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Thesis Title Development of Photoelectrocatalytic Cell Prototype Combining

with Solar Cell for Degradation of Dye from Industrial System
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Academic Year 2018
ABSTRACT

The photoelectrocatalytic cell (PEC) prototype combined with a solar cell was developed
for the organic dye wastewater treatment. FTO/WO,/BiVO, electrode fabrication was studied by the
dip coating method. The crystalline structure, morphology, chemical composition, and light
absorption were characterized by X-ray diffractometer (XRD), Atomic Force Microscope (AFM),
X-ray photoelectron spectroscopy (XPS) and UV-vis spectroscopy technique, respectively.

The photoelectrocatalytic cell was designed by using the fabricated FTO/WO,/BiVO,
electrode as a photoanode electrode in combination with a solar cell system. The solar cell system
can assist by applying potential for a battery charger with the circuit designed. The efficiency of
dye degradation was monitored by UV/Vis spectrophotometry and COD measurement.

The effects of the electrode amount, an applied potential, pH value, a type of cathode
electrode, and catalytic dye mechanism of degradation were studied. The optimum condition for
using 4 anode electrodes contains an applied potential = 2.0V, pH = 3 and stainless steel as cathode
electrode under visible irradiation which can degrade methylene blue, and rhodamine B dyes up to
94 % and 93 % in 3 hours, respectively. Moreover, the developed PEC cell can also be applied to
degrade real dye wastewater from the industrial factories and can degrade up to 90% in 7 hours.
Furthermore, it can reduce COD over 80% and is able to confirm high efficiency of PEC cell for
organic dye decomposing to CO, and H,O. Therefore, it is appropriate to further develop a large

system for dye wastewater treatment in the industrial system.

Keywords : photoelectrocatalytic cell, FTO/WO,/BiVO, electrode, solar cell
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45! o Y A a 4 g Y I (94 a A o ~
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POALUUTEUUMIMIaLuFelszianaddon Tasiiuszuy Flow vl laseidealylunisal

40



9191

Y
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a a a J a [
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Y o 1 Jd A [ o o w o S
uaz lidnd Wi uyasadgsoz(Solar cell) fanaauuTansmsoonuuuTzUDTNTANIEY

fonszurums T Tadianlnsnzas ladn lugili 2.13
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2.7.2 MsvenuuugaryaagsezdmsUlFfuszumhiainaaden

Faradqsuz9z132noudI8: Charger Fuimihiinuaunsensa luihi 1§suanune
Teasiadusannlu Battery ad1amuizay nazsimihinesnszoelal1iu Tnaa 1
foatuanudenIen Overcharging G?'N Charger %zgﬂl‘?;ﬂuﬁiﬂﬁULLWQ Solar cell, Battery (iae
Selector 1M solar cell MMAnasnasunasofiadifungsaru il 1infundsa

[

T ldazgnianiulu Battery 1314 lunarndoans wu nari hiliuranieneunaisiu way
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Selector Minaausiau i pc Mg wmsulSuusedundoanislFauaaua 1.15-12V 1o

Y

[ Y Y
wouaonuu2 17 Anode ttaz 1 1M Cathode azusnanidiansandaslildiunaoaly

3 [ 4 J 4 o
14 g9z ldvaoa 1l 2 vasa naoausn IR nuuNe Tsa1ssaaio 1R uaIn IR Solar cell UNU

a J v & X L2 2
uere01iad nazdnuaoalinui I Fespuauidvesya Solar cell Avanisaldanlans
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aanduraznanau Iag liagunasandsnu vazansanunaanu 1 ¥ lunaindesns don

o 4 o 1
A28 M39AQUN3aiyA Solar cell fa31M 2.14
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3.1 !ﬂiﬁﬁ%@/@ﬂﬂiﬂ!l!ﬁxﬁﬁ!ﬂ%

3.1.1  ;maal

= ~
A1319N 3.1 LAAIT1TIAN

= Ay
CARLREY 1§11 8tio

1. astios I Fama Analytical reagent Univar
(Copper(IDsulfate; Cu(SO),)

2. nsAMINIIn Analytical reagent Univar

(Tataric acid; (CHOHCOOH),)

3. Twidenlansen lad Analytical reagent Univar
(Sodium hydroxide; NaOH)

4. MU Analytical reagent ACL Labscan
(Ethanol; CH,CH,OH)

5. Taaeugaa Analytical reagent Univar

(Sodium sulfate; Na,SO,)

6. NIANIAAN

(Tungstic acid; H,WO,)

7. dafer ) luwsn

(Bismuth(IlDnitrate; Bi(NO,),)

Analytical reagent

Analytical reagent

Sigma-aldrich

Univar




=
a1ny

NI

.
e
@

8.

9.

