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ABSTRACT

Eliminating air pollution including volatile organic compounds and pathogens in
enclosed spaces is particularly necessary for improving residents' quality of life. Therefore, this
research aimed to develop electrochemical methods which efficiently eliminated volatile organic
compounds and microorganisms contaminated in the air while simultaneously produced oxygen.
This would result in further establishing a high-efficiency air purification system.

The scope of this research was divided into two parts: The first part of the study aimed
to develop the preparation of bismuth tungstate (Bi,WOy) electrodes using the cyclic voltammetry
deposition technique to achieve high efficiency of removing organic substances and
microorganisms. The optimum conditions of Bi, WOy electrode preparation including the optimal
sintering temperature, the optical properties, the morphology, the crystal structure, and the
electrochemical properties concerning photoelectrocatalytic (PEC) properties. The second part of
PEC prototype cell was developed using WO,/BVO, as the photoanode and stainless steel as the
cathode electrode. A salt bridge was used in the system to complete the circuit and to feasibly
maximize the airflow to the electrode surfaces under the light irradiation and a bias potential.
In addition, an EC prototype cell was developed using stainless steel cathode and anode
electrodes in a 1.3 M sodium hydroxide solution with a bias potential of 5 volts.

The developed prototype cell was able to remove up to 100% of volatile organic
compounds and microorganisms and increase oxygen at the same time. This research could

lead to further development of an air purification system in various enclosed space systems.

Keywords: Photoelectrocatalytic cell, Electrocatalytic cell, Bismuth tungstate, Air purification
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2.2.1.3 Gas-Phase air filters
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~ — Bi:WOe BiVO: Smmm MmN pmgn S W sl
- Fei0s  WOs o = :07H.
: o= c_dse —_— 2.4pv 11V —
E " I\ O/ = -
= = — | |cou/cHsoH
¢ 2.8eV 3.2eV r E
?. A = i ]T;Q-V— e ;-6;\; ------- 2-; -\) -------- ;-3;\-/ ------------------ : *0:/H:0
3 2.1ev | ™ 4e 2.4eV
o“ = p—
: =1
$2.0 m— == I
i .
-
— ==
e [ QPSS e

AT 2.7 WOUNSNNUTDIANTNIRLaz AN g TN SAnTULaL D NTATUVDIUN
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2.4.2 NMSWAIUINITAINIUUTZINRINTND b

9

=

dloansfsdiahldsundanuuasauannsoliiAanisueniuvesdse fe
Bidnmseu () Tufuaunsthuay Tea (h*) Auauaniaud audiiu minlsidinnsaneloulszed
Antuluiidu Usspaesenduinsuiudneds inFennszuaunisfna1nin recombination
effect Feazdamaliuszavivesialnihanas fedunisiauinszuiunsdsinlssafiintud
Awthtalwihdehfianuddgdddunafiuvssaninmmaiaufaseldinniian fauandy

AR 2.8 anInTsiseansaeulsEUesaEn s

- MTFINTASRY e ¢ @UTaNAUINTZUINNTASRUUTEIAINA LG
Tasmsifinansfsiahidsmdsnuiiuaumsiiuazuauriaudfimneauauaiuasiadii
fegidulunszuiunsseinsduindidnaseuaansansgildlasnsifivansiadiniidsgsu
wdanuALaunsthniansAsiudy

- M3sansdry bt : WeansisiuiAuldundsnuuansedu
Bidnasoutulufuaunisiud, Sidnaseuazgnasleuludiuaunisthvesansiadnidilad
drlulfiAnnisuensgninsdiinaseunasloaldfdeludmiunisdsnisdwiiulea (h*) ag

mmmﬁﬂoﬁmEJmam’?qmsﬁa&hmmmszmwé’amuﬁLLmnwLausﬁqmdwme%ausﬁmaamiﬁﬂ

ALLAL

1 4 i § ~\6) o

g |

0 TR e : o 47 € o

e CIN@N ) ¢ R

G | P hv ! +1 4 pe R

+2 -+ I +2 + :“—VBSE

' VB ' ' '

ANEEE S 0] VB ' '
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(A) (B)

AW 2.8 LanIN1539n15deRUUIEURENsAiat (A) n1ssen1sdwruBianaseu (e) (B)

ANSLS9NNSEINIUYDI19 (h)



2.4.3 NMSWAIUIANYAUERINTNI LN

[ [ 1 a

o L a  w = 0
nMse Nz NN aud R duee1ed

o

d' I a d'
3 1 a9 U UUS IR
a1539nBLTMNNEAzUNLAR waziAnn1satelaudianasaulriut iy dnwuziinnd1nd
dy QlIQ 1 QI a a a d! LY o Y @ 1 = d! 9
NUNRININNIELAUUTEANTAINNNTINNERAVRIE AN AT URE19R Feaunsanaunlalae
ANSLMSIUATNIAUN AL AN WL IATIAS19TANIY KTBNISTWHAILIITYINANUALDIANUN NI

PnAelAAan1sTaRauasNdulaRLINTU

2.5 wmadan1smseuNauU19a15n9RUN
2.5.1 wallaawUsdglnlslada (Spray Pyrolysis Technique)

wedeawsdlnlslada Wudnimadaifeuliansazarglunissdouiiduuns ng
thasazaneinIoulddanusaeasdifiuazessleyludsiansesiu (Substrate) uaglv
anudeututansesiu dmsiimesivanvansdmiunsnionnsiiduun lumadeasd
Inlslada ldun Snanslne guugll szeshevesiadaiviiuiin suianen anududuvesas
st warUBimsvesansaraIEEnY N1SATEATSEN A ANEANIRIL NTHUILNIINTEAIBTDS
aventany v lhiduazeswaznisaaiesaneniuden fadudunoufiddalunaln
nszvrumsinlsladauuuaiuss (1-3] duanslunind 2.9 wenandiidefvaretszns wu
(1) annsawdeiiduuiaduiu fgngu uazesdusznaufishaty (2) Anusuesiiduanunso
AauAutadtelaen1sUsunslmesinssunisiimuizay (3) wataaUsdlnlslagaiian

= v S ¥

Urgssnwsuarldndanudn uddwmatieawsdlnlslagasvivenvaisusenis uwidadldody

WU (1) m3venewnanariilaen (2) Weamglilugeddglunisasailduuns

o



Atomizer

Atomizer
control

_Droplet transport |Mmechanism

Spray nozzle

Spray solution

Substrate

Temperature
controller

A 2.9 nMswdsuilduusinenisassinislada (Spray Pyrolysis Technique)
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2.5.2 wedialgaLaa (Sol gel Technique)

Wumadanianudrslunisieseunduursvunuialanensonii n1sasias

Ypsfduulaelvanalaudunau Ao (A) NISWSoNaIsazatunIny (1) nsazaulsauuans

farulaglgIS SNz (A) NMSEAINUSBULNBLIAS sUNALLNATAALRAEINNSOMNYBEMATL

35n5lunmsvinliAsflduanansenseuIunstadauleduae sl

1) MsiAfiauluunay (Spin coating) 351 lwaargninsuuIUMIULUILBUT

wyualadeiion1snszeimnvnzauiunseisunalatelaglinganuiiangenis

LAFBULAZUIIMIEY FeA NI AIUANTAEALS AT ANUELTULEEAUNTnTS

A1582aN0099U [4-6] ALAAILUAINTA 2.10
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Depositing the Rotational Evaporation of
solution spreading out solvent

AN 2.10 NISWTEUTENUNSAIEARBULUUMYY (Spin coating)
W7 : https://www.researchgate.net

= ' . . = & Aa A =
2) NMstAfounuUY (Dip coating) LIUNISYUN U AT AoInIsiAdauly
asazaeeseuld fen1svinliwiieg195Ia5) Wy N15aU YInleiduRnuiaditaue wagdl

UszdnSnnlagn1susunainisgy nawihliuie wasdiuiuseulivangay [7-10] Aauwananin

211
Substrate
Coating
Precursor Y l ,v/
solution \7 '
\‘ pV . : . [ © ¢ *
° - » ® ° e
o (ML J B (s =2 oV N £ 2
. ® o. Q. o L) °
d " o* : - L,
Step 1 Step 2 7 Step 3 Step 4

AN 2.11 MIwsEauuIIenIsnasukuUId (Dip coating)

s : https.//www tri-entoenec.co.th
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aa aady A v
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Igetukazianununiwuizay (2) 35n1slwaavinlvaisazatedanududameriulen

danalviflduiiuseangainniawasas wae (3) wedaiiduinsivdwnden sgdlsinumaina
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naniidaiivednia Ae (1) Sasilamiiunsdanizuaznisvanasn wag (2) ANUERETUeN
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NAUFNATIENTITIRDILNTN UL LAY

2.5.3 wmailalglasimesuea (Hydrothermal Technique)

[
a v A

FRTanvauzRNIzLazNsEUIUNSPARUNANaTA L dUN T8RN 1ITINa DY

a

dgumgiigeavdanuduas 5lelaswmesusaldiuegraunsvarglunsdunsisindnifen
lasasiaunly wasilduursvedlangeonlen atiadviibiialasaasialay [11] 3Usiasiieg

Wy WUy wisuly wludn aeldaniganuiouas WSy Aunila ANUnEILY

Y a

WazAMUAULD AIwaRININg 2.12 wedananann dilvednatausenisae (1) Trlassasiaunly

a 1

WU free standing (2) 1 Uu3sAvaenfsdmsuiinn simsouflauuuiuindanguls madla

)

a A

ANNUTEVSleNTUTU UM lAnU ATeN

Y

Yo

lelasmesueaaunsaasiwmadnuazyiliiand

Timungay agralsimumaiaddslidasndade (1) Wumadaildiaiwazndsauuin (2) 1

anusadunanalnnisasnaidule

ZNR/NF binder
free electrode

Transferred to Hydrothermal
autoclave reaction

ZNR/NF binder free
electrode

Precursors (Zn, Ni) Precursors containing
added and stirred solution and Ni foam
(1em?)

