytic oxidation
process property was investigated for the best conditions. The morphology of the prepared electrode
was characterized by using the Field Emission Scanning Electron Microscopy (FE-SEM). The
crystalline structure of composited electrode was studied by the X-ray diffractometry (XRD). The
elemental composition and oxidation number were confirmed by the X-ray photoelectron
spectroscopy (XPS). The electrochemical resistance properties at the interfacial of electrode surface
were investigated by the electro impedance spectroscopy (EIS). The optical properties were studied
by the UV-Vis spectroscopy.

Secondly, the application of the developed electrode for the oxidation reaction of sodium
hypochlorite production was studied and even the effects of the applied potential in the system, the

concentration of the substrate, the intensity of the light and the mechanism of the catalytic function at

)



the electrode surface on the sodium hypochlorite production efficiency were studied. The efficiency
of sodium hypochlorite production of the developed sputtering WO, and the traditional spin coating
WO, electrodes were compared. The developed electrode can produce 2,900 mg / L for sodium
hypochlorite per an hour at 2.5 V (vs. Ag/AgCl) in an initial concentration of sodium chloride and a
light intensity of 2.0 M and 7.3 mW/em’, respectively.

Thirdly, the application of the developed electrode for the organic dyes removal was
studied by using rhodamine B as the organic dye wastewater. The effects of the electrical potential,
the light intensity, the electrolyte solution, pH, the catalytic mechanism at the electrode surface on the
efficiency of organic dyes removal were investigated and compared with the traditional electrodes.
The developed electrodes can degrade off the dye color to 97% per an hour with the removal rate of
0.261 per minute under 1.0 V (vs. Ag/AgCl), and the light intensity of 7.3 mW/cm’ and the aqueous
sodium chloride solution at pH = 3. Both studies achieve the highest oxidation efficiency under the
catalytic of bias potential and the light irradiation in the name of the photoelectrocatalytic process.
The efficiency of the developed electrodes is significantly improved over conventional electrodes. It
is shown that the developed tungsten oxide fabrication on the WO,/BiVO, composite film has reached
to the success in preparing the anode electrode to enhance the oxidation efficiency under the
photoelectrocatalytic process. It is suitable to pursue advance studies for further development and
even the applications of the sodium hypochlorite production and the removal of organic dyes in the

industrial system in advance.

Keywords: tungsten oxide thin film, oxidation reaction, photoelectrocatalytic process
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24.1.2 msamnesy (Sputtering)
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o prsatlunesTiuyYAaN 570? (Radio frequency sputtering; RF)
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2 9 4 A 4 A I a =
MIe59928 1991NNM3915NNI00150 WIA (Arc-PVD) Hlumaiinnisns
aelomaiand seldmsvi i lWihnaedluleneldeulunsesn sudluuvastuiia

yosensiilulelumsnse foulumserfndsznendonszualwihgeazussduluiihe Tag

[

v Y
nszua lihazriuunanse lovesarsidlua Idfuseau 1dieo1sndeslian Indifeeny
Y

o @ o ¥ ) v ] '
uimumi"la@alluwmuﬂﬁ “U’Juth/\hﬂgﬁijﬂfJ@ﬂiJ'lLLﬁZQﬂiszJﬂ’JfJﬂ’NﬁJiﬂu °1a’aaummuu

1 Yya o d dy A o o A A 4
ﬁ]%ﬂﬂiﬁlﬂﬂwai\mTQUHWMW’J@]’JiUi@QVIL@]SﬂM%

Arc Confinement

Ring
- |

Anode

Cathode

Are Igniter
3
Bwans T Insulator Magnet
Supply =_ s

, r
\J +

Water Water

Cathodic arc source (Sablev type)