= J
NUUAN (IV) f)@ﬂulclfﬂ

a

DLHADDLEF lAuN
(Vanadium(IV)oxide

acetyacetonate;C,,H,,0,V)

A
NIADSHAN

(Acetic acid; CH,COOH)

== =
10. DLHAR DL lAU

(Acetylacetone

CH,COCH,COCHA,)

Analytical reagent

Analytical reagent

Analytical reagent

Meark

RCI

Labscan

Panreac

a A A 7
13N 3.2 memimummzqﬂﬂim

A oA ¢
3.12  1n3esie/glnIas

A A ¢
!ﬂiﬂmmquﬂnim

4

a
8110

(Fluorine doped tin oxide ; FTO)

1. nszani v

2. el

(Copper wire)

= a

ag

BDNDNY L3¢y

(Epoxy resin)
Y

Aol

(Oven)

DURO 20

SIGMA-ALDRICH

Pettex

Memmert
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A oA d v Ay
!ﬂi@ﬁN@!!ﬁ%Qﬂﬂﬁm ?I—! 81io
5. AN - Wisd
(Furnace)
6. fAaaniu - VATIGUL
(Hood)
7. wsesgi-rdiia anlnla W Talines UV-2401PC SHIMADZU
(UV-Vis spectrophotometer)
8. n3ee ATz vl Polarization unit -
(Potentiostat) PS 07
9. 111904 Ag/AgCl -
(Reference electrode)
10. 12 1vlhae B )
(Counter electrode)
11. ¥inoa LED 5 Panasonic
(LED lamp)
12. 193999AA1 pH FG2-1 Mettler Toledo
(pH meter)
d A
13. 15aagIey - -
(Solar cell)
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A A < v Ay
!ﬂi@ﬁN@!!ﬁ%Qﬂﬂim U NG

14. 1930IMIAENVUVDISITIONY JDX-3530 JEOL, Japan
(X-ray diffractometer ; XRD)

15. nApdgansIMIDanAToULLUADN JSM 6510 JEOL
13719 (Scanning electron microscope ;
SEM)

16. ﬂgﬂﬂﬂﬁﬂﬁﬁﬁﬁllﬂﬂuﬁﬂﬂgﬂﬂu JAFM 4500 JEOL, Japan
(Atomic force microscope ; AFM ) XT

17. wsosanlalasaIatlvoseynia JPS-9010TR JEOL, Japan

ad A 1 Y v

@Lﬁﬂ@]ﬁ’ﬁ]u“ﬂgﬂﬂaﬂﬂﬁ@ﬂ@’)ﬂi{lﬁ
4

19N (X-ray photoelectron

spectroscope ; XPS)
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3.2 MINAaeg

3.2.1 matzein e Tua (FTO/WO,/BiVO,)
3.2.1.1 MIRIOUAITIALY
1) 11 0.2 M (BiNO,),Tud15aza1enIa0edan (Acetic acid) 25 ml NANIAIAY
0.2 M (C,,H,,0,V) 11 Acetyl acetone 25 ml wlaasavany BiVOﬁTL%EJ’JmJ‘ﬂT

2) 41 0.1 M Tungstic acid (H2W04)1 UA1TLa18 30% Ammonia (NH,OH)

a =

° v 2 { 3 & 9 '
50 ml 1 115Wang (reflux) Ngungil 60 osrusaFed 1Wunar 19219 Tasvzdoinos

U

oA 30% Ammonia (NH,OH) (e 1% 115 masmuan nazezdeslaasavarela luia

3.2.1.2 msmanuazeanszani i Fro
o ' Y o . I
1) Manuazeialagusluaisazals 0.5 M NaOH 1a211 11 Sonicate 13)uan
= g o Yy 9 3 o ° . = ~ y . Yy 9
15 W15 1nuImMsdaaeriinay 1111 Sonicate lueniuoa 8n 15 w1H Tl
Y
2) MMIIAVUIAVDITIVUIA 10 x 10 cm @59a0U 51 I veenszanii
v aa 4 4 A A o
1 FTO dreiiadiimes tieanugndeslunisidendiuniinisihvivesnszan FTO
(3520 FTO NlFazii lnihéuiden)
= g’; - 4 a IS a .
32.1.3 muasenva I FrowoyBivo, aAremaiinalulnada (Spin
coating)
o A o Y a Y 3’/ a A =y
1) 1103290 FTO nyhanuazotatazuiaainudliiy llaavwased atlulan
4 . I g’.} 9 @ a
193 (spin coater) HBARITAZA1Y 0.1 M WO, ad luunszan FTO iHusuusn Tasldniusnam
a Y Y o <3 1w ] = 9 ~
HvINYeInszan 150a3u52 UM s vumny 1,000 souaeuI Tdszaznarlumsvyu 1w

a

. : =~ L <
udnilleunguvgl 150 essuaaFemilung s i udrne13ldiou

o & { g [ a 4 a 4
2) mm"lﬂﬂwﬁwuuﬁ’a ﬂﬁﬁu]@]ﬂﬂulﬂ%’ﬂﬁ ﬁﬂuiﬂm@]@i LLE%J'JWEJﬂfT"IiagaVJ 0.1
. I ?:}/ ~ 1 Z}, 9 o < = a
M BiVO, aNyUUNT89nN FTO WUrUN 2 AeNFUVDY WO, 1%6@]51!531uﬂ15 ﬁﬂuiﬂ@]@]ﬂ 1,000

a

sounewf Wazeznarlumsvyu 1 udnhleufiganigil 150 esruwaidea s wifl uda
H137Eu MahauIdsuves BiVo,Havua 5 9

