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ABSTRACT

The main objective of this research is to develop a photoelectrocatalytic (PEC)
prototype cell for eliminating hazardous chemicals and microbial residues in fruits and
vegetables. We focus on developing new innovations for use as household- level
vegetable and fruit washing machines and promoting a health-related quality of life for
people by eating clean and safe fruits and vegetables.

The first part of the research studied and developed techniques for preparing
semiconductor electrodes that were effective in removing organic substances, pesticides,
and microorganisms. The technique using for preparing Bi,WO¢- WO; electrodes on
conductive glass was studied by the cyclic voltammetry technique. The performance of
the developed electrodes was compared to that of WO/ BiVO, electrodes prepared by
the automatic dip-coating technique. The research explored various characteristics of
the electrodes, including light absorption properties, electrochemical resistance,
morphological characteristics, crystal structure, and PEC properties, to determine the
effectiveness of removing organic substances, pesticides, and microorganisms in an
aqueous solution. The second part was to develop and design a prototype cell for a
fruit and vegetable washing machine to maximize an efficiency in the reaction for
removing contaminants in fruits and vegetables, both insecticides and microorganisms.
We also studied the factors affecting the performance of the prototype cells including
electrode positioning, solution circulation system, electrolyte concentration, and applied

potential.
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This research successfully developed Bi,WO¢-WO; electrode preparations using
cyclic voltammetry technique and was able to elucidate their characteristics by
controlling the potential scan rate factor. However, we found that the preparation of
WO,/ BiVO, electrodes using the auto-dip coating technique provided more reaction
efficiency and possessed suitable characteristics for use as electrodes in a fruit and
vegetable washing prototype cell than Bi,WOsWO; electrodes. A prototype cell for the
fruit and vegetable washing machine was established by utilizing a PEC process and
WO,/ BiVO, electrodes for the anode and stainless steel for the cathode. The research
revealed that the optimum condition was to use 15 L of a 2.5% NaCl electrolyte solution
with a constant applied potential of 2.0 V under visible light catalysis while controlling
the flow of solution on all four sides. The prototype cell could remove 100% of organic
dyes in 6 minutes and 85% of pesticides in 20 minutes in an aqueous solution. The
system was able to remove 60% of the pesticide Abamectin from yard long beans within
20 minutes. The prototype cell was also able to eliminate 100% of total coliform and
E. coli 1x10®> CFU/ mL microorganisms in apple samples within 10 minutes. It was
confirmed that the prototype cell of our PEC vegetable and fruit washing machine
significantly eliminated a greater quantity of microorganisms and pesticides than the
ozone system, electrolyte water, and chemicals. The proposed PEC prototype cell
exhibited potential for creating the fruit and vegetable washing machine, which could be

further developed for commercial purposes to improve the quality of life for consumers.

Keywords: Photoelectrocatalytic, Pesticide degradation, Removal microorganism, Fruit

and vegetable washing machine
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AT 4.10 wanans1w Nyquist plot ves @Al FTO/Bi,WO,-WO, finseudeimnadia

Cyclic Voltammetry Deposition (b)UalW#n FTO/WO4/BIVO, ﬁLm%méf’;&Jmﬂﬁmjm
RO USHLULIR

AN 4.11 n519 Amperograms m3Lﬁm‘dgjﬁ%maaﬂ%m%’ﬂumsasmaﬁw 0.5 M NaCl i¢in
#dlalih 1.0 V vs. Ag/AeCl iwasuifisudnlutigihen @Rl FTo/Bi,wo, 7

w3suaewaila Cyclic Voltammetry Deposition fu (b))l FTO/WO,/BIVO,
fpsousemnaiaguindousalusa

............................................................................. 79

A 4.12 (@wedidudinnsidadnanenms Orange red color AMuEudy 3 ppm AU
sgovalun1shdn 60 uift (b)SnsndalunafiaufAseivesdaluih
FTO/Bi,WO,-WO, wagdaliiin FTO/WO4/BIVO, fU2821081 60 W 80

AT 4.13 m':?%’mqﬂﬂiﬂimimaaﬂé’m%’umﬁﬁﬂmnalﬂLs'mmﬁmﬂﬁﬁ%mﬁ%ﬂw%

Al 4.14 Wesidudnisrdndnaue1ms Orange red color Anududu 3 ppm luszeziian
60 U9 vassEuU (1) Melaaniizissmeuad (Photocatalysis; PC), (2) aela
anmeisemedng il (Electrocatalysis; EC), (3) ngldannziseniauanay

fngliil (Photoelectrocatalysis; PEC), (4) anneitlaldilninngldnisiseie

uas (Light) wag (5) annenlalavalnianelanislafinas (Dark)
AT 4.15 [WadAuLUUIATBIANRNLazHald Ssuun 1

A 4.16 gUnuunsNeiuvisasialiihuuy (A) Tauelunisinuntualnatiueluadiy

NUNFUAFFITAZANgUSIUNATINGNY, (B) T3LalUAI 1A TURLILALNAT LB L UARTURE

Y

UNEAIR

LYY

YANUUSLIUATINAT, (C) TIDLUAINATUNSILANAT LB LUARIUNES
G|

a15a2a18 haz(D) TIDIUAINAIUNAILAINATILD LUAN T UNUNF LN AN TALANe
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A9 4.17 WesWudnsidndnaue1ms Orange red color ANLLINTU 1.6 ppm AU

JeeelIalUN15NAN 10 W7 VoegUNUUNITIERALUeIdd lwuy (A)

Qe

Y

FuelusesumTueTnadaLe lus U dusaansazansUsnansINans, (8)
Fuelusnegumtuelnaiawe lunsundsdudaamsazarousnansinas, ()
Faueluneundalnadiuelunsundduiaasazans waz(D) Saueluning
AUV ILATNA AU TUAE UMD EUTHENTAZANE 1o 84
A 4.18 Wedidudnnsidadnanesis Orange red color Avuidudu 1.6 ppm fiu
svovnailunstda 10 uift vesmsAnudnwasiuivesaliiwalne.... ... 85
Al 4.19 Wedduinisidndnanenms Orance red color Aududu 1.6 ppm fiu
sraznalun1sign 10 Wil vesnsAnwaniuduvesasararedidninslad
NACLTUBIG 0.5 = 3.0 00cevioiieoeeceeioiece st 86
A 4.20 Wedidudnnsidadnanenis Orange red color avuidudu 1.6 ppm ffu
SLELIANMINTIAR 10 U9 YBINSANWIAIFNSWATLYIE 1.2 = 2.8 Vo, 88
AT 4.21 UARINNYBINARSTIegwias Chlorpyrifos (30% W/V), Triazophos (40%
W/V), Cypermethrin (35% W/V), Lamda-cyhalothrin (2.5% W/V) wag
Fenobucarb (50% W/V) wagseg1sgaslassasnamnluvesensiiugmd ... 89
Al 4.22 nsAnwINIdReIETaIAIduty 3 ppm luasaneySuas 10 ans fae
seuUTiuaneneiy fe @) PEC, (b) Ozone 1, (c) Electrolyte Waz(d) Ozone 2 ......90
mwﬁ 4.23 wanUasidudUSauiisunisfidngnginnuad Chlorpyrifos, Triazophos,
Cypermethrin, Lambda-cyhalothrin, lagFenobucarb...........cccoccvciinccnes 91
AT 4.26 ANUERILTASFULUULAT DI AWAZNALST STUUT 2 oo 92
Al 4.25 uansnmmsvaaasuazilesidusinnsfdndnaue1vns Orange red color A
Wt 3 ppm Tuszeziaan 20 wi (@ luiuelun 1 44, ()P lwiluelun 2 4,

(Ot lwelun 3 6??’;, AT TGO & e 94
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Al 4.26 wanaUofidudnnsidndauemng Orange red color avududu 3 ppm Tu
52821871 20 U (a) AU 1 ppm, (D)ANULTNTU 3 ppm, (QAULTUTY 5
ppm, (A)ANUVNTU 7 ppm), BAZE@AMUTUTU 9 PPM oo 95
Al 4.27 (AUesidudnisindndrane1vns Orange red color Aandudu 3 ppm lu
szezan 20 il inAnuduveiasiiunnssiufie (a)Usunm 0%, (b)Usuo
25%, (U310 50%, (d)UH0d 75%, wagle) Ui 100% (B)nmn1singunsal
FMSUANYIAUUN VDA AAUNMTAUAITUTZUY PEC .o 97
Al 4.28 Wesdudnnsidndnanamng Orange red color anududu 3 ppm Tuszeziian
20 wil Aenududuvesaisazaredidnlnglas NaCl funnsnaiufie (2)0.5% NaCl,
(b)1.0% NaCl, (c)1.5% NaCl, (d)2.0% NaCl, (e)2.5% NaCl, wag (f)3.0% NaCl.....98
A9 4.29 LLamgﬂufuuﬁﬂmqmsimasuaﬂmsazmsﬂuswuLﬂ%aéﬁaﬁﬂuawalﬁ (@)WUU A,
(B)UU B, (QuU C, (AUUU D, WAZE@IEUU Eoveeeeeeeeeeeeeeeeeeeeeeeeeee e, 100
Al 4.30 Wesidusinismdndnaueis Orange red color Aududu 3 ppm luszesiian
20 Wit fienauanenefuvesszuunsilFAnnlraIu Ao (a)uuu A, (bwuu B,
(QUUU C, (AILUU D, WA (EIUU E oottt 100
A 4.31 wanaleddudnsidnduauenms Orange red color Avidudu 3 pprm Tu
szeziian 20 Wil ianzsnsinisafiuandisiufie (@)control, (6)0 L/min, (c)1
L/min, (d)2 L/min, ()3 L/min, (N4 L/min, (g)5 L/min, (h)6 L/min ()7 L/min, ()8
L/MIN, BEAZIKID LM oottt ettt 102
A 4.32 Wedidudnnsidadnaneinns Orange red color Anuidudy 3 ppm Tuszeziian
20 17 FannzendnSlninAuandsiused @1V, 0)2 V, (2.5 V, ()3 V, () V,
BEEIZ(F)E Vet 104

A9 4.33 Wesidudaimnutanesvasti ininneutasndinisinamduszezingn 1 9lu. 104
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AT .36 LARININNNINAABIIBINTTESRNEINEN7 (a) control, (B)N15udde NaCl, ()n1s
Faseedadeinlelsuy (Ozone) uaz(diaiosdafingrenszuiunisinlndidning
AZALLARN (PEC) coeeooeeeeeeeeee oo e eesees oo eee e eeee s eese s eseeeseee s 106

A9 4.35 WasidudnisindnenguuatezuunAuludiinenngl 20 uwiiiSeuieududs

A19%) AD NaCl, Ozone, WaTTEUU PEC ..oovvooooeoeeeeceeeeeeeeeeeeeeeeeeeeeeee e 106
NN 4.36 WAAININNITNAGBINITANAALOIAAUNTE £, COl oo 107

AN 437 LU@%L%uﬁmsﬁﬁm%a@aw%é Total coliform femsansdstianControl),
MsudtinndeNacl), NSWYHIN(NAHCO,), MIUYMIEATUTN(KMNO,), N384
Aeszuuleleu(Ozone), wagnsleseuu PEC Tuszaeiian 10 W, 107

Al 4.38 Wesidudinisidniedunis £.coli funsérssetian(Control), nisu
dinda(Nacy), NSWYRAY(NaHCO,), MSUAMIEATUTIN(KMNO,), N15aN3MIess Uy

Talau(Ozone), warn15hi5euy PEC TuSEaEIaT 10 U eoeeeeeeeeeeeee. 108
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Cathode electrode
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Anode electrode
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Flow rate controller Electric controller
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NEW bASITUIVININY IV

2.1 Uszennengniag (Pesticide)
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wazAaasu (CU Wudiulsznaunan laglSena1susenausinionag19niiadn AaasLuLAe
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2.1.2 asngueeingluveainn (Organophosphate)

Wuansdunsdnfiveanesadussnlsenevddny wasiluaisiazarglaluu

wazAwinaranedun3d enshuuainauinianudAynianisauariving) fe leawmes uag

1 v W

Ineea lngansiail lunguiingindunre uailseeu (malathion) laendueu (diazinon) wudl

Inslsoou (fenitrothion) W3diweaiuda (pirimiphos methyl) waglanasiod (dichlorvos %38

aa a a

DDVP) ludu answniilunguilaaeilaielusssumadadiivandaios duszdnsamlunis

v o

Uaaiulunisidndngiivldge vimedafienuduivsedaidensutios uvdanfianuluiiy

[y LY

| s ala ) ~ & a1 ° ot S
G]@ﬂu%ﬁ%ﬂ@'ﬁ/]llﬂigaﬂ UK I@EJQJ@'J']@JLUUWU@@ﬂ’]iV]'N’]usUENLEJ‘UVLGBJEJELUﬁgU‘UUiSﬁ']V] A

[
=1 1
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2.1.3 ansnguansuue (Carbamate)

1 LY d'

<, 1 ' < Aag ¥ Y = & = wa
Juenghusasnguvileniildeglutagiu answillunquildusniiusealunis

T49Re Bwesu (Eserine) wiolWlaafnilu (Physostigmine) ansililuansivinuluudaiinnan

115 (Calabar beans) Faduiiwluisdianiluie (Lesuminosae) Fedigoiuiluansdudseviaiia
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ladwuainelsa (Acetylcholinesterase inhibitor) Aausniitui 3 3nlaglunydvuiai il
Us211n3 50% 18 930NN Loan50 (LDs) Windu 4.5 fadnsu/dminga 1 Alansu lag
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W % 2 & A & v Fogve o o o &
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2.1.4 a1sngulniness (Pyrethroid)
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Waw3u (cyfluthrin) 1Wusiu
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2.2.2 UszanmaqqmwammmsﬂwLme

<~ [ 1

gnInaNvedasUasiumMInAngiemIun15IALUIT0909ANITEINITHALLNYAT

Y
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wisanUszwi (FAO) Nillulsemealneasula sl

2.2.2.1 nguansauiukuuvesvaual arsalinguinausglusuuuues

vounadrdndudesmauinnauinlUldusenausme fail

- @1snanndudu (emulsifiable concentrate: EC) ugasnanvifoulduin
ngn arsuauduaninvesnanilowen lWannsararsansdrdgludvhazasuasnayans
emulsifier wivelianseangnsaiunsasiudvinle astllenausiudvinazlaaisazaiaidvi

Juadetuy wu 3l laandea 050 EC viseasludauny 20 wWosidusd EC iludu

~ ansnanduazateyn (Water soluble concentrate: WSC) iWuanstasiuiidn

nyNondanwarhuufeInusiausn witleinaisaidyaiunsaavarsuiladdildans

e

emulsifier Asiunamaniud1ag kil gy

% A

- @NSHANYDUMAITU (Soluble concentrates: SL) Lﬂuaﬂiﬂmfﬁ’uﬁﬁmmgwm

adneiu WSC dla naudutaslaifidvyu wu 8fialeansa 100 SL \Jusiu

- @ITHNANLVIUADHY U (suspension concentrates: SC %5 @ flowable
concentrates: F %30 FL) ilugnsdnsauuulnindendsiv wettable powder Fsagluglues
ATUNTBVDLMANTNTUAINITATINA VU LAAKAYBUNIAYDIANTAUN T IUARE B lawuly
asazay lneunfansdrgluazarenseavarslatssunnluliniosvinazay Lazfansuu

¥ [ ! = o 2/ M v ! < (3 § = (3
gnualitivwinannIvuInves wettable Jwvilikviuassaglauiy Wy woadud 5 LWesidud

SC 1usu

- @sHaNLYIuanetud1uTuAg nLuan (flowable concentrate for seed

[ 1 I3 Gl H 1
treatment: FS) 1Uuvog maﬂugﬂéummmmuaa EJEL“UF]Qﬂ LUARNIDNANUINU

- @sWaNwAUYaLYIUaBY (capsule suspensions: CS) Wuasuaumadnlaan

MInsEateuvIaesvesEnsdAnylugUuAUavIadn Ao neuld
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- ansuauinuLvInaselul (Aqueous suspo-emulsion: SE) L ua1sWal

Wi NHIINN13NTELLVINABEVEIDUNIAYDIETAARlUN

- @151 UTUNELN organic solvent (OD Oil-based suspension concentrates:

OD) U lunuls 1an

- AINANRYIUARETUNANATHALLAUYALYIUABY (microcapsule/suspension

combinations: ZC) wu oWy 247 ZC
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2.2.2.2 nguasnanguwuuvasavsedu ansdesiumindngivlunguingn

Y 9

ponuImUgludNBaEAN9Y AURD

- @nsuaEuTiansaraivd (Wettable powder: WP) Usgnauaiuansdifguas
#1573 e919 Fauduaisnaudulneunfavidufunse synthetic silica (Hydrate silicon
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U Y

Judou anseengrisonadeonls 1wy a1suida 85 WP 1udu

- asuanyiaeg (dust: D ¥3e Dustable power: DP) 1 upeuie Usgnausie
ansdfguazasnaudy fse1andunsasiiuuneiia 1w talc wag bentonite ansyiaiiiai

WUTUANAN Sl e lAsLAT D N UK LA D INALW

a 1= = 14 a 1 A [
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Tnginin uanstestumdndngieniiasdduyindovegamuuen ansnavduifevldfofuwas
< v ¥ Y o v o A o ! a = H v 1Y |+
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Y
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<

- answanwAvYavuaLEn (microcapsule) luansdnsalnd Tnenisldansnlal

Y

0 ¥ & A o

Jee WU a1sHauves gelatin iadeuarsdesiumdadngiyvinlvisaansd Ay ld@urueenin
=V iaa v o I aa A a v Ny o U o v o A & oa &
Felddnwlumedudaudagdiuwilofudrly lunsdindesnsarsdesiumdndngiuiuiigns
meduianigazindiounlganslaaiuimindnsiivdnytanis wu luguves juvenile hormone
mimic Altosid @1115090ngM5 AU es 1-2 TU WIAWAABUAI8EA1S polyurethane 9%

ansaeengvislaiuiuis 53 u udu
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- ANSHANME DN (Bait: B) U180 nEaNy LagnSHENE15UaInUN1InAR SN
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ﬂ‘UE)']‘Vi'ﬁ‘Vﬁaﬁ'ﬁﬂ\‘lQ@LL@JaﬂVﬂﬁLﬁLLﬂJaQLGU'TVnLWEJ@WUIUUiNWmQJ']ﬂ WU @gmau 0.005 LUasLgus
Hudu

2.2.2.3 nguansnaugUuuuvesassy asedlunquilazilasuanusdufina

o A = o

gaungiinmiegamniveddds Tanududuganedissidadngiiy dnsnisldagimua iy

9 Y
14
[

YN U0Ia15AaUSUINTNALINN1TIUETT WU arsufia Tuslud azfrundnsinisiady 24

n3usiegnuIAiuns Wusy assuniffesausaunsnnIzedilan nauanssuiiusenaudie

- anssuvilanurey (aerosol) ansmuAuLuaslugULuUIzdvuInvetareas

dnun anunsaasgeglueinialauiu fmarsazegluanmisiudituisatlunsslesite
a = Yo % a I Y | | = | a |

adnvieliidianslauauieuaziudeuiuatu lngldinTamiuamzisonitnaTaanunuen

YUIAVBIALDDILBYTENIN 0.1-50 lulasiuns (luasew)

- @13531 (fumigant) tuassuafuiesngusluglvesiteiy S1dudeddly

anunUnain lneundldlunsandngiivlulsaivmaduassudu arstonveglugiresan

'
Yal a

w3velanly willnuandfszmediladfigungiivies ssliivlaodvatenisssuumela

Wy aswialuslus vseansveailu Wudy

2.3 A5n1519neginuastunntazald
AINASNUMIUITIUNTIUNLABITRITUNTEUIUNIT AR PNa LT o A engkuadludn

[

HalifivanvaneTsntenldiululagdu Aswielull

2.3.1 asdnuaznabineunlraniu
Msaneinwazkaliniedsitundaelranuazdisana1siennAele 54-63% &9
I qdd' I d' a Y 1 1Y [ ada v A a, no/ & 1 Y]
Juisniengauastisnldiuegaunn wifesendeanuiididurenisiUaunfionllnaniuen
warnald \Walimilnaruegiwelies udiresqasresqginflaglunaliiazan whlliviean
a1siiwanAndle wenanuuIsnsasinualdliazeinmisdddigniTanuussianvesinuas

walsl fan: www.gj.mahidol.ac.th
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2.3.2 &inuaswaliidnethduansy
HuAsfidsanansivandeld 29-38% wautiduaey 1 Foulfly vnumaniy
thiangamgiivies 4 Ans wdnvienaldfadlufidlivszana 10 uil dednuasmalioondieu
az01a8n 1 50U nouanFulsemunieUg101ms winsddndeisidnuisde wu

AnnInvIeIananduvesiduateyld a0 www.ofm.co.th

2.3.3 anerinuaznallinaeny
nséainlaenslduey wiedliSendiuafdlea (baking soda) Tdoymaadidn
lyifgulumsuaiun (sodium bicarbonate) Freanansiiunndnald 80-95% waunsyl (Baking
Soda) 1 Fouldy futeumniiunduszana 20 dns widnvienaldaduiislissma 15 und
dratnuarnaldoandasuhazenndn 1 seu doutnlufulseniunieUugeomis Haun:

www.gj.mahidol.ac.th

2.3.4 g1aRnuasNalimeaeriui
msasinuasnaldlazoinmeaiuiiunieteniauasl Boninasinunadon
Wosisniun (KMnO,) Sanautfdundefiduvaseun fhgninluldiindelsn o
fowarineg drvanarsienndiald 35-450% wandsiufin 20-30 infia Autgumgiund
Uszana 4 Bas udinvidenalsiasluialiuszana 10 wift wdseintudnsinuasralioandaet

av0198n 1 59U 71w www.gj.mahidol.ac.th

2.3.5 ddnuaznaliinleings
asrnlaznaldidzoinmsindeazrieana1siunnAgle 27-38% 3501570
wasnndevu 1 Foulfly futhgungiuniuszanm 4 8ns widnrFenalifadluiisliseana 10
ufl Eradnuarnalioondietnaze1ndn 1 souU Mien19d 1N EINALDIRSILIUANE SO UL

anANALvesndeasnauthluSuUsENIY Nan: www.gj.mahidol.ac.th

2.3.6 aainuazNaliinedansieg (Ultrasound)
8am519177 (Ultrasound) A osnAalulad n1stamaudans1leu At a iy
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2.6.1 WnsnsenenszuIunsaillvii (Electrodeposition process)
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< ¥ v o 6 4 < 1Y Y £%
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MNMINRADINTT (3) VuURDU Spin-off ABNITVEAMYLTanF NI SUMNANTMUA LT uADY

a o o

HansiAdouaznTEaev Il Tan 5093y (4) Yumau Evaporation Aatunaun1ssengaIsusenay

= a1 v a 5% ~ Ay a s o a
duq Mlifetamselideiniseenlueliluanavesasiidesnisiinnisnesusdilagvs oy

Tdanuseutiglunisseme

a8



Applying the . Dryi Repeating to prepare
; Rotatin: rying PRIyt P
solvent solutions 9 multilayer structure

6!

y. N G RTTTETETE < e
Substrate Substrate Substrate Substrate
P——— TS ——— FR————— ———

E <= E £k

AN 2.8 TFNIETIMUUMLULIIES (Spin coating process)[3]

2.6.4 3MINTILUUTULATOU (Dip coating process)

N3IAADULULTY (Dip Coating) LWASnanilavesnsuszyndldlunsinien
fidu v Tnsodendnnsiadevansazatsuuiiuiiafisesdu shldlasthfansesfuiuasly
asarasasiininntuasaratssdnaiadevuuiuinegieing Wevinsgusudes
uwdvgihiansesfuiiuiuiidundoululinuouiioviliilduausndafauuiiveauu
s095Ul#R Fumerlunsguadou d 4 Fumeudiedu Faandunmil 2.9 fad (1) nsgua
(Immersion) \uduneumsiiansesiuiidesnaedouiniuasluasarasfiedenly (2) ms
Felu (Retract) 1udumeuvosnisisansesduiifuedouiuainarsazats devmefsdunns
muaunlunsiddiaeifeliasazarsannsainigintan ldogreainaue (3) ns
\n1zfin (Deposition) LHudunouildfiansuinuannsavesansazarsitannsaneingi
funvesTansesiulivield dransazaneliasnsoinsiatuiintanldansazansaginanonain
ﬁﬁaqﬁﬂﬁmimﬁauﬂﬁaﬂLﬁm'flulajaugaaﬁuaﬂﬂﬁmmaﬁwLfma wag(d) N1558iny
(Evaporation) .iudunouiivilfaisavarefiingfineg i uiaTansessuiidnumeadoiu

LRANSBWNUNAY LT 99971nTNSSEMaIsazatsuNdlusan Uy A Ui nvasaIsazane

WILTURAEIAANITTANIZUURIVD 0 5895
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AN 2.9 FBN1IETIMUUTUATOU (Dip coating process)[4]

2.6.5 WMNMINTUUTULATOUBALWITR (Automatic dip coating machine process)

1 a ap ¢ o [ A d%l a 1 [
WWuniaessuilanu1slago1donannisiad oua1Taza s UUN UL 198 19919
A v o a ! & av v Y v a 1Y) a a a Y 9]
Wugiuiumalianisguedeuilanaialudiady lnednsimuiiuyssansameienisld
= ! = aa Y} < ] = A A
\AIRIFUATEUNIANNAINTAIUNTAIVANERTISIaETEeTaTtuNTT L FudunTeslioqu
LARDUTUIA UL NEN TV VUINANAYDINITINSIUTANUNEITAIAIUN DTS UNITHAUIAD

[y Aa M Y & 1 a v PN
ganfunseanLuUsEUUndvuatvelaidueg1sh fAwandluninwi 2.10

AN 2.10 T3N1595ehUUTUIAGRUSRLULR (Automatic dip coating machine process)
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g4 (Advance oxidation process)[17] 1@ n1sldlelwulagnislineandning

2e

29NYLATU
Iai%uﬁﬁauﬂmumiaaﬂ%lmez?qqLwiaemliﬁmmﬁ”'}szﬂaisziutﬁuaﬁﬁaza’laiuﬁﬂéfﬁaamw‘fﬂﬁ
Uszdnsarmlunisiiaufaserluaisasaisuianas1s, 191 madalilnazazladn
(Photocatalytic) @115un1sMAnaIsdunsgounssnelaan1zisweuas [20-24] Tnglaans
Aadniluguvesoymaii sagviauneldnisnssfouasesiaion egrslsAinumaia
Photocatalytic FadsiidadnfnvaredefiviliszavsnmnsiAnufiseianas ileswhenisiia
N1337UAUYDY e AU h* (Recombination effect) wazawazanlunslduasaiesends
Fosldumeulunisinansnafifiniunsrurunisesnainsyuusnd unouniwinlfiAnaay
gaennlagainlunisvinauase JalgTinsiauLieantesiadinanlnensniansisia
vut i uRunslgdn g uiunnsliuaadnluifieannavesnisiin Recombination

effect uagyilviinnuazaInlunisiisenanssuvinlidierensuiRnuse Fasenmaila
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mana11in Wledianlnsagaglafin (Photoelectrocatalytic; PEC) [17, 25-27] wazdiolaanluy
WmAdAT saue Al oLanlnsaraylafn (Electrocatatic: EC) wag Inlamrnzladin
(Photocatalytic; PC) idneiuvilildimadelmififiuszdvsamgunnansomdnasdunis
Sunselinanasdu Co, waz H,0 Faliiinnsandesansnddunselussuvuasiiddad
anuazmnlunsUszgndldaatennsenumsidedeildasisini To, lumaida PEC
fusgsunsuans[28] Wosniluszaviaimgs s1engn wardlenuiaiios wiogslsfnuansns
fih Tio, faiifedrinizeamsgandulanizuasiasdansililean (UV) Fsdiviunaiesunn
TuthanasssumAussanm 3-5% lunaseniing tiesaniivesinmdsnu (Band cap energy)
nisdafuanmmiliussaviameideldtunadussaund Fafumadonddluniswaun
Flwihansiwninieudtymdananie msldasiininauidauialunsgandunas
Tugemueaiu wazdidnd i fisunisaunisiwaswauinau smnzanlun1sgiuainy
Uizf\m&q e uaz h* #0199y NISHEANTENINE WO, wag TiO, [29] nien1sldansheiatid
ﬂmauﬁ’ﬁﬁmmia@mﬂﬁw,t,aﬂuszmmmaﬂLﬁulﬁﬁ WU BiVO, [30, 31], WO, [32, 33], Bi,WO4[34,
35] 30 Fe,05[36] ﬂa%’aéf’wﬁ’zyﬁﬂashﬂumsmuquqmmwLLawszﬁw%mwmaasﬁgﬂw%miﬁ!q
FrfenszurunsmIeuflduunsvesansieiatisings deauisavilévainnaneds wu
mﬂﬁﬂmsmum%m (Spin coating)(33, 371 FuduiEnsfideud iy uregrslsfnufead

TN TRIANAINITIUNITRBNRULLAE AIUANAIIUNLIVRIIANASAIAIN T AN

a o % I

lanzlIvasiag NarAyfonisvensvuinvesta i duduligmérdyreanaiannann
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uni 3

F/ANTUUIINY
3.1 \A5adile gunsnl uazansiadl
3.1.1 a5uAd
d19uAdl KN30 B
1. nsalaediaulnseliuwuniozigiin Analytical reagent SIGMA
(Diethylenetriamine pentaacetic
acid ; DTPA)
2. worlufloulensenlan Analytical reagent J.T.Baker
(Ammonium hydroxide; NH,OH)
3. Jagdw () sonlwn Analytical reagent ALDRICH
(Bismuth (Ill) oxide; Bi,Os)
4. wonlufleaumzisaenlawmn Analytical reagent ALDRICH
(Ammonium metatungstate hydrate;
(NHg)gH,W,15,040 -H,0)
5. nsatumsn (Nitric acid; HNO5) Analytical reagent Univar

6. lalasautuasoanlas

(Hydrogen peroxide; H,O,)

Analytical reagent

Chem-supply

7. Wdeulansonlas
(Sodium hydroxide; NaOH)

Analytical reagent

Univar

8. 1n1uea (Ethanol; C,H;OH)

Analytical reagent

Rcl Lab scan

9. latheuranlsn
(Sodium chloride; NaCl)

Analytical reagent

Univar




SREIGEY

LN3IA

R%
g1ho

10. nIAVINERN
(Tungstic acid; H,WO,)

Analytical reagent

Sigma-aldrich

11. ‘ﬁﬁﬁﬁ/l (|||) lumi‘w qumlatmm
(Bismuth (Ill) nitrate pentahydrate;
B|(NO3)3'5HZO)

Analytical reagent

Sigma-Aldrich

12. muniiea (V) penls exdRaozdlaum Analytical reagent Merk
(Vanadium (IV) oxide
acetylacetonate; C;yH1405V)

13. NIn0LIAN Analytical reagent RCI Lab scan
(Acetic acid; CH;COQOH)

14. 9z%hia axdlau Analytical reagent Penreac

(Acetylacetone; CH,COCH,COCHA5)
15. ANEN8193 - W']%?,J']Lﬂll

(Orange red color)

16. AWOSLIU

Teepol pure

(Detergent)

17. paeslninoa \ Aas Insnod
(Chlorpyrifos 30% W/V)

18. lnsogluwoa - o3
(Triazophos 40% W/V)

19. lgwasiumnsu / T35
(Cypermethrin 35% W/V)

20. wanalwsnlansu 5 WANAIVTU
(Lamda-cyhalothrin 2.5% W/V)

21. #Wluymsu - W

(Fenobucarb 50% W/V)
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3.1.2 \nsesllawargunsal

\n3asiie/gunsal U ivio

1. nszanilnil - Bangkok Solar Co., Ltd.
(Fluorine doped Tin Oxide : FTO) Thailand.

2. &gl UL 1007 ALPS
(Copper wire)

3. DWBNTLITU DURO 20 Pettex, Thailand
(Epoxy resin)

4. ganndu - VATIGUL, Thailand
(Hood)

5. \A30eNIuATT MSH-20A Wisd, China
(Hotplate Stirrer)

6. LASDsENsANDgs WUC-AO2H Wisd, China
(Ultrasonic Cleaner)

7. NN - Wisd, China
(Furnace)

8. w3oeTauszunaenIalii PM3 Sanwa

(Multimeter)

9. WMWSIUANS

Model CT-30B

SOLDERING IRON

10. W3adinsnzeivslalii Polarization unit PS Ametek
(Electrochemical analysis) 07
11. idosinglnid NPS306W WANPTEK
(DC power supply)
12. \3eeinaiies ‘
(oH Meter) FG2-l Mettler Toledo, Thailand
13. Falwienade Ag/AgCl -
(Reference Electrode)
14. Flulieae Pt -

(Counter Electrode)
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A o ¢ ' Ay
Lﬂ‘SENSJEJ/QUﬂim U g%

15. PIiaunuaaaia - -

(Stainless steel)

16. viaoaln UV - UV LED Black, China
(UV Lamp)
17. Lﬂ?@ﬁ@g%-ﬁﬁlﬂa aunlnslladimes UV-1601 SHIMADZU, Japan

(UV-Vis Spectrophotometer)

18. NADIFANTIAUBLANATOULUUADINTIA JSM 6510 JEOL

(Scanning Electron Microscope)

19. 1A399IATIEINSA VLS HlenD RINT 200HT Rigaku

(X-Ray Diffraction Analysis)

20. \e3esiloiiATesistdaTiunn Oxford INCA x-act OXFORD

(Energy Dispersive X-Ray System)

21. \edesiagiintan JPS-9010TR JEOL

(X-ray Photoelectron Spectroscopy)

3.2 N1INNADY

au & [ 1 1 A & [y a &
UIYUBDNLUUNITVINABWTU 3 mus[,myﬁ] A 1. GUUWE]‘L!ﬂ']TW@Ju’?ﬂ'ﬁmﬁﬂlm'ﬂ‘l/\lﬂq

Y [

= Y a a a = o a l & = N a a
GEFI QG\UUWWUSLWQU?‘WLQNIW‘%’]LU?EJULV]UUﬂULV]ﬂ‘U?‘V\]qNLﬂa AU INBLNUUTEANTAINNS

a aaa [ =

AU ATe1N13MInaseuLaazieqdunied 2. TunaunsAnwinalnnisiinugnsen

A daliiion1smdnansdunsdansenuiaazieqdunsd wag3. Junoun1sRRIuIeaE
ausuulledianlnsnzazlafndmsunisiidnaisauuawaz@ogdunidludnualilned

[

UALLDYARIL
3.2.1 JURDUMSHAILINTES Ut LNANa1s AL lun

Wunisiwauinisiessudluiliannansnedrvnieldidud indwelus Insay
WAIUINIINT @SN AUIAD B, WO WO, lagldinaianisnsatuuiaiilodn wavansnesaui

WO, fiu BiVO, sewmatinnisyuadaulaeldiniosquiadeou (Dip coating machine) lngla
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Anwtadeasusigg W slliaansidd azslunisldnszaniluiiduianilddudiseiu
(Substrate) agAnwndwmesnieg lunseuiunsassemaianisnsswuuad iy wu n1s

AuAuAIANLIN AunruLUuAINSELE sTesatunisn3e Anwanuaiesvestalnii b

[
<~ a 6

wWuisessgansnmluniseendladanseiutaiuaziieydunse sfnwraud@nuadl i

ANUAUMIULELAT N audfsun1sgandunas anyusdugIuingl serUsenauniaall

wazlAsIas1aNAnveINaNansnasUN ARt I
3.2.1.1 mMswseunszantlui FTO seesy

ANaLe1anszanUI WA (FTO) 9u1e 2x3 WURLunS #2801
Sonicate AUMMasiau tWua1 10 w1l audie 3 M NaOH 1Huiian 30 uiil 1ntumIusieLe
N1Ua 10 w9 wazuinduduiian 10 ud nelilvriivesnsyanwirsainnau iUl udunau

UEIZENGRIRY,
3.2.1.2 mamseudalilin FTO/Bi,WO,-WO; mewnaiawaillnin
- NSASENAITAZAY Bi, WO WO,

wsauldainnasd aans Diethylenetriamine penta acetic acid
(DTPA) 0.83 n¥u azately 2.5 Taddns vasuenlunds 30% (NH,OH) uaziduuindy 50
fadans asluansazans wazauansazaelidafu 9ndudy 0.4 n3u Bismuth(ll) oxide
(Bi,05) Waz Ammonium metatungstate hydrate ((NHg)sH,W;,040 H,0) 0.15 n¥u wdsanTl
auliiinfuneldnisaruaugamailii 80 °C auansazarvua 1unIalum3n (HNO;) 1,190
lulAsans wazifulalasiaueseanlad (H,0,) 77 lulasans nruseludl 80 °C \Huian 15

Wil wazihlunssnematalnilegldinaiia Cyclic voltammetry deposition (CV)
- NSTUIUAITAINEITNUT Bi,WO,- WO, 83UUfIT95U FTO