= < @
§ﬂ'ﬂ 2.7 ﬂigﬂjuﬂ13@5\‘]ﬂﬂﬂll@i]'lﬂﬂ'ﬁﬂ

N https://en.wikipedia.org/wiki/Cathodic_arc_deposition

2 N )
242 miasedaeledund (Chemical vapor deposition)
< =< [ a aan = (94 1 4]
lf]Juﬂ']ﬁ@]iﬁiﬂﬂ@1ﬁﬂﬂ§$ﬂ3uﬂ1imﬂ‘ﬂ§]ﬂ‘iEJ']LﬂiJ"UfNLLﬂﬁGI'N C]Gl,HLGIHNW und
] o aan = I dy a @ @ a dy = 9 a
AN 9 %$°I/I'I°IJ§]ﬂiEﬂlﬂi]ﬂulﬂuﬁ1iaﬂﬂuWHW’Jﬂﬂ]iﬂﬂiﬂ mﬂuﬂummmmﬁ"l,ﬂwmwummz

9 Y i
vaneduvuegnuunan i 1 luszuy

34



—
(a) : Source materials
+ carrier gas
(b} : Substrates
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(C) : heater
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2.4.3 AITUIUMINNAITaLA1Y (Solution process)
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2434 NITATIAIUNATINABAUASTIVAA (Doctor blade technique)
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Tadenlansonlaa
Univar
(Sodium hydroxide; NaOH) Analytical reagent
Australia
NIuaa
ACL Labscan
(Ethanol; CH,CH,0OH) Analytical reagent
Thailand
TsReusgama
Univar
(Sodium sulfate; Na,SO,) Analytical reagent
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nAIANIAAN

(Tungstic acid; H,WO,)

deain () Twasn tenae lamsa
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(Acetic acid; CH,COOH) Analytical reagent
Thailand
8. PIFNADLH lau
Panreac
(Acetylacetone; CH,COCH,COCH,) Analytical reagent
Spain
9. weulwilen'laasenlad
Panreac
(Ammonium hydroxide; NH,OH) Analytical reagent
Germany
10. Tseauuil
Sigma
(Rhodamin B; C,,H;,CIN,0,) HPLC grade = 95%
USA
1. TdenlaTnao lsd
Sigma-aldrich
(Sodium hypochlorite; NaClO) Reagent grade
USA
12. nsalalasnanin
Univar
(Hydrochloric acid; HCI) Analytical reagent
Australia
13. TaiReuezsan
Sigma-aldrich
(Sodium acetrate; CH;COONa) Reagent grade = 99%
India
14. Tm@eunan'lsa
Univar
(Sodium chloride; NaCl) Analytical reagent
Australia
15. TnunaiweonloTo'lag Univar
Analytical reagent
(Potassium iodide; KI) Australia
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ARG 139 e

YA o
16. Whndevarsniamu

Kurt J.Lesker
(W target) 99.999%
Germany
dodouscqinsd
3.1.2 1ATeNenazgUnsal
4 A U4 4y
lﬂiﬂ\iﬂﬂll’ﬂzq‘ﬂﬂiﬂl N3N 8110
1. nszanilulih
(Fluorine doped tin oxide; FTO) tiaig Sigma-aldrich
(Indium doped tin oxide; ITO) USA and China
2. mweladaneauns
(Copper wire) - -
3. DNONT 155U
Alteco
(Epoxy resin) Epoxy-fix
Japan
4. qov
Memmert
(Oven) UN 55
Germany
5. QWD
Wisd
(Furnace) Fx-14
Korea
6. n3oalianuiou
Wisd
(Hot plate) MSH-20A
Korea

4 a J
7. o5 luiines

(Thermometer)
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A Ll
inTesiiouazginaal (39 o
8. AdMIUNMINAADA
(Experimental box) MG-80 Vatigul
9. 1AT09¥IAT
Sartorius
(Balance) AZ series
Germany
10. 47 19781994
(Reference electrode) Ag/AgCl -
11. 92 Thae
(Counter electrode) Pt -
12. iaoa LED
(LED Lamp) 2 Sylvania
13. 193099971 pH
Mettler Toledo
(pH meter) FG2-1
Switzerland
14. w5931 Inih
OHAUS
(Conductometer) Starter 3100C
USA
TOHO technical
15. 19399 UATIzHM Tih research
Polarization unit PS 07
ectrical analysis apan
(Electrical analysis) Jap
16. 10309 AATIZIMaAd T
Ametek
ectrochemical analysis ersa
(Electrochemical analysis) VersaSTAT 3
USA
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wiseailounzqunsal (39 o
17. insesgi-amda alnIns I 1a
T0H Shimadzu
UV-1601
(UV-Vis spectrophotometer) Japan
A4 A ' < =
18. Lﬂﬁf)\‘]')!ﬂﬁ'lﬁﬁﬂ')'mlﬂuwaﬂ
Rigaku
(X-ray diffractometer) TTRAX III
Japan
A a J s =
19. 193992ATIEHOIAYTENOUNIAUAL . oo
aD1UNAADI ADIUUIVYLLEAN
(X-ray photoelectron spectrometer) -
BL3.2Ua: PES Fulasnsou
9 Ja <
20. ﬂa@ii}ﬁﬂiﬁﬁu@mﬂﬁi@u
Hitachi
(Scanning electron microscope) S-5000
Japan
A a
21. 1n30da Ao
(Sputtering machine) - -
2] 4
22. NYDITNOU
(Argon gas) 99.997% PRAXAIR
%) a
23. NYDDNAWIIU
(Oxygen gas) 99.997% PRAXAIR
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3.2 MIinNaaoy
321 mazenta IfhensAedaiue Tua
Tuniseendladiuiiueendiou nsisaassunidddonnaznisnan
Twdewlalaaelsi vz 154 Ilfhue Tualumsifal§ser Tasazsnsannd I fhans
Aeinh FTowo,Bivo, e ldiiusa e Tua Taefisuasumsszendasoliil
3.2.1.1 msasouss i FTo/wo /Bivo, (uusisy)
Tunmsadouan Wi Fro/wo,Bivo, 121938 msesa Wo, uag Bivo, 43
iMAHA Spin coating 28] TaeiseaziBoatunouse lui
® mismsouaITAZaly
1) \3oud1582a18 0.1 M WO,
WIINAITAZANIAINA1IINNTANIAAN (H,WO,) 1.2492 nTu azatsazatslu

a

A A aa S o A o <
ﬂilﬂ@ﬁ 50 Haaang ﬁ]’]ﬂuuu']ﬁ’]ﬁaga’]ﬂllﬂ Reflux ngauvigy 60 C Lﬂunm 1

U

I A

wu. 9z lddsazate 0.1 M WO, Tasaruguilsuas iy 50 Taddaasarenms
1AM 30% NH,OH aasana1vmziinis Reflux
2) 1M38UE15aa18 0.05 M BiVO,

IMIINAITAZAIWAINAIIDIN 0.1 M Bi(NO,),*5H,0 1.2127 n3u Tu

= [

Aa aa | &’
Acetic acid 25 Haaans aza1eawimiemeIn uaz 0.1 M C,H,,0,V 0.6622
a5y Tue1sazans Acetyl acetone 25 Haaans avarvaulaaisazarediven

9 9
nntuhasazaensaeunrauiug1d 0.05 M Bivo,

®  DITATNAITANE I 1AL UA ITONTL
v
manuaze1av ldiingzan FTO ¥11a 2x3 %1, Sonicate 1 1 M NaOH

< g o go} v d o w ' o g { o
3uran 30 m‘ﬁ i]1ﬂuu‘wmamﬁzmﬂ@aﬁEu,’émmaauazmﬂamﬂuamumulﬂ HT’U’JU]JV\I%}‘I'I?WH

i
[

Y Y o =X 9 ax ~ < I
ANUATDIALAINIATITDE DY 0.1 M WO, LAININITATIAIYITUYUNDATUTI 1000 rpm L‘]Jl.l

q

= 0

9 Y H H
nat 1 ui vindwihva lWdha ldeunguugi 150

U

I =~ 3’, ) 2‘, Y
cuman 5w anuihva ldihvea
. Y o =2 Y  ax A o <3 < ~ o
#1382818 0.05 M BiVO, 1a3911015834A2835HYUNDA3 133 1000 rpm 1Jua1 1 11 9101y

Y
o a

9 <Ay A o . & a o % v . Y Y o
1 lWiha ldsuneanal 150 c Wumar s um wazmaau lasuvea BiVO, 5 U HaIU

q Y

9
Q/

W Wi 18 Tdwneamngil 550°C Aunan 1 . aldva IW#h Frowo,Bivo,

Q G

45



F 4
3.2.1.2 mswannIasenya Wi ITo/wo, NRs/Bivo, uas
ITO/WO,dense /BiVO,
I o 2 2 o o an a < '
HuMINAUINITA39a1309a211 WO, Tae7t atlamess WO, 1iluung
w1 Tu (Nanorods; NRs) [29] uazflduunavumiuitenfFouieudsz@nsamnsinal§asen
v Y
pondatuveeva Iihue Tua Tasihia 1 FTO uaz 1TO unszuiumsadames
Y v
Glancing-angle deposition Tawain 19#h FTO tag 1TO %zmﬁmu 85 0ar nuihisaau dmsy
[ 1 o @ [ o [ (Y] 4
wiaaueen laggUuuuuiann Tu uagviyw 45 oem nuithiiaau dnfuiiaaueen lad
a Jd T <3| [ -6 4 o ' (24

sUnvvdduuanuesy meludugyaInAnINaY 5.6 x 10° mbar DINUUTINTHIUN S

a %) o o w
PONFULALANIFDIINOUAL8DATINIT 1HA 24 scem 1AZ 6 scem (em/min) AIUEINU AIUAY

[ 1 v

aszua lihneluszuui 0.3 A luvnzimdsatames wo, asuuind Wil Fro wag 1To umu

@ g‘; 9| Y v A 1 a o 1
595092 Iihaznyuaaeanaidreonneh Tasanurunveaunau Tumazlanuanu iy
2 ™ Aq Y Y 7 £ v & 9
yuegnunamldaiensmaueon laanieluszou vinuusz 1847 Wil ITo/wo, NRs az

v H [

ITO/WO, dense 111972 1017 14 115 srfuaisazate 0.05 M BivO, Ntaseua1ea5uuunau (spin

. 1 = Y @ v 9 A =3 Y g’; Y a =
coating) 1FUIABINUN VWD NHIUN AFITHATY 5 FU A20NATIANITATIVUNRYULAZIN
2 g 1 ) &)
1 1 Hhdaua 450°C 84 550°C Huwnan 1 . 92 1842 1Wih 1To/wo, NRs/Bivo, 1ag ITO/WO,

dense/BiVO, AMUA1AL

9
e Y é -
322 fnvauiavesya Iihersnedariwe Tua
] Y Y Y H
die'ldan Wi lunaazaunoundd i Idihn 18 lUdnmauiansaeuaues
aouauazdnd Il e lWihatilszaniamlumsiial jisoeendiasuiianga Tasi

Y Y
1 Iandnusiseazdeaas 111l

o 4 o 4
3.22.1 Aawianyaziuivesva Inih
o g}/ d' U &} a 4
Wit I nlddnu1dnyae UAIA181AT 09 Scanning electron
, ~ . . X A 2y 4
microscope (SEM) a1an3nfntianyas dagivuesiuiai liihuazanumuuesfuaisna

9 v [
anihuuain T 1 Tagaziin1sasaa1snaa1iasuudi15095Y Silicon wafer 341849015

4
A3 IAAENATIAL
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3222 FAnwiauiamsaeyaueneuaiuasing IWi (Photoelectrocatalysis)
o & Y Ay Yy = wa ' o Y Y
i I ldundnuanifnsaeuauosnoudatazdng llidqe
1] A ¥ ° 1 QU {
n3eaaermanil Wi azsihnmsdnuluane 1duaaaz liliueas Taelddng i aeh
F) a 9 o 1Y) Y 19 Y a A a3
AemAlln Amperometry Wiounumsaauan1z ludwag lulduaann 9 10 3ud dunai 9o
a =\ ad 4 A = a A a Aaan
i Tudisazaredianlag lan 0.5 M Na,SO, tiedAny1lsz@nininlunisial§ase
a o ¥ Y I a = = 1 A A
290FIAT UV I na1eueend o TagfTeuMeunainszuaninaInnszuIUAT
a Y ) = = ) 1 dy
PONTATUVDITZUU eI AnKIMNTIgazDenridvene 111
=< [ 1 [ a| d & % )
) fAnwianbuzuazglitedugivvesilanaisnednil wo, uag
QUUYNMHIZAY

2) ANHIAWHUINBIAITNIANN WO,
' ' ' M '
weomannziangalumsadein lfluielsluszuuaslyl

3223 famanudiuniuniunil Wi
e T hn 1diannun e i (Working electrode) 1ive
Anymanumumutazanuanaail lihdrematia Electrochemical impedance spectroscopy

y @ 1 1 1 adg @ {a g
(EIS) tWodudumsssganudanasoutaz anyazanungur i 1w

o &
3.2.24 AnMIauUANITGANA MU UAUAYYONINNGININYEIY INH1
o 3’/ 9 ~ Y o ,é! = wa = o U
17 TWiha ldwanyvanAnyauiamsganauudaazmuiuna
LOVFBIINNEITU (Band gap energy) 1as141AT09 UV-Vis spectrophotometer 1AI11819AAYU

9
%33 300 — 800 uﬂumm %TﬂHUﬁTUUmﬁTﬂTLLﬂU‘K@Q’JNWﬂQQTuﬁ)’Jﬂ Tuac’s equation
ahv = (hv — Ej)" (3.1)
A Ao a £ A A ~ %
e O fno ﬂ"lﬁ?J‘]JiSﬁTl‘ﬁﬂ"liﬁ]ﬂﬂﬁu, h A9 AANNUDIULNIA (Plank’s constant)

A a A 9 A A = a
V A9 ANUDUDAULEAN, Eg A9 AMWAINUUDVY HAS n AD 1 YID 1/2 HUIYD ﬂ”liL‘]JﬁflLlIﬂfJﬁﬁ\i

A = Yy KX o o o w
wse mslasu lagoen vesa1sneaimINaIAY
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3225 Fasiawalnseatnmdnvesilauyninamii i
e i Idiannduundnuamiannuilundndroni s Xray
diffractometer (XRD) iioasavarenIasaaiisvosnaninisnaimiin lih
3226 Fawevafszneyntuniives ity

v o 9 & 4
197 I Tdwannduindneiesnlseneumaniaiensed Xoray

4 4 a a gﬁ
photoelectron spectrometer (XPS) 1iaa3 90U uai09Ad sz noumaniiusnarvthid Tnih

4
323 fnuimwnanla@eylalinaslsm
¥ Y
woanuauaveava liihdune TuaFeudesnds 1dviimsdnyinanaa
9
Tmmenlalinas lsnvesin il luasazareIsaounanlsa lasldimatialdladidnlas
a gjz o d' a =) o’d'd Aa A

azaz lafn Mndummsmanmznmnzanlumsnaa Ts@enlaTdaae lsnnulszansam

=2 a Jd g
gaga TagazAnymsdmoiae 1l

=

LY 9 Y
1) fAnwwavessdng i nIx luszuy
= Yy 9 A g )
2) ANHIHAVDIANUINVUITUAUVUDIAITAIAU TUTL LD
{q
3) AnuiravesaNudutaan 1 lussuy
= 1 a Aaan g’/ 9
4) dnpnalnmsssmanalgaseruuas Idihluszu

Y
5) anwuFeuieviszansnmmsnaala@enlalnas lsvialeu 1l

b 9 H Y
@QL@ML!Q$%31W’W1%W@JH1%H

a Y = = ' an
Tﬂt’lWiﬂim1Wai]Tﬂﬂﬁﬁ‘i’m’Jﬂﬂ'ilﬂmﬂl@ﬁi‘;]ﬂﬂﬂllllEIIﬂﬂﬁE]Uliﬂﬁj’JEJ’J‘ﬁﬂﬁﬂI@\‘l Chand Pasha t1ag

B. Narayana [30]

o o 9
3.2.4 fAnymImsamsounIdddeu
1&vihmsdneimsmdaasdunigadon Tsamduil (Rh B) Taslduannis v la
ad = A = Aa a o o an gy = a 4
aanlasaza lada monfSeumeudszaninumamdaaisniadon Tagazdnyinistmes

Y
aaae il
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1)
2)
3)
4)
5)
6)

Anywaveen pH luszyuw
Anumaveamdns lihn ¥ luszuy

= ad J
ANYINAYDIAITAZAeDEaN INg lan luszuy
= P ~Aq Y
AnyINavDIn NUENLEIN 19 U U

9
anena lnmasamanadgas e lnihluszuy

b4
v A [

Y
AnpulSeumevdszaninmaiamealsaiuddlresa Tuiaaaui

g’/ 9| A o da! Aa A o w a A
9 Tdhiandu uazszeznanangalunsmon lsamudl

o a 4 a a .
Tagazrmsneimsanasvesansniidon 15aiiuil dremaiin UV-Vis spectrophotometry
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P
unn 4

wan1sveuazenUsiona

41 wamaanmawiousa Ifhasieiniue Tua wo, meumaiinalaneds
vinmsianna 1Wih rowo,Bivo, ieldifua nfue Tua Taomsadailduing
¥09 WO, lugtuuulduieunuuniy (Dense film; dense)ag TugiunuuvauiTu (Nanorods;
NRs) Sromadinaiamess vuimihin i imo uaz @ BiVO, DUAYITI1 ITO/WO, #28
MIASTIUDURYUATNEIAY wﬁ’qmﬂﬁ’uﬁmmwm‘iﬂ’a"h/\l%’\hﬁqmwgﬁ 450 — 550°C NAIAU 1AL

v 9
MmsAnpIaNiaa1 o veard i ldnamsdnyidaae liil

9
4.1.1 wamsfnuanyaduguInavesdaiiih
=< @ 1 o Y A E % a
msfnpIanyuzuayglitvesva i rowo, ieseulddremaiin
a ¥ Y o = 1 L Y ama o = o o
dtlamos sy 1811015059 WO, aquuuny Si wafer a28351A0 N UIAZANBIAN YL TUTIU
Ineaemaiin Scanning Electron Microscopy (SEM) UNUNITIAINATZIN ITO/WO, Tagnsa
A =< ' ) ¥ v 9 ' = voA ' " v
1119991NN13ATI WO, A9UULHY Si wafer 1UAT193A20 SEM Monagiizilsen 18 luuanaiany
N13A39 WO, a4UUNTZIN ITO MIAMTANHININAAVIN (Cross sectional view) 31N1AT0I SEM
[ =1 1 Y [y d' 1 o Iy =8 d' [ 1 [
WUINTOBUNUINAITOITUNDIMAN 9 M 1HUNITATI WO, Nanbazuana 1NN 1agn1s
] o { o a o { [ 1 I [ a Jd
Peoaunusosu 45° ik ldiduunentianyag gUsraiudnyagilannig (Dense film) Y04
[ ~ 1 (% { o ¢ A 1 I [
wo, sanaaslugld 4.1 41 wagmsBeaunusess v 85° il landuniizlsraduumaunTu

(% A a d H
(Nanorods; NRs) 494 WO, adtaaalugii 4.1 ¥11 Tasaruquanuruivesdlay wo, ¥94nd

@ Y Y [ A J a d ¥ [ =
amaﬂymzclwﬁlﬂammﬂumﬂgﬂw 4.1 wmwmnmummWamWQ MNADNANHUSUAIIUNUN

9
%

Y

MIAY 250 nm asni Ui T ITo/wo, aana1auaie Bivo, Ademaiansasauyy

g‘; Y A a [ A = ' g}/
vyunaziinsr i Ilihfguwgil 450 — 550°C fegal 4.2 TanuI10YNIAVOL BiVO, U
nszedegmuuuilduuues wo, (317 4.2 A-C) uag dunaiineynnves Bivo, nszae
o 1 1 1 ~ 2 A = ad 1 1 A
A09999719MNuna Tuflgniu (319 4.2 D-F) uafiguvgiaaua 500°C WO, unau Tuisu
a I j} = [ A A a Y o @ 1
mamsvaouihmiioedny (U7 4.2 D-E) Tuvazh wo, Hauaiudinsansuz iy
a o 1 a [ g’/ o E’f; FY d‘d [ 1 [ 1 = V2
Wauueeglunnguund viasaniuwihar lWihildnyazgilseainanuaniguianig

T lanzaz laAnd mSumanalfnseeongaduas 11



oo o e e | B
NCTC 10.0kV 5.6mm x100k SE(UL) 500nm NCTC 10.0kV 5.7mm x100k SE(UL)

[ U
500nm

A \ o lﬂl a 0 o U
31/9 4.2 31018 SEM 904 (A-C) WO, dense/BiVO, HAWMNQUNYI 450, 500 ag 550°C Aua1AL

a

1ag (D-F) WO, NRs/BiVO, HAQHINQaHgll 450, 500 Az 550°C gua1al UULHY Si wafer

U
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412 wanisAnuiautianiaIdladidnlnsazas ladndimiunsiial§isen
oonAtY
4121 wamsfnundnyuziazglinvesmstednh wo, uazquungdi
mnzauseamian I Taddn Tasnzas ladndmumaial§iseendiadu
msAnmauian i ladianlasazaz ladgndmiumanalise
oonFATUIz YR Iih ITO/WO,/BiVO, ﬁﬁ’ﬂymzuazgﬂinmm WO, UanaNNu Iagiinig
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v g . a o kS A I ad
wu192 193 ITO/WO, dense/Bivo, Nmnarsgmyini 500°C iniiauaniannuilulnlad@n
H { 1 a
Tasazaz ladnlumsinalfnseoonFadureuirmiani1 ITO/WO, NRs/Bivo, Tunngumgil
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v @ o

A ' = Y] ' A A v v
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=

Aa v d' ] 9Y o =4 (% ) ) =4 1 1
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1 a1 ! 1 aaa a Y
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2 { J IS 1 I 1 J = y y ~
yoanavitigUsadumanTwilull 18ennagisrwesildauuie 311 ilesninmsianeun

lé 3 o

H v
yoa1lszguesaisnigani wo, idnvazuazgiliaanaesnuinldanudunivvesys Tuilu

1 a 1 1 ' % 1 ] < 1 A aa 1 1%
LW]az%u@%ﬁﬁﬂ“!ﬁﬂﬁ']\umuﬂu Ll@]aﬂ’l\illiﬂ@’llﬂ/‘lU'J’]ﬂ’lilWﬂquﬂﬂﬂJﬂﬂJ']ﬂﬂ'ﬂ 500°C N

U
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Abstract

In this research, sodium hypochlorite production was studied by the photoelectrocatalytic process
under visible light irradiation. WO, and BiVO, composited films were deposited on fluorine-doped tin oxide
(FTO) conducting glasses by the spin coating technique and used these electrodes for producing sodium
hypochlorite in sodium chloride solution. The effect of applied potential, precursor concentration, power of the
light source, electrode size and number of electrodes were studied for the optimum condition of the production
process. The efficiency of sodium hypochlorite production was monitored by UV-Vis spectrophotometer. As a
result, the optimum condition was presented at the applied potential of 2.5 V, 2.0 M of sodium chloride, 28W
of visible light source, electrode size 12 em” and 3 electrodes which that could produce sodium hypochlorite up
to 5.975 ppm for 1 h. Demonstrate that such technique is an attractive option for the production of sodium

hypochlorite as savings, fast and efficient compared to traditional chemical techniques.

Keywords: Tungsten oxide, Bismuth vanadate. Photoelectrocatalytic process, Sodium hypochlorite production
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Abstract

The tungsten oxide (WOs) and bismuth vanadate (BiVQs) thin films were successfully deposited on indium
doped tin oxide (ITO) by glancing angle deposition (GLAD) sputtering and spin coating technique, respectively. The
composited thin films were characterized by field — emission scanning electron microscopy (FE-SEM) and X-ray
diffractometry (XRD). The photoelectrocatalytic water oxidation of ITTO/WO5 and ITTO/WOs/BiVO; electrodes were
compared under visible light irradiation. The coupled WO; and BiVQy are present the enhancing efficiency of water
oxidation comparing with single WOs. There are shown the improvement of charge transfer by using heterojunction
nanostructure semiconductor electrode in order to suppress the recombination effect and enhance an efticient of water
splitting.
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