3) i ldiniiganigd 50 essmaidea et 1 92Tue e l¥asnadanh
wasumaundnuun TuTuadiin (Monoclinic) Muiidesnts Taswaasmsaseasnadnidae

mataatlulaaas degl 3.1
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«—— BiVO,
/ wo,
<« udhunszanilnih

Fluorine doped tin oxide (FTO)

Vd

= L 150°C

1000rpm 60 s Smin + 60 min

Spin coating

Drying Caleination

51 3.1 maws e Il Fro/wo,/Bivo, memaiinailulnads

s
3.2.1.4 msa3oud2 1 FToowo,Bivo, aromatindd Inade (Dip
coating)
o a 4 Y
1) ihasazate WO, avadluiinned antugunizan FTO asluasazaie
Y =K L%I a a Y g’/ o A a
udAInszanIuan esazareazimzAauuRIMiveInszen FTo mnuuii lieungumngil
= < =
150 peFwaFed unal suii
9 H v
2) 12 ldnes e wo, uaa lalquluaisazatsarsnednii Bivo, Tag
J o A v v 9 Y o A a = I
nszuruMsINunioununude 1 udanilaihimNguugi sso esruaaiFod 1unan

1 52109 el asnediuddew et undnuuu Ty Tuaatin auideants Taoudas

= & % o w dl
ﬂ‘i$ﬂ3uﬂ15ﬁiﬂﬁ15ﬂ\1@]’3u1@ﬁ§ﬂﬂ 3.2
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9
%

Ui 3.2 dumeumsasein lvvh Frowo,Bivo, mamaiinail Tansas

Can

3.2.2 msAnmantamsganauuasveavd llihiimsasla

Y
o o

i Tdhieson 18 Td@npranianisganauuds tagduum o UreIIana Y

Aaa A

(Band gap energy, Eg) foasessIdmiaanlas Il latmes (UV-Vis Spectrophotometer) IGR

U

AU 1159 200-800 nm 1d211 1A 1uI MO UF0II1INA9IY (Band gap energy, Eg)

1240 R ¥ A A g
Tag Mriuali A AomaNuenauuariaiuu Tumas

A(nm)

NNAUNT Eg =

3.2.3 msanyanalaaaninsazaladnvest liihimdenladmsumanalfnsen
a U
PONTIATY
F H 9 H T
i Ilsh FrowoyBivo, Mwison1a mmmuanunilumainalnsen Taoreude
Y
fumelineaasdremsianiid I udmiudien1dnend (Epoxy resin) n53980171 11
A vy A a J v 1 A a aan a o ’é Y
TWdwse lidreniocTaaiines Taonisianinszuaiinaainilfni eroondaduveiinaig
] H : 9
1AT04 PotentiostatTasl¥a15azans 0.5 M Na,80,1dndn 1v e 1 14duan W lFauly

msmsaadoudiemaiialilndidnlnsazas lasase 1

E4
=

@ Y o g . A A vy am 1 A =
uazuena1nilgy lau i Frowo,/Bivo, ieson lda1nisgundon udnun

AUTVTAAIE) AI13190 3.3
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d' = A g}z
AN 3.3 Lm’@Nﬂﬁﬁﬂ‘HTﬂﬂ!ﬁMU@]ﬂlﬂﬁl’)ulWﬂ'l

Parameters Instrument
O FawsIassatanidn » X-ray diffractometer XRD)
O Arendnvazdaugvasiiui T > Atomic Force Microscope (AFM)
» Scanning Electron Microscope (SEM)
D ﬁﬂy]ﬂ]‘iﬂﬂﬂﬁuuﬁ& » UV-Vis Spectrophotometer
O #nmessalsznaunmanil »  X-ray photoelectron spectroscope (XPS)

3.2.4 matesan I iuaina nosuas uaz Stainless steel

a 3
3.2.4.1 ﬂ'lil@]ﬁfJNﬂJ'J]lWﬁ'lT]ﬂQ!Lﬂ\?
= 1 o o I Y a
) wssunauneauad Iagii lldali ldvina 10x10 suamas

o ] 9 4' v Aaa 4 9 o 1
2) GIi’J’ﬂﬁ’t’)‘]Jﬂ?il!”lll‘l/\lﬂﬁlﬂﬂkmuﬂﬂﬂuﬂﬂ AYLATDINAAULADT LIAIUILINU

noauas ltianmenenuae lvuazindousiuAIe Epoxy resin 399UUH4

3.2.4.1 Maesouv2 Wi Stainless steel

1) 193 8LHY Stainless steel Tagri lildald lduuia 10x10 yudag
o ] 9 d' v aa 4 9 o ]
2) asrvaeumsi Inihvesuduno i arenToaaniiwos uai unu