Reacted at 180 °C
for 2 hours

A 2.12 mswSeuilduuisiemaialalasinesuea (Hydrothermal Technique) [12]

2.5.4 watian1sesenilauniaadlnii (Electrodeposition Technique)

nswndeuiiuiamemaianiseisuiidumaadlniinduisdivssansamuas
Juiideudmiunmsdauenesiiduunsuuslnilassadieunlu anlnuednglifilusuuuy
agAe Tnudloauan@n (potentiostatic) Aalluawnfn (salvanostatic) uagiadlniugea
(pulsed potential) [13, 14] lassas1auazauantis ug vosianilduursiiszgnarunulng

WI5I0LMBS N1SUSUAT 98915851918 Y WU e ldlunsaknuwazAInsewd Adne b



A1 pH waresrUsznovvedianinslas dwansnmi 2.13 wedladenaniided wu (1) dn5on
ineAvesansiaiiuiuiminian (2) F5ddnsnennuvesasus i Tlniuay

AuaueAlsznaulan widaldedndnvesnisidansasaenduasenaunsaldlniesnsaufen

(%
[

uisnnsnauudes uaglianmnsawseudivwafivele esandumaianftuneudigeenn

or——il

Ag/AGCI ... A
s=** Pt electrode
FTO =====q=» N
Bi,WO,
QruUKA 80 °C

AW 2.13 nswseuiiduunanaadlng (Electrodeposition Technique)

2.5.5 matinatamaiss (Sputtering Technique)

'
U =

n1siadeukuuilanuslagnszuIunsalainesse Jagaggniadeuriniig
Jutalwiualne (Substrate) danansnni 2.14 lnefinsdesazgndoudunusnaurni
YBIAIAWU dNalioUNIANIBBNNIVIEININNITNTLAUYNATIUUATHIAUT s0g AN ALY
viesgaaIna wagloreulsyauiniiindanugnzgnnssduliluineiidvanevsetanualng
6 1 ¥ ¥ U = 1 aaa s
n1sadamesarunsawtsliviateyseian laun wundaseuatames Ugaseradames n1s
alamasauastloosu Funaliatidaffeaiuisaniuauainunuivasilaulaagiau uen
IgdnwaeRauniseudou aiaueuasyiuwiandfvedidulasg1aninewing udeegslsinim
& v | = v = o 4 A o
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ground

| Substrate I

o ®
Sputter .. o

— 1
Gas inlet Ar+\]/ @®

Target I

High voltage -

AN 2.14 msissnauusieweiiaatawesss (Sputtering Technique)
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2.6 UMDYV

nsiawmaialiledianinsazazlafnlasuanuaulaiinvssyndldiuanuiiu
WFIuRazE WwIndoudusg1aunsnats [15-20] iesandumadaidussdnsamgs
nsvvaunshigsenn iulinsdedannden uaglidunuim nswammadailndidninsay
pglafnvinldmannvaneds [21] wu madenaisissithilivansandifliiuaundsnuuay el
aansogandunadutisueaiu SealuTinumnnfianlulasssund wasiiiuouiniaudiil
FngluliiduuanunniieliiAnujaseteendinduldiiueded Fanuitansisdnidativ
NUNAR (BIVO,) [22, 23] uay vivamusanlan (WO,) [24-26] lasuanuaulanauniueti
1N ﬁaaaﬂiﬁqé}’aﬁﬂﬁy’qaaqé]’aﬁﬂmauﬁaﬁm6’] pssfURFeINsvesans At iagamiamdy
T2l weluassnanudreduldiluegned (14, 27, 28] wiegalsfmuansiaditiidean
woundsnuniuisiidaiuiiiaulaiamidesandauauanauslusuuanunyinli
Anenangslunisiiauiseneendintulad wu Tadvivivawem (Bi,WO,) [29-31] waglnnudey
Tneanles (TIO,) [32-34] UBNIINNSIEDNANTAITIITIALIZALLED NSRALINTZUIUNTTHTS
flduursansssimhasuuiansesiu Midusnidedildsunuaulafmuniiediudszansam
nainufAsevesestaliinluwadinlndidninsezarlain Taswadanswdonfiduuisans
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Y o
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A v = =

gegnn Wansiedliunuazlidunse Hddyfedesdanuaiesvosildauuisilivazfoudu

a A va A Yo aa I 1Y avy
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v

FalvannvaswailanunidedeunmuiowmssuiauuisansnemutuuRveg Wil wu
watlansalUsdinaeu (spray coating) [2, 35, 36] waginailpatniness [22, 24, 26, 34]
~ & A Ao a a A a6 v & | a ' ~
Fadumatiandusz@nsamiainnsoniuauaunuvesfldauuslaidueged wioaasd

TuppunAsut1aIsTuney wazltasiadl waziasesdenisiaune wataalulanss (Spin

v Aa dll =

coating) [20, 21, 371 {Wudnmadiantsntnide feuinuiowseuiiauunituneuligaen

v ax o ¢ aa

LLG]I’EJEJI’]\‘IbLiﬁﬁ]"IﬂJENiJSUQR]O’] G]ﬁ’mﬂWiﬂ’J‘Uﬂ}Iﬂ’DWiJWU’]“UB\iWaiJVIZLIﬂ’NNLQ‘W’]%L@U’]SQQLLﬁSﬂ’J’]ﬂJF’]\W]‘L!

A5TALAEYINANUN Fenuddetaulanaziauinisesoudludmemedaauaillud e
paUlangainan Inseuinnseseuiauiiang danukiugwarUseansnnuesNanaAmu way

walaguindeu (Dip coating) [10, 26, 27, 38] Wudnuilavnalaldsuaruaulonmun

' [ '
=

Wesnnlianudeuazasainluniswieuilay dsunisnaunaumedaniinssuiunsidegen

Iodunianuamy dusgansamadlunisifiaufite) uaranunsavenganaladeg Junuigay
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o aa a o A

Wuee9d Tnsnmsiaunmeialiladianinsezezlann Saildnnisinesniaidainuddy
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a’lmmLﬁlu‘dizﬁﬁngmweuaﬁiz‘u‘uﬁaﬂ’ﬁaaﬂLLUUL%E?G’TULL‘U‘U (Reactor prototype design)
fansnsiundsdliiuelun ualnn sundsasali nsenuauendnglaiih uazmsaiue
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3.1 1A303%0 aunIal uazasiall

3.1.1. @15LAdl

AMEIGEY

bNIM

Ay
g1o

1. lmdoulansonlyn
(Sodium hydroxide; NaOH)
2. LlNUBA
(Ethanol; CH,CH;0OH)
3. lgiReupaslsn
(Sodium chloride; NaCl)
4. NIAVIERN
(Tungstic acid; H,WO,)
5. wenluideulansonlya
(Ammonium hydroxide; NH;OH)
6. Tadm-(l) luwwsn inupglansn
(Bismuth (Ill) nitrate pentahydrate;
Bi(NO3); «5H,0)
7. mnden (V) eonlss ozdfaosdlnum
(Vanadium (IV) oxide acetylacetonate
; C1oH1405V)
8. NINOLAAN
(Acetic acid; CH;COOH)

9. Wwiduug (Methylene Blue)

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Univar

ACL Lab scan

Univar

Sigma-aldrich

ACL Lab scan

Sigma-Aldrich

Merck

RCI Lab scan

Unilab



CUEIGEY HED) B
10. lensondiofia lwaglaa
(Hydroxyethyl Cellulose; HEC) _ _
11. Tnunaeslansonlyn Analytical reagent Univar
(Potassium Hydroxide; KOH)
12. upaWoulansonlyn Commercial grade
(Calcium hydroxide; Ca(OH),) )
13. lnpendaine Analytical reagent KEMAUS
(Sodium sulfate; Na,SO,)
14. Tululwifsy Woan Analytical reagent Univar

(Monosodium Phosphate; NaH,PO,)
15.0¢®1nu (Acetone ; CsH:O)

16.Wes50adlen (Formaldehyde; HCHO)

Analytical reagent

Commercial grade

ACL Lab scan




3.1.2 \n30silouargunsal

\n3asila/gunsal \nN3A Bvio
1. nszanilnvin Bangkok Solar Co., Ltd.
(Fluorine doped Tin Oxide : FTO) Thailand.
2. el (Copper wire) - :
3. 9NWBNLITU (Epoxy resin) DURO 20 Pettex, Thailand
4. 1911 (Furnace) - Wisd, China
5. gnaAdu (Hood) - VATIGUL, Thailand
6. \BanIuans (Hotplate Stirrer) MSH-20A Wisd, China
7. 0sdnsnige
WUC-AO02H Wisd, China
(Ultrasonic Cleaner)
8. 130e¥auszanaAaliih
PM3 Sanwa
(Multimeter)
9. Wuzauang Model CT-308B SOLDERING IRON
10. w3aviaszivnslagi Polarization unit

11.

12.

13.

14.

15.

16.

(Potentiostat Meter)

LASIRTIVIALAADDNTLAU
(Oxygen sensor)
P19

(Reference Electrode)
$7lwiihee (Counter Electrode)

PINAanuLaaaRa
(Stainless steel)
LAIBINTIVINAMNINBINIA

(Air quality sensor)

\A3093elWAT (DC power supply)

PS 07

NPS306W

Ag/AgCL

Pt

WANPTEK

SMART Sensor

SMART Sensor



A aa a

17. w3a9ineA-2adaaniasinlndlines

Y

UV-1601 SHIMADZU, Japan
(UV-Vis Spectrophotometer)
d19103 N30 fva
18. NdBIaNIIAUBLANATOULUUEDN
A57¢ (Scanning Electron JSM6510 JEOL
Microscope)
19. p3aT ARSI ELENT RINT 200HT Rigaku

(X-Ray Diffraction Analysis)

3.2 NNINNADY

3.2.1 mawseutaliihansissatuelun
nanenomAkaziinendinuazdedddaluihueluslunsviilfiAnugasen
sondadu Tnseuddedisnaulaamnansisiihdasmiamn (Bismuth tungstate; Bi,WOyg)
\ierssasuunszaniiliii (Fluorine doped Tin Oxide; FTO) fhewadia Cyclic Voltammetry
Deposition wagiUSeuiieuiuansiasthiisanueanladuas Samninunam (WO,/BIVO,) Uy

nszanilnii FTO smemelianisundeusnludf lneliseasidendall

3.2.1.1. Msm3gunszanidalwil (Fluorine doped Tin Oxide; FTO)

53t @ usunisnsansnafaidasinsisaan (Bismuth
tungstate; Bi,WO,) i on3sasuunszandluiia (FTO) daemadia Cyclic Voltammetry
Deposition wazn1swisntalniarshesaiiamueanlaiuas Jamninuam (WO,/BIVO,)
afeavhanuazemnszanialii FTO Tnsdnssanirlniafiduun mnunis x 813 wiiu
2 x 3 wuing auduseuselUdl (1) Sonicate fu detergent nanindudunan 10 Wit (2)
Sonicate U 3 M Sodium hydroxide (NaOH) t8uian 30 undl (3) Sonicate fu Ethanol 1Ju
na 10 Wit (4) Sonicate funay Wunan 10 wiit nduse3liuds udnhnszanlih
FTO vhAnuazeraudauniasnsiiliia (nszan FTO fldazihlnihéuiien) anntduuds
Nufin1sieuresnszandilnia FTO drudivrlaialdilauan 31 x 917 wirdu 2 x 3

a v g./l =) t-:ll
WURLLAS FalanstunaunsesenlunIng 3.1



2cm

v’ Sonicate iU detergent nantndWT N 10 Wnd

LY_J
wo I

v’ Sonicate iU 3 M Sodium hydroxide (NaOH) 1usaan 30 wadl
L ™ v Sonicate iU Ethanol Wutaan 10 und
3

v Sonicate futhndu Wan 10 uft

323N FTO

AN 3.1 FUMDUNITYINIANUAZDIANSEAnt WA FTO

3.2.1.2. Mswdenialiii FTO/BIL,WO, #ae3ansaistaliiiumeia Cyclic

voltammetry deposition

nswssutaliihuelunansissnh Jadmiaanasuunszani FTO
Fe3snsesetalniidomaialoadnliaunuund (Cyclic Voltammetry Deposition) Inei
s eNETazaE R (precursor solution) Bi,WOg Fupsnwa Diethylenetriamine penta
acetic acid (DTPA) 0.83 n5u azangluansazans 30% Ammonia (NH,OH) US11815 2.5 ml
Lagiitinduasiy 50 ml aulifansazanaiinsiu annthudn Bismuth(l) oxide (Bi,O5) 0.4 gl
WAz Ammonium meta tungstate hydrate ((NHg)sH,W;,040 -H,0) 0.15 N3y wdsanthnily
Tarmdouiigungd 80 ssriwaidvanieunuaisazansmasaiaiauldasazaraduiile
LU waaLds Nitric acid (HNO3) 1,190 ul wag Hydrogen peroxide (H,0,) 77 ul au
soiflosiigungd 80 ssmnwadoa unan 15 Wit Fuwansduneuniswieulunmi 3.2

vasnuuailulglunisn3silan Bi,wO, mewnaila Cyclic voltammetry deposition



H,0 Y3117 50 ml

11 0.83 ¢ DTPA awly Wiy 0.40 g Bi,O, way nauilgumgdl 80 °C ansazanedla
30% NH, U311¢5 2.5 ml 0.15 g (NH,);H,W,,0,,H,0 Wia HNO, 1190 pl uaz H,0, 77 pl

#1382818 Bi,WO, muﬁqmwgﬁ 80 °C, 15

a
U

MwA 3.2 Nsinssuansazangnsaulasmyisaey (Bi,WO,) dwsunisnssaliiiunaila Cyclic

Voltammetry Deposition

¥nszan FTO fivharuazeiauayuisaidnudaldidudladvieu (Working
electrode; WE) #7219y (Counter electrode; CE) 1JJu Pt Electrode way 1 8aBa
(Reference electrode; RE) 1u Ag/AgCl lnggudaliiwisawasluansazaisfafu Bi, WO
iioiihgnszuiunisniesemaila Cyclic Voltammetry Deposition Inearuauaidnglyii
Tuta9 -0.6 ¢ 0.8 Taadt waLBNIINTSAUNY (scan rate) WINAU 50 mV/s $1uau 30 58U 1
QauuQil 80 BIA AT ‘wé’qmﬂfuﬁgﬂﬁﬂ'ﬂﬁﬁuﬁqmmﬁﬁm hluiniigamadl 450 o
waidea Wunan 1 $alus salaudalaitlifuas annduseaslvuazdaviude Epoxy resin
wazseliursaylddaludin FTO/BiL,WO, fananstuneuniswieulunwi 3.3 Tnoeudsedld

AnwINavesgunginiswn (Calcination temperature) Wulladendnudsnisnsetaluih



Ag/AgCl ....

*=+* Pt electrode

QLUHNID 80 °C

AMA 3.3 N1IR3ENSNRILN Bi,WO, asuunszaniliin FTO amewmeaila Cyclic

Voltammetry Deposition

3.2.1.3. Maw3eutalilin FTO/WO,/BIVO, memalinfuladousnlulf

(Automatic Dip coating)
- NSWSUNANTAYANERIAN WO ay BIVO,

WIsNdNsazany 0.1 M WO5 91nnsavieadn (H,WO,) 1.2493 nsu
avavluaisazany 30% Ammonium hydroxide (NH,OH) US11a5 50 dadans antuth
arsazarely Reflux ﬁqmu{]ﬁ 60 asmwada Wunan 1 $alus gldansazans 0.1 M WO,
Tnaaruaudsunslidu 50 faddns A28n13s fin 30% NHOH AaeanaIvaznIzuIuns
Reflux

WS eNEITagaty 0.05 M BiVO, 31nn1sins sud1sazaiy 0.1 M
Bi(NO3)5e5H,0 1.2127 n$u lu Acetic acid 25 adans avarvauduilaieriunaziasey
a19a2a18 0.1 M CyoH1405V 0.6622 n5u luansazaie Acetyl acetone 25 fiaddns auls

asavanedden ntuthansavatesdesraniuazlaansazaty 0.05 M BiVO,



- Ma3eNtIliin FTO/WO,/BIVO, AieA3aIduiniiousnlula

wasazany WO, Wnasluininesantuldiasesdundousnludfiqy
FTO adluansavans lngaisavany WO, azinzinduilauursiintvesnsgan FTO 31ntiu
Uldeunigauumgll 150 asewadea Wuna 5 widl wdnhdalwilumfigamad 500 o

wadea Wunan 30 wiit axlddalaih Fromwo,

walnlinness wos, lguluansazavansiediaul BivO, lagldin3es
Juadaudnludf nduilieun 150 ssrwadea 1unal 5 Wil wanhllwnfgamad
550 asrwaled Wunan 1 99l agladaladh FTo/wo,/Bivo,

3.2.2 MsAnwIAnaNYe (Characteristic properties) 30403k FTO/Bi, WO,

Anwiaudnuazvesiliihasiwnihieieuls lngagldinaiavioniasilen

winnzaulunisnsiaauin fell

AENYME wallavisaia3asile
AnwauURnIaEs UV-Vis Spectrophotometer
ﬁmsﬂﬂ’liLﬁ@ﬂﬁﬁ%maaﬂ%wﬁ'ﬂuﬁ’l Potentiostat (Amperometry)
AnwranusumudLeaiiiiitlunsdamy Potentiostat (EIS)
diannsou
Anwaudfdugiuinel 2 46 Scanning Electron Microscope (SEM)
AnwlAseasawan X-ray Diffractometer (XRD)

3.2.3 msfnwnauiililadidninsazazlain
3.2.3.1. midnwauthlnladianinsazaglainannisiiaufizeeendindu
vostalyifh
nsWauInseIeudaliiuelus FTO/Bi,WO, Iilussansnmnis
pondladansdunis warthedsnsdsulszaluiialihuelng Smnaevauiflnlndidnlns
azarlafnlnenmsfanuanszuaninufiiseoendnduluamsasanethdeinies Potentiostat

Tvum Amperometry melaanngliuasuagldlinasaduiu Wunan 90 Jui



3.2.3.2. msfnwUszEansameesiiduuisansasthiiiantuiunsid

EREGINTE

AsHiRuNSeS et I we Tun FTO/Bi,WO ladnw1uszd@nsan
nsidadeqdunidluth laeldideqdunisnuluumanisssuma (Total plate count) i
funuventorAuniddwonnieuemnadendoldun Nutrent broth 0.8 ¢ azanelutindy
100 mL i Autoclave figauvindl 121 ssrmiwaiBoa ANy 15 bar Wuan 15 wnil
mﬂﬁguqﬂL%Jaé'ha&J"mf'mmauLLé”JﬁﬂmiLsusJ"léf';sJLﬂ'%"aa shaker figaumgdl 37 sarvalds
Hunan 18 81 24 Falue anduelddendounsidnuazyhnsinmnunanistdndelnens
Sampling @139a1UNTZUIUNTAMAAUTHAAS 1 mL Y 9 10 Wil 1Wual 40 widl wdsain
5ummawumuﬁaLﬁ?iyaﬁﬁa'mfm,gmLé??aag' uazihlutaigumgfl 37 ssmwaidea Wunan

1 97U waNUNUUINUIUVDIT B UL U D

32.2.3.3. MsANIUIEANSAINLazNalnN1sAInansdunsgvaat lniin

FTO/Bi, WO, wardnlndln FTOWO,/BIVO,

[
Y v =

AM5ANYINISIY ITansAesi ALY FTO/Bi,WO, W3suiieu
Autliiln FTO/WO,/BIVO, Tnafnwinismandisdunsddden aelaaniieiseniadnglniin
LATLAY LAYAARNINAINITANAIVDIEITOUNI AT OUABMUILIAT 1Y U STUUAIELAS DI UV-Vis

Spectrophotometer LilenAgaaulseaNsAINNSIINIUTDI bW

3.2.0 NMSANYILAE NAULTAaRULUUE RS USEUULNRandLulue N

£
a v A

mATeRlETauIgadduuulasn1TeanuuUTEUL NMnedaliia nsde
fumisivnzauiunaifaufizendmiuszuudidninsaeaglafin (Electrocatalytic; EC) Ingag
Ansunadistureseontioy feiedeminiaufasendiou (Oxygen sensor) fanmil 3.4 uang
mMsdngunsaldmiumsdnuuasiannwedwiidmiumaiiaUinaudaoondiou nglddnw

MM AITEazduasalUll



Anode

NaOH(aq)

Cathode Cathode

AN 3.4 wadsuwuudianinsazazlann (EC cell) dususzuuiiuUsunueandiay

3.2.4.1 NMSANWINATDIAITAZANBaNINT Lan

Weldwadausuuniivsgansanlunisiiudsunesndaunanan 1o
dndnwinavesansazaedianinsladdiinaogrannlunsiiaujisen sudenisiiuusunn
20nNT1U InedandnwialsazanedianinslaniiaUuduwinnu 1 M ¥83a15azans NaOH,

Na,SO,, NaCl, NaH,PO,, KOH wag Ca(OH), Usunasiinnu 1,250 miluszeian 35 wii
3.2.4.2 MIANYINAVRIANUTUTUTRIaNSAzauBanInglas

IS eNaNsazaesidninslag anuuduresddninsladavdaale
syuuiiuseans nmannTu IneleAnwanuutuesansazae NaOH fianusuguvingu 0.5, 0.7,

08,09, 1.0, 1.3 uaz 1.5 M udaifamudssdvsnmmaiauisensienisinusunm O, Mindu
3.2.4.3 Ms@nwRavesAdnglndn

mssiinUsnaeendulusmadied il adndliidudddginiue
MaAnUASeN uazdaaSunsiinUssdvsnmuasssuy mAdeillafnuravesrdndlninlug

3.0 9 7.0 lad nemuntbivsinaesazanedidninsladuazduudaliiiminiu



3.2.4.4 n1sAnwNasiavesdlwiLalne

Sl walnavuiAdedsinusiEnnseuand i ueluad adud
Lﬁ@‘Ugjﬁ'%snaaﬂ%tﬂ%’uluawsazawafﬂﬁﬂmalﬂuaaﬂ%wu eavdarasioUsyAnEnmnsnanyTun
sondauvesszuuldiueted Tnenuideilddnuuasiuoudisut 1 liiualnaiiduneuns
anuadaia dinzd vewvdosaznszaniiliili FTO Wiefnwasil3euiioudssansannnis

\AeUisen swdrnunmusieasavanedidininsladuazssezianisldanuniifan

3.2.4.5 Msenwravesriavesialiiuelun
n15AnwInavesrdad 2l welusluszuus 1§ nlnsazaslafin
(Electrocatalytic; EC) Ig@nwnialuiiunsing nszamiladia FTo sddrlniualnaduanuaa
ana nelanslidng lad W eseeg 19d ganardne1szuulnled Ld nlnsazmslain
(Photoelectrocatalytic; PEC) T4 il uslumdudluiin FTO/WO./BivO, Falwiualnaidy
awuaaaia meldnmslidngliuazuaniionssunainfaselumsuweninaedy

DONYLIU

3.2.4.6 NNSANVUINNUNEIVD T e lunwaz A LALNe

Anw1vUIAN W 189k WN IR e NS LUS U eeanT U TagnSHAY
Frunut il e lustazwanenldluszuudidninsazaclain Woeld @ nwrsuiud Wi walun
1 849 6 97 waz@nwdunutdlwiuelng 1 84 4 97 WisdnwdasauvesiuiimeUsInsNilua

seomaiaufisenimihdalviihusensiindsinaeendwulueina

3.2.5 mMsAnwaznaugaaadliirduwuuiunsidnasdunsgdmsu

Uszgnaldlusyuunenainie

AT ldiuwaddusuueiinilWlnddninsezasladndmsunsinga
a1sdunIdii eUszyndldduszuureneinia lagld@nuiwadinlng dnlnsazazladn
(Photoelectrocatalytic; PEC) Tnelddalniluelumdudalutiin FTOAWO,/BIVO, dalviiuelnady
awmuladada (Stainless steel) nalanistudnglndwazuaslulussuuwaasuuuunazidenly
ansduv3dddeuniiduug (Methylene blue; MB) Wusunuansduv3iddmsufnmuusedvzam
MsviuramanuanienseuIunsinlndidninsagszladin lnevenasazagansounsoddau

wduUg A TS E WU 5 ppm asuudalni FTOMWOL/BIVO, USins 2,500 pl. ua



nenaTaraIe ULt INiLAlNAS 4 9a USu1ms 150 pl ihasnmundeniwseulivg 4 iy 31989

vuasazanelneliuan ol Auesas N UNE 9V IARIR TUELNEN UANSALaNeRININg 3.5

Methylene blue Salt bridge

| v

Anode

Stainless steel FTO /WO, / BiVO, Stainless steel

va ¢ =t

A 3.5 M3fnwnsuszgndldilduuansisiniiunmsidnansduniddmsulilussuy

Wonana mewadsuwuulilsdidnlnsaznzladn

- NSATBNAZWIULNGD (Salt bridge)

wIsuansazansindelufouaaslsnsuda (Sodium chloride; NaCl) wagtiu
2% vaslensandiefia waglaa (Hydroxyethyl Cellulose; HEC) aslUluansazanevaeiou
aulazangauioasaeudrmiln YleyavnadusuaugnaIeiiu 3 Tadwns anuen
3 WwuRlns S 4 18 dhasasaefieddliussgasaneendiined

N5AANINUTEENSNINNISTAI9R lnedansenrunsasunn 1x1 wuiwas Uiun
ansavanesfethauudaluin FTO/WO,/BIVO, U315 30 pl venasuunseaeiwsonly solv
wisthluaraudimesaayasiaiaadselusun Color Picker Haagifiuansazaieyne 5
Wi uAsUnAN 20 Wil WleAnwinsanasesddeuiiidug TnsasAnwmnniinesdmeazidon
selud

3.2.5.1 Msfnwinalnnisiinuiseinsindeddeuiuiiauug

Y

a e YV a

Anwinalnalunisiiaufisenisminansdunsdddeniuiauug anela

annzsisensing 9 laun nsisanisiiauisenniaalniinieuas (Photocatalytic; PC)

a

n1ssansiaugAzennvaluiiednglniii (Electrocatalytic; EC) nsisenisiinufizend



lniednsiniiuazuas (Photoelectrocatclytic; PEC) anmzfifluasaehadien (Light) wae
anneiilaifuas (Dark)

3.2.5.2 ANSANWINAVBIAANE b

a

la@AnwinavasAd@nglwinidsnanaussansnnn1sAdnansdunsod
doniauug meszuuliledidninsasazlafnfiddndlnig 1 8a 5 Taad amelussezoa 20

YT LAIRARIUNITANAIUDIANTOUNSE
3.2.5.3 NMSANWINILNUILALITUIUYDIAENIUNED

msﬂizqﬂﬁiﬁt’j’%ﬂﬂﬂﬂ‘?\léumamsﬁ'qﬁaﬁwﬁ’uszuuWaﬂmmﬂ osandu
anmgitalnilildogluasazaredidninslas asnuindoiaududeddyiidmaliiinng
Tnaiouresdidnnsouaindaliiuelunldualng aunsuieas wazvilviluszansaimnis
dnlan Anwin1sneinumakasdIuvesdsInuNGenigy 3.6 JULUU (a) A (d) wdafnmu

UsEANSNNN15ana9999a87159UNIE

(a) Methylelne blue Salt bridge (b) Meih!’felﬂe blue Salt bridge
( 9 ) 9
| o
= ! =}
| -
[ ©
33} > 5
4C }7 ~J -
If%\ g | Anod
Anode P Nrode
. = (1ir, \B N 7 Stainless . Stainless
stainless  g1o wo,/Bivo,  Stainless steel S0/ BVO, steel
steel steel
(c) Methylene blue Salt bridge (d) Methylene blue Salt bridge
e | i
‘// r
N
Anode Anode
Stainless FTO /WO,/ BiVO, Stainless Stainless FTO WO,/ BIVO, Stainless
steel steel steel steel

P LY o 1 o A a a
AN 3.6 EULLUUﬂ'ﬁQWﬂW]WLm‘UQLLﬁ%’«J']‘L!’Ju‘U@\‘]ﬁBW']ULﬂaEJ"U@QL‘?Jaa‘IWIG]@LﬁﬂIVﬁﬂSG]EVLﬁWﬂ

AMSUN1SANIRANSDUNTY



3.2.5.4 ANSANIVUIANUNRIVDILALNA

N13MANENTBUNIIAToUUNAUUY ANYINITVEILVUIAVDINUTNNIVD

AN oL UsEENSANA15idn Taegldaun 1 cm? 4 cm? 9 cm?, way 16 cm wan

ARRUUTEANSAINNNTANAIVDIANTDUNTE
3.2.5.5 MIANYNAUHIUANEINA VBT NIUNGD

nsfnwvuaduriugudnarsvesaznundeiegUszdnsninnis
dainuddnasouseninedabiiuelualugaaluiualing nefnwivuadniande 3 mm,

4 mm Wag 5 mm WaRMUUSLANSNINNNTANAIVDIEITDUNTE
3.2.5.6 NMSANETLAVITINLALNA

nsAnwviinvestaihualnaililunimaeass ne@nwivaluiezgiilley (A)
#&inzd (Zn) nszanddn il (FTO) awmulaaada (SS) warnadkmd (Cu) 1ioIANuAImUAanISsiY

NuUazUsEaNsNINNIsTureIl i Nlglunsneasslinasa NSy uYe LU

3.2.5.7 M3anwUsEansSnmveawadinladidninsaznzlafndunisinan

\Woqaun3E

nsiwadlnlnsidninsaznzlafndiususzuunanainia Lo @nen

Uszdngamnisidneqdiunidsiu lneldweqdunidsinluunasiisssuvid (Total plate

9
¥

count) Wusfunureatogduniss Ssemmadendeldun Nutrient broth 0.8 ¢ azaneluiindu
100 mL g Autoclave figaunindl 121 osrmiwailoa ANy 15 bar Wunan 15 wnil
mﬂﬁuqﬂL%aﬁ"saEi’mf'mmamt,é”;ﬁﬂﬂfﬁwu&J’]éfwm%"aa shaker figauvindl 37 ssmwadoa 1y
181 18 f9 24 wu. andussldidendeunisidauazrinisnadeunismdad slagnis
Sampling &13679813U331915 500 Pl HaansEUIUNISITRfisvean 15 Wil ndntiunen
awumuL%L%@ﬁﬁmwmgm%aaq waztlUdaiigamnd 37 esmwaioa Wunan 1 fu udh

PIUINUINUILYDLTBUUINUR YD



3.2.6 MSANEIwaTNRIULTadAULUUANSUTTLUSEUUNBNB N ALAL LD NTLIU

3.2.6.1 MadnwkariawadsuwuudmiuldlussuurenaneALuu 1

leeanuuuwadlnlndianinsazaclafin (Photoelectrocatalytic; PEC)
el fuyafunuuruadndmiunsensmadiefidaasusznaudunidluenia dens
yhauvesszuuloneinia lngenadeazluaidinie Air input 9zgnAIuANANIEIANT
wngaumsUatenisesn enalnaiiigwadinlndidninsazaglafnidnnsdnadalii
welupludaluiin FTO/WO,/BiVO, Msvunulunuiszunusisun 4 du wisldiAanisinaiou
LLasmsé’mﬁmmmmﬁﬁU%L’Jmﬁmﬁﬁﬁagﬂw%LLaSLﬁmssﬁw%mWMﬂﬁqm waztualnadu
AMLAAARA (Stainless steel) $1uIU 2 12 SasegAmusnvasszuy Tasldilaagniuinde
FeoudoagduuuanvosszuudielitalwiiiAenisdsinu Sidnasouldd meldnshaude
Fndlaifiuazuas uansdanmi 3.7 nsAnwinalnnisiinufizeivesssuurlonainiaagly
asavany ardlau (Acetone; CHO) LusunuansdunsdsemededmsunismIniuseuy
wonena uagAnaulszaniamnisanaswesansdunidssimeiedmenisunuiluansazany
thuazthluindeiaies UV-Vis Spectrophotometer Taglddnuiflanessufasenseg toun
meldnisis s lniadaouas (Photocatalytic; PC) a1eldnisisadalalfiagaedne i

(Electrocatalytic; EC) nelanisisstaluiinedndlniluazias (Photoelectrocatclytic; PEC)

Salt bridge
Air
input "i,:
Anode(+) %% ”<\
\ ‘ ” % o Air

l+— fan

AN 3.7 waasnuulnlpdidninsazaslanndmsuszsuunenainenuudl 1 (PEC cell model 1)



3.2.6.2 NNSANWILATHAIULTAAAURUUAMSUIT LS T VU BN N ALAZLNY

9ONBIAULUUT 2

Ireenuuuwadinlndianinsazaglain (Photoelectrocatalytic; PEC) Tu
sUuuuil 2 Wieliiduyasunuuruadndmiunslenenmaiiefdnansuszneudunidly
91MA F9n19auvesszUUeneInia tngerniadearivadinig Air input azgnaIuAu
Aruan mnuduiimngan Weenialnadigwadinlndidninsasaglafindifinisdnng
Sl weTunRisununnduanuuui 1 1 0udaliiih FTO/WO,/BIVO, Shuruianun 6 4
Tneutadu 3 ¢ welhAanslvadeunasnisduiavesornmaiivinuimidaliiuasii
UsgAnamuniian wazdaualnaduamuiaaaia (Stainless steel) d1uu 2 42 darag
mesuinwesszuy Tngldansazareindedududuasnundosgsuansgauosszuuiiiel
laiuinnsdsiudidnaseuldd neldnmmhaudedndlniuasuas wansiand 3.8

mugiunsyweagaddidninsagazlafnd miussuuiueendounelanslidndluih

A 3.8 waasuuullpdidninsazeslafndwmsussuunenainia (PEC cell) haziwaddianing

ArplafndgususTUUILUSUNUeaNBau (EC cell model 2) wuud 2



3.2.6.3 ANWINISANINENSIUNIITLMBINUPBIARAULUUN 2

nsAneszuuneneInrazldasazanenestianten (Formaldehyde; HCHO)
WWusuwnuasdunsdsemedredmsunisianlussuunenainid wazfnnuuseansnInnig
ANAIYOIANITAUNT I TENBINUAILAT 0INTIVIAAMAINBINIA (Air quality sensor) i

LOD < 0.003 me/m? Tngld@nemisfmessne q feeluil

aaa o

1) M3fnwinalnnsiinuisenismanassemedunse

Anwinatnalunisiiauiseinisndnaisszmedunsgvesdanlan
Nanmesauisesng 4 laun meldnissetnlnindeunas (Photocatalytic; PC) aneleinisiss
TlA A ng WA (Electrocatalytic; EC) anelanasisetrniddmedndnduazias

(Photoelectrocatclytic; PEC)
2) AnwiAnuuturesaIsazatenasian tan

ANYIANUTUTUVDIANTTEALDUNS LN DNAFBUUSLANTAIWAITANIR
ansszmedunsdmeszuuliladianinsnzaglafdnianududu 0.10, 0.30, uag 0.50 mg/m?’

Meluszezian 5 U9 LaIRARILNITANAIYDNETTERLBUNTE
3) Ns@EnwINaYRIRENSLWAN

Ia@Anynavesrdng A denanaUseans N nnIsATnan sseLne

a

Sunsdvesiantan sreszuulladidaninsazazlafnna@ngluian 2 89 6 1ad a1l

a6

STYEIAT 5 U LAIRARMINNITANANTBIEITELREDUNTE

3.2.6.4 Anwin1smdntegdundluainameisaaauluun 2

mMsimmadduluunlpdidninsaznglafnladneUussansamnis

mMdaoadunidlueinie laeld@e Staphylococcus aureus (S.aureus) LJumunu

Wegdunid Jeaznedeuszdniamlaenisiudeadltuluaisazarsunazinlinanedu
g <

azeanidwadlilndidninsrzayladn lafnmunan1sidnwelaen15I9 NI 0RT

Uanen1988nve481n1A899sdnaeedmiu Sampling daeg19 wasthluvuiiguuad 37

IS [d L Y o LY & a &
paAwAed LUUNIAN 1 U AWM UUINUIUVBIIDUUITURLLTD



3.2.6.5 AnwIN15YINUTINAUsENIeSEUUana NALag Nsiiiueandauly

VadgiuvsaRsuw AT TuEIL LT 2

nsfnwgadsuwuuaiTliidugenuud 2 Fuansnnd 3.8 Ussney
lWshewadlnlndidninsazazlafindmiurlononnauaziwaddidninsaenzladndmsuia
pondiau ienedeudsyAndnmnmmhauiuiuressaddunuuiadlaindugs ddnwns
Mdnansdunidszimeinonesiiadiled nfentunaiinuinaeendiaulunanieity i

a a

J28A1 60 U UAZAAMUNANILLATEIINDBNTIIULALLATEINTIVINAMNINDINA



unil 4

NANT58kazaNUs18Na

4.1 Nan1sANEINSMsENT INHNa15A9RUN Bi,WO, Aretmnaila Cyclic

Voltammetry Deposition

4.1.1 wamsfnwgauminlslunismivestaluiii Bi, WO, naanisn3ilduusans

Y

Assh Bi,WO, Aaeinaila Cyclic Voltammetry Deposition

ANSANYINISHSBUEN TS UM S BUTENREENsRst BWO, saamadia
Cyclic Voltammetry Deposition Immﬁaﬂam’wmﬁmzLLﬁiﬂ/\lﬁ’]ﬁQﬁLLazmmzauﬁqm ﬁq‘ﬁ
DTPA 0.83 g, NH; 2.5 mL, Bi,050.017 M, (NHa)1gHsW1,040 -H0 0.0010 M, H,0, 0.015 M
uay HNO; 0.38 M aniuld@nunavesganginisuvesdaliiin FTO/Bi,WO, vdsInnis
ASINAUUNS Bi,WO, Lﬁdﬁléfﬂmauﬁ’aiﬂmﬁLﬁﬂimﬂwﬂaaﬂqqﬁqm laglanan1sfneinaues

gaumninIsenseandReng o Awialull

4.1.1.1 ns@nwinsiiaufazenditmtialniisismadia Cyclic

Voltammetry Deposition yastalninansiasa Bi,WO,

IInMsAnEINsIRTsuTauUsasAeRatn B, WO, sewaia Cyclic
Voltammetry Deposition FILAAIAINT 6.1 Cyclic voltammograms wansliAunis
Andiisesindunaroondinduresasaraneanseasiu Tedndlnihi 0.8 1 +0.8 Thad fal
naiaufAseAdndlndduuandundn nslidndlunda i oliarsisdand Bi, WO, LAn

N3EUIUNTHMAUAUNURINTEAN FTO 91nn1siindAseniiuniansgan FTO Tugaanisiv

¥
a v A

Andlnirsuavlossu Bt uaz WO AnujAsenduilduuns WOs-Bi, WO, NiBafnfuiiui,
FTO fainnssaadlugiedngludrvingu -0.2 Taad WWunsdudunsesuanniswseuilduung

ansnamthinsiAnuisewuuiantu



-0.8 0.4 0.6 0.8

Current/ A

DN
B

s
WO,

FTO

......

Potential / V (vs. Ag/AgCl)

2# 4.1 Cyclic voltammograms vosU3lWinansAesan Bi,WO, Mim3uumeainaiin Cyclic

Voltammetry Deposition ﬁé’m’]mimmu 50 mV/s

4.1.1.2 audplnladianlnsazazlafndmsunisiaufiseresndnduly

a1sazangin

[% [%
=< a

Anszudlnihiiinduanmaisuiieeendinduluamsazattiives
2l Bi,WO, Twdealiannmswssuilduunsdaemaia Cyclic Voltammetry Deposition
wazliniigamail 300°C, 400°C, 450°C, 500°C, waw 600°C, wWisuiisuiuanizlid
gauvgiivies (25°C) Fauanwalunind 4.2 :nuanIsmaaaanuInsEdlainigaumad
450°C aelfanizsssuasddnssuannnniaUfissoondndulumsazansihgean e
Frlwihlaiumssuazgumginiawidl 300°C aguldinAinssualsiintu Fuiasdnun
niuiestalihfldiRnmadeulasaiiminfiomnyaunieslddnisBamefinnweds
shlsinsdeinudszglatesas luvedinsungungf 400°C fanszudlainAntuwasiiuiy
geaaillonsungamgiif 450°C Tnsgamaiaziinadunisiasulassainandn wazdnuay
Fugminer dwalviAansdmiulsealdd ulunnauiRlildidninsaznslafniia wazlo
MsWIgaMATiA 500°C wag 600°C Juugampiiigunniiulenasiliarsisinhinieuy

Tliinnisvasudaiuunniiuly dwalinisdnSealsyy warAnseudliinanamiudaidu



400

Light on
1
i Light off
2 300 - v sh e —@
3 |
:,' : —(b)
7 ! ©
5 200 : —(c
o 1
£ ! (d)
o |
100 4 ! ! —(e)
|
i ! - —(f)
¥
0 1 I 1 1 I 1

0 10 20 30 40 50 60 70O 80 90
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Al 4.2 Amperograms 93921 FTO/Bi,WO, fwTousewmadn Cyclic Voltammetry

Deposition LLazﬁﬂULmﬁqmmuma 9 (a) 25°C, (b) 300°C, (c) 400°C, (d) 450°C, (e) 500°C,
wae (f) 600°C

4.1.1.3 uansAnwpuautRnIsganauLes

amﬂ’ﬁmsfﬂmﬂﬁuLLawawﬂjﬂWﬁﬁ B, WO, lga1nn1snseflduunesig
wAla Cyclic Voltammetry Deposition LLazﬁwlﬁJLmﬁqmmﬁ 300°C, 400°C, 450°C, 500°C,
way 600°C Wisuiteufudaluihtlbiulnenisdslilugangiivios nuiinisganduuas Sl
uansnafueE sty Fadunsm () viegamgiinisiend 450°C 1duns ey fuuugn Lile
Wisuisuruidunsiaes FTO wasiilafuiamiuaundaiy (Band gap energy; E,) 189
Falwinauns £, = 1,240/A agldvintu 2.8 eV WWumsBuduldinnismsefiduusansis
11 Bi,WO, aquunszan FTO [52-54] LLammﬁqmmﬁ 450°C Tnganu15anIANRINa1Iaann
nsanduaudureansmuagdasiiuuny X fududuoundsnudinini 4.3 vilidinng
gandunasnniign Wefisuiunszan FTO waznsw1ioamnfinneg dsazaenndesii
auandRnnadulnlndidninsazaglain Wosannsliasansansydudidnasou (e) 91
LaUILaLd (Valance band; VB) iadeuiiluduaunisii (Conduction band; CB) Ukniuau
NiaudIegninienhliAntesing (hole; h*) Afluszquiniianansainfizeroondinduls

Wuseransaly
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AWl 4.3 nsvlauduiusseninedulssavsAinsanauiuAndsuuaUYeInsEan (a)
FTO wazn1swsendalnin Bi,WO, aawaila Cyclic Voltammetry Deposition WaZHULENT
aunqd (b) 25°C, (c) 300°C, (d) 400°C, (e) 450°C, (f) 500°C, uag (g) 600°C

4.1.1.4 wan1sAnwnautinudmumudLadlni

AsAnEIALEUIIUR Al BiLWO, da1nnnsnSeiduunsdae
wAla Cyclic Voltammetry Deposition LLazﬁwlﬂwaﬁqmwgﬁ 300°C, 400°C, 450°C, 500°C,
way 600°C Areinaila Electrochemical Impedance Spectroscopy (EIS) 21AKan1I9aaed
wuinseseudaliiih FTo/BLWO, mnmﬁqmm:ﬁ 450°C MElAAN1ILAITLSIABLEAS TINIA
lafauun9wes Bi, WO, UusasUsas FTO VfﬁmmmG’humumﬁdqr}imﬂizﬁ; (Charge transfer
resistance; Ry) ﬁaaﬁqm ARSI 4.4 Imamié’ammmﬂm%’ﬁﬁﬂ?mﬂauﬁLmuqmaqm"]w
Nyquist uansfisannuiumudaaiiliiiian faziinnuaansodesindidnnseuditnmi
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AT 4.4 0519 Nyquist plots vesdaldfn FTO/Bi,WO, Min3sudaemada Cyclic
Voltammetry Deposition waz LU (@) 300°C, (b) 400°C, (c) 450°C, (d) 500°C, way (e)
600°C
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AN5197 4.1 AAudunuvesta Nl FTO/Bi,WO, Mwdsusiemadia Cyclic Voltammetry

Deposition wagiluwnfigaumgil 300°C, 400°C, 450°C, 500°C wag 600°C

NN (°C)

 AAMUAIUNIY ; Rct (Ohm)

300 ; 109,000
400 6,148
450 5,166
500 11,830

600 15,970



4.1.1.5 nan13sAnwdngIvIne 1wt

'mﬂﬂWiﬁﬂma"’ﬂwmzﬁmgmﬁmm‘umﬁyuﬁa‘fﬂw% FTO/BiZWO6‘17'i
wisusnomaia Cyclic Voltammetry Deposition waztilumnfigamail wansfannd 4.5
(a) 25°C, (b) 300°C, (c) 400°C, (d) 450°C, (e) 500°C, waz (f) 600°C lnel¥ndosganssei

SlanmseuluUdoInsIn (Scanning Electron Microscope ; SEM) 91001 (a) Tt un1sinnse

[y
v a

Aanslilugamaiivios A1 (b) (c) uae (d) wanenN1sTguuNll 300°C, 400°C, Wag 450°C
Llafiauuananeduuin wididn1sdaseawarnszanefivesouniaiiadnaus danal
AaaudRlnlndianinsnznzlafnfidu donadosiuAINITELAAIWAAINING 4.2 T34

gaumadl 450°C irnsvualniiniigean wazillogamaiinismiinanndudsnin (e) wae (f) 1Ju

a t:l'

A5 500°C Waz 600°C anuasu aztiulainfiuRdanwaziunnsseanluiedanal

AaaudRlledidninsaznzlafinanas audiiv

AR 4.5 N1 SEM uansdnuaiziiuiinvesdaliliin FTO/BiL,WO, MpSeudiemaina Cyclic
Voltammetry Deposition LLazgﬂLmﬁqmwgﬁ (a) 25°C, (b) 300°C, (c) 400°C, (d) 450°C, (e)
500°C wag (f) 600°C



4.1.1.6 WANSANYATIAS1ANYDIT2 LN

n1sAnulaseadandnvestaliia FTO/BiL,WO, fitn3susismnaia
Cyclic Voltammetry Deposition LLazﬁﬂULmﬁqmmﬁmm LAASFININT 4.6 ns¥an FTO,
25°C, 300°C, 400°C, 450°C, 500°C, wag 600°C ladnwilassas19nanaluinaila X-ray

Diffraction (XRD) 91n31u3defin unnuIAuautinudundnvesarsisiaiiiinase

'
a

auUAWIndiEnInsazaylain Tneasnaiai BiWo, ﬁﬁamauﬁ’&ﬁu‘lﬂm&ﬁﬂimﬂmsiaaﬂ
7 avdeailaseadrandnuuveslssendn (Orthorhombic phase) [55] 910 XRD pattern
9aMAINNTHITENIN 400 F3 500 eerwalea azdanaiugngsanves XRD 71 2 theta
WinAU 29.0° kay 31.0° anunsadudulassasrauuueeslssendniusnvuslasiasieues
Bi,WO; hazdainlassainamanaes WO, iulassasrandnuuululuadin (Monoclinic phase)
[56,57] lagidiA1 XRD pattern 2-theta LAy 23.1°, 23.7°, uag 24.2 assAu (002), (020), wag
(200) AuEIFU (JCPDS no.43-1035) 193a1nansi siathiigninssudaemada Cyclic
Voltammetry Deposition élaitfuansuszneu Bi,WO, Mlauysel uiegluanugiimaauuae
wauansusenau Bi,WO, LLazLﬁaﬁwmmmmmam@wﬁﬂ (Crystalline size) 31n@UN15UDI
Scherrer fia D = kA/BcosB nuingaumaiiniswnyas 400 3 500 °C danasiorwIanan WO,
Taewuifigaumadl 450 °C fuwandnidnian dsiinmduiusiunuandalnladidninsazns
lafndioaumadl 450 °C farundigaenaiinainuavesswiananiidndsnan eelsinu
dmsu Bi,WO, Wikaliaenndasivaudilnladianinsasszlain anazinainanwazyad XRD
pattern ¥84 Bi, WO, liwiudnrilfiAnnnurainmdowvainsinuuelassadawdnls 91nua
XRD anunsadudunavesanmngiinsmiselss@nsnmnisiinujise lnladidnivsezazlasin
Tunsiiauiiseneendiaduluansazareilfifuetedie nnavesdinssuaanUfAsen
sendwduluasazanetien il 4.2 %ﬂw%ﬁmﬁqmmﬁ 419 400, 450, wag 500°C 1o
ﬁmimaﬁqqmeawﬁqLﬁmmiﬁqmmﬁﬁménLﬁ@LWﬁwammmmw’m WO, Waz Bi, WO, 34
flmAnnsdwudidnaseulddundusanddunanisineanudunudaedlnd (E1S)
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AN 4.6 XRD pattern 984 (a) ns¥an FTO wagtalwil1 FTO/Bi,WOq fnsoudemada
Cyclic Voltammetry Deposition LU%EJULﬁEJUﬁam’wquQﬁGiN A9 (b) 25°C (lurun15wWI)
LLazchuﬂssmumsl,mﬁqmmﬁem 9 @8, (c) 300°C, (d) 400°C, (e) 450°C, (f) 500°C, uag (g)

600°C
4.1.2 nan1sAnwin1smanegaunsdlutivaaralni Bi,Wwo,

MsnaapsiifunsaneUszans nman sl FTO/Bi,WO, fin3ssamaiia
Cyclic Voltammetry Deposition agyiluwnfigangd 450°C Tumsidnidoqaunid deld
Anwidegdunideu Tngliidsnuethdsaugangmansuazmalulad sminende
walulafsvusnasyu Smiaunusd Wudunudedunidsnlunisfnwinalanis
AaUAAzen danwdl 4.7 aw (a) Anwfiannzaneldnislidndlndia (Electrocatalytic; EC)
ani1ignisliuas(Photocatalytic; PC) wazan1azn1siidng InWuagias

Aea v

(Photoelectrocatalytic; PEC) L%J'%EJULﬁEJUﬁ’UL%aaﬁummimu NuUIUasuAnIsanadves
Weqaunisiu fdald 92 Wesidud, 53 wWeddud, uay 96 Wosidus auddiu Feszuu PEC
fuUszAnsnngeanlunisriidndeqdunidsiy uaznim (b) n1sanasoutegdunidanely
szezian 15 Wil anunsaraaldalutienad 5wl wasdivunltunisianldas 92 Wesidus
Faanansoduiulseavisnmuastialilih FTO/Bi,WO, Tuﬂ'lﬁﬁflfi’]’mL%aqaum‘%sﬂumiazmaﬁﬂé’
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4.2 LU%EJULﬁEJUﬂmﬁaJﬁ'a%’ﬂWﬁ’] FTO/Bi,WO, waza2l#in FTO/WO,/BIVO,

'mﬂmiﬁﬂ‘mqmamﬁ’ﬁmsm\ﬂ%ﬂmﬁLﬁﬂiwsmmﬂaaﬂmm%’jﬂvdﬂw FTO/Bi,WO, @]
UsrBvsnmuazannsaiinideduridldmnzaniiopilussondliuasiannsiely utan
nseenuuusruuluraiilngudmsuszuurlenaniamemedn inlnddninsazasladn
MawSeuilduuasiaian FTO/Bi,WO, faewaia Cyclic Voltammetry Deposition 4
FadrinlunisnseudaliiddewialnaTu Sedd@nwinisnsoufiduursansi s
FTO/WO,/BIVO, siasiaiia Automatic Dip coating vl alu3suLiisulszsdn3ninnis
RnUfAsen uaanautRnsvhanusestalwiidesdudniunmstauuasussgndnisiion
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4.2.1 HansANYIANENTRNIAANAULAS

f\ﬂﬂﬂ’]iﬁmﬁ}’]ﬁuﬁaﬂ’1i@@ﬂﬁuLLﬂW@Q%ﬂWW’]miﬁ!\‘iﬁiﬂ’] FTO/Bi,WO, tw38la
Aaunaila Cyclic Voltammetry Deposition WS sunitsufud Al 1@ a1
FTO/WO4/BIVO, lo38un18nALlA Automatic Dip coating Lﬁlaﬁ’lmmﬁ’nmuwéjﬂmu (Energy
band gap; E,) 91na@un13 £, = 1,240/ wu31 2l FTO/BIL,WO, finunsngamail 450°C
Suganfunasiianuenindu 477 nm dawoundseu () widu 2.6 eV uagdalwil
FTO/WO,/BIVO, Bugandunaiiannueniady 567 nm Sauaundanu (£ Ifvindu 2.2 ev
21, 58, 59] fan it 4.8 nanslifiuindalniia FTOWO,/BIVO, ﬁmmi@mﬂﬁuuaﬂmﬁwﬁm
WD (Visible light) lﬁmmﬂdwsﬁzﬂw%w FTO/BiZW06Imaﬂmimmﬂﬂ'waulfumaamsg]mﬂﬁu
Lasfiannnin wagan i FTO/WO4/BiVO, fifin E, Auaunindalasiy FTO/Bi,WO, Fsazaina

soantivnslnlndidnlnsazazlafndmsunsifinufizeneendnduluasazaisin

—(a)

(ahV) 1/2

—(b)

4 75 3 3.5 4 4.5 5
Photon energy/eV
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Al 4.8 nsanuduiussrwinedudszans Anisganduiudndsnuuauves ol
(a) TN FTO/WO,/BIVO, wae (b) 13lniln FTO/Bi,WO,



4.2.2 audanslladianinsazazlafindmsunisiiaufiseeendnduluaisazane

ﬁﬁﬂizLLﬂlWﬂTﬁ'Lﬁﬂ%umﬂmilﬁﬂﬂﬁﬁ%maaﬂ%m{fﬂumiaxmEJ‘J’]‘UEN‘Uz’ﬂWﬁ’]
ansAsith FTO/Bi,WO, wWisuifleuiudnluiinansisiaiin FTO/WO,/BIVO, fsnwdt 4.9 a1n
ANINARDINUIANTE LAl FTO/WO,/BIVO, Ay 2,029 uA/cm? sdlinssud
qmdﬁgﬁw% FTO/Bi,WO, 7l nszuawiniu 82 A/ cm? aeldnisisssouauazad
Andliiiifentiu nansmaassiananasnandesiuainisganduuasianind 4.8 Wunsdudu
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4.2.3 Han1sAnwIAENURAIANNAMUMIWTLAT NN

nsAnw1IA1ANFTUNIUT LA ni1ve 19 I H1a15A 92 FTO/Bi, WO,
Wisuidisuiutaluiiansiedath FTO/WO,/BIVO, wuindalniinansisiain FTO/WO,/BIVO,

dArAuiumunsasiudidnaseutioanindaliiinansiediih FTO/Bi, WO, fananslun1ng
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4.3 nsAnewadauLuuLAll lRdusussuuiitaandauluainid

N1SWALILAZ DB NLUUWAS B ULUUAIMS USE VU NonTlausemadn 81&nlns
azarlafnilunisueninnigldnnsisdndgli ddlgoenuuulnensudsnaesduluseniimsa
nansaztdud e Tunitswsnindusendiou wazduuendudalniiualne 1 ouse
Falwiiu power supply Lﬁamuqmﬁwﬁ’ﬂaﬂlw%ﬁ%ﬂw%ﬁqam LAYADYIOATUUULNLD
Hliueluaiusinsiainoenday (Oxygen sensor) Liiensa9infveenduufianuisondnls

NIRRT haztiloAn w1 dweseneg dawaninisingunsalitefnyifanind 4.12



Oxygen sensor

Ml 4.12 uanawadsuwuudiufinensiinUiunnaeenduimewmeadadidanivs

a

Azazlamn

4.3.1 Han1sAN¥INaTeIaITazatudanInsladdmsusyuuiiuoandauluainia

nsveaesidunsAnyssavs nneesensazanedidninsladsnswiafudmsu
nsfinliinaeendiauluenia Tnsansaranedidninslasamududumindud 1 M dnan1sing
ansavany lieallansenlon (Sodium Hydroxide; NaOH) laifasddawmn (Sodium sulfate; Na,SO,)
lthsunaslse (Sodium Chloride; NaCl) leii vulalalasiauneaina (Sodium dihydrogen
phosphate; NaH,PO,) Tnunaidsulansonlus (Potassium hydroxide; KOH) waguaaid vu
Tamsanlas (Calcium hydroxide; Ca(OH),) U31a5 1,250 ml fauandlunmil 4.13 91nkansvaaes
MsfiNUSINaeanTwuUNUIT @1sazats 1 M NaOH uaz 1 M KOH annsasiinusinaeendauls
11nds 30.0 Wosius nmeluszezina 35 uidl Tusasiiarsazats 1 M Na,SOg, 1 M NaCl, 1 M
NaH,PO, uas 1 M Ca(OH), imsifinvaseendnuiisadniies eswinaisavans NaOH way KOH

Aan1ziduva danuaiuisanisuandndu OH 1ad denalvinissudidnasoulas 29i

Usgansnmlunisudneeendiaulaas sy (60, 61] wazanaunisadndluisandun (1)



wae (2) wanabiiuinnanieiduuannn dnslEfnglnidisninannedunse 39azaunsa
pandlaginlinanalusendauls luvaziansazaty Ca(OH), fanneduiuawuid et uwes i
anusaiiuysnaenduls WesnnAnsazargluiiliiisadntes Fdbinaufnsen ddlu

nuddeilidenatsayany NaOH Wawnisegn awsamiddieuasiveadlumsfnwsiely
2H* + %0, + 2e” — H,0 (at +1.23 V and pH = 0) 4.1)

H,0 + 140, + 2e” —> 20H (at +0.46 V and pH = 13) (4.2)
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3i8nInslasiiunnaeiu (3) NaCl (b) NaySO, (€) NaH,PO, (d) NaOH (e) KOH wag (f) Ca(OH),

4.3.2 HANIIANEINATDIAMULTNTUYBIANTAzaeBLaN NS ladd1 S uszuULiY
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AsNPaR T uNISANYINATRIR MU U UYRIANTaza1eBE NIns lad dmsunis
W uUS uaeteandauluainia lngla A neinanu Lt ureasazane S a ninslas lwLh gl
lamsanlan (NaOH) AMUNTY 0.5, 0.7, 0.8, 0.9, 1.0, 1.3, wa¥ 1.5 M AaandlunIni 4.14 39nnns
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AW 4.14 MsisTureseudLTusenduuluannrsemassidninsa ey ladnlngl¥ansazans
Sidnnslad NaOH Arandudusiag 9 fu Ao (@) 0.5 M (b) 0.7 M (c) 0.8 M (d) 0.9 M (e) 1.0 M
M 13Muaz (g 1.5 M

4.3.3 wan1sanwnavesrdng g msussuuinaandaulusinia

nsneaeslunsAnEmavesr i g luindmiunsiinUSnaeendauluennie
Ineldasavanedianinsladanududy 1.3 M vesasazaeluioulansenlen lagfnwian
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FunuuTnlndidnlnsazaglafndmsussuunonainiawuudl 2 sasanslunind 3.8 fidnas
onuuuliiinmanyuidsuresernma uasiniaiiiiuiivesdalwiiunnty siunisldagmune
TWilauazanuasiesenswssutasdadussuuldniu Felddnwitanududusudud
annsaanaialddeiaieiniainaaninenia (LOD < 0.003 mg/m?) finuidudues
ansazanevesiTadlas 0.10, 0.30, way 0.50 me/m?> fuwanslunnil 4.29 Mnranistidnves
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Supserefegorfomelussuuiui fuansmd 4.4 muddeilddenAnusraninwaes
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Wurnududuimnzausensinuiiaseunguansnagiunmsnissensu uazdadunisioiu
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M15199 4.4 AMNINBINIANINTFINAIN Indoor Air Quality Standards

Indicator Unit Requirement Remarks
1 Ozone (03) mg/m3 <0.16 1-hour Average
2 Nitrogen Dioxide (NO,) mg/m3 <0.20 1-hour Average
3 Sulfur Dioxide (SOZ) mg/m3 <0.50 1-hour Average
il Carbon Dioxide (CO,) % <0.10 1-hour Average
5 Ammonia (NH3) mg/m3 <0.20 1-hour Average
6 Formaldehyde (HCOH) mg/m3 <0.08 1-hour Average
7 Benzene (C6H6) mg/m3 <0.03 1-hour Average

Ref: www.ChineseStandard.net
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Abstract

Photoelectrocatalytic (PEC) technigues are an innovative and promising method for
climinating microorganisms. Developing and applying such advanced technologies s essential for
protecting public health and the environment. Semiconductor electrode development is 2 major 1ssue In
the advancement of such methods. We have developed a techmique for fabricaing WOs-Bi WO,
clectrodes using cychic voltammetry (CV), focusig on the efficiency of the reaction and investigating
key aspects for its use in microbial degradation. The eptimization of the CV method parameter and
calcination temperature was conducted in order to ecohance the charscteristics of composite
W-BizWOk electrodes for the aqueous oxidation process. The properties of the fabricated composited
W-BizWOk electrode were analyzed by several techniques, mcluding U'V-visible spectrophotometry,
scanning clectron microscopy, X-ray diffraction, Energy Dispersive X-ray Spectroscopy, X-ray
photoclectron spectroscopy, and electrochemical impedance spectroscopy. The PEC water oxidation
and total micreorganism elimination efficiencies were investigated to validate the application of the
developed composite WOz-BizW0Os electrode properties. The charactenstics of the prepared composite
WOs-Bi-WOk electrodes are significantly influenced by the calcination temperature. We were able to
satisfactorily verify the electrodes’ properties in a reaction involving different calcining temperatures.
At a calcining temperature of 450 'C. WiO3-Biz WOy clectrodes exhibited excellent PEC activity in water
oxidation and electron transfer rate at the electrode surface. The composited WiO0s-Bi: WOy electrode
can effectively remove 96% of total microorganisms under the PEC process within 15 minutes. This
study provides important background information for future work on composite semiconductor thin
film preparations with potential applications in microbe eradication and emvironmental protection.

Keywonds: Photoelectrocatalyvtic Method, Microorganisms Elimination, Composite W0s-BizWOs

1. Introduction

Microbial contamination m  water
sources is a big issue that has an impact on the
quality of life of those who rely on that water for
survival. As aresult, a highly effective technique
must be devised to eradicate such toxins as soon
as possible before releasing them into the

environment. The photoelectrocatalytic (PEC)
oxidation process is an alternate technological
approach to addressing water pollution, which
includes the eradication of microorganisms in
natural water sources ( 1-7). The advancement of
this approach has aided in the selection of
appropriate  sermiconductors as well as  the
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different electrode properties (5, 7, £). The effect
of calcination temperature on the morphology,
optical properties, chemical composition, and
crystal structure of composite WOs-Biz WO thin
films synthesized by the CV technique for water
oxidation and total microbial climmation
water 15 descmbed. This  research  could
potentially be helpful in the development of
semiconductor thin film preparations using
electrochemical methods, as well as in utilizing
those preparations for the purpose of PEC cells
aimed at the degradation of microorganisms.

1. Materials and Experiment
2.1 Materials

All chemicals in the analytical grade
and all solutions throughout the experiments
were  prepared  using  deionized  water.
Diethylenctriamine  pentascetic acid; DTPA
(Sigma  Aldnch), Ammonum hydroxide;
MNH4OH (J.T Baker), Bismuth{Iljoxide; Biz0y
(Sigma Aldrich), Ammonium metatungstate
hvdrate; (NH. )sHz W 2000 H2O ( Sigma Aldrich),
Mitric acid; HNOs (Univar), Hydrogen peroxide;
H:20z (Chem-supply), Ethanol; C:Hs0H (Rel
Labscan), Sodium chorine; NaCl (Kemaus),
Methylene  blue; CisHisCIN:S  (KEMALS)
Sodium hydroxide; NaOH { Univar) and Fluorine
doped tin oxide; (FTO with dimension of 2x2
em’; Bangkok solar co.ltd., THAILAND).
1.1 Composite WO-BiWOs  electrode
preparation

The conductive glass fluonne doped
tin oxide (FTO) base was cleaned by sonicating
it for 10 minutes in a solution of detergent, 3 M
MeOH, cthanol, and deiomzed water, ety
To make the composite WO:-BiWo0s
precursor solution, 0.83 g of diethylenetriaming
pentaacetic acid (DTPA) was dissolved in 2.5 ml
of 30% ammonia solution (NHsOH ), and the end
amount was brought up to 50 ml by adding
deionization water. The solution was stirmed, and
then (.4 g of bismuth (II1) oxide {Biz0z) and
0.15 g of emmonium metatungstate hydmte
{(NHs)eH2W 12040 H200) were added. The solution
was stirred at 30 °C until 1t was umform. The
solution was then mixed efficiency of fabricating
a thin layer of semiconductors on an electrode
substrate.  Bismuth-tungstate  (BiW0) and
tungsten oxide (WOs) are a  promising
semiconductor matenal for the PEC water
oxidation due to its narrow band gap energy and

high positive potential of its valence band (9-11).
Furthermore, the fabnication process of W04 and
BirWOs semiconductor thin films has significant
importance  in  the advancement of PEC
techniques, aiming to achieve electrodes that
exhibit high reaction efficiency. long-term
durability, and simplified processing methods.
The most used technique is hydrothermal, but it
alse involves a challenging procedure that
involves great heat and pressure (12, 13). The
sol-gel method is widely used for the fabrication
of BiaWOy and W05 films on substrates, owing
to its straightforward and cost-effective nature
{14, 15). However, this method has a disadvantage
in that the film creation process may be time-
consuming. and the resulting films may have
considerable  porosity,  decreasing  their
photocatalytic  activity. To  overcome  the
drawbacks of the aforementioned approaches
while maintaining semiconductor performance,
it is essential o create a process for WOz and
Bi:WOs film preparation. BizWOs and WOs film
preparation using the electrochemical approach
15 a viable option because of its precision,
scalability, affordability, and low energy
requirements (1 5-18). Therefore, this study has
devised an  clectrochemical method for
fabricating composite WO5-Bi: W0k films using
cyclic voltammetry (CV). which allows for the
quality of the films to be controlled by varying
parameter settings. There are several benefits to
using OV techniques for semiconductor film
preparation, such as accurate electrochemical
regulation, controllable  film  thickness,
consistent deposition, and high purity levels.
However, the application of CV technique for
composite 'Ws-BizWOs film preparation has
not yet been reported, confirming the novelty of
this research. We have also investigated the
effect of electrode sintering on  reaction
efficiency and the impact of temperature on
with 1,190 yl of nitric acid (HMNOs) and 77 pl of
hydrogen peroxide (Hx0z) for 15 minutes at
B0 “C. WO:-BiaWOs precursor solution was
deposited on & cleansed FTO substrate using
cychic voltammetry with 2 Versa STAT 3
{Princeton Applied Research, Inc.) under the
optimized potential range of -0.6 to 0.8 V and
scam rate of 50 mV/s for 30 cycles at 80 5C. A
common three-electrode system consisted of an
FTO working electrode, an Ag/AgCl{3 M KCl)
reference electrode, and a platinum wire counter
electrode. The composite WOs-Bi:WOs film on
the FTO substrate was taken out, rinsed with
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delonized water, and then calcined at 25 °C,
300 °C, 400 °C, 450 °C. 500 "C. and 600 °C in
the air for 1 hour to study the effects of different
calcination temperatures. The optimal condition
with the highest photocurrent from the PEC
water oxidation process i relation to the
distinguishing characteristics electrode were
evaluated.

1.3 Characterization and PEC properties
study

A UV-¥IS spectrophotometer
(Shimadzu, UV-2401PC) was used to examine
the absorption characteristics of the fabricated
WOs-BixWs electrode. A scanming electron
microscope (SEM; JEOL, JSM-6510) was used
to investigate the morphology in top views. The
chemical state, chemical composition, and
crystalline structure were investigated using an
Xeray  photoelectron  spectrometer  (JP3-
Q0I0TR), an Energy Dispersive X-ray
Spectrometer (EDX), and an X-ray diffraction
(XRD) (JEOL, JDX-3530). In order to validate
the presence and characteristics of the produced
electrodes, a comparison  was  conducted
between the characteristics of FTO and modified
FTO  with WO:BixW0s. The proposed
WOs-Bi:WOy electrodes” photoelectrocatalytic
water oxidation performance and charge transfer
efficiency were studied in 0.5 M Na:SO4
electrolyte solution utilizing a potentiostat and
electrochemical  impedance  spectroscopy
(METEK. Versa STAT 3).

14 PEC microbial elimination efMficiency
study

As shown in the experimental setup in
Figure 1, natural water was used as an actual
sample for microbial contamination i water to
evaluate the efficiency of the developed PEC
cell. The microbial culture medium was prepared
using 0.8 g of nutrient bouillon diluted in 100 mL
of distilled water, which was then autoclaved at
121 °C at 15 bar pressure for 15 minutes and
disposed of in the PEC cell. A 1 mL sample of
the solution was collected at 5-minute intervals
throughout a 15-minute period. The sample was
then placed onto a sterile dish containing agar
medium and incubated at a temperature of 37 °C
for a duration of 24 hours. The number of
microorganisms present on the sterile dish was
afterwards determined.

Sinimlevy wael

FTW O, B,
1smade )

[ -
[Matural wabers 08 M Na S0,

Figure 1 Experimental setup for investigating
the degradation of microorganisms utilizing
the developed PEC cell.

3. Results and Discussion
3.1 Cyelic Voltammetry Technique for
composite W-Bi: W Film Preparation

Fotential /¥ {vs. AgiApgCl)

Figure 2 Cyclic voltammogram of composite
WO;-Bi: WO, deposition on FTO substrate and
nset of schematic reaction of composite
WO3-BiyWOs film formation.

Figure 2 depicts the reduction reaction
of the precursor solution while varying the
voltage from (L8 to 0.6 V to cause the composite
WO-BioWOe layer to adhere to the FTO
electrode surface. The schematic reaction at the
FTO substrate 15 shown in the inset of Figure 2.
When a negative potential is introduced, Bi** and
WOs* ions agplomerate to create a composite
Ws-BuyWOs layer that adheres tw the FTO
surface. The reduction current occurred in the
range of -0.2 V on the cyelic voltammogram,
indicating the wvalue of the composite
WO-BWOe  film-forming  current at  the
electrode surface.
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Figure 3 The absorbance properties of
composite WO:-BizWOs immobilized on FTO
substrate, as well as images of composite
WO-BizWOy film compared to FTO substrate,
are shown in the inset.

Figure 3 shows the absorption edge of
composite WO:-BizWOs starting at 450 nm,
which s consistent with the absorption
characteristics of W03 and BixWO, with a band
energy of 2.80 ¢V (17). The inset of Figure 3
reveals a bright yellow hue of WOs and Bix WO,
which corresponds to the electrode’s absorpiion
capabilities in the visible range( 19). The findings
of the aforementioned investigation indicate the
ability of the CV approach to immobilize
composite W0s-Bi2W0s film, which is a simple,
practical, and rapid technology that has been
studied extensively.

3.2 Effect of calcination temperature on the

fabrication of composite  WO-Bi:WO;
electrodes
L]
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Figure 4 Effect of calcination temperature with
photocurrent reaction from water oxidation on
the composite WOs-Bia WO electrode
developed using the CV method.

Calcination is a thermal treatment
process that entails heating the precursor
materials to a particular temperature to facilitate
the formation of the desired phase and enhance
the structural, morphological, and electronic
properties of the resulting composite WOs-
BizW0Oy films. Figure 4 shows how the
calcination  temperature  affects the PEC
performance of the composite WO3-BizWO;
electrode. This was done by measuring the
photocurrent from the water oxidation process
under the chopped visible-light illumination at
an applied voltage of 1.0V (versus Ag/AgCI).

PEC activities characteristics were not
seen in composited WO3-Bi: W0, electrodes
calcined at temperatures lower than 400 "C. We
discovered that the electrodes had good reactive
characteristics at rising sinfering temperatures
ranging from 400 °C to 450 °C, and that the
reactive qualities decreased with increasing
temperatures up to 500 °C. The aforementioned
findings show the unique influence of the
sintering temperature on the characteristics of
the composited WO:-Bix W0y electrodes in their
as-prepared  state in relation to thin film
characteristics at various sintering temperatures.
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Figure 5 Nyguist diagrams and Ret value of
composite WOs-BixWOy prepared by the
different calcination temperatures of 300 °C,
400 *C, 450 °C, 500 °C, and 600 °C.

Electrochemical Impedance
Spectroscopy (EIS) is a useful method for
investigating the charge transfer mechanisms
and  interfacial properties  of composite
WO-BizWOy; and gaining insight into its PEC
behavior. Figure 5 illustrates the considerable
changes 1 the Nyquist diagram of composite
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WOs-Bi:WOy thin films recorded at different
calcination  temperatures. The  composite
WOs-BixWOs electrode that was heated to
450 °C had the smallest hermispherical radius
Nyquist plot, which means it had the least charge
transfer resistant (Rct) properties at  the
electrode/electrolyte interface. Figure 5's inset
shows that an electrode with the lowest Ret value
had the maximum photocurrent value at 450 °C,
which may help to explain how the best electron
transfer process is affected by proper sintering.

Figure 6 SEM micrographs of composite
WO:-BirW0Os electrodes prepared at various
annealing temperatures: {a) 25 °C, (b) 300 °C,
() 400 °C, (d) 430 °C, (e) 500 °C, and () 600 °C.

Figure 6 shows that morphological
changes are dependent on increasing caleination
temperature from 235 °C to 600 °C, whereas surface
roughness and porosity of composite WO-
BizW0y; thin films do not change significantly
from 23 °C to 400 "C. At 450 °C, the arrangensent
of particles becomes uniform, resulting in an
efficient electron transfer process. However, as
temperatures rise to 300 °C and 600 °C, the
particles begin to rearrange due to excessive
high-temperature fusing and the influence of
electron transfer. This result demonstrates that
calcination at a high temperature of approximately

500 °C induces observable morphological changes,
which influence the physical properties of

composite WO:-BizWO; thin films. The optimal
calcination temperature for  porosity  and
roughness was determined to be 450 °C.

WOs-BiaWO; photoanodes that were calcined at
430 °C exhibited good photoelectrocatalytic
activity and electron transfer due to the fact that
at that temperature there was a good crystal
structure amnd appropriate morphology, resulting
in a higher current value resulting from oxidation
reactions at the electrode surface. Energy
Dispersive X-ray Spectrometer (EDX) was used
to determine the quantitative elemental analysis
of  composite  WO3-BWOs  electrodes
fabricated by cyclic voltammetry. It confirmed
the adhesion of composite WO:-Biz2W0Oy, to the
electrode surface and quantified the elements
present on the electrode surface. The elements
W, Bi, and O were discovered to be placed to the
electrode surface.
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Figure 7 XPS spectra of composite
WOs-Bi WOk electrodes prepared by eyelic
voltammetry.

X-ray  photoelectron  spectroscopy
(XPS) was employed to validate the oxidation
states of individual elements present at the
surface  of the composite WO-BizW0Os
electrode.  Figure 7 illustrates the binding
encrgies of several chemical compositions,
namely element Ols at 529.5 eV, elements Bi
Afyz at 163.8 eV and Bi 4fy2 at 1585 eV, as
well as elements W 4fsz at 36.8 eV and W 4f32
at 3.7 e¥. The OF, Bi*, and W% oxidation
numbers in  the composite WOs-BizWOy
electrode were confirmed (20).
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Figure 8 X-ray diffraction pattems of FTO and
the composite WO3-BizWOe with various
calcination temperatures of 25 °C, 300 °C,

400 °C, 450 °C, 500 °C, and 600 °C.

Figure 8 illustrates the XRD patterns
of WO:-Bi2WO« composites prepared at
various calcination temperatures. The result
demonstrates that the XRD peak at 26 of 23.2°
and 24.5°, related to the monoclinic WOz crystal
structure, was detected at the calcination
temperature of the electrode between 400 and
500 °C (21). At the same calcination temperature
range, we also observed XRD peaks at 29.0°
and 31.0°, confirming the orthorhombic
character of BiWOg (22). This XRD result
confirms that calcination  processes  at
temperatures between 400 °C and 500 °C can
contribute to the composite WO3-BixWOq's high
photoelectrocatalytic properties.

3.3 Microbial elimination efficiency

Figure 9 shows the efficiency of
composite WOs3-Bi2WOs photoanode
performance for microbial elimination by PEC
cell. It was found that the develop PEC cell can
eliminate 96% of total microorganisms within 15
min. These investigations' findings support the
performance of the produced electrodes in
applications  involving the removal  of
microorganisms from samples, and also show
that they can be improved for use in water
treatment.
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Figure 9 Efficiency of total microbial
degradation utilizing a composite WO3-Bi2WOq
electrode and the PEC process.

4. Conclusions

This study demonstrates the successful
fabrication of composite WO3-Bi2WOs coatings
on FTO substrates using a cyclic voltammetry
method. We were able to confirm the developed
electrode characteristics along with the PEC
properties for water oxidation. The temperature
of calcination has a considerable effect on the
characteristic and PEC properties of the
developed composite WO3-BixWO; electrode.
The composite WO:-Bi2WOy electrodes sintered
at 450 °C have the highest PEC activity for water
oxidation due to their superior crystalline
structure and morphology. In accordance with
the PEC mechanism, the composite
WO:-Bi2WOs electrodes demonstrated a total
microorganism degradation efficiency of 96%.
This research is beneficial for the continued
development of semiconductor electrodes for
use in PEC cells for environmental and public
health applications.
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Innovative advanced electrochemical prototype cell for air purification and
oxygen generation in enclosed systems

Chotika Sangtheng'™ and Chatchai Ponchio'”
*Department of Chemnistry, Faculty of Science and Technology, Rajamangala University of Technology Thanyaburl, Pathum Thani, Thailand

“Advanced Materials Design and Development (AMDD) Research Unit, Faculty of Science and Technology, Rajamangala University of Technology
Thanyaburi, Thanyaburi, Pathum Thani Thailand, 12110 , “Chotika_sangthong@hotmail.com

Introduction

The air in the clesed system is deficient ventilation causing the
accurnulation and spread of germs- and dirt that pollutes the
inhabitants of that rcom. Therefore, an adequate air purification
system should be installed to reduce pollution and increase e
oxyeen  levels,  This  research — ams 1o develap. a
pheteelectrochemical cell (PEC) for air purificazion and - an
electrocatalytic {LC: for splitting water into oxygen cas. VWe designed
the protoype cell for highly efficient oreanic removal and
generated oxygen simuitaneously installation in the closed system.

al preesss o 265 cell and B exen

Methods

® Acetone volstile organic compounds removal efficiency using PEC cell

PEC Cell
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Conclusions

We have developed advanced electrochemical
prototype cells for oxyeen producticn and air purification.
Ihis inncvaticn is suitable for further developing an
innovative air purification system and preducing oxygen for
i fresh air in the closed system area.
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