msnanv nihaspeaaninlumsuaamalalasauuazmaauuanie

4 ' Y 1 d' &
melamsisanauadlurisiaue uiy

THE DEVELOPMENT OF SEMICONDUCTOR ELECTRODES FOR
HYDROGEN GAS PRODUCTION AND REMOVAL OF BACTERIA

POLLUTANTS UNDER VISIBLE LIGHT IRRADIATION

d
335043 AIIGNE

a a ddw < v =< = [y
Inendinustiluarunilsvaamsanmmuvangas
e Inenmansurmtiama Ml uaiuinnssu

a d =
auzInenmansnaznalulag
unINeNdanalulad NruInasyys
UmsAnm 2559

dvansvesriIngnagnalulagNvuInasyys



~

(7] g’ é QU -] ~\ (] Q
mswann Iiihansfeaah lumsnaama lalaswuuazsisauun it e

moldnmssemsuaeluyanauesiv

£
55UAT AIIGND

Inenfimus g nmitavesmsannanmangns
FggMnnmaasyvniada aumMsualiuianssy
aagInemaniuazima lulad
unmnedema Iy lagssnnasyls
msfinm 2559

=

s\ ‘! a v ~ v
avansveunIngaena lu lass1vuena 1)



o a a 4 o £ 9 KX o o a o o w A A
"0{0Q“U1uwuﬁ ﬂ’]f!'W@luTsU')th\l‘V\hﬁ'ﬁﬂq@3“11uﬂ15Waﬁﬂ’lcﬁllaiﬂiLﬂULlagﬂqﬂﬂLlUﬂwﬁﬂ

Y 1T 9 1 ~ <
melansisaaeuaaluaaneueauniy

Fo-umana UNAIITTUAT FAIIGND
YN IANUIANT TN

= Y Jd o o A
01155NMIS N HY8eNan319158 90358 Waite, D.Eng.

oMIENSAMTIN  919130Wanss s2inTena, PhD.

Umsenmn 2559
UNAAYD

[ Y]

a dy 9 gj./ FY 2 o o a o g 9 g’/
N1UHA ﬂuulﬂ @JluWﬂJ?ulWWTﬁTﬁﬂ\?ﬂ'JuT“luﬂ']ﬁNﬁ@]ﬂ"l“]fllajﬂilﬂu’iﬂﬂﬂ1§LLfJﬂLHWﬁ’E)iJ‘VI\1

[ Y 1

o dy A A dy = Y 1 A <3 = o 9
fMIaFouuanse(xedIala)nieldnisgearenaslugranaiusunulumnanderny Tasly

4
%

matalWlasidnlasnzas laani Iinednd llihuazndsnuuaslunisnszdumaiauves
Y v

Yy 2 o o [ L4 ) = A A a A 1 1 ad

2 IWliharsnedani daglszasdvesmsianasiomulszansnmlumsdeiudianasounag

wa 1 1 A < 2 9 2 o o . ~ Y an
auduiansaeudussaoualusnmmeuiu 172 lufasnedii FTo/cuo/Tio, 1w ouae3s

[ [ o a 4
layer by layer uuiaasossunizanih lnlihilgesiuladiuesnlea (FTO)
2 o o I Y o a )
Taea3aesnedatin cu,0 1ugunsn vunszani lWihdremaianiaad i uazii
~ a g 1 o = o A a Y =2 Y I g}/

INNYUNHUA1I ATUA 300°C D 600°C tNRK/Agn TIATIATNANIN Cu,0 THnaeTlu Cuo MUY
2 2 o o . < &4 2 9 Y a . o
NINT1INIAIUI TiO, Husunaes asuuva I FTo/cuo demaiia RF magnetron sputtering U1
? A A a 1 [ 4
97 19# Fro/cuo/Tio, iasonld lddnulaseaanan Tasldmaiinmsiaennuvesisdond

. = o a ] Yy v ¢
(X-ray diffractometry; XRD) An¥1da§1UINeaz ANV U52v0397 Adrendeeganssa
ad 1 4
2ANATOULUUADINT 1A (Scanning electron microscope; SEM) uazﬂé’mﬂqamiﬁmmuma@m@u