Stainless steel lU1iaftononva1e lWuazindo U uAI8 Epoxy resin 399U

o v ¢
3.25 fni@i’)ﬂ!nJll53“Uﬂ15ﬂ1ﬂﬂﬁ1§auﬂgﬂagﬂu

[ 90} =

Y
AM3eRALUUTTUUTTUIMIMsauFeddon Tasldva v Frowo,Bivo, 1ilu

9
Q/

. L . 2

1 Iifue Tua Faviiiinesnd lagadouldnaredluniueulasen laanuii nagld
9 9 )] H v

1219 cu w30 Stainless steel 1Fua WM Cathode Favimiinlumssarsi I nanedlufie

¥ a A 9 v % = [ o 2
lle‘ﬂﬂiﬁ]u NUUNUNTINNIE U Flow ﬁ"liaga"lﬂﬂﬂll"liﬂfﬂﬂfﬂll PFIUANNITNMNIUUDITSUUU
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A 1 1 9 4 3’; 1 a Y 3’1
o d15azatvazgnganiunelaslddy vinduaisazatens Inariudrniiia s
. é a 1 d' [ v A Y gll =\
FTO/WO,/BiVO, 3sauyagiuaiaindodisazaredudaiiniiig i Tasassnasanainzd
a a a 4 o o ¥ . <
Uszaninmlumsesndlad1da uazmsnszqudrouaaazIddnd Il amiusnisiny
~ = < Y o = ~ o ' A
1582819909 20 W17 WD 3 52 Tue udnhimsAnyimsaaauiisununaIveIAINsgANE Y
a2y Y 4 . o 1 A
13 (Absorbance) YDIT DN AIYLATDI UV-Vis Spectrophotometer Tagihian mi@ﬂﬂauum"lﬂ

o v 9 o w a I 9 . v o
MUIUNIATDIAZMITNIIAT1TOUNITITION (%Degradation) 1INANVTUNUTUO

Co—-Ct
Co

x 100

% Degradation =
' Yy 9 A 9

Co = MANUATNTUTUAY

Ct=manuudugane

@ o o @ [ {
Taslimsvagnsaidmsumsanuiaagli 3.3

A I Y

sui 3.3 MIOONUUUILUUNTMIATITOUNTITION

U

=

dycv Y= a <Y [ L= = .
‘Ll’f)ﬂi]"lﬂ‘L!ENqﬂﬂﬂy1ﬂ1iaﬂaﬂﬂl’0ﬂﬁ1§ﬂuﬂiEJﬂ’JEJﬂ"Ii’JﬂﬂW‘ﬁiI’E)ﬂ (Chemical oxygen
=

a, . [ a 4 .
demand, COD) sedsanlnTasalnil Fardnmsveadsnsdinszy coD Ao msldansaiiaal

s lumseand ladge wu Tnunaidonla Inswalunseons ladarsounidnieldaniozh
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a

I 1 9ya d v I v 1 an v o . .
Wunsaedrguuss Tasldganeidama iludnsalfnservesnsaluiiusnan straight chain
. . Y a a o & v o sk Ao o aaa
aliphatic 1az 1fueA1i Farlailua26u69 aas lsasuiluaissuniundiny Ugnsernts
Aa 4 a X ] t4 a o & o I v o
pond ladvzinatu lded1eanysait ldgungiige auiude suiludedldmsSvdand (Reflux)
A o ~ A 9 ' ~ o o a A JA
ieflosnumsgymellvesarsniinazasfszme’la Tasszninamsslangarsounion
K ] o ] a 4 4 { I
Yuilouegludiedvazgnoond ladaelalasiua Tasasdsznoumiveuszgn ulaswmilu
4 J { : I ¥ g a
arsueulason lad (Co,) TuvazilaTasnuazgnuaswniuii (1,0) ndulsuiw

laTaswaimaseguasnnmssiandozgniadioaionsesanlnlas T Talmes[17]

3.2.6 MIANHILATHAINIAIATITOUNI A0

A I

msanmmsmiamsounidadenlasldin Wi Fro/wo,Bivo, Fuialuih ue Tua

9}2’/ . I g}/ Y a a
L!ﬁ%ﬂl%’ﬂlﬁuh‘lﬂ'] Cu Uae stainless steel LTJHSU’JIIV‘IWWLL?]IT]@ UAINAATUNITAAAIVDITITOUNTYT

A o

9 ~ = d = A o w a
El'ﬂiﬁqﬂ”] 20 HIN IUDN 3 5]5’)111\‘1 I@Eﬁ]gﬁﬂﬂTﬁ'ﬂ’l'331/]LWjJ'lgﬁiJELuﬂ'liﬂ'ﬁ]@ﬁ'ﬁ@uﬂ

an
(@]
)
x=

o]

=

P2
She

= o g}/ g’/
= Anywaveasuaud v 1, 2,3 uag 4 97
= Anwiwaveadng Wi 1.15, 1.5, 2.0 taz 2.5 v
m Any naveen pH 7l pH3, pHS, pH7 tag pHY

Y
m Anrtiauet Iiiun Ing (Cu and stainless steel)

U

= ] o S Y
3.2.7 ﬂ1iﬂﬂ‘]el1ﬂf>‘lulﬂﬂ1‘§!‘§\1ﬂ1‘§ﬂ1 fnagoN

o Y o

A 9}2/./ A A A = 1 a Aaana
wieldan dhnfiauauiandngauda sgshmsanmina lnmsisanmsmsinal§nsen

A JY

9 H Y 9
ponFFuasounsanleia i ldwannvunmelansisalgasenaie aeae luil

1 I { 1 [l
3.2.7.1 iny1na'lAn15159uuY PC (Photocatalytic) tHunalaildiuasua 131y
v J 12 S Y @ k) . 9y 9 v
dnd ualimsaedd liue Tua FTo/wo,Bivo, nu 12 1WunTna Stainless steel 19182871
?:}/ g“l 1 1 ad { I o 1
Tagan Trlihisaesazdesquogluaisomning laanlsmilu 0.5 M Na,S0, nag 1¥daeg 1@ dou
I ¥ 1 g 1
iu naz Tsaiiu 1 (Rhodamine B)  Tagldszuu Flow I Inarman lvdhegaasanar Tag
o I [ . 4
insnaaed 1funal 100 w1 waznn 20 WA 9215113 Sampling F1TALAWNUNDANBINT
A Aday ) E .
ANDIVBNE1TOUNIOTEON A8IATEY UV-Vis Spectrophotometer
1 I { 1 [l
3.2.7.2 AnE1na lAAN5I5 9D EC (Electrocatalysis) 1Hunalni lildueanald

#wnd 1 2.0 Thad sennava e Tua FTo/wo,/Bivo, v liiuaIng Stainless steel
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2 S 9 1 1 ad g Y I 9 o ] = 9
Tagin linsaesazdosquogluaisoaning laqnldilu 0.5 M Na,S0, uaz 4iaeg 19T don
< ¥ 1 g ' o '
u Tsandiudl (Rhodamine B) Tagldszuu Flow I lnarman liihegaasanar iinsae
- @ 14 S I a { 1w o & o
i T uhduge Tearfiad Fuilumaiafinruguardnd lddnoda T Taginismaass
g . :

Wual 100 wiH waznn 20 w7 9291915 Sampling @158z 10U UNOANBINITAAAIVD

A Agay v A .

AT UNTITIDY AYLATDN UV-Vis Spectrophotometer
' . { &
3.2.7.3 ANB1AA 1AN15I59VY PEC (Photoelectrocatalytic) 1 una lnf 1¥naas

o 9 cg:J/ [ g’/ g}/
uazdnd Iasldaa Tvlue Tua FTo/woyBivo, nuda IviiaTna Stainless steel Tagda vl
g 1 ] ad s < o ] I
nidevzAvsguedluasomn Insladnldiiu 0.5 M Na,S0, uaz l4degnddouilulsantiud

Y Y ¥ 1 ? o v 2
(Rhodamine B) tagl¥szuy Flow Iaeldi luaruin 1 auaisazate imsaen lavh
o s - a A VW v & o g
whuga lsansirad suilumatanaruquardnd Trlihiuda laih Tasiinismaass duna
= = ) . A = a A I 9
100 1§ Az 20 W 92751715 Sampling A15AZAWNANOANHINTAAAIVBIATOUNTIAGOU
ABIATEY UV-Vis Spectrophotometer

o w

° J (Y] a
3.2.8 mai llilszgnaldnumshidnadenassanlssnugaannssu

v A Y

o Jq9 ¥ o o o 2 a
mai lidszgnaldnunismisaddonainlssniugaaimnssy Tagnisiniude

A I Y

asouNEdadeuNiIUNTZUIUMIHAR tosortgnszuIumsiniavesnielssnurendon

A J

o = 9 o w a '~ 9) 9 Aad
PIMsAnEINaasd g luszuunsmIaaIsounsdadenalenszuIumsng N Indanlasng

Yy Y ) [ v
ey ) e, = ~ =

az ladnd Idhnmsesnuuuanniuil imsmiaindeddon manzhangaimuizauny

3 a o 9 S A a Y o =< 2K o o
ANINUNFTITYDUNINAIINNTEUIUNITNAA TﬂfJ“lﬂmmiﬁﬂmmmuﬂiﬁaﬂﬂ VDNNIZUIUNIT

ad a A U Ao w @ 1 ' o
I ladidnTnsnzas lafn Nanzyesmassdisuasnmas i iadaia areedng il
' o w o w = a d 1A = d‘ ] =
A1 pH szoznar lumsmivanag %msmagega 591 10 ins1zimd Ted ielavonda

~ <

= a o o H
Psuavesasounidadonlagniiareasdrenszuiums ldnareilu couaz H,0 Taeli
4 A Q‘

d A AaA  Aa 3 a A 3 o v A Y Y
ﬂmmﬂumiaumﬂau mummgﬂuwy‘ﬁsaﬂmmﬂuaumwgqmﬁmmmuazmmﬂaan 12014}

Q%ﬂﬁ%mﬁ%ﬁﬂﬁ COD 1y Close Reflux

53



%4

=X a A o w AY % d' dq!
3.2.9 msanrlszanEmumsmIaadeNaBsTUURNWMINUIY
a a o w a o 1 o w {
Tumsanu1lszansnmmamdaassunsoadounausomanauausolasu
o P P Y '
maniadoulinareilumaaisuoulasen lad tag 1ildnis 1 Tasms@nyiainmsanad
1 =S =S d[ = gll = % 1 tg
V9IA1 & 108 FIUVUADUMTANEIAIND il
- IN38UYANATOY COD Tube Test (100 — 1500 mg O,/L ) TIUIU 2 11aDA B

guniives U5 ugungiveun3ed COD Reactor 14041 150 peruvalGod

U

Y
- U1gANATdU COD Tube Test (100 — 1500 mg O,/L) 31UIU 3 vasauaz e
a GICW)) ' o w v 0 o o Y a ad a
AsouNIgadeunoumstvatazaInIunszuIUMIiagamatia Inaan lasazas laan
g ~ 9 = o [ 9 3 ] [ [
tazun lswseualoe1919iu Blank 31981982 2 ml ldadaluviasa COD Tube Test 08190

a 9 1 9 1 a =1 Y Y 9 (%
waoa Yarhvaoalvuuuuauver s It lvarsasaronguialony

0o 3 9 a

- uWﬂﬂﬁTNﬁﬁ@m‘lﬂlﬂ%@ﬂ COD Reactor Lﬁ@ﬁTﬂ"ﬁ Reflux ﬁqmwm 150 93F1

U

a < & < vy & v v
L RULH T L‘]J‘L!!'J’ﬁ? 2 %JTNQ Lﬁiﬂllﬁ’JG]\‘Ii@GI,WLEJuLLﬁZWHJQﬂLL?N

o a <Y d' = 1 d‘ Y [
- 1UBATIEHAOIATOI COD Meter 1TouiauaA1 COD ﬂ‘lﬂﬂﬂulmzﬁﬁﬂﬂﬁ

o v a d v
111ia Antlu % N1TAI91NAT COD
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unn4

wan1sIvanazenilsiena

4.1 wamsanmsasendd llilielua FTO/WO,/BiVO, magmsanuaninnig

w3 I s Sald

g"’ . Y 2 . . a o o
TumsdAnynsas el FTo/wo,/Bivo, @aemaiin Dip coating 9109 1UAToNMIU
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1. INTRODUCTION
The textile industry has been released the a variety of organic content, toxic and carci ds to the envi M‘éﬁ'
eﬁiclency method to remove this dye has been expected ing with a simple and low-cost process [1]. Photocleclrocatalyuc (PEC) method is one of the most
ing choices to this ad: ge requi The key factors to improve the eﬂ‘iclmcy of PEC method are el ind PEC reactor designation. 3
The previous work a WO3/BiVO; el de was devels lo h the ph ities of water oxidation [2] and dye thgmdmﬁn under visible light
m'adlanon [3] However. the previous work just studied anly _y lcvel The develop ype of PEC cell was expected to study for the scaling up with

of the p
Tt the PEC reactor d i the efficiency of the PEC cell . This research focuses on the development of visible light
PEC reactor for dye degradation with the high efficiency, slmple and shon tume operation method.

2. EXPERIMENTAL

0 WO,/BiVO, electrode preparation QO PEC reactor set up for dye degradation

Calcination  FTO/WOy/BiVO,
Fig. 1 Dip-coating technique of FTO/WO,/BiVO, deposition

The WO,/BiVO, thin films were deposited on fluorine doped tin oxide (FTO) substrate

by dip coating techni The WO, solution was d d at first layer by dip coating Ivticicactor
method and covered with 1 layers of BiVO,. Each layer deposition was dried at 150°C =
for 5 minutes. The FTO/WO,/BiVO, film electrode was calcinated at 550°C for 1 hour.
3. RESULTS AND DISCUSSION
QO Characterization of the film fabricated electrode O Optimization of PEC reactor for dye degradation
o
oo S
32 £.
Zam 2
z 3
g *
# x = y &
£ S 10w v L
Fig. 3. AFM images of FTO/WO, and FTO/WO,/BiVO, = ’ e =
thin films electrodes . LN n /S8

The AFM images of the electrode surface (Fig.3) shows that Fig. 5 Effect of pH value for dye degradation Flg P Decolonmnon of dye by PEC rcactur wa

the small particle size of WO, on FTO substrate and the F A
surface more roughness when deposited BiVO, on FTO/WO, ;nn,;h ;_ o?ﬁtlﬁlggsbtﬂh;f%/t&%%i:lg of degrad time p 1 of
electrode. XRD result was used to confirm the crystalline as photoanode, .app‘Iied potential of 2.0V. 4 20V,pH=3)

structure of WO; and BiVO, formation on FTO substrate

(Fig. 4).
LSkt Figure 5 shows that the % dye d fation is si 1 g in the acidic condition. The

=540, (FTO) PH 3 obtained highest methylene blue d dati eﬂ'lclency due to hlgh adsorption ability of dye at

b4 7 ) FIOWO,BiVO, semiconductor surface under light irradiation Figure 6 shows that of the high efficiency of PEC

FTOmivO, reactor for heti thylene blue dye 1 at the of pH 3 with 2.0V. This optimum

condition could be degraded methylene blue dyes up to 94% for 3 hours.

- - - Frowo,

ety (srbtaty uns)

— = — e FTO
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and FTO/WO,/BiVO, electrodes which are calcined under the Thailand Research Fund (TRF) and STP Chem Solutions Co., Ltd. (MSD5910017)
same condition at 550 *C
~ 4. CONCLUSION
~ The developed PEC reactor using FTO/WO,/BiVO, photo anode presents high efficiency for 94% synthetic under visible light irradiation. This work d high

-eﬁnﬂq of PEC mwnh a simple and rapid method for dye degradation system suitable to scale up.
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ABSTRACT

Organic dye is a toxic and carcinogenic substance, it is extensively used as the colorant in industries.
There is a need to develop the efficient technique to eliminate the dye wastewater and control this environmental
problem. The study is developed and designed the photoelectrocatalytic (PEC) reactor with the high efficiency.
rapidity and simple method to remove dye from the industrial systems. The WO3/BiVO, electrode was applied as
the photoanode under visible light irradiation. The effects of batch and flow system, electrodes size, electrode
position, light intensity. applied potential, pH of the solution and mechanism were studied for development and
design reactor with the highest dye degradation efficiency. The optimum condition could be degraded methyl red
dyes up to 85% for 3 hours. Significantly, this condition also applied to degrade dye wastewater from the industrial
factory up to 93% for 3 hours. It could be reduced the chemical oxygen demand (COD) over 50% confirms high

efficiency of PEC reactor with simple and short duration of the operation for dye degradation system. It is
appropriate to scale up and apply for remove dye from industrial system.
Keywords: Photoelectrocatalytic reactor, Dye degradation, Visible light irradiation, WO3/BiVOy
1. INTRODUCTION 2. EXPERIMENTAL
The textile industry has been released the 2.1 WO3/BiVOy4 electrode preparation
wastewater containing a variety of organic content,
toxic and carcinogenic compounds to the The WOs/BiVOs electrode fabrication was

environment. The high-efficiency method to remove
this dye wastewater has been expected considering
with a simple and low=cost process [I].
Photoelectrocatalytic (PEC) method is one of the
most interesting choeices to overcome this advantage
requirement. The key factors to improve the
efficiency of PEC method are electrode development
and PEC reactor designation. The previous work, a
WOs/BiVO, electrode was developed to enhance the
photoelectrocatalytic activities of water oxidation [2]
and dye degradation [3] wunder visible light
irradiation. However, the previous work just studied
only laboratory level. The development of the
prototype of PEC reactor was expected to study for
the scaling up with industrial application. Therefore.
the PEC reactor designing is required to improve the
efficiency of the PEC cell [4, 5]. This resecarch
focuses on the development of visible light PEC
reactor for dye degradation with the high efficiency.
simple and short time operation method.

described in our previous work [2]. A precursor of 0.1
M BiVO, solution was prepared by the mixing
solution of 0.2 M Vanadium (IV) oxide
acetylacetonate in acetyl acetone solution and 0.2 M
bismuth (III) nitrate penta hydrate in acetic acid
solution. A 0.1 M WOs; solution was prepared by the
mixing solution of 0.1 M tungstic acid in 30%
NH4OH solution and then refluxing at 60°C for 1
hour. The WO3/BiVO, thin films were deposited on
fluorine doped tin oxide (FTO) substrate by spin
coating technique. The WOs solution was deposited
at first layer by spin coating method and covered with
5 layers of BiVQa. Each layer deposition was dried at
150°C for 5 minutes. The FTO/WOs/BiVOs film
clectrode was calcinated at 550°C for 1 hour.

2.2 PEC reactor set up for dye degradation study
Figure 1 shows that the PEC reactor set up for dye
degradation. The PEC reactor consisted of a beaker

250 mL using the FTO/WO3/BiVOy (35x40 mm) as
an anode and Cu sheet (40 x 40 mm) as a cathode
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and the clectrodes were connected to a DC power
supply. An 1 1W tungsten lamp was placed parallel to
the FTO/WQs/BiVOy4 anode. The synthetic methyl
red dyes in 0.05 M NaCl and real dye without
adjusting condition from paint industry
introduced to study the efficiency of dye waste water
degradation. The wastewater in a container was
circulated by a pump to study the effect of flow and
batch system. The electrodes size. the angle of
electrode position, light intensity, applying potential,
pH of the solution and catalytic mechanism process
were studied. The dye degradation efficiency was
monitored by sampling the treated solution from PEC
reactor every 10 minutes and measured an absorbance
by UV-Vis spectrophotometer (UV-1601, Shimadzu
Co.. Ltd. Japan) at 420 nm for methy| red and 660 nm
for real dve samples. The percentage of dyve
degradation was calculated by using:

were

% Degradation = W

where, A¢= absorbance at t = 0 min, A, = absorbance
at t minutes after the treatment process [3]. In
addition, chemical oxygen demand (COD) was
determined to confirm the mineralization of dye
degradation efficiency using standard dichromate
method.

==
4
|_I I— inlet
]]‘ outlet, —T— |
~ 5. 3

Fig. 1. Schematic diagram of PEC reactor for study
dye degradation 1: WOs/BiV0, anode 2: Cu sheet
cathode 3: Tungsten lamp 4: DC power supply 5:
stirrer 6: flow pump

3. RESULTS AND DISCUSSION

3.1 Evaluation of the optimum condition on dye
degradation

The effects of batch and flow system,
electrodes size, electrode position, light intensity,
applied potential, pH of the solution and mechanism
were studied with the highest dye degradation
efficiency. Figure 2 shows that the flow system
presents higher dye removwval than that the batch
system due to the effect of surface refreshing

87

improves the high oxidizing frequency of organic dye
at the electrode surface. The larger electrode size of
35>40 mm shows significant higher %
degradation for 9 times than the smaller electrode size
of 2x2 ecm which demonstrated that the active surface
area is the key factor to enhance the dye oxidation
efficiency proposes considering for further scaling
up.

% Degradation
&

L] 10 20 3o 40 S0 &0
Time (mim

Fig. 2. Comparison % dye degradation between Batch
and Flow system. Using FTO/WO:/BiVO,
photoanode electrode at 1.0V under 25W tungsten
lamp in solution of 5 mg/L. Methyl Red and 0.05M
NaCl

Based on the effect of the electrode position for dye
removal. the degree of electrode placement 30. 45.
and 90 degrees were studied. The experiments show
that the electrode angle of 45 degrees has the highest
removal potential due to at 45 degrees the dye
solution flows through contact with the
semiconductor surface better than 30 degrees and 90
degrees. The effect of light intensity was studied at
SW. 11W.20W and 28W that classified by the power
of tungsten lamp. The intensity of light is direct
depended with the dye removal efficiency due to the
fact that high light intensity stimulates semiconductor
electrodes induces high hole (h*) generated at valence
band, resulting in increasing the efficiency of dye
oxidation process. However, at high light intensity
irradiation may eflfect with electrode lifetime.
Therefore, the suitable condition for  high
photocatalytic activity. long electrode lifetime and
low energy consumption are considered. The light
intensity of 11 W was selected with the optimum
condition for next step. The effect of applied potential
was studied in range of 0.5 to 2.0 V. The % dye
degradation on PEC oxidation was significantly
enhanced with more positive bias potential. This can
be explained by increasing the positive bias potential
induce to enhance the electron flow rate from the
anode electrode to the cathode electrode, caused the
h™ increasing at the surface of the anode electrode and
resulting in the oxidation reaction. However,
increasing the voltage too much affects the lifetime of
the electrode. Therefore, the optimum voltage
condition was selected of 1.5 V. The initial solution
pH is a key factor influencing the dye degradation
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process. Figure 3 shows that the dye removal
significantly increasing in the acidic condition. The
result is related to the researched by Galenda et al.
which pH 3 and 4 obtained highest methyl red
degradation efficiency due to high adsorption ability

of dye at semiconductor surface under light
irradiation [6].

1 -

1

Y Degradation
5

—— ——
o e, e
° - v o

< “

w a0
Time (min)

Fig. 3. Effect of pH value in the solution of 5 mg/L
of Methyl red and 0.05 M NaCl for dye degradation
by using FTO/WO3/BiVO, as photoanode, applied
potential of 1.5 V.

The efficiency of synthetic methyl red dye
removal was optimized at pH 4 with 11W and 1.5V.
This optimum condition could be degraded methyl
red dyes up to 85% for 3 hours.

3.2 Catalytic mechanism of FTO/WOs/BiVOs
photoelectrode for dye degradation

The dye removed under various catalytic
mechanism at FTO/WO3/BiVOs photoelectrode were
presented in figure 4 with phtoelectrocatalytic (PEC),
photocatalytic (PC) and electrocatalytic (EC). It can
be clearly observed that the PEC is the most powerful
process to degrade the methyl red in aqueous solution.
The highest dye removal (75%) is detected after 60
min in PEC method. while only 49% and 40% of the
dye degradation at the same degradation time are
found in the PC and EC process. respectively.

30
Time tmim

Fig. 4. Methyl red degradation using difference
process of FTO/WOs/BiVO, stimulation mechanism
(potential 1.5 V. 11 W tungsten lamp. pH 4)
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3.3 The performance of PEC reactor for real dye
wastewater treatment

g

Degradation efficiency (%)

0 3 «@ % 120 150 150

Time (min)

Fig. 5. Decolorization of dye and COD degradation
of real dye wastewater effluent treated by
WOs3/BiVOy thin-film PEC reactor as a function of
degradation time (applied potential of 1.5 V. pH = 4
and 11 W of tungsten lamp)

Figure 5 shows the color removal and
COD reduction at 180 min intervals during the entire
experiment. The optimum condition of PEC reactor
was applied for removal the real dye waste water from
industry. The developed PEC reactor presents dye
removal up to 93% for 180 minutes can be achieved
the efficiency for dye decolonization from dark blue
until it becomes a clear solution. Especially. the result
shows that the COD reduction up to 50% able confirm
the mineralization efficiency of this technique. The
results demonstrate that the PEC reactor can degrade
practical dye wastewater efficiently.

4. CONCLUSIONS
The developed PEC reactor using
FTO/WO;/BiVO; photo anode presents high

efficiency for 85% synthetic methyl red and 93% real
dye degradation under visible light irradiation. This
work demonstrated a high efficiency of PEC reactor
with a simple and rapid method for dye degradation
system suitable to scaling up and apply for dye
removal from the industrial system.
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