WayAINNdLe1nnsEan FTO L38Us08Wan 91nHuagnsaudalnia
@13197211 Bi,WO-WO; sawmnalla Cyclic voltammetry Tugnsagane Bi, WO, WO; A9AINH
3.1 LEAINIIN3IE15N 92U Bi,WO,-WO; saenafiatad LW Tnediaalndavinaru (Working

electrode): FTO 92l 1978 (Counter electrode): Pt wazd 2l 191989 (Reference
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electrode): Ag/AgCl riendndltiinluting -0.6 i1 0.8 V euaNgumgif 80°C nasaszeziam

A9M39 LATANYIBNSINITAWAUN 10, 25, 50, 75, 100 wag 125 mV/s, I1UIUVBINITASIAD 30

sou MnuulUwgaugll 450 °C 1lwnian 1 Falus Wewmnadaudiasvinnisseansln Un

508RBA1Y Epoxy resin WazUaeglilit agladalnin FTO/Bi,WO,-WO,

— |

~ -— Ag/AgCl
N

FTO =-1=4% = Pt electrode
]
L BizVVOi §_4

Hot plate

AT 3.1 NMIR39ENINRN Bi,WO,-WO; asuunszaniilniln FTO meawmatiaaiilviiwuu

Cyclic voltammetry

Tl FTO/Bi,WO-WO; #ildainaniiznisdneisieg Wanwaui@ues

Flvin Fasteluil

A5199 3.1 AS9LERIANIENSANYAL TRV i LazinATiAnsoLAT Bl NTGRAN®N

anensanwaudRvast i

a = T
MAUAATD Lﬂﬁaﬂﬂ@ﬂisﬁﬂﬂwq

AnwauTalnlpdidninsazasladn

Electrochemical Analyzer (Amperometry)

AnwiAnusiunuLazUsEInIsAdl g

Electrochemical Analyzer (EIS)

AnwauUAnisganauuas

UV-Vis Spectrophotometer

AnwdnyaEnFUgILINgT

Scanning Electron Microscope (SEM)

AnwlATIas19WEN

X-ray Diffractometer (XRD)
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3.2.1.3 mswseutaliill FTO/WO,/BIVO, mewaiinuindau

- MIWsENEITazTany WO,

LW3YNEIaEaNY Tungstic acid (WO5) 0.1 M 31nnsansa@n (H,WO,)
24.985 n5u avanelu 30% Ammonia (NH,OH) U@ 1000 fadans anuuyinnig reflux #
gaunqll 60°C 1Uwnan 1 Tl agldansazanelalufiduasthansazatenlaun sonicate 1u

a1 30 Wi newluuedeuluduneusioly
- MIWIENEITaYaNY BiVO,

LA yua1Isazany 0.1 M Bismuth () nitrate pentahydrate
(BI(NO5)s+5H,0) Taed's 24.254 n3u azaelu Acetic acid 500 88805 waziaSoy 0.1 M

Vanadium (IV) oxide acetylacetonate (C;yH1405V) Tnods 13258 nsu avarslu Acetyl

a

acetone 500 1addns agldansazany BiVO, Alienauin waliasazareiilaun sonicate Wu
= [ g.; [ PRy & a 1 1 ) 1
LA 120 wl wasandunvansazarsliluiile 1 A Wieselinnnzneunswirdiuaisavany

Tuguedeulutuneunsaly
- NSPVIUATTAIIENTNIIUT WO,/BIVO, 83UUAITEISU FTO

Wnszan FTO Wgmedeuluaisazats WO, Tudnsniinsdisneinias

JuinfeudnludfasasarsasinisfnuuR i anduilieuiiaamgd 150 °C WUwan 5

a

Wil wdnhluenioamgll 500 °C Wuian 30 wifl ndsrnasadiluguadeudie BiVO, lu

U

gn3159N15gULAdaUAINAIELATEITUSRLLTR asazatsumesRauuiiongd antuileud

a

gamndl 150 °C Wuvian 5 wiit udniluwnfigamigl 550 °C 1uian 1 9alus e a5

Y

azyinsseaslil Unsessresie Epoxy resin wazUasyliling agladalnin FTO/WO,/BIVO,
3.2.1.4 WisuWsuauanyaskazUsgansnnnsinuiseveataluih

Wiguguauanwaeeina90 b senInealnin FTO/Bi,WO,

WO, Ningemamaliaaillniln wazaaluin FTO/WO4/BIVO, 1nsesematinnisguiniou 7l

Aaa o wa d o a = a aaa Aa o
dN1IEN @Wﬁ@%ﬁﬂmaﬂUmﬂqiﬂﬂﬂaULLaq ﬂ'ﬂ’]umqumquL%\‘iLﬂﬂJlWﬂq ﬂ']iLﬂ@UﬂﬂﬁU']Vl WNINUN

9 Y

¥

TN wazUszansanlunisindnaisdunsgalamadalulsdidninsazazlafin aanduaen
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Tl naaaudAnanasiet lgdmsuAnwinageaniuusuluunIasaslinaemadalyl

Tndanlnsazezlansoly
3.2.1.4.1 fnvnaaudRnisganauues

dalihilaimunuanfnwaudinisgandusasiewnies
UV-Visible spectrophotometer Tutisan1nue1aau 200-800 nm LazATUINNIATLAULDII
WA (Bandgap Energy) 9ngn5 Eg=1240/A lawr1 Eg Aoruaudesinendsanu uas A fe

ANPNNYNIAAY (Nm)

3.2.1.4.2 AneauUAnuA N IuLD A Wi

(%
o w

ANl A IRRILIT UL L TOUAD A ULATBIILATIZIN
Wil Electrochemical analysis wag@nwimiauiiunIukazaugnIsbnilidemnaia
Electrochemical impedance spectroscopy (EIS) Lileduduguiinisdsinudiannsoussning

Rt lwihduansazanedianinslan
3.2.1.4.3 fnwnsinusennianth il

WWanwnmsinuase iR dliidemedaliindidnlng
pzazlain Tasthdaluihisiantuantasnsaualnia Tasardldduannaiieujasen
sendnduiitnnidalnit fenslindliianed (Amperometry) Wuan 90 Fuit neadu
anzliuasazliliuanng 10 3wndl auasumuiad luasazaieddnivslas 0.5 M NaCl
Tun1531as el 2w 19 e (working electrode) A ® FTO/Bi,WOsWO; %38
FTO/WO,/BIVO, 9381984 (reference electrode) i Ag/AgCL wazdaliingae (counter

electrode) A Pt

3.2.1.4.4 AnwUszansnnlunisnndnansdunse

o

la@EnwUszansnnlunisiidnansdunsdeamemanalulndidn
lnsgazladn lngdnmudsyansamlunismdeaisdunidluin dmensinAinisaanduuas
a6

A18LAT DY UV-Visible spectrophotometer 1agfiansaIN15anau03d158 UNI I ANaNDIUNS

Orange red color AududY 3 ppm Wusseziian 20 unil Tuaisazanedidninslas 0.5 M
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NaCl Tun1siasigrladalniualunfodalud1 FTO/Bi,WO,-WO; 1S gulieunuda i

FTO/WO4/BiVO, waglddrlaiiunlnade Stainless steel

3.2.2 M3finwnalnnsissnsiinuizsenngalni

a i

Anwinalnnisiinufasen il lneasAnwinisinufisetoendintuves

(% ' (%
o a v

iRt linelaaniisnduasazdndlni Anwinalnnisissnsiinujizeniiom
Pl INsIsIsLaazn1sis wedndgliiln lnefnnunisanasvesdnaue1nns Orange

red color Aty 3 ppm Wuszeziian 20 wiil luansavaredianinslasd 0.5 M NaCl fae

I~ 14

N13INAINITAANAULAIMIELATEY UV-Visible spectrophotometer titaldlunisvitaandila

'
aaa a

nalnnisiiauasendslniiwasldlunisiunswaseonwuussuulviivsedniamlunis

AnufRTeIsfdnanseuauantordunisluiuneusioly dslddnuluannewelud
- Ainwnglagn1zlsenaeas (Photocatalysis; PC)
- Anwnglaanngisemedngliia (Electrocatalysis; EC)
- Anwnelaanngisemneuaiuasdndluiin (Photoelectrocatalysis; PEC)
- Fnwnannzdilildtalnihnneldnnsissiouas (Lisht)
_ Fnwanmeillddlnihneldnslifues (Dark)
3.2.3 mafnunsUszgndldda i fuadfunuuiesdatnaald

= o v =% o o a w < A S [ 3
Anwinisuszgnalddalniirarsfesinhniaudunanneianaadulead

q

Funuutpsatainualdsamataluleadianlnsazazlann dmsunisidnansauuadlay

[
a

=~ a £ 4 ¥ v £ q"q‘ v 1 1 Y]
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LazlouWa 1NEIUYBUNEATNTLALAINLHIIBANKALIAEATY NadaUuUsEaNTAINVDITLUY

aa

AIENNTILATIFVUTUIUATH LU ILALLY DT UNTTANAIIITINDURAENF I IUTEUUAILTT

AATinnsgu Jeladnulussavanaesljiinisaulausea@nsamasgaud ndula

'
=

ANEIN1SNLYUIATRITEUUI oI duead dunuuLAs 9ed i nualive i den lawau1du

sa !

aold lnefnwinisdweiniinasoUsed@nsamnisiindfasenisidnalsediuaduay

Wegauniduazusuluanudululddmiunmsvenevweainaiieldassely fadl
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unil 4

NANT5)VYRALDIUNYNE

4.1 NaVBINISHAILINTSATENYNTE5N AU Bi,WO,-WO, fAramaiin

Cyclic Voltammetry Deposition

nsAnvnses ot i ndudadenindanuddyaoussans nnaesda i

W9e1niduni1snsaansnedriasvunszanluii ol dud Wi e luavinaudinsutiilu

£%
a [y

Uszgndldlunismdnansdunsdensuuaiuaziioqdunss 1uideilafnwiniswss uaalnih
A8a15N9021 Bi,WO,-WO; n3etalnisaeamaila Cyclic Voltammetry Inalid@nglnilqld

N19auR -0.6 V awnuldnedndlniinisuini +0.8 v
4.1.1 HANSANEIINIINTITAWNY (Scan rate)
4.1.1.1 dnwagnsiaufiseivesarsnsinuntunisnsetali

\ioAnwUssavEnmianzasdmsuialwiueluafisiaun iy Tag
A39 Bi,WO,WO, asuunszandrluiih FTO sasinisaunufild@nwdmsumssudalniife
SMMsALUT 10 mV/s, 25 mV/s, 50 mV/s, 75 mV/s, 100 mV/s wae 125 mV/s 3elédne
SnwarTaa unsluunsuvostnlninluseminenisnidduansasaneiadu Tngldseuiiousne
mammuﬁLmﬂﬁhqﬁ’ulumiLﬁmﬂﬁﬁ'%mmsm?ﬁ\la‘mﬁuaﬂ Bi,WO,-WO, fidantidaluiia FTO &
wanslunnd 4.1 91nwan1smeaesnuiinsaml Cyclic voltammograms s lvidnglndianisay

a v v

439 0.0 83 0.6 V TunauilaziinAnsziaannuinzenssntuuedansfinu (precursor solution)

(4 1 [
= )

A IAAAREUU BiWO,WO5 1N 18U LI Uit K192 I W 191191 FTO wuduin
AINTERANUHATEIANTUNINNDNTINTTARNUNAT hazazdimanauiloiudnsnisawnuly
nsnseansnamaiiiudulugig 10 - 125 mv/s wanaliiuinfionsinisawnudng Tudas

AndlihauauiasiinUfisensanduy



NMAATIELUTRIEsAIEIth Bi, WO, WO, 167 wazidiolidndlniihluniauin ¢33 0.0 fs
+0.8 V amfinenszuannnufiseeendinduainasuuieunazans precursor fiudaud
fvitian i Bi,WO4-WO;5 wudwﬁé’mﬂmimmusﬁm JRRNITUIUNTEONT T ULTBA4A
arsUuteunaransazas precursor druiulfuniian deanansoesuresingmisaldangnn
lé"jwmms;Lﬁmmﬂiusmﬂizmumim%fqaﬁﬁaéf'sﬁwﬁé’mwmﬁmmu%’ﬂ6] 3Ry (precursor) 7
MIAAANANUIS Bi,WO,-WO54 LﬁmmﬁmL?ﬂﬂﬁamaqaqn1ﬂaﬂiﬁaﬁaﬁﬁ Bi,WO,-WO5 98139919

s

waztinn 1Nzl uR U TUUS U UN NINAIINANIZENTINTARAUNLSINIT WanaNil

@ a

= a ¢ % o o v a a N A A A A £
ﬂﬁ%U’J‘Ufﬂifﬂ301/\]@1@’]5?](1@]'3“’]@3EJLV]ﬂu@]vLsfjﬂaﬂI’JaLW]MLlﬁ/ﬁ QNQWL@U@ﬂLi@Qﬂ@ﬂ’N@JU?qmﬁ

q

yaaflanuisAailleawnudngluinluiuuinvuensWlduazsiinujiseoondindurasans

UYuleuviseans precursor Muniiunelivigaganunainidintigalni

0.02 -
0.01 - —(a)
% — — (b)
g-o.s 0.6 ) 02 04 0.6 08 1 ©
S
(d)
20.03 - —(e)
-0.04 A —®

Potential/mV (vs. Ag/AgCl)

Al 4.1 n5791 Cyclic voltammograms w8393 FTO/Bi,WO,- WO, a3 sudaamaia
Cyclic Voltammetry Deposition mﬂmiﬁﬂmNaﬁuaaﬁmﬂmimmuﬁLmﬂ(ﬁmﬁ’ﬂu
A15M3IE5AEIU B, WO, WO, SiAvinfy (a)10 mV/s, (0)25 mV/s, ()50 mV/s,
(d)75 mV/s, (€)100 mV/s lag (f)125 mV/s

65



4.1.1.2 audinslladidniasazazlafind wiunisifaujiseneendndulu

ansazangin
80
& , Light
£ / —(a)
g 60 4 *
2
= (b)
g 40
g (e
>
(@]
% 20 4 D’ark ! (d)
& / ‘
v
0 == I r — I I I i —(e)
0O 10 20 30 40 50 60 70 80 90 )

Time (s)

A 4.2 N5 Amperograms 83931 FTO/BL WO, WO, 7iiwSeudemain Cyclic
Voltammetry Deposition INNANIIANBITATINITAULNUT (@)10 mV/s, (0)25

mV/s, ()50 mV/s, (d)75 mV/s, (€)100 mV/s wag (f)125 mV/s

NNaUDINTITANwIauTAn1NWNlnd dnlnsazazlaf nwul 1A
nyzuabivhiifietuainnisiialfisetsendinduluansazareuivetaliin FTO/ Bi;WO,-
WO; fILASUUA8TATIELAUT 10 mV/s, 25 mV/s, 50 mV/s, 75 mV/s, 100 mV/s wag 125
mV/s IAHaNISNAABIRINING 4.2 AINKANISNAABINUINNDATIALIY 10 mV/s JAnsewa Ll
nnsiiadisereendinduluaisavarginian 1HAINN1TALALTRINANUN BiWO-WO,
ynaudulddananiiliensinisanelaudidnnseuninlveetluintuanas WoiudnsInIg
awnutdu 25 mv/s nudng il Bi,WO, WO, Massuladainszualnirgefiaauazluy
YL AEINULE DN MSINTARNWS WRNTUA 50, 75, 100, 125 mV/s WUl Bi,WO,-

d' = val 1 o o d' (v @ d%’ 1 ) ¥
WO, Mvmseuladanseualninanasmuaiau esnsnsinisawnusidudavinlinisavau
o a ) a s . Aa ) a ! = o 8§ v
LAZNNTTALTARIVBIDUNIAYRITRY Bi,WO,- WO, Nnthdanihanawiselaivungay Javihlu

aaa a

nszualnivestalfin Bi, WO, WO, Mwseulatiantfinisiinufisensendnduluaisasaiy
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Y1anaInIuaIfn U UITEL A UNUIITASINITARNUN LAUNEANE NS UNITEAS 8 uD 2 LN

FTO/Bi,WOe-WO; sgnaiia Cyclic voltammograms @9 25 mV/s
4.1.1.3 namsAnwiApudumulas Ussgmaaiiliih

AINNISANYINAVDIDNTINITALNUN LFDAIAINUATUNIUNITAINIUY

¥
Y v

Sidnnseutudidninslasiifianingaluila FTO/BL WO, WO, fimssusiesnsinisawnuil 10
mV/s, 25 mV/s, 50 mV/s, 75 mV/s, 100 mV/s wag 125 mV/s aaewmaila Electrochemical

Impedance Spectroscopy (EIS) Auaasluning 4.3 wuainiseseudaliinnisnsinisawnui

1 ¥ a o

10 mVv/s meldannzisseuaiisalnsvanauiivgignvesnisnaen Nyquist vesda b

| v

Bi,WO,-WO; Utuaniiamauduniunisadivinlunisasloulssgnuniignuanidiagns

msanelaudianasaunfiunl1vesi2lnirilandeaanedasnuainsewalniinlaainning 4.2

v @

neuntil wavsalnsnenauiidniianvasndon Nyquist vestaluiln Bi,WO,-WO; Minsessie

q

) cs' | = v | o = Y & 1 Ao
DAIINTARNUN 25 MV/s ‘UQ:U@ﬂﬂﬂﬂqﬂﬁqﬂmunIWUﬂqiﬂqEJI@UUig‘r\]‘Gn?NLLﬁ@QIVL“u’TuJ@@T]

J a A& a I A oY wa o say v
nsaneleudianasougeinuivetd i nieinlan naawsledl

qevilbrdanszualnings
ngallailSeuisuiuniswsentilninlddnsinisawnuiadu 50 mv/s, 75 mv/s, 100
mV/s Wag 125 mV/s auddu aandeyasenanaiunseduduliiluegsitanavesdnainig

q' ' Y] = a s =& o o ~ v a a A
aunuiLanNm19n UlunISNS WA NE15A 96311 Bi,WO4-WO5 saomailalendnliaunaunigad
auddglunsmuauaausuudsaiinihdunsudanilussuulnladianlnsaezla

Anladusgned
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A1Wd 4.3 n599 Nyquist plot 3939 21901 FTO/BL,WO,-WO, 7iLa3eudaemaia Cyclic
Voltammetry Deposition INNKHANISANEIENTINITARNUT (3)10 mV/s, (b)25
mV/s, (€)50 mV/s, (d)75 mV/s, (€)100 mV/s wag (f)125 mV/s

A15199 4.1 AU EMIUGAT T veet il FTO/Bi,WO,-WO; Masaunieinaia

Cyclic Voltammetry Deposition PNHANIANEISAIINTARNUT 10 mV/s, 25

mV/s, 50 mV/s, 75 mV/s, 100 mV/s &8y 125 mV/s

DNTINITALNY; AMNAIUNIU;
Scan rate (mV/s) Rt (ohm)
10 94,080
25 3,824
50 6,791
75 9,132
100 13,074
125 35,063
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4.1.1.4 samsfnsaniAnsganauues

NNsANEILasUSsUEUan TR SRANGULAIURIRANUIS Bi,WO,-
WO, Ti3eusiednsInsaunudi 10 mv/s, 25 mv/s, 50 mV/s, 75 mV/s, 100 mV/s uag 125
mV/s WUISATINSALNUT 10 mV/s Siennamunuesilas Bi,WO-WO; tnniigauasiiannamun
AnAIMUSASIALAUT LR 115 2T uR LY %a%ﬂﬂﬂwﬁLm%'amiéfmﬂa”mwmiaLmusm6‘] S
aanduuasiinnuenedulutuasdinumeadiulnsanigdlwiivisufisnsnisaunu 10
uag 25 mv/s azupaiudindssdalauansadusuldimuanmnsalunisgauadiugaedio

youiuladunged fenInd 4.4

(a) (b) (© (d) e (f) (9)

4 — @
3 (b)
S
5 (©
Q 2
9
g (d)
1
—(e)
0
—(f
280 320 360 400
Wavelength (nm) —(9)

A 4.4 wansnmdalniuay Absorption spectra vesda b1 FTO/BiL, WO, WO, 7in3eu
sewmadia Cyclic Voltammetry Deposition 91nxan1sAnw1dnsIn1sawnudl ()10

mV/s, ()25 mV/s, (€)50 mV/s, (d)75 mV/s, (€)100 mV/s, (125 mV/s wkag (g)FTO

pg19lsAmuaTdunmiuInNaNUIe Bi,WO,- WO, MtAS8ua188R51NSaLAUT
Tl a -

50, 75, 100 and 125 mV/s Lid@Anduuuiansessu lunaeifeifunismieusiednsins

AWNUA 10 war 25 mV/s Hdudesgauintu Wukauaninsaeauvasilduung Bi, WO, WO,
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o o 1

finfiSeeeatng feymefimnzauuasdduaundsnuiuaunindmwasiliiassagandy
wadlisluraagTunzdrsfinueadiuldinindlafhAdsnsnisaunudug usiiiesaindne
Aunudl 10 mV/s Sinsazaufiau Bi, WO, WO, ﬁﬂ%mmmﬂLﬁuawdwaﬁia@mamﬁ’mWMSL'Sﬂ
TnsazarlafnuisUsyns safunisndeudesasawny 25 mv/s Sedaummzanuinniy
AMsnTEudEsRsIERnLE U WemuimAaund Iy (Energy band gap; Eg) vaed 2l
Bi,WO,- WO, fidn e ilimunzaudodlnfifmseudisnsanisauny 25 mv/s aana il 4.5

'
A U =

LARIAMUFUNUSTZNINAUUTZANTNITAAN A ULAILAE NATULAUAIUAVDIAA UL AN AN

Y

waAAILAAUIN TN FTO/Bi, WO~ WO, MwSeulaiimuaundaanuwindu 2.70 eV @anndaariu

ANNNIANGUKAITEIENINIFIN Bi; WO, WO lluagne

5000 @
4000 —(b)
& 3000 ()
Z

d
8 2000 (d)
—(e)

1000
—(f)

0 |' T T T T T T T T T T T T T T T T T T

2.5 3 3.5 4 45 —©

Photon énergy/eV

£

AWl 4.5 fmwmemwué’uﬁuﬁ‘izmwé’m'ﬁzﬁmmmiamﬂﬁuﬁumwé’wmmwaﬁy’ﬂw%
FTO/Bi,WOgWO5 ﬁ'Lm%mﬁwLwﬁﬁﬂ Cyclic Voltammetry Deposition 310N &
msAnudasmsaunuil (@)10 mv/s, (0)25 mv/s, (€50 mv/s, (d)75 mV/s, (€)100
mV/s, (125 mV/s wag (g)FTO
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4.1.1.5 nan1sfneanuyuedugIuIng)

1NNSANIANBULNITUFINING VIR UNEITINTH FTO/BiWO-

WO, TLn3aUAIBSATINITARAY 10 MV/s, 25 mV/s, 50 mV/s, 75 mV/s, 100 mV/s waz 125

v v
I~ a

mV/s AuanAnsiu nudngnuaeiuiavesd 2l FTO/Bi,WO,-WO, dnwaziuindungy
fouvuelvgideudatlaefivuineyniauszanas 500 - 1,000 nm wazildnuadugnguann
fanmznswsoudaliiingaesnsimsawny 10 mv/s dauansunmi 4.6() esainiinnns
AvAuVRITEY BiL,WO, WO, HUSunamniiliiAnnsduisududeunualnglugaedidnng
aunudndlwiluguay warluvasiiorfuasiinnisUantdosansuuiiouniensinisu e
Aullguuiulutismsawnuingliiinluguuinvesmaiiamsiieuiiduuuyleaanraunum
3 fofiusnsinsaunuiiisad unuinfida Bizwoé—vvog,ﬁa‘”ﬂwmzmmizmaé]’wmam’mﬁﬁ

YPUIALANAIUTENI 100-200 nm N8ATINITARAU 25-50 mV/s NidAnAoazdunalainnens)

'
a

AsERNY 25 mV/s ddnvauzesiuiiiilugngusaziiniuaguszannningnsnsawnudue
Aananslunindg 4.6(b) Fdlvinanaennassiuduainseuabiiiiiinvulunountid fenuy
A U v r.:gl" a A =) v [ a gj IS d' o (%
anusadudulaiiiuiinSeumesnsnisawnui 25 mv/s dulnnumigaunand miunis
wisud b3 ana1AedslnNYIITEveI Ui IINg W Ussani nnlunisdudany
v ] a a v I vl o ea v 9 W
ansazanglaunnuazangleudidnaseuiiiomthalninlas wadnslatdivatvayunuaudav
mddnlnsazezladnladusgned FallawSeuiisuiudnuueiay Bi,WO- WO, Mmseuann

a

401EdNTINTALAUALLA 50 - 125 mV Anvaigilaunifiaduaziinuwiuiasisnunanas

wazdns e ldaianensiandluning 4.6(cf) dwasionisiinuisendvtnualuiine

LANINDUNUNL
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ATNT 4.6 LAAININ SEM 8392191 FTO/ B,WO,-WO5 71 1a5oud1einaila Cyclic
Voltammetry Deposition IINHANTTANWITATINTARNUT ()10 mV/s, (0)25
mV/s, (€)50 mV/s, (d)75 mV/s, (€)100 mV/s, (f)125 mV/s uag (¢9)FTO

4.1.1.6 HANNSANYILASIASIINEN

nnsAnwlasiadraEnvestaliin FTO/Bi,WO.-WO, fnIeudae
FRNTINITELAY 10 mV/s, 25 mV/s, 50 mV/s, 75 mV/s, 100 mV/s Lag 125 mV/s saginadla
X-ray diffraction (XRD) nuiniinsiaenuusediendvedlasadiendndasessu FTO § sno,
Juesduseneu 71 20 Wi 26.84°, 34.08°, 38.06° wag 51.92° FansetulassadienEnes
tetragonal SnO, (ICSD 84576)[50] waransnsabudumsiagaiunsedenduss WO, indsauy
Autinszansesdu deillaseadramdnuuy monoclinic WO, wufindi 20 wiriu 23.82°, 32.74°
WA 45.84° Fansariu (200), (022) wae (222) auandiu (JCPDS 83-0950) [51] uazanunsadusy
1518 8 UUSIELeNTV BiLWO, 7in3easuuiiantiansyansesdu 4 eilaseadrandnuuy
orthorhombic Bi,WO, wufiadi 20 windu 27.82° wag 28.52° Jemseriu (131) JCPDS N°97-
2381) [52] fauwanslunInd 4.7 a1nuan1sfnwdananaiunsadusulddaaudndalunis
W3 puTa1U19a15A 965911 BiWO, WO, vuRaTansessunszaniilia FTO il sno, 1du

23rUsznauladung19f uanaINTAINNITANBILALLUS HULN SUNATDIENTINITALNUYD
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o

TliAulaseas1man wonanldmuintalWinAiwmseuiensinisaunudl 10 mv/s dau
) =< . a 1 1 =3 1 } % = Ao
Jundnues Bi;WO, figeunn usegalsinulinulassaiimdn WO, Usingignsinisawny
(% 1 P 1 [ o o aa ] Y1 Ao 1 a a Aa 4
Aanad FatedndumsnadiAgnaudulainndnsnisaunuwin 10 mv/s TUsunaasiiant
Tl annusdaud@lnledidnlnsaenrlafindes esanilasAusenevvesansiedaunly
A A . 1 a = ] 1 A a aaa 1 o v &
WnzauAaiiang Bi, WO, aghenddnasioantflunisiinuisersgrsdaau wasdadu
nsudulaiiuegefinnisnanansieiadi Bi,WO, WO, duasuliiinnisdwinuuszquay
Waufiselvledianlnsaznzlafnluaisazasinlannintalniasisiad BiWo, lilesaes
a 3 Yo | A 0o g Ya a s % o o da Y =
Wen wagagiiulatniauiniensinisalnuaiunsavin i lanuisasneiunfilassasiawdn
MR Bi,WO, uaz WO, lngaziiuaugivesinndnlasiasnandn Bi,WO, uaz WO, Faau
NAANENIINITAUNUN 25 mV/s UaganasmuaauLilaliugnsIN15awnuaaduaIn 50 - 100
MV/s LagNURNILIATIEs19NanTeY Bi,WOe81afealay linulasasnawanves WO, iyl
gmsInsawnuasdie 125 mv/s arnnasenanaunsaduduladusgditmavesdnsnisauny

Tuwedalgadnlauwnuuyidwalaensdunismiuaunsiniiauuazlaseasimdnues Bi;Wo,

waz WO, ag19dnlau JedwmanaUszansnmnsiaujiselnlndianinsazazladnvestalnil

(%
o w v v o

Inegnelideddny Aaudnsinisawny 25 mV/s Jsdianumngauiigaluniswseuilauidna

o

aaa a

o Y a a a N gOJ o o a
niiuseaninmgegalumainuiseresendnduluaisazargirdmsunssuiunsinlng

Anlasazazlann
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m orthorhombic Bi,WO,-WO, e monoclinic WO, 4 tetragonal SnO,

JAL A Aﬂ A —(9)
o« A A4 A —
5 o A A A
o A A A A (e)
._E\ )
é oo -. oA (d)
£ —(0)
] ° °
- - " M Am,‘ ——(b)
| . A . u. . .A R (a)
10 20 30 40 50 60 70

2 theta/degree

AR 4.7 21w XRD patterns 2039 311 FTO/BI,WO,WO, 7iwa5sudaemnaiia Cyclic
Voltammetry Deposition INNANISANEISNIINITARAUT (@)FTO, (b)10 MmV/s,

(@25 mV/s, (d)50 mV/s, ()75 mV/s, (100 mV/s kag (20125 mV/s

4.1.2 Wisuieuaudnuazuasussdnsammaiau et iwseule

Walagnemunzanlunisinseud Wi FTO/Bi,WO-WO; A3 8un 8

' ¥
= Y =

wmaila Cyclic Voltammetry Deposition @i utmaiiad la wauidudmsuiinnszuiunig
sondnduluasazatsun InglatunuSouiisunnanyaeneg dudalnin FTO/WO,/BiVO,
A o v a ! a = Y a wa a v a

Awspunlgmaiiansgueieu JeliuTouiounaaud@n1snaniumnas AUAIUNI LTS
Witk nsiinUfAse iRty wasUseansanlunisindnansdunidamemaial
Indidninsmzazlafin WedhluAnwilageenuuunuuuuinsssansdniaznalll fdiseaziden

selud
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4.1.2.1 nanmsSeuiieuaantinITnAnauLE

Mnnsieuifisunaantinisgandunaswesdalulin FTO/BiL WO,
WO, fmaudaemaina Cyclic Voltammetry Deposition Tuan1igdlinungaudsfinanaly
Fraguifutaluliln FTo/WO0y/BIVO, finisudomaianisguiadousnludd Wefuinen
LOUNAI91U (Energy band gap; Eg) 31naun1s Eg = 1240/ ’i]”lﬂﬂ’]iﬂ/lmaa\iwm"lsﬂg’ﬂv\lﬂ’l
FTO/Bi,WO-WO, fi3eudaewmnaiia Cyclic Voltarmetry Deposition LémamﬂﬁuLLaaﬁﬂawu
g1IAAL 460 nm lemuiaruaundanu (Eg) Tiwindu 2.70 ev 44l FTO/WO,/BIVO, 71
wismemaiian1sguiadeuiugandunasiinnneadu 560 nm efulnAuaungany

(Eg) iy 2.21 eV Fauandlunmil 4.8 wag 4.9

4
3 4 \
q) ‘
9] )
g \
Q 2 —(a)
(@)
8 (b)
<
=0 (o)
O T T T T | T T T T |\~‘k~\| T |~'~| \L T T T | T T T T | T T |

~

250 350 450 550 650 750

Wavelength (nm.)

AN 4.8 Absorption spectra @) 21 FTO/BI,WO,-WO, Thassudaemain Cyclic
Voltammetry Deposition (b 2lal{1 FTO/WO,/BIVO, TinFsudeinadaga

WABUOPIUNR (O)nszanihlwih FTO

INNNA 4.9 UARIANUFUNUSTENINEUUTEANSAINIRANTUAUAMEIULAUYDS
Tl wansliiiudntalndin FTO/WO,/BIVO, wssusiamadaguiadeudaludf da1nis

aandunasluyra3fidalauinndad il FTO/BiWO,-WO; MimIsualeinaia Cyclic

(% '
v = = I~

Voltammetry Deposition 7 bdWau1? uug sdn1saand uuasluyiavesy Tuagd vl

Y
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FTO/WO4/BIVO, JA1uaunNa 1914 (EQ) AuAunIN LW FTO/Bi,WO.-WO, 4 9d snavinle

AauauUAllndianlasezazlafndmsunseuiunisiinujisereendnduluilas

5000
4000 e
. [
S 3000 -
_fc>\ e —»()
2000
3
A (b)
1000
(c)
0 T

1.7 2.7 3.7

Photon energy/eV

At 4.9 nemluansaudiiusseninduyssniansgandusudmdnuouesdalin
(a)sﬂj’JIWﬂ’] FTO/Bi,WO4s-WO, fwspumemaia Cyclic Voltammetry Deposition
(L)l FTOWO./BIVO, 1‘71|LG]%EJ@JG’{’JSLVlﬂﬁﬂﬁiaJLﬂa@UéJquﬁa (©nszanu bl
FTO

4.1.2.2 wan1ssUssusuaniRauaunIud e i

31NNITANYINIAIINA 1UNIURAYAILNILAT I 1Aewmadia
Electrochemical impedance spectroscopy (EIS) wiaBusuautifnisadaudidnnsousening
FanthialiihfuasaraneBidninslad mnmssudisuauautinisgandunasestaluin
FTO/Bi,WO4- WO, A insausuinAde Cyclic Voltammetry Deposition iU SUJ’JVLWWW
FTO/WO5/BiVO, ﬁLG}?&JmﬁwLwﬂﬁﬁﬂﬁiﬁijﬂﬁaUé’quﬁﬁ PR GRGPR R RIS RE N

Tl FTO/Bi,WO,WO, a3 susisinaila Cyclic Voltammetry Deposition fiA1L¥111u
6,118 ohm waza2 W1 FTO/WO,/BVO, ﬁm%’amé"gEJLmﬁﬂmsﬁjmmﬁaué’miuﬁ“ﬁmwhﬁ’u
318 ohm Fauandlun g 4.10 uazans19d 4.2 nanaded i FTO/Bi,WO.-WO, dA1nan

Fruntunisasusianasauninvinluiuseans nnlunisdwinudidanaseuls oy Tuvasi
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Tl FTO/WO,/BIVO, fiAnAnudiumunisasiiudidnaseutesdaasuliiussansnnly

nsdsrnuBlanaseuusnami i lunsiinujisereendinduvesiilanuinnin dawa

nsneaeslaennassiuanszualnihiiietuainujiseneendinduluaisazaisin asandly

A7 4.10

3000
2500
2000
1500

1000

-Zim (ohms)

500

e (d)

(b)

0

2000 4000

6000 8000

Zre (ohms)

A 4.10 uanans I Nyquist plot 189 @FMH FTO/Bi,WO-WO, fnseudeinaiie

Cyclic Voltammetry Deposition (b)sﬁgﬂﬁ/\lﬂﬂ FTO/WO4/BiVO, fnSeudemaie

1 = g va
JuAReudAludH

A19199 4.2 Arausunuaad indvest lwin FTO/Bi,WO-WO; Minsauniawnaila

Cyclic Voltammetry Deposition WaueuRuta Ll FTO/WO5/BiVO, Fp3on

memallnfunia udnluda

alwiiin AUATUNIY; R, (ohm)
FTO/Bi, WO, WO, 6,118
FTO/WO,/BIVO, 318

7



4.1.2.3 wan1sweuiisunisiiaufiseniamvea lnih

MnuamsAnnafauiiseitanihdlnihdemadalniadidnles
avnzlain Ingthdaliidldwauutarinssualiiiind u Tneaadleddunannns
AnuFAseeendnduiiiowiialwil luasazanedrdensldnslifiaci (Amperometry)
Dutaan 90 3und Tesaduaniiziliuasuazlaliuamag 10 3urd auasuaiunaily
ansazaedidninslad 0.5 M Nacl lunisiasnewlddalnivieu (working electrode) fie
T2l FTO/BiWO-WO, Tn3ausemaiia Cyclic Voltammetry Deposition wazd 1w
FTO/WOy/BIVO, Tinieudeimaiiaguiadeusnlusi® 144alniihg193 (reference electrode)
Ao Ag/AeCl wazld 1918 (counter electrode) Aa Pt 9rnnan1sAaEInU314 LT
FTO/WO4/BiVO, ﬁLbﬁem@haLwﬂﬁmjmmﬁaué’miuﬁﬁﬁmmmam%Lﬁms?]!umﬂmzmumi
sondnduluansazanstniiuinnindinseudlniinvesiqluin FTO/BiL,WO.-WO, Min3eudae
wAla Cyclic Voltammetry Deposition Fawanslunnd 4.11 1NNV ATEIIBULAIAY
Fndluiudioatiuil 1.0 V vs. Ag/AgCl Fetalidi FTO/WO,/BIVO, filwSenseinadnguindou
é’miuﬁﬁﬁmmmmy{,w%Lﬁmﬁuqﬂﬂ’iﬂ%ﬂw% FTO/Bi,WO,-WO, fitaSaudiimaia Cyclic
Voltammetry Deposition Lﬁaqmﬂﬁmamﬁmaaaﬁ'aamﬂﬁmﬁumaﬁnmamﬁ’amaL,Laaﬁg]mﬂﬁu
wadlutiididanasdamdsunaviivaunindanalvluide 4.1.2.1 wariinafidenndasiv
nsanwautinnuiumudaed i Adesaudiuniunsdeiudidnnseutidesdinai
TWiluszans nmlunisdwiudidnpsouusnaimtda induarsazareiiunn sgrslsfnn
Q"iG{Taﬁﬂlé’ﬁﬂmﬂixﬁﬂ%ﬂwwhﬂﬁﬁﬁ@aﬁﬁuﬁ5511aa%’ﬂv\lﬁw FTO/Bi,WO WO, Tiaseudg
wmaila Cyclic Voltammetry Deposition waz4alulfin FTO/WO3/BIVO4ﬁL@"%‘aué’ammﬁﬂf\jm
\deuseluld iileSeuiisuussansnwlumainufiseansminansduniddmiuidon

PNz adlUaanwuuiduwadduwuueIasaetnwazaalid nsuiidnasawuaday

Woqdunidnely
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800

& Light

”g 600 -
2
=
+~ 400 4
o — @)
5
g 200 - Dark | (b)
-+ I 1
(@] ! H
£ /

0 4 I T I T 1 T I T [

0O 10 20 30 40 50 60 70 80 90

Time (s)

A 4.11 N5 Amperograms mmﬁmﬂﬁﬁ‘%maaﬂ%Lmsﬁ’uﬁLumiazmmfﬁ 0.5 M NaCl #iein
Fngluiiin 1.0 V vs. Ag/AeCl iiguitausalutiinvhanu (a)ialwii FTO/BiL,WO, 7
wssnaewaila Cyclic Voltammetry Deposition fiu (b)sﬂg’ﬂﬁ/\lﬁﬁ FTO/WO4/BiVO,

d‘ a b a ! A LY va
‘VlLGWEJ@JW]EJLW@U@QMLﬂﬁ@U@G}IUNW

4.1.2.4 pansiUseuieuUseansninlun1smandlsounse

A o ) o & Y =V v a a o o
Wefnwkagwaualiinduianadsladneruszansamlunisinda
a a6t 9(-)’ d‘ a = a a o U a = b’d‘dd‘ 1 :JI

ansdunidluln WelFsusudsednsamlunisindnasdun3gnanansenined il
FTO/Bi,WO-WO; Mtm3sunlgmadaai lddsauiisuiudalnidn FTO/WOs/BiVO, Nie3esl
memalingundoudalud® Faldfnaiudssansamlunismdnaisdunsdludimenisinan
N1IAANAUKAINIBLATEY UV-Visible spectrophotometer 1agfiansann1sanasveddnauamg
Orange red color AududY 3 ppm Wusseziian 20 unil Tuaisazanedidninslas 0.5 M
NaCl lun1siasgnladaluiuelunde FTO/Bi,WO,-WO; ldU7lndualnafe Stainless
steel WSguwigunutalaiiwalun FTO/WO,/BIVO, Taaalniualna@e Stainless steel Aela
anmelsenasnasuazAng i awuann1sA1dndnane s Orange red color Uo9U2 WA
FTO/WO4/BIVO, Mm3eusematinguiniausdnludfainisanidndla 100% lussuziian 10

W BellUseavEnmgINnIINidnanane i svastaliin FTO/Bi,WO,- WO, iisessig
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wiadiawnillninmdndlaies 48% lussg 10 uv AwanslunIni 4.12 dsugIisedadentd

U3l FTO/WO,/BIVO, itn3eusemalinguiadoudnlud® ndvsednsaingdunisiidn

asduvsdanavemslumsihluussendlddmsumadiunuuinsesmsinuasralidely

100 ® - O O

—e— FTO/Bi,WO,WO,

%Degradation

—e— FTO/WO,/BIVO,

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

Time (min)

AT 4.12 (@51 uRN1SA1IAERALD111S Orange red color AMILTUTY 3 ppm AU
seezia1lun1sndn 60 ui (dmsnilunisifinugiseivesd i

FTO/Bi,WO,-WO, wazdaluliin FTOWO,/BIVO, fuszesiaan 60 undi

4.2 wavasnsAnwinalanisisenisiaufnzernvalvia

MnwansAnInalanmaiauisefidalidii laeAnwinisiniise sendindunes
ditfanda i FTo/WOo,/BIVO, Tngldd@nwnalnnisiidnanaueimis Orange red color
5 naln sl (Dneldanazissdaeuas (Photocatalysis; PO), (2nneldan1izisadednglnd
(Electrocatalysis; EC), (3)nelaan1izissmaeiaaaz@ndlniln (Photoelectrocatalysis; PEC),
@anmzilalddalnineldnsssouas (Light) uazs)anneitldlddalniianaldnnslaid
Lad (Dark) § 9f AR 1uN15anaIv8IdNaNeIM15 Orange red color AT 1T U 3 ppm Tu
arsazanedidninglad 05 M NaCl #28n13TaA1A13nANAULARI81A3 89 UV-Visible
spectrophotometer uszezinan 20 undt fawansluninil 4.13 annsveaesnuInszuy PC

ANIAANAUDINITLA 3% SEUU EC MAIAANANDINITEA 11% S2UU PEC AMIAANAUDINITIA

100% SEUU Light MIndnaueImsia 0% wayszuu Dark Mandnaue msia 0% aauandly
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al

NN 4.14 FRINNANITVARBI5¥UY PEC anusafdndnaaanis Orange red color laavian
wazanusadudunalnnisiinujisenlunisidndnanemisvesssuy PEC SUszangninng
o v daad P I ' a aaa 1% LY 1 o Yo ] 1

Mdanfanga Wesandunisisinsiinufgisemsuasuazdngliiigievilissnisdesinu
a ya a aaa a o a v I 1% o= ° v o o o
dannseulifuaziinuisereendnduuurmintalninlauinnd Famngdmsuinluman

a a 6 1 tﬂy a = 1
ﬁ’]i@‘u‘ifﬁﬁFJ’]‘ZJ’]LLlIaflLLﬁ%L%@QﬁUWiﬂUBU’]ﬂ@@@l‘U

100 Py
\, W —e—PC
80 - ol
c v
S —o—EC
§ 60 p
© / -o—PEC
& 40 //
g / nght
20 H 4
/ 4*4____4——:—; —e—Dark
0 ¥ =
0 5 10 15 20
Time (min)

A 4.14 Wesidudnsidadnaueivns Orange red color Aradudu 3 ppm Tuszezinan
60 U V9ITEUU (1) nelAaniizisnasuas (Photocatalysis; PC), (2) n1ela
an1agLsenedng i (Electrocatalysis; EQ), (3) nneliani1iztssnlsuasias
fndliln (Photoelectrocatalysis; PEC), (4) anmeitlaldinlnihaeldnsisade

wais (Light) ua (5) anmeitlalddalnihaneldnslaiiveas (Dark)
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4.3 wavaInsAnwIN1sUsEend lgualWihiuviwaddunuuaIasdnsinuald

U

lunsfinwinisuszendlgualnitashsdainimundunannenangaiuwadaunuy

= Y o 2% a a a a o w o w | & a A
winsdsinualimemedaliladidninsrgaylafind niunisidnasduuauasiiogdunsd
Tudnuagnald Ineudansfnwian1isninaneyssdnsamnisifiauisennismdnansduuas

wazioqauvsdoanluwadduuuuniasdnedn 2 ssuumeiu dwelull
4.3.1 wassuwuuinsesasinuaskald svuud 1

Buwaddunuulnlndidnlnsrgaslafindmiuidnanssiuuandoqdunidludn
waznalsl Fanelussuuarussgansazatsy3ums 10 Ans Hagdsenaudie daluiluelun
FTO/WO,/BIVO, 4119 18x25 twufituns $1uau 4 wiy, unsviaon lwlunisivuasuazdaladi
wAlnA Stainless steel IR 18x25 Lyuduns 31U 4 unu Jilndrdmiugaaisazaigain
suansUdegeenduuy WiaiAnnsuyuisuresasazareiitoriiuyszansaimnisviiaang

azoalnuaznalitazduasunisiinnszuiunisliladidnlnsazezlafinlunisidnenauuas

dy a a 6
LaSLURYAUNIY

Hntad -
e P amoaam.

------------ lvlaunTha (cathode electrode;)
e unsvaoavilaToawssuds (LED Light )|
*== dalvfiueTua (anode electrode; +)

AT 4.15 WadAuLUUASaIaeRNLasKall] sTuud 1

82



4.3.1.1 NaNISANEINITINFALaU DIt I

NaUDINISANWIUTEANS NAwNITI9e U et L A Tk g au du

LY )

UadenilandrAydmsunisesnuuussuulidussaniamgs dsduiiielviiuseansamlunis
. o o e . y v X

MInENEND111S Orange red color Inadin1sAnwinisiesunueuestlning (A): Tanelun
A TUAU AN DILDLUAR TUNUNAURFANTALANYUTIUATINGS (B): VLD LUAINNAUNTIN
LALNA TIDLUAA TUNAITUNFA1TALA18USHIUATINAN (O): TIDLUAINIATUNEILALNA
YD LUAANUNAIFURNAENTAZAE (D): VILBIUAI A TUNTILALNA TILDIUAR 1UNLNE LN F
a15aza1e lnelwaanaanln LED Wl vntakalun dauandlunini 4.16 39nn15NaAandnuI

a a o U = v ¥

NaBIUTTANTANNIIA9RENENB1%S Orange red color AIILTNTU 1.6 ppm TuszaELIan
10 w19 TeedSouReusILLI99n151997 WA AR L wudlletdSeuiisulseans anly
AM5AYAaE Orange red color Msasumustlniuuy (A) aunsaidadles 100 Wesidus
meluszeznal 8 u nnsewnust Wi uy (B) wazkuu (C) @unsaniandls 100
Wostdud n1eluszeziial 10 Ui hazn15219undst iUy (D) aunsasidndle 90
Wosidud aanansluning 4.17 (iesandiunianisinetalwdanuu (A) iuniswuiionin

aaa a

Pl ueluniimansagateusunsinald i lnanuisersondinduni gl iung

TUMIRANEND1MSIALAERTI SAUAUNIS A8 UYL ATULUNANE15AZaN8USIUA LA S

Y

[

nasuaglnanidndaniuuuasgaiuaslagnse Jaihlidvsednsainlunisidaiianinie
Va o = =

WBUAUNITINLUURINT D NA 1T UAS U USRI UATINAT AU I8 LRDNNNTIN

At i (A) Tunsiaduwadduluuesesdnsintazualisoly
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Slnfualnn Snualnn dlnuelun Srifuelun

tlnihuelun Halwuetun Tl ualnn H2lualng

(A) (B) (@) (D)

Al 4.16 UBUUNTINUTTestilndiuuy (A) Taueluninemuninualnadiweluaiu
MNAUNAANTAYA8USHIUATING, (B) T8 UAINIAIUAUILALNAYILE LUARTUNA
{UEAF15aYA9USIUATINAN, (©) TILBLUAINIATUNAILALNATILD I UAR TUNS

{UNAa158va18 kag(D) VD LUAINIAUNAILALNATILD LUAPUATNAUNAENTazae

100

80
c
Rel
}é 60 —o—A
©
g’ 40 —o—B
X

20 —o-C

0 D

0 2 q 6 8 10
Time (min)

A 4.17 Wos i urinsidadnane s Orange red color ALLTUTY 1.6 ppm AU
spoznailunsmdn 10 uifl vesgduuunTNuisresdaliiiuuy (A)
frueluansdrumiualnatauelusdunindudaansazaisusinumnsanans, (B)
Fruelusesuniualneduelundundsduiaansazarsusnansnans,
FaueTunnsdundaualnadiuelundungsdusaansazas waz(D) 4auslunang

ANUNAILALNATILD L UAA UNTNFLEAANSAzANe
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[ (%

4.3.1.2 Nan1sanednuwaiuRIvest i walng

o A Alnazdoetiusans A mAR lunIsds1udLdnnTau

nnsanwUseanninvesiuniava i walnafivunzaulun1sindnd Orange red color

(%
Y

ATy 1.6 ppm lunan 10 wni TneAnwilavesiufiiadaualng Stainless steel wuu
38 (ss flat) Wisufusudauelng Stainless steel WuuINTU (ss porous) dauandlunind
4.18 wurndleUSouiisuuszansnmnisisna Orange red color Falwilr Stainless steel
LUULS USRS RARELDIS Orange red color ldsamEanariinindaliln Stainless

steel WUUFNTU L0997 Stainless steel wuuiSpuiiuseansnmuazdiuiiiuinlunisiva

1 1 a & v O val !
LL’ﬁSEﬁQB\I’]uGUENE]Lﬁﬂ@i@u%ﬂﬂeﬂ%l’@lugﬂlﬂﬁlﬂ‘mLLﬂIﬂﬂl@@ﬂ’N

100

80

60

—e—SS flat L_J

SS porous

40

% Degradation

eSese
1g®_ e
o%ess
le2e%s

20

0 2 q 6 8 10
Time (min)

AR 4.18 LU IduRNISAITAENaLIM1S Orange red color AMULTNTY 1.6 ppm AU

szeznAlUNITAIAA 10 U YaIN1SANEENBRENURIYIt LA LAlNe

4.3.1.3 NanN1sANEIANULTNTUYRIBLAN NS lad

NNsANwIANULTUYRdYfeumanlss (NaCl) Wuaisdaninslad

G

NAULTUTUN 9 AT 0.5%, 1.0%, 1.5%, 2.0%, 2.5% waz3.0% NaCl Nan1Inadaeu
Uszansnnlun1sidndnausinns Orange red color AMULTLTU 1.6 ppm Tutaan 10 w1
FULANIIUNING 4.19 WUINTAMUINTY 0.5%, 1.0%, 1.5%, kar2.0% NaCl #1un5anIndnas

DMTIALR UT UALAINULT UTUYRIESava1uDLANINTlasd NaCl A 10, 29, 61, Waz91%
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audduazAILTLTY 2.5% NaCl waw3.0% NaCl ansamdnduauamisléas 100% e
Wiguauuseans nnlun1smandnauomsnuInanuduty 2.5% NaCl dn1siindna
9113 Orange red color léfiiguminfuauidudu 30% NaCl Gsnssmunguiiiniledinii
duduveslufennaslsdiigen azviliinisuandveslosuiiumamnndamarliainin
Inifhgelevhlidussavsamlumstidadnanewnsléimunanismanes uenandeududy
vasnaslsalosauluasararvdiausadsuduasusznovne afinrassuddiussansnm
adluniseendladarsdunisluasarareinlfiduesiaf dadunisiiuarududuyes
ansazanudidninslad NaCl unndu uenanazdsnasoautinisiilnihluasazaiosewing

Pl uaddsasunisiinasidautilunisiinujisereendinduluaisazaieunladnnig

U =

Arediiaunsaiiuysedngnimn1snidnasduniglauinduiiaanududu NaCl g3 we

' £ £

P a =2 o a a v v

a813lsAnUADIAN T INaT WAL ARTUAUTABIAVS oRAN NN TN WAL AR UTUR NHE Tl

1
U =

ﬁaﬂ#’fﬁmzwﬁﬁmmﬁmﬁmqﬂ AU U BIN AN TN L AUV IANULYUIUVDIANTAZAY

o 1 1

lodeunaslsatunisiiunluansddninsladdwivdmudianasoulusyuulid Weosdudle
fsadUYeIUsEANSAINNNTINIRasBUNS deg eI JuFenanududuvelainey
Aaalsa 2.5% NaCl 1o ndeinistdusunuaududuveunieiliguwinuaziainisan

ﬂ’J’]iJLﬁﬂJ?JENﬂ’]Sﬁ%ﬁWEJaQ

100 )rrﬁmT
—o—3.0% NaCl
80
5 2.5% NaCl
B 60
o 2.0% NaCl
on
2 40 1.5% NaCl
()]
X 7 1.09
R L Wy 1.0% NaCl
10.5% NaCl
0 |
0 5 10

Time (min)

AT 4.19 WosIFuUAN1TATAENaLD111S Orange red color ANUNTY 1.6 ppm AU
seozalun1siIdn 10 U9 veIn1SANEIANLITNTUYEIAISaransBdnTnslan

NaCl Tuaiag 0.5-3.0%
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4.3.1.4 nan1sanwa@ne luin

[y

Tunszviunisinindidnlnsazazlafnardngludndutladendsnden

o

'
a6 a aaa a

A o % a o = a AN A a1 W P
YBINTZUIUN TNV sV iU Ao 0nBindu Faasdunsdusazyiindardnd i
aunsainuisensendiadudmiunisiiaufiseiiuananeiu Inga1sdunigazaiunse
a aaa a U % 2 a0 v} a Y QA‘ ya @ [ v v}
AnufAzeneandindulasdesdiardndlnioandnduniaunsalisianaseunussAund 1
4 q" o ) d‘d 1 [ dl v a & a a i v oy
YDILAUINAUTVDIAITNIA UL AANG LUA NN @1U1505UBLANATBUINNAITBUNT I b 1
AN INA A TR LN T2 UUILTINUINLTINTAINIUBLANATOUNLART UNT U N1TU1998157 98210
neldaninegnisisemenasnmuizay wudsliar@ng Wi lunrsuinuinfazaeln
a aaa a Y] Y 1 a 1 ~ 0o a & % o’./l 1 ) v o w
AnufAzeneendndulailuegisinazdisuieniddnaseudtalidmaialinisiida
a A6 a = v O = a a Ve ~ | v o v g v
ANSDUNITINNLINTU AITUINNNAVDINSANBIUTEANTS A NAFng WA uanaeiudmsuly

v

Mendraue1913 Orange red color Aadudu 1.6 ppm lwaan 10 Wi Fauanslunind
4.20 l@@nwiadneluin 1.2V, 1.5V, 1.8V, 2.1 V way 2.4 V wuidl e udne lusi 11y
mavanunduaztiunsisanisivavesdidnnsounind 2 lniueluald et lnfiwalnale s
dsnavinliR i liiuelunda bt W@usuuinnuagilfAaufiseeendiadutiig
Amthin e lU S nansBuriadanauemnsiunndy uinsfisdndliiindiuniulletaly
Rzl inmeRneguuiaidiliivaeoaninlifsdmaseangnsldeuves
il fefufiodnnamnmesialnilliinslinulduuiuiadonldanedmmnzay
1NNTNAABINUIIAIANE NN 1.2 V MInENaNe1sta 16% Adndldiln 1.5 V mdndnay
91sle 63% erdndgladia 1.8 v Ardpdnane sl 100% fian 10 wadl Amdndlnda 2.1 v

v a o

WAy 2.4 V MInANANDIMISEA 100% Aan 6 U1fl F9andne linniuseansninlunisnndnd

HaneslanTgn wisglsinuialunisausueignisldnuestalni §idedadeonlden

q

1w

gl 2.1 V Tunstdiduaéndluihdinsunszuiunsinleasianlansazazlafinlun1siian

asauNaIasLTeRuIddmIuATeIdIlnazHallivasTE UL 1
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100 - ®)

80
c
.0
w 60 4 ——12V
?
on —0—1.5V
8 40
< / 1.8V
20~ 2.1V
0 - | | | —0—2.4V
0 2 q 6 8 10
Time (min)

AN 4.20 Wesiduin1sindadnane111s Orange red color ANILTUTY 1.6 ppm AU

S28LANUNTANEA 10 U YasnsAneAdnglninlugig 1.2-2.4 vV

4.3.1.5 Nan13ANEIUTEENSAINNITATAELILIAS

WHoANYIAA SN ANURITEUULATDIA NENLaYNalE S3UUN 1 udn
lAnwimsidaensuuadusduvvansazargluin lngladnyinguensuuasiinunsnsldnny
Y a o i ' s a ¢ ¢ ° a o X
Vewmainf dneglunay sainiluneds nSvneus wazA1sulun 99U 5 vila Aeil
Chlorpyrifos 30% W/V, Triazophos 40% W/V, Cypermethrin 35% W/V, Lamda-cyhalothrin
2.5% W/V wag Fenobucarb 50% W/V slauanslunini 4.21 lngldanududy 3 ppm 14
srzalunsidnenguuandune 1 9alus Aemunisidneduuasiieainisgani

WAIPELATEY UV/Visible spectrophotometer LazATUIUSDIAZUDINITANAY
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Chlorpyrifos Triazophos

SRoaNG

CH=CCl, o
Cypermethrin HN

o S

Lambda-cyhalothrin Fenobocarb

A 4.21 wananmvesnAndusionsauuas Chlorpyrifos (30% W/V), Triazophos (40%

W/V), Cypermethrin (35% W/V), Lamda-cyhalothrin (2.5% W/V) W& ¢

by

Fenobucarb (50% W/V) uagsivaeegnsiasiasnaaluvasensnuia

iz - https://www.intechopen.com/chapters/19602

lnglafnwdsesuiieudse@nsnnnismanendiuuaisasydnaes
13 esdnsinuaznalidrenszuannislalnddnlnseznglafndldannnisuszgnid i
FTO/WO,/BIVO, fuip3asdnsiinfiunsmuriosman toud udndniniosdsinsessuuloley
1, svuulelou 2, warndnduaasosdnsingressuuiiaiEninglad anmsdnunnsiidnensi
LLaJaﬂumiazmwmLﬂ?@ﬁé’ﬂaﬁﬂLLazmalﬁﬁﬂﬁsqﬂﬁmﬂ%gﬂw% FTO/WO5/BiVO, W3suligu
funandaeiniosdsliniinnenuviesmain 85 (a) PEC, (b) Ozone 1, (c) Electrolyte, waz(d)
Ozone 2 Taeldarud uduveseng1uuas 3 ppm luuSuins 10 a5 1A esUssusiieu

UsANSAnnisianenankuadkfazyle fakandlunIng 4.22
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] = o w | I a a %
AINN 4.22 NMTANYINTITANIAAYIALUAIAINULYUIU 3 ppm Q‘L‘Nﬁqiaqﬂﬂilnfﬂi 10 ap13 A3

SEUUTuAnAeTY Ao (a) PEC, (b) Ozone 1, (c) Electrolyte, wag(d) Ozone 2

PMNNANITNAANUTBUTIBUUTZANTAINNNTAIIRLNELNEY Chlorpyrifos AMILTLTY
3 ppm WUIS¥UU PEC @unsanidnenanuadly 85% szuu Ozone 1 mingngiuuadla 49%

5¥UU Electrolyte Madngnginiuals 39% wagszuu Ozone 2 Mangginluadla 0%

PMNHANITNAABIUITBULTBUUTZENTNINAITATAI2LIAY Triazophos AULTNTY 3
ppmM WUITZUU PEC Adnenainuuadls 37% szuu Ozone 1 Mdnenginuadla 10% szuu

Electrolyte Adnenainuuasly 0% wazszuu Ozone 2 mMingngiuuadla 33%

INNANITNAAWUTBULTBUUTZANS N1NN15ANT N9 1Lua Cypermethrin A3
WNTU 3 ppm WUITEUU PEC Mdnengntuadla 54% szuu Ozone 1 mdngnginuuadla 0%

5¥UU Electrolyte Manenguuadla 0% wagszuu Ozone 2 MAneguuasls 34%

ANANTITNAaNUTEUTBUUTEENSAINNITNIAABIAILLIaY Lambda-cyhalothrin
AULTNTU 3 ppm WUINTEUU PEC Manegiuuasls 70% szuu Ozone 1 mMdngnginuuasla

30% S¥UU Electrolyte mMinenainiiasla 5% Lagseuu Ozone 2 Mingainluadla 0%

PANANISNAFDUUSBUTIBUUSEANSNINNNTAITALN LIS Fenobucarb AIMILTNTY
3 ppm WUI15EUU PEC Mdngiginiuasla 37% sguu Ozone 1 Adnggtuuasla 0% szuu
Electrolyte Mangngiuuasly 0% wagszuu Ozone 2 MIngguadld 34% auandlunini

a a

4.23 FINRANITNARDIAINNANILILUNUI AT DIA NN NwaLHA lvaI5eUU PEC TUseansaw

€

Tunsidngnguuadng 5 vliafigunnnitasedinivemuvionain lneaiunsadudula

Tufisemietuluszuy PEC Millueyyalensenda Fvansiinanlauaudfiiluieandladn
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! a aaa

1 g a I3 = ]
wsannndnlelgunazididninslad swdsansuseneuneaiiinasiuainnmisiinujisenly

[
Y =% a

S2UU PEC vihlvidaasuuszansainnisiianeianuasladuasned satusyuu PEC 3ainnig

pondladesiuadlaunniian

100 - 85
90
80 72
70

60 - 50
50 45 a4 44
39 35 38 | PEC

0 - 34

30 4 | Ozone 1

20
42

18 - 0 10 10 00 Electrolyte

% Degradation

< 0{0 Ozone 2

AWA 4.23 wanaesiduiiuSeuisunisnndnensauuas Chlorpyrifos, Triazophos,

Cypermethrin, Lambda-cyhalothrin, iagFenobucarb

wiogalsinuraveansfinenusy@vsnmlunsidnednuuawenvadfuluueses
) = o Ay o w v > = = P
aeinsyuun 1 nudrdslideddaluniunisidaufessuulnalivuresaisazate Miuiuy
Hndavilidiansazanensunullgnandieusevesaslnuazdrlninuinduadudu dewari
Tiszansamlunisvihuanasazsudnualddianuingnzvesaeln daduidsldesnuuuiead
t% a Yy o A & A 1% D% 1% ' A o Yo
AULUUIATBIA 19K NTEUUT 2 Jwiieunlgymiuaznautenarium1eg wagiiveimunlvil

Usgavsnmlunisinanungdddanuig again neinda wangdmsuinldldluasiteu
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4.3.2 \9AaRULUULAIBIANNENTLUUN 2

duwaddunuuliindidnlnsazaglafndmiuidnanssiusaadogdunisludn
warnabii wau T uansyuud 1 Fengluszuvazusigansazaisinng 15 ans fae
Usznoudie T2lndueTun FTO/WOL/BIVO, 3un 15x25 Loufiuns 39U 4 WH 1, WK
aonllunsliuamazdalniiualng Stainless steel Tun 15x25 Lwufiums $1uau & iy 3
sruulyadeutinuuuduihiivuanduddugiuuuuinaunsnauasdrdnifuuuias
FrussuUInmy 4 guvesiaaies ieliAansvyuisuvesasazarennianisiivinlyivi
anuazeninuakaldilad venanidllszuvasesiihfiaansausudeulfiitednuaniie
fn9e) Trunzan Wy wasln andnglililn Sasnisinavesansazane WisliAn nszuaunisio

a a

Indidnlasavnglafnlunismdnerduuaiasieqdunsdniiussdnsnings

a ¢ v a Y o v a;'
AINN 4.24 ﬂ']WLLﬁﬂQL‘UﬂﬁWULLU‘ULﬂﬁ@ﬂa'mﬂﬂLLﬁ%Nalll FTUUN 2

92



4.3.2.1 nansanwiuiitnlunsyhauresalniuelun FTO/WO,/BIVO,

1% '
= =

RINNSAENYINUNAILUA1TYINIuLest3lidelun FTO/WO,/BiVO,
TnelaAnEIUSUINSVR9E1TaLa 8RB NUNRINITYINIUYBIT AL IUA T9HIUIANINIXENIVD

U3l uelualuusiuiiuegluaisazaiowmindu 12x25 wudwns ludSuinsaisagaiy 15

[
a

aAns DNuREUlTReUSUIRsYRIaNsazatewiniy 0.02 cm¥ml Aneluszuuldanututu

vodlatheuranlss (NaCl) 1uansdidninslasanuidutu 2.5% dalaanundrurudqludig 1,

2, 3 wagd 97 Anduiiufiisreusuinswindu 0.02, 0.04, 0.06, wag 0.08 cm?/mL AUAISU
wagInnan1snageuUszansAlun1IATndNELD191S Orange red color AMULTLTIY 3 ppm

Tuan 20 U AananslunIng 4.25 91nuan1snaaoInuINT AL LA 1w 1 97 TNUN

1%
a

R299USU19S 0.02 cm?/mL ANFRaNaNIMISIA 0% Tk elun 2 97 TNunRmeUSUInS

0.04 cm¥mL AARENALDIMITES 32% T2l nelun 3 97 DNuRRIAUSUINS 0.06 cm?/mL

fdnanauesle 100% uazdalnfuelun ¢ 49 Siufiiareusuing 0.08 cm¥mL Adnd
nanomsle 100% azdunalddndodivsvaudalniuelusdulseansamnlunisidndnay
oS T unuludae Lﬁmmﬂ5&ﬁﬂ%m1mﬁuﬁﬂ’;%ﬂﬂﬂﬂunm/ﬁmumﬂﬁqLﬁmﬂﬁﬁ‘im
aaﬂsz'?Lﬂsﬁ’uiumiazmm}wmﬂsz'TyuLLazLﬁmau’aﬁalamaﬂ%LLazLLaﬂﬁWﬂaa'%uU%mmanﬂ
Wi fudssavilfiAnnsidnananemnsles duudadenldinlniuelunsiuay ¢ 42 lu

Y

¢ v = Y o v va a a o w '
ﬂ']iIGULﬂUL"UaaG]‘ULL'U‘ULﬂﬁ@ﬂﬁ’]ﬂmﬂLLa%Na‘lﬂJLW@1WNU333W5ﬂWWIUﬂ75ﬂW"\]@EJ’]"ZJ"ILL@JﬁQLL@%

\Waydunsdsoly
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1 Anode

100

80 -
c
ke
® 60 ' —o—(a)
O /
© 25
@ 40 - o« —o—(b)
S
> ‘ (©)

20 s

o
0 - 9- L4 O Q (d)
0 5 10 15 20
Time (min)

P N=0 o o o
AN 4.25 LEAININAITNAADILAZIUBS LT UANITNIAANENDIUNS Orange red color A
WU 3 ppm Tussegtaan 20 it @valwiuelun 1 97, (o) lnHwelun 2 97,

(OrlnweTun 3 92, waz(d)ialnliluelun 4 49

4.3.2.2 HANNSANYIAINANNISIUNITAIAAINUINTUYDIAITDUNSE

PNNANITANBIAINANLNTALUNTITAITAAIULUNTUVDIANTOUNS D ANAUDINNT
vouvadfuLuUIssdlnuarraliselnlndidninsasnzladin Wensuaruaiunselunis
Mendnauemsiaansuedns J9ldAnwimnududuvesdnane wisi 1 ppm, 3 ppm, 5
opm, 7 ppm, ¥ay 9 ppm ludSumsin 15 L fuandumnududuvesdnauenmsmineidu
nsusednsla 0.015 ¢/L, 0.045 ¢/L, 0.075 ¢/L, 0.105 ¢/L kag 0.135 ¢/L MUAIRU INNANTS

NABINUINEANANDIMNINANUTUTY 1 ppm gnidale 100% lusseziian 5 Uil dnauems
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AT 3 ppm gnA1dala 100% lusseziian 15 Wi Anaududy 5 ppm gniidale

o w

100% lusgeztian 20 Wil Anududy 7 ppm gnindnta 91% lusseziian 20 Wil wazAd

WHTY 9 ppm gnAnla 86% lusseviian 20 Ui Aauanslunmi 4.26

100 ® |
b
80
& —o—(a)
b= 60
3 (b)
on
) 40 4
§ A l* o (c)
20 | § n.:l i e : v-n:zn:;;;ome (d)
o - | | Ironcennation (ppm) (e)
0 5 10 15 20
Time (min)

A 4.26 uanalesidudnisiidndnauainis Orange red color AULTNTY 3 ppm Tu
33831987 20 W (2) ANUNTY 1 ppm, (D)AIINTY 3 ppm, (OANUTNTY 5

ppm, (A)AUTUTY 7 ppm, kaz(e)AIUTNTU 9 ppm

F952UUAINNTAMTPANALDIMIT A BENTIAEMANUTUTUST LelliloANULTUT U9 9E

[%
Y ¥ o W

HANRIMSILENTudIRavinlin sMdadedldssezia vty Asiutedninueaios
Asinnaznalinlelilpdidnlnsazaglafnlunis@neiauanunsalunisfidnANu TNt U
a A fa ~ Y | Al Y v =
#139un3danaNe1s IANNANITREEAlUN1IMTReE NAUNTY 5 ppm 138 0.075 ¢/L
neluszeziia 20 Wil uiegelsinudifen1sidnasduvsdntianududugy fodiy

srgznalunIsUNUANLINYU
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4.3.2.3 Han1sAneIUSHIaLEIL AL

HA91INATSANBIUSULET anzaud Uz ans nanlunisida
asdun3dananens iesnnuandudnnilsiadvddyivelunseduansisiniiiaves
Hlvfweluslunsieuifsenvesnszuiunsinladidnlnsazagladin Fslumsneaedldiad
USunaunasietades LUX meter fiusnafianididalii Tngldvmeassusunauasi 0%,
25%, 50%, 75% Wag 100% H1UN1SUSUAIAIE Dreamer AARINHANTIINAABIAI8UTEENSAIN
Tunnsidndnaye s Orange red color Audiudu 3 ppm Tuian 20 wift Fawandlunind
4.27 1NNITNARDINUIIUTUIEULEAS 0% TAAIANUIULASLA 0 Lux ANIRENANDIMISIA 0%
USHaulas 25% JIaAnauidunadla 1,735 Lux nMananaua1mshe 17% Usunauas 50% Jn
AANILTULEILA 4,650 Lux mMIndnaua1msla 100% Tuian 20 wiil USunuuas 75% dnan
ANUTNLESLA 7,700 Lux MIndnaua1vishe 100% Turian 10 uil wazuSunauwas 100% 39
AANUTNLEILA 12,010 Lux MIRERANDIITH 100% TukIan 20 w19l 31NNISNAABINUIN
definUsinamudunasiuazsslunisissnsuenuesdidnnseuluiitunniuasinlaadidy
Maud dwariliAnufiseeentinduiiluasararelinaneidueyyalonsondaunuagiia
nsisnaNaNemsies wiogalsAnafiaimadanas 75% (7,700 Lux) Suszansnmlunns
fdndnanensleafian iesainnsloiwasliil 100% o1adianuituuasivTinusnniulyh
ThAnAudeudmaienisviaulidalwiliades saiulunsmaaeildUsuauas 75% i
UsgAnsamgaiamlumsmindnauemsinefianudauas 7,700 Lux iudSunadimangas

dusunisilulasiely
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100

—o—(a)
80
C
0 —o—(b)
v 60
® (0
& 40 ¢
a
0 l —o—(e)
0 5 10 15 20
Time (min)
(A) (B)

AT 4.27 (ALUosIEudn15AdndnaNe19115 Orange red color ANLLTUTY 3 ppm Tu
SEELIan 20 YT NAIANUINYDILEINLANAAUAD ()USU0L 0%, (b)USuNad
25%, (Q)USu8d 50%, (d)USuas 75%, waz(e) USu1ad 100% (B)AIWNISIA

gunsaldmuAnwnnuuvetkaInduitliauadlusyuy PEC

4.3.2.4 NaNSANEINATIANNTNTUIRIANTazaNeBlanInsladlaReunanlsa

31nA15AnwIAIIE uTuveslsidsunaslss (Nac) & ol duans
Budnlnsladifieviniinfiaugauszamelussuu TasldAnuniiaomdudusineg & 0.5% Nacl,
1.0% NaCl, 1.5% NaCl, 2.0% NaCl, 2.5% NaCl, uaz3.0% NaCl nan1snageuuszansainluy
nsfdndnaNems Orange red color avmidudiu 3 ppm Tuiian 20 uit Fawanslunnd
4.28 WuIfiAu Uty 0.5% NaCl iandnaua sl 1% mnududu 1.0% NaCl fdnd
NENBIUSLA 71% AMUTUTY 1.5% NaCl Mdndnaus1mshs 100% Tuszeziian 20 w1l
ALY 2.0% NaCl mMandla 100% Tuszeziian 15 W19l LagAuINTu 2.5% NaCl way
3.0% NaCl fdndnauamisle 100% Tuszeznan 10 wifl WewSeudisuussansanlunis

AMIRANAUDIVITNUINAMNULTUTUY 2.5% NaCl kaz3.0% NaCl JuszansSainlunisianduay

v a =~ a o Yy v a a & fa o g v
RN NP Orange red color 1@@'1/]?1@ Lu@ﬁﬁnﬂ‘ENNV’TJ’]@JLmﬂmumqqsﬂaﬂaqiﬂl@ﬂiﬂﬂ,amfJ\‘Wl'ﬂfWﬂqi
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daudianaseuluszuuiinldd wazdunalddnfinnududureddufisunaslsaisniadl
UsgdnsamlunisidnanategiidedAy 31nnguiil oAU uTUaANaINITUANAIVDY

lossufazanasdanayinlinisilniianassulusie fawsiiinisldansazatesdninslada

% 1 a YV a

Anududugenaziivszaniamlunisidand uindlidedefonnuduvedaiounaslsd

dearasaviivesnuaznalil uazdidwmadeszuuinasiiiwsefanvesdiaieeravilviin

£%
vYa o

atuAuls Aniulunmeaesliidedafenldaudutun 2.5% NaCl Nivszavinmnisidn

WgUWINAUAMULTNTUVDY 3% NaCl wazianufuianasunlun1sfnwuseansanvesaning

B9 sely
100 ’
/ —o—(a)
80 74
_S // (b)
"_g 60 v;/ (c)
E %l/‘ “Y
2 a0 - (&
L (0 A
< 50 201 (¢ —o—(e)
P
S
0 SA T T T
0 5 10 15 20
Time (min)

Al 4.28 Waesidusnstdndnaueims Orange red color Anududu 3 ppm Tusseziian
20 Wil AianududuresansazateBidninslad NaCl iwansneiude (2)0.5%
NaCl, (b)1.0% NaCl, (c)1.5% NaCl, (d)2.0% NaCl, (€)2.5% NaCl, waz (f)3.0%
NaCl
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4.3.2.5 NaNSANYINAURITIANI9NIT Al euvesansazanglusyuu

n13AnwIMAnIInITivavesatsazatslussuud silanudAgyse

a

Usgansnmlunsmdnansaedielieuyalansendauazieaiivaaeiuinisnigaiedisenain

wialniin Welumdnansdunidansanutasiasiyeqdunidlanosdu lnalafnwinsasy

AAN1909iAATaMan 8 1 Farsegluduniey 4 33 yuay 2 67 AuuuLazAIuEIs ta

ANWIAANIINITINANIAUA 5 LUU AN

- WUU A TIRATILA 8 A7 TANUUULAZAIUANNAMUINIUSIITASINANS

- WU B W8aNIvNn 8 1 Masnuuukazsualsaniulunafeniuy

- hUU C AR 4 FAUUUAAIMIASINGNT AR 4 Faauans Fulumaiennu
v a U v Y] a Y] v A Y ¥ 1 a v

- U D 30 4 Fsuuusrulunadeniy 8 4 faa1uane andnninsanad

- WUV E 930 4 fauuLas A Ua iU RANI9n sIn Ut

fauanslunmil 4.29 Mnsansinuiimnisnsivavesansazans lnofdndnaneins
Orange red color A1IdNTY 3 ppm luszeziian 20 Wil fauandlunnd 4.30 nuindia
msmsinauuy A fUszansamlunisidadnanemis Orange red color inndign Lilesan
famanslvavesasavaneinidasi 8 s Smmsidadmuinunsnaisiue daar

TAian1suveasagatenmisssvukasinliayualensendawniisunianndmungalaialy

(%
[y = o 1

AR ANaND I3 lP08195IAL5ILALIIDITEUU druFm1ansiraluuiaalufanianelfy

o 9 ¥ a & 5 & o § ¥ a o g w a a a 4{' A
iAndunszuauwdveryhliinganvilvieuyalensendauazwonfinaaesuniiounly

[

AMYAANANDIUTS Orange red color lAd1as wage1aviliiiausiial Dead zone AYUUAN

[
va o

= N va o A va = A
ﬂ']iﬂﬂ@']u%'] EJf\NLaE]ﬂISUV]ﬁVHQﬂ'W{LWaLL‘U‘U AIUﬂﬂiﬂﬂmaﬂnzaumalﬂ
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fuuy

D E

AN 4.29 uansguuuitanianislivavesansazanglusruuiniesansdinuazsnald @uuu A,

(b)uuu B, (uwuu C, (d)ikuu D, haz(e)wuu E

®
.S —o—(a)
o
'g —o—(b)
on
0
§ —o—(0)
—o-(d)
0 | | | —o—(e)
0 5 10 15 20

Time (min)
Al 4.30 Wesiudnisidndnananms Orange red color AMuLTLdU 3 ppm Tuszegiian

20 W9 AANULARR1IAUYBIsTUUMSTARU lMaIY Ao (@uuu A, (b)kuu B,

(ouuu C, (diuu D, way (eiuu E
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4.3.2.6 NaNSANYINATRERIINS Inavesansazatslussuy

ANNAVBINITANYITNTINST bavedsaralg NelusEuy WeAn®)
ANULIIVDINTTA UK LR T N LU TasazaneR dnan aUseanS Ann1sn19n

£
a6 v a a v A

a159un38nall (a) Unszuunsiuananus Control, (b) Uniidnndolaniziiannsanals 0

L/min, (llavadars 4 HULALATINA 1 L/min, (d)2 L/min, (e)3 L/min, (4 L/min, (g)5

L/min, ()6 L/min, ()7 L/min, ()8 L/min, kaz(k)9 L/min AAAINNAA8AISANIAANENDINS

'
| P

Orange red color AMILLTY 3 ppm TUa1 20 U9 AshandlunIng 4.31 wuilaUnsnsn

=

A5 IAVDITEUUNINUAYI LA USEANT AINNISANARaNaLD 1S TURTRlaT 1 Aan 1199910

q

Vv '
(% A

ayyalansendafiengfiduinnilleiiniundissaarsiliegnesinsuazasiinisunsoanuii
Usharmih vy Tudiuvesansarateiieglnasenluainidmid sl duaglign

Ndnn3agNATAlALAT NI 1EABI0IABMENNITNITUNTVBIANANALYBIAUTLTY dmTy
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100
—o—(b)
80 ©
C
2 60 (d)
'8 —o—(e)
g)n 40 —o— ()
X
°© —o—(9)
20
—o—(h)
0 | | | | —o—(i)

0O 2 4 6 8 10 12 14 16 18 20 —0

Time (min) —e—()

Al 4.31 wanaesifudnisidndnaneivis Orange red color aududy 3 ppm Tu
szaelaan 20 Uil fanngdnsanisiuaiiunndaiufie (@control, (0)0 L/min,
(A1 L/min, (d)2 L/min, (e)3 L/min, (A4 L/min, (g)5 L/min, ()6 L/min ()7 L/min,
(N8 L/min, wag(k)9 L/min

A19197 4.3 AnsiTRasBuns§anaua1nis Orange red color ANy 3 ppm Tu
szYzLIa1 20 UM we9(a)control, (b)0 L/min, ()1 L/min, (d)2 L/min, (e)3

L/min, (4 L/min, ()5 L/min, (h)6 L/min ()7 L/min, (j)8 L/min, waz(k)9 L/min

Time (a) (b) (0 (d) (e) () (9 (h) 0} ®» K

(min)

0 0 0 0 0 0 0 0 0 0 0 0
2 0 6 6 q 3 7 6 10 8 16 7
q 0 34 30 34 37 39 34 36 29 34 35
6 8 a7 62 61 66 76 69 73 61 62 72
8 31 67 87 88 93 95 90 92 84 85 95
10 28 92 93 100 100 100 100 100 100 100 100
15 51 97 97 100 100 100 100 100 100 100 100
20 100 100 100 100 100 100 100 100 100 100 100
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NMsANEINavaIRFng i warAuaiesvaatI i 1Hesannan
andluindanudanlunsmieniddnaseunivunisirantaliiuelualudadalniwalng
wWalwddnasauiinsivalsegrauvuizay feieduasulsyansamlunisendidnnsauiulaa

aaa a

Toenanduldegnasinsa anduleaszdanuduuiniigunnuasiinufisersendinduly

=

ansazansibinanailueyyalansendanasueniiaaesulavsinauine Wednlaasendauay

waAAnAasuduTLIULINTwdudI0anTladinse avdwarinliiAnn1sndnansdunsdanan

WUAY LAz eduNsgvaInszulIunITNlnddnlnsazezlannlaiduagnefm dauwsii1azldan

q

v

ﬁ'ﬂEﬂ,w%ﬂﬁqﬁmwﬁaaﬁﬂiﬁﬁﬂizﬁmcﬁmwmsﬁﬁmﬁﬁéﬁuﬁmm uad A dndlufiniiganng
uiAulderhliansiiniiindeveguuiinvesialuihueluatiungaeenunld ieswiniia
mseendladfinanihinlniesnun suisdosnurnavesidndlninitinasedalwiwelun
MNASFNTLUINIFn e Ravesrding 1V, 2V, 25V, 3V, 4V, uags V Inenisliien
Fndluiengg widalniwelunduszozioan 1 9alus SsldRnmunaninAnisidadnay
81135 Orange red color A1 19U 30 ppm vl afinw1Ussansamn1ssnvesLaazan
dndlulimieutuinnunaainnafeufiseeendinduiinoidalwilussazaretidae
nslvdnglufinasi (Amperometry) luan 90 3l nsaduanngilinamaghilinamng
10 3uit auasumunaludisazanedidninslas 0.5 M NaCl wadaunisirendlndlhundn i
Lazndanlidndluii el suiisuauaiosvasia liuelun dslunisinsnedly
Sl (working electrode) Aot ludin FTO/Bi,WO4-WO, LRI REANGR (reference
electrode) il Ag/AcCl wazlddaluligae (counter electrode) Ao Pt a1nnan1snAaewes
AseRaRaLamsnUIl e R gl eTinn s dadnauemslades Weafiuadnslnd
qaﬁ'ﬁua'awav‘iﬂﬁtﬁmmiﬁﬁ@ﬁmauammﬂmﬁumﬂﬂﬁaEJ Fanandlunnit 4.32 anedulddnm
Wesifudnsanaswesrnisifauffseeendinduiifmindlniluansazaned 99nns
npaemuUINTA I AlFE SN 1V wuindanssualwiinanasanniiy 149% Adndlain 2 v
fienszualniinanasainiy 23% Aardnslndin 2.5 v fiansvualifiianasanniia 8% fian
#ndlai 3 v danssualiiiianasainidiu 21% Aardndlndi 4 v fanszualvfitanasan

Wl 27% wazie@ngluin 5 V danseualiiinanas 49% aawansluninid 4.33 D9wsinnns i

Andlnifias aziusgansnmlunisiineendinduluasazaneufigsmuluseinim usidle
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Tdnglihiiiugeiudwmavilianuadssvsenisiiauisereendiaduniantings ity

anastuaelunsig Ul Wd97 fadusnedeapndeiausyans

a

awlunsyinauvestalnin

Fadunsaueuagnsldnuvestalni Jadenlddndluihiuunzaufa 2.5 V unszuuiesed

aalnuazkalddmsumdneenuiauasiteqaunsd

100

80

60

40

%Degradation

20

20

30

Time (min)

40

50

60

—o—(a)
—~o—(b)
o—(0)
(d)
—o—(e)

—o—()

Al 4.32 Wesidudnisidndnananms Orange red color AMuLdU 3 ppm Tuszegiian

20 19 Ranzandnglaiduand siudss ()1 V, (0)2 V, (2.5 V, [d)3 V, (e)d

V, wag(f)s Vv

4.00 -
3.50 4
3.00

2.50 -
2.00 -
1.50
1.00
0.50 +
0.00 -

Photocurrent (mA/cm?)

}140/ }23% 8%

1V

]-21% :|_27% 49%

2V

25V

3V

4V

5V

[ Before

3.10

3.41

3.03

2.67

2.59

3.14

| After

2.66

2.62

2.79

2.11

1.90

1.60

[ Before

l After

AN 4.33 Wasigudaimnuatssvastiininneutasndinisiamduszeazingn 1 F2lua
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4.3.2.8 WIgUiguUsEaNSAINNISANIRENg LA L UNNUBLATBIANENLYAE
AULUUNULASDIA NNV EAUTTDIHAG

AINNITANE NN DWAIUNLIRA A ULUULAS DI 9KNLAZHA I AN UNNS

a A

fdnansBund B1shuuas uandordunis WewSsufisuussavdamiuiaiesdadniune
AuTesnan dslunisnaaesildidenindesdradniildszuuleloy (Ozone) nnUTouioy
Useansnnlunsidnengnuiasezununauluiegrsinfiveauiowmatn Tnefifog1ading
Yunmadeuie failnenn AiundinnrueneuuasesuunAuialy 1 5u l¥iededailnen
TuusiaznsnaaosUSunn 500 ndu WnmeaaenUsouiisulasinisneass dal control, M3
Widne NaCl, msdnameinsasasdinineldlelay wasiasosdnsinglsnszuiumsiniadidning
avarladin (PEC) Inanlunisidnensuuaadunan 20 it fwanslunni 4.3¢ 91nsduth
shetnadiinenldluguivsogiaudniulifigumai 4°C nasansiinsiest dddundiaszils
d99819lUA1AT129%A878 In-house method TE-CH-309 based on QUEChERS Method EN
15662:2018 ivosfuiAnnsnats (Wsznelne) $17n 91nsanisveaesmuIiIog1sdailng i
TN 1un158 19T US U082 WA UNUNAUYINAU 0.89 me/ke SailneafinIunITwY
dindefiusinaeneuuaterununfuwiaiu 0.57 me/kg HallnenaikiunsdadieiA3osdis
AnszuuleleuiiUunaenguuasesunanfumndowinfu 0.43 me/ke wazdadinenafidnadieg
wsssdainnszuunslndidnlnsavazladindusutaegnutandewintu 0.38 me/ke g
Auranlesifudnismdnenauuaslaifiu Control Admerauuasld 0% n1sudiinde
annsadnengiuuacle 36% nisdnsieiasesdnainlelauannsarmaneguiadls 52%
A3 esdeindsnsszuIumsinladidnlnsrznzlainanunsaranengiuuadls 62% 310073
WsusuUszansamnisiisnenaunasezununauludaineanuiinsasinaay
nszurumslilladidnlnsnzaylafndivsya@nsnmgaigalunismdnesinuuas fauandhunimi

4.35
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AN 4.34 LARININNITNABBIYBINITANRNNENENT (a) control, (b)n1swainae NaCl, (c)n1s
19eup3 998198 nTaleu (Ozone) waz(d)hA3aad19EnNA28nszUIUNSINIADLAN

Insaznzlafn (PEC)

100

80

60

40

20
A

% Abamectin Degradation

Control NaCl Ozone PEC

AN 4.35 Wasidudnisiidngngiuasezunauluditingningn 20 wiSeuiisuniu

75%19¢) AB NaCl, Ozone, Wayszuy PEC

a

4.3.2.9 AnwUszaninmmsminoadunse

nsAnwUsEanEAINNISMInTeaunIdrataTaa i nuasHalliL U

eanlu 2 nsneasddie (1) nsidnigeqaunsd Total coliform Aeldeqaunidniegialuniy

553UA oniiviannelsauazlinelsadeiamenywd uaz(2) Mmifdndedunsd £ coli

=

IS a

= a e . | a a YR} i ™
le]@‘qau‘l/liﬂﬂaqll coliform E‘ULWNLL‘U‘ULLﬂilIa‘U Vlﬁ']lniﬂLﬂiﬁy}l@ﬂﬂiuﬁﬂqjgwuaﬂﬂ%LﬂuLLangllll
\ ada A

20N (facultative anaerobic) Fainnuludlddiuasvesddidinibengu e £ coli du

Tugldifudunsie uadlsindurseila (EPEC, ETEC wagdus) oravirlvonmsiufiwinoussu
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¥
Y

lgad viliinenisviesdetes viliineganssmaiedul Jadeqaunidvsaesiinannly

(%
oY

PUMUEAMTUNISUILNAN YN ANYIUTEANS NNVD AR AULUULAS D981 NWAZHNA LI A e

va

wadialnladidaninsazazlafin waziduladendiegavemaldfiunfnwidsuedilaluns

1
IS a L

NAADIANYIUSEANTANNISININLTBAUNIEIUA0819959 tnglannasaUSauisunisAaniu

9

ABmsarsdinuazaaldfdnteuldiumivlawn 1.11581907818Ua1(Control), 2.7158Y1ULNED
(NaCl), 3.n15uY K93 (NaHCOs), 4.0154YA8A 19T UTTU(KMNO,), 5.01158 197 1858 uulolay
(Ozone), har6.N15L52UU PEC 31NKNaU89A1SAN®IN1SAN9AL 8 Total coliform Tusiegng

wauita lanmassldnauiaivdn 10 ndu wiludiuszulaannfentiildidunal 5 wud

nuihmediuetlalumdndogaunidneisnee Wuna 10 il andudidiegiawey

12

Walvlmsegiieniaieqdun3dniintu asanslunimi 4.36

dl o w dy a a6 .
AINN 4.36 LEPININATITNAGBINTITNIIALTD YA UNIY E. coli

TS

100

80

60 -~

40 -

%Degradation

20 A
0_/-

i

Control NaCl NaHCO, KMnO, Ozone PEC

AR 4.37 Wesidudn1smdniagdunsd Total coliform Aaen15aeset1LUa(Control),
N13uYUNFB(NaCL), N15UYRIN(NaHCO,), N1FUIAILAYIURL(KMNO,), 115814

mgszuulelau(Ozone), kagnsiasyuu PEC Tusseziian 10 w1
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9

' v
a1 ¥

a a da{ ] U 1 a g 14 ad 1 o w A a =)
L%iiy}LﬁUIGl‘UULWEJQWJ@FJNL@FJ’J wazwaula NIUNTTANAIYITANC) mmmmam%aqaumsﬂ

e

a a

100% negluszeziian 10 wl Leaniegdun3d Total coliform Wugeqaunsdniusuiau
dosunmsgluiilszuniinsirtamerasiudaduanugyilinszuiunisansnigisene

o U dil a 4&1 v U dl
annsaminweidadlade aalansluning 4.37

a

ntuladnwIUsEANSAINNISAITAREauN3e Ecoli Tudegaweuila dalanaass

Tdweuilatmiin 10 n3u urlueqdun3d £.coli avududu 10" CFU Wuvan 5 wiil 91ntu

iegawelalumdneadunidaieidnne dell 1.n15anemaeua(Control), 2.15uy
WnndaNaCl), 3.015u3ueH(NaHCO,), 4.n5UIAEANTIUANKMNO,), 5.n5a1messuuleley

(Ozone), kaz6.113M58UU PEC andusiuiagnawaliaiiiunisaradunan 10 wi wisll

1%
o

Sinszsisauandunnd .38 arnnanisvaaemuiniamsidne £.coli @ae3insutiingan

Mdnl@dold 0%, nsursie NaCl asnsardnle 60%, nsuddne NaHCO, anunsardnite

1§ 0%, MsWidg KMnO, @ansardadiols 33%, nmsasdesyuulelouasnamdnd old

50% WaEN3A19EI8SYUU PEC asnsarndmials 100% luszeziian 10 undt annnadwsdily
a | =

aunsodudulazuanidalsednsninlunisianedunidnaveiasssdainuasnalinag

nszurunsilndianlasaznslafniin

100 A
80 '/
60 -
40 1 <\ |
20 '/ |
— r_d . . .

0 T T
Control  NaCl NaHCO, KMnO, Ozone PEC

%Degradation

A7 4.38 WS iurn1sidnogdun3e £.coli Aaan13a1anagulan(Control), N15ud
Wwnnaa(NaCl), N13uyHay(NaHCOs), N5UYAIUA19TUTN(KMNO,), 113819028

seuulalau(Ozone), waznshisyuu PEC Tussegiian 10 w1¥l
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ABSTRACT

The photeelectrocatalytic approach is a very efficient technology for eliminating microorganisms and organic
contaminants. The development of photoanode is widely recognized as a erucial approach to enhancing the
efficiency of photoelectrocatalytic cells. The key goal of this methodology is to enhance the efficacy of
photoelectrocatalytic oxidation by optimizing composited photcanode fabrication. This research development
focuses mainly on fabricating composite WO;/BiW0Og semiconductor thin films with high water oxidation
efficiency and favorable photoelectrocatalytic £ colidegradation applications. Cyclic voltammetry was utilized
to create WO3/Bi:W0s thin coatings on conducting glass while optimizing the photoelectrocatalytic activity
via the scamn rate paramerer. The characteristics of the developed electrode. including charge transfer resistance,
optical properties, morphalogy, erystal structure, chemical composition, and oxidation numbers, were
investigated to improve photoelectrocatalytic activity. 1t was observed that the scanning rate significantly
influenced the characteristics of the WOs/BizW0s electrode and the photoelectrocatalytic activity on water
oxidation. It was discovered that the WO3/BEWO; electrode prepared with a scan rate of 25 mV/s exhibited
the greatest photoelectrocatalytic water oxidation as well as distinguishing characteristics from other conditions.
The decision to utilize decreased scanning rates has been determined to optimize the reaction kinetics and
improve the film-forming properties of WO:/Bi;Wi0g. Significantly, the developed electrode can also be used
to eliminare 87.5% of Ecolfin 15 minutes via a photoelectrocatalytic catalytic mechanism. The photoanode
composed of WO:(BiW0Os has promising capabilities in removing microorganisms and organic pollutants,
making it a viable candidate for future advancements in wastewater management applications.

Kepwords: Photoelectrocatalytic, Cyclic voltammetry techniques, W03/ BiWOg, Ecoffidegradation

INTRODUCTION
The issue of microbial contaminatian and toxic
ofganic compounds is an additional aspect that impacts

the quality of life and the broader ecosystem. Therefore,

it is essential to create or offer efficient strategies to
handle these issues [1]. One of the most effective
advanced oxidation technologies usually developed
for removing such pollutants is photoelectrocatalytic
(PEC) technology [2-6). The strategy or guiding principle
for the development of such techniques is the selection
of suitable semiconductors and the creation of a
substrate-based semiconductor film fabrication process.
W05 and Bi;W0g are two attractive semiconductors
extensively used as photoanodes for organic elimination
[7-10]. Because of its adequate energy value, it can
absorb visible light and has a high positive valence
potential appropriate for oxidation processes in
aqueous solutions [11]. Preparing the semiconductor

film on rthe substrate is regarded as a significant
factor influencing the performance and durability of
PEC cells in practical applications. The sol-gel method
is a relarively simple and cost-effective technology
for making WO; and Bi:W0s films since it allows for
perfect contral over film thickness and compasition
and can be easily scaled up for large-scale production
[12, 13]. However, to achieve the desired crystalline
structure, the sol-gel approach may require high-
remperature annealing, and flm quality might be
affected by processing conditions. The hydrothermal
approach enables the formation of Wi0s and Bi:W0s
films at lower temperatures, increasing crystallinity
and photocatalytic activity [8, 14]. However, a longer
processing time and careful control of reaction parameters
may be required to produce the necessary film qualities.
Electrodeposition is a viable option for preparing Wos
and Biz\W0 films because it is a basic, cost-effective
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technigque that does not require expensive equipment
or high temperatures. This investigation aims to
develop an electrochemical technique for preparing
composite WOs and Bi; WO films on conducting glass
substrates using cyclic voltammetry (CV)[15, 16]. Cyclic
voltammetry s a versatile and powerful technology
for fabricating and characterizing semiconductor
films, providing precise control, important insights,
and scalability for a wide range of optoelectronics,
photoelectrochemistry, and beyond applications, We
developed the CV method for WOs and BizW0Oe film
formation by deciding the optimal PEC water oxidation
properties, including precursor concentration, applied
potential range, and scanning rate. We discovered
that the scanning rate considerably impacted the
WO5/Bi; WO electrode characteristics and the PEC
properties for water oxidation. Importantly, cur system
can also eliminate £ codf and is suitable for further
development in treating effluent contaminated with
microorganisms and toxic organic compounds.

MATERIALS AND METHODS
Chemical and materials

Throughout the experiment, deionized water
wias utilized to produce all solutions and compounds
of the analytical grade. Diethylenetriamine pentaacetic
acid; DTPA (Sigma Aldrich:, Ammonium hydroxide;
NH4OH ().T.Baker), Bismuth(llloxide, Biz0 [Sigma
Aldrich), Ammonium metatungstate hydrate;
[MHg)sHz2 W, 2040-H20 (Sigma Aldrich), Nitric acid;
HMO; (Univar), Hydrogen peroxide; Hz0: (Chem-
supply), Ethanol; CGH:0H (Rel Labscan), Sodium chorine;
Mall [Kemaus). Methylene Blue: CisHaeCINaS (KEMALS)
Sodium hydroxide; NaOH (Univar) were used as
chemical precursor materials.

WBL WO precursor selution préparation

To prepare the WO /Bi WO precursor selution,
0.83 g of diethylenetriamine pentaacetic acid [DTPA)
was dissolved in 2.5 ml of 30% ammonia solution
[NH40H], and 50 ml of distilled warer was then
added. The solution was stirred regularly at 80 °C
with a mixture of 0.4 g of bismuth{llloxide [Biz0:)
and 0.15 g of ammonium metatungstate hydrate
((MHa4)sH2Wi2040.H20). Hydrogen peroxide (77 ul)
and nitric acid (1,190 pl) were added to the solution
while it was stirred at 80 °C for 15 minutes.

Preparation of Wos/BL WO electrode

The flucrine-doped tin oxide (FTO) electrode
substrate was cleansed wsing somication for 10 mimutes
with detergent, 3 M sodium hydroxide (MaOH), ethanol,
and distilled water, respectively. The cleaned FIO was
dried and connected with copper wire Lo serve as a
working electrode for the subsequent WOs/BizW0g
electrode preparation Figure 1 displays a three-electrode

%, AND TEEHNOIRGY

system configuration for fabricating WOz [Biz W05
films using cyclic voltarmmetry. We use an FTO working
electrode and an Ag/AgCl reference electrode to apply
a potential ranging from -0.6 V' to 0.8 V. For monitoring
the current of the CV electrodeposition procedure,
and Pt was utilized as a counter electrode. This study
emphasized the effect of scan rate in the range of 10-
125 mV/s for 30 cycles while keeping the solution
remperature at 80 °C. The developed WO:/Bi W05
electrode was then sintered for 1 hour at 450 °C.
Copper wire was utilized to connect the prepared
electrode and epoxy glue was employed to control
the working area of the photoanode. The water oxidation
photocurrent was used to determine the optimum
conditions and performance of the WOz/Bi:W0s
photoanode.

Hat plat
Figure 1 experimental set up for WO:/Bi:WOg
photeanode fabrication using an CV
electrodepasition technigue.

Characterization and photoelectrocatalytic activity
study

The PEC activity for water oxidation was
derermined using a voltammetry analyzer [ Princeton
Applied Research, Inc., VersaSTAT 3} in a 0.5 M MaCl
electrolyte solution at an applied potential of 1.0V vs,
AglAeCl under visible light illumination. Ebectrochemical
impedance spectroscopy (E1S) frequencies ranging from
100 kHz to 0.1 Hz were used to investigate the charge
transfer resistance and capacitance at the interfacial
electrode/electrolyte. The UVVis spectrophotometer
(Shimadzu, UV-1601) was used to study the thin
WO5[Biz WD film's oprical characteristics. Scanning
Electron Microscope (SEM. JEOL, JSM 6510) was
emplayed to observe the morphology of the surfaces
of thin films, X-ray Diffraction Analysis (XRD, Rigaku,
RINT 200TH) was used to investigate the crystal
struciure. The Energy Dispersive X-ray System (EDX,
OXFORD) and X-ray photoelectron spectroscopy [ XPS,
JEOL, [PS-9010TR) were utilized to confirm the chemical
composition and oxidation state of the element at
the electrode surface. The effectiveness of PEC £ colf
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degradation was investigated using a two-electrode
system composed of a WO,/Bi:WOs photoanode and
a stainless-steel cathode electrode.

RESULTS AND DISCUSSIONS
WOy/Bi>WOs photoanode characterization

Figure 2 illustrates the cyclic voltammogram
produced by the reduction reaction of WO;/Bi:2WOs
adhesion at the FTO substrate during the scan of a
negative potential between 0.8 and -0.6 V. The reduction
peak current in figure 2 increases with slower scan
rates from 125 to 25 mV/s at approximately -0.2 V
potential. When the scan rate was decreased to 10
mv/s, the reduction potential position was altered to

0.3 V.The findings indicate that the response mechanism

exhibits variations while adjusting for extremely
low scan rates. While oxidation currents would be
produced in the region of 0.1 to 0.6 V when the scan
rate was positively controlled between -0.6 and
0.8 V, shifting as the scan rate slowed down. This
phenomenon may arise due to the release of certain
precursor or interfering molecules, resulting in
increased purity of the electrodes. This is a beneficial
aspect of the cyclic voltammetry film preparation
procedure.

L

— 10mWs
- 2 mVN
~ St s

Tamva
e A00 VS
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Pontential [ V (vs. AgIAGC!)

Figure 2 Effects of various scan rates on cyclic
voltammograms during WO;/Bi;WOs
deposition using the CV technique.

Figure 3 demonstrates the effect of the scan
rate in the CV technique used to prepare WO3/Bi:WO;
electrodes. We discovered that decreasing the scan
rate from 125 to 25 mV/s increased the water oxidation
photocurrent values of WO:/BiWOs photoanade, This
finding elucidates that a decrease in scanning rate
allows for increased migration time of the precursor
in the solution towards the electrode surface, facilitating
amore arganized arrangement of the WO;/Bi; WO film.
Consequently, the resultant film exhibits enhanced
efficiency. We discovered that the PEC WO3/Bi;WOs

electrodes were the most effective for oxidizing water
at a scan rate of 25 mV/s. When the scan rate was
reduced to 10 mV/s, it was seen that the electrode
efficiency decreased dramatically. This decrease can
be attributed to the scanning rate being too slow,
leading to incomplete adhesion of the semiconductor
layer.

. L , : L - E
. - 1l - - - » - - -

=
Timeis
Figure 3 The photocurrent response from water
oxidation of WO3/Bi2WOs photoanode
prepared with different scan rates ranging

from 10 to 125 mV/s.
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Figure 4 The Nyquist plot of WO3/Bi; WOs electrode
for water oxidation under visible light.

Figure 4 displays the electrochemical impedance
spectroscopy (EIS) data employed to examine charge
transfer resistance characteristics inside the interfacial
region of the WO1/Bi:WO; photoanode. The Inset of
figure 4 depicts a circuit consisting of charge transfer
resistance {Ret), solution resistivity (Rs), and electrical
capacitance (CPE) that most closely reflects the reaction
at the electrode-solution interface. The Nyquist plot
in the provided figure depicts the characteristics of the
WO,/BizWOs electrodes produced using a scan rate
of 25 mV/s. The semicircle with the shortest radius on
the plot indicates the lowest charge transfer resistance,
which correlates with the maximum photocurrent
observed in the previous findings. This relationship
suggests that the high PEC properties of electrodes
under optimal conditions result from their low charge
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transfer resistance, which is controlled by a slow
scanning rate when forming the film semiconductor
with the desired properties.

Figure 5 displays X-ray diffraction parterns that
illustrate the crystalline structure of the chemical
composition of the FTO substrate and W0, /Biz W0
electrode prepared at varled scan rates,
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Figure 5 X-ray diffraction pattern of a bare FTO

substrate compared to a WO3/Bi:W0s

electrode produced with different scan rates

conditions ranging from 10 to 125 mV/s.
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Figure 6 Correlation of absarbance coefficient and
bandgap energy, insel of electrode photograph
of {a) bare FTO substrare and FTOMWO:/BEWO:
electrodes prepared with the different scan
rates of () 10, {125, (d) 50, (e) 75, (F) 100
and [g) 125 mV/s.

We discovered that the FTO substrate exhibited
diffraction peaks ar 26.7°, 34.1%, 38.02°, and 52.0°, which
corresponded to tetragonal Sn0: [17]. It was found
that the prepared electrode at scan rates of 10 and
25 mV s presented the main XED peak at 28 of 2802,
326°, which indicates the arthorhombic BiWOs erystal
structure on the FTO surface [ 18]. However, for the
prepared electrode at a higher scan rate than 25 mV|s,
a small amount of Bi;WOs film is present.

It was observed that the produced electrode
exhibits a small presence of Bi:WO0g semiconductor
when applied to scan rates exceeding 25 mV/s. The

% AND TEGHNOIRGY

X-ray diffraction (XKD} analysis reveals that the
composite WOs/Biz W0 exhibits optimal formation.
At the optimal scan rate of 25 mVs, it can produce
both a monoclinic WOz structure at 28 of 23.6° and
24.4° and 32.5°[15] an orthorhombic BiW0e structure,
which results in excellent PEC properties.

Figure & exhibits the optical properties of
the WO3/BizW0s electrode, including band energy
and a photograph, as a result of the scan rate
preparation procedure compared to the FTO substrate,

The WOs/Bi:W0Os thin film prepared at a
scan rate of 10 mV(s has the greatest thickness, the
highest absorption properties, and the darkest yellow
color, whereas increasing the scanning rate results
in elecrrodes with softer colors and thinner films. The
preceding results demonstrate that a slow scanning
rate increases the bonding pertod of the semiconductor
film to the electrode surface, resulting in a thick film,
and the thickness decreases as the scan rate increases.
The Tauc equation, shown in Equation 1, helped us
confirm that the band gap energy (Eg)was 2.85 eV at
the best scan rate of 25 mV/s for the electrode
preparation conditions.

(ahu)'?=p{hu - E,) (m

where B is a constant, a is the molar extinction
coefficient, and Eg is the band gap energy. This Eg
value was consistent with the optical absorption
properties of the W05 [Bi;WOs semiconductor [19]
Figure 7 displays SEM images illustrating the
maorphology of composited WOs/Bi;W0Os thin films
on FTO substrates prepared at varlous scan rates with
significantly different particle sizes and distributions.
The particles of Ws/BizWQs, which were prepared
at a scan rate of 10 mV|s, exhibited a much larger
particle size than those prepared under other conditions.
Thiz can be attributed to the extended accumulating
period during the deposition process of the WO5/BEWOs
thin films on the electrode substrate under the higher
sean rate condition, The partiches exhibited comparable
size and dispersion. The samples prepared at a scan
rate of 25 mV)s displayed increased porosity and greater
surface roughness. The utilization of a scan rate of
25 mV/s in the preparation of the electrode has been
found o significantly improve the morphologies of
its surfaces. This improvement is characrerized by an
increased surface area and roughness, which enhances
the effectiveness of solution contact and electron
transport at the electrode surface. The abtained
outceme provides robust evidence in favor of the
PEC characteristics. Based on the investigation into
the impact of scanning rate on the formation of
WOa/BWO. films using the CV technique, it can be
inferred that a decreased scanning rate holds promise
for augmenting the degree of precision in the deposition
procedure, Consequently, this leads to the creation
of films that demonstrate enhanced uniformity and
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distinct characteristics. Conversely, an increased
scanning rate may result in decreased control over
the film’s creation and a decline in quality. In summary,
the scanning rate employed in cyclic voltammetry
influences the kinetics of redox reactions, mass transport,

B e A 0

- e w " e 18 e

Binding energy (eV)

" "

film formation processes, and potential distribution
within the electrochemical system. Slower scanning
rates have been chosen to optimize reaction kinetics
and increase the film forming characteristics.

n M » = - «Q
Binding energy (oV)

Figure 8 XPS spectra of Bi and W at FTO/WO,/Bi:WO; photoanode.

The composition of W, Bi, and O on the
FTO/WO;/Bi:WOs electrodes was investigated by
EDX analysis. Our findings unequivocally establish
the presence of WO: and Bi;WO; compounds on the
FTO substrate. Furthermore, we investigate the chemical
compaosition and axidation state of all elements present
in the composite WO, /Bi;WO; electrode utilizing the
X-ray Photoelectron Spectroscopy (XPS) technique.
The XPS spectraofall elements present in the WO1/BiWOs
film were obtained by calibrating the binding energy
using C1s (2846 eV)as a reference. The experimental
results indicate that the O1s orbital exhibits a binding
energy of 530.8 eV. The XPS spectra of Bidfs;; and
Bidf;; orbitals exhibit binding energies of 163.8 eV
and 158.4 eV, respectively, as shown in Figure 8. The
energy levels of Warsz and Wanz were measured to
be 34.8 eV and 36.9 eV, respectively. The findings
validate the oxidation states of Bi** and W** seen at
the WO;/Bi:WOs composite electrode [20]. The XPS

and EDX findings offer significant insights that may
be utilized to validate the chemical composition and
chemical state of WO;/Bi;WOs present on the FTO
substrate. The present study employed the optimum
WO5/Bi:WOs photoanode to investigate the effectiveness
of £ colidegradation under visible light irradiation and
abias potential of 1.5 V. Consequently, the PEC cell that
was presented showed the capability to degrade
87.50% of £ colfover a duration of 15 minutes. This
finding confirms that the WO;/Bi;WOs electrodes
that were produced are really effective in facilitating PEC
oxidation thereby enabling the elimination of £ coliin
aqueous solutions. Moreover, these electrodes hold
promise for potential application in removing
microorganisms from wastewater.

CONCLUSIONS

We have successfully prepared the WO+/BLWO:
photoanode using the CV method and applied it to
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the degradation of E cofi using the proposed PEC
cell. The scan rate in the CV method substantially
impacts the characteristics and PEC activity of the
composite ' WOs/BixW0Os thin film fabrication. The
optimal scanning rate condition is crucial for enhancing
light absorption, surface morphology, and electron
rransport between the electrode and the electrolyte
during the fabrication of WOz/BizW0s thin film
electrodes. The optimal WO:/BizW0: photoanode
fabrication condition for the highest PEC water oxidation
properties was a scanning rate of 25 mV/s. We can
conclude that the cyclic voltammetry scanning rate
impacts the kinetics of redox reactions, mass transport,
film formation processes, and potential distribution
within the electrochemical system. The decision to
take advantage of slower scanning rates has been
made to optimize the kinetics of the reaction and
enhance the flm-forming characteristics ol WO/ BW0e
The WOs/BEWOs composite material exhibits a notable
capability for effectively eliminating £ caffin the
photoelectrochemical (PEC) process. This finding
suggests that the material holds promise for potential
applications in eliminating other microorganisms
present in wastewater.
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