Y 4 a

(Atomic force microscope; AFM) 8ugueenilsznouniuai lagldimatinailn Insalnilvesoynin
ac ~ 1 9 v A 4 =
maﬂmau‘wgﬂﬂaﬂﬂaaﬂmﬂﬂmaﬂm (X-ray photoelectron spectroscopy; XPS) ANHINITADUFAUD

1 Y a Aaan = . = 9 1 ]
apuaadrgmalagIIdadlnInsa Ini) (UV-vis spectroscopy) ANHIAIUAIUNIUNT TIHIY

' { a %} T}
Uszy I nazanszuaildninnszuiumsnaamalalasauainnisueniii lag1dimaiia

(3)



a o a a
suinaudanInsa InthFaail il (Electrochemical impedance spectroscopy; EIS) laginaun
Y Y
wowtwe Istuniarudran 121l ualna Fro/cuormio, gnldsrunuaa ldile Tua
. A = a A a o %,1 o w tg =
FTO/WO,/BiVO, iitednu1lszaniammsnaamalalasnuainmsueniuaziiaiedinla
9 1 9 o Y 1 4 o a o L] ~ <
meldanzmsisedrednd Iiihiusadndinunasoriagd vazuaslurisiaweudiu n
= 9 = ) a ' A ° = = a3
M3An1 IAsaasInanIas dugIUINGINUN Nl 550°C amsan)asunanyed Cu,0 Wi Cuo
1 4 U a 9 1 1
lavgreauysal nazInanszua lihninnszuaumsnaanalalasnugega uas liase
4 4 I o
asranu Inssadrananves Tio, uu 42 1 FTO/CUO/TIO, 109910 TiO, 1Tuedugiu vse
o Aa ¥ Y 1 < A o = ' . A a 2
anbazuranniA2 il e lsnawauisodudunisliegues Tio, ARaviiia Tufh
4 v 9
FTO/CuO/TiO, A10HaUD4 XPS 11ANAYD4 SEM tag AFM taas1ifiuii Tio, iegidunenued
v I A a o .
FTO/CuO/TiO, HanvaziluNduuianazianuugvizga 4 IWflua Tna FTo/Cu0/TiO,
o 1 [ g’; 1 a a a (9
wauiwnu e Tua FrowoyBivo, demalduaaslszaniawgeluniswaaniy
Y v
laTasouldna 38lulasaasaeiinazmiamsed Ialananududu 9.0 x 10° CFU/ML 1494 100%
[ ] J o a 1 { <
ol 22 i meldms Iand Ilihiusasndsnunasorinduazuaslugisiamueadiv
% daj
nanamsIsuiinaaslifiuing i FTO/CuO/TiO, Aannvuiilse zaANEMNg UMy
a o o Y a a d a 9 R o o ~ []
waama laTasinunnmsueniigemaiin llasidn lnsazaz ladn droa15naini cuo Nog

[
I}

g = @ a adg Y V9 ' A <
Glfuclu UUDUNAINTUNLAY ﬁ’llﬂﬁﬂWa(?Vl'E]Laﬂ9’13'E]uﬂ1Elsl@ﬁﬂ1')$L§Qﬂﬂﬂllﬁﬁiuﬂf’lﬂﬂﬁ’lﬂ@ﬂlﬁu uag

: d' ' g’l o d‘ 1 % 'Q
fﬂiﬁ\i@]’)lﬂ TiO, %aa%uuawmﬁ’mmmmmimmumaﬂmaumﬂ CuO LW'E]lliEiﬂ’J mﬁmw%

U

v ' 9 v 9
= = % %

g ] QP A a < I A

42 1 wonvnil Tio, Negruuendimiemiuanuugvizvesiiviva lfhauilunismunis
a y d' g’/ Y d‘ o (% gJ/ Y . d' [y tg o 1 d' )

imeanvostinnavihe i adiagaa ldiun ITna FTo/cuo/Tio, Mianiudssiom o
1 1 ad gIJ Y . A A a A a o

mMsagrustanasoua1na Ivlilue Tua FTO/WO,/Bivo, tieiuilssdninnmssongasuun

9 H 9 Y 9

w09 In lanAmihia Tihdae nsviausausuvesta Inliua Ina FTo/cuorio, Auaia 1

. a A a o o v dy 2

o Tua FTO/WO,/BivVO, udaslszaninmgalumsnaamalalasmunazivaredlalaming

@ LEPEL 9 @ A Y '

numMsdszgna 19 luausundsnuiazawnadousae |1

mdna: TWindidnTasnzazladn 4'1W¥h Fro/cuo/Tio, msnaamalalasnu

o ou & o
ﬂ"liﬂ"li]ﬂl“lfﬂﬂiﬂ]la

(4)



Thesis Title The Development of Semiconductor Electrodes for Hydrogen Gas Production and

Removal of Bacteria Pollutants under Visible Light Irradiation

Name-Surname Ms.Wannasiri Srevarit

Program Innovative Chemistry

Thesis Advisor Assistant Professor Chatchai Ponchio, D.Eng.
Co-advisor Mr. Pongsathon Prapugrangkul, Ph.D.

Academic Year 2016

ABSTRACT

In this research, semiconductor electrodes were developed for simultaneous hydrogen
production from water splitting and removal bacteria (E. coli) under visible light.  The
photoelectrocatalytic technique which applies both potential and light irradiation was introduced to
initiate the semiconductor electrode. The objective of this development was to enhance the electron
transfer rate and visible light absorption of the electrode. The FTO/CuO/TiO, photocathode was
fabricated using CuO and TiO, deposited by using the layer by layer method on fluorine doped tin oxide
conductive glass substrate (FTO).

Cu,0 was deposited at the first layer by electrodeposition technique and annealing at various
temperatures from 300 °C to 600 °C to change the crystal structure of Cu,O to CuO. TiO, was immobilized
at the second layer on the FTO/CuO electrode by using the radio frequency (RF) magnetron sputtering
technique. The X-ray diffractometric (XRD) technique was used to study the crystalline structure of the
fabricated FTO/CuO/ TiO, electrode. A scanning electron microscope (SEM) and an atomic force
microscope (AFM) were used to study the morphology and roughness of the electrode surface. X-ray
photoelectron spectroscopy (XPS) was used to confirm the chemical composition at the surface electrode.
UV-vis spectroscopy was used to study the light absorption properties. The electrochemical impedance

spectroscopy (EIS) and amperometry techniques were introduced to study the charge transfer resistance
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and photocurrent of hydrogen production from water splitting, respectively. The FTO/CuO/TiO,
photocathode and FTO/WO,/BiVO, photoanode were incorporated for more hydrogen production and
Escherichia coli removal (E. coli removal) under applying the electric potential from solar cells and the
visible light. The XRD and SEM results showed that the crystal structure and morphology of Cu,O were
completely changed to those of CuO at a temperature of 550°C, and the H, production produced the
highest photocurrent. The crystalline structure of TiO, on FTO/CuO/TiO, electrode was not detected due
to the fact that TiO, act was amorphous or a very small amount on the electrode surface. However, as per
the XPS result, the existence of TiO, composited at the surface of the FTO/CuO/TiO, electrode could be
confirmed. The SEM and AFM results revealed the thin film and high roughness of TiO, layer at the outer
side of the FTO/CuO/TiO, electrode. The FTO/CuO/Ti0, photocathode showed high efficiency for H,
production of 38 LLL/min and was able to remove £. coli 100% out of 9.0 x 10" CFU/mL concentration
within 22 mins when incorporated with FTO/WO,/BiVO, as anode electrode and introduced to solar cells
as the potential unit.

The findings showed that the developed FTO/CuO/TiO, electrode had high efficiency for
hydrogen production from water splitting by using the photoelectrocatalytic technique. The CuO with
narrow band gap energy at the inner side could improve the electron generation under visible light
irradiation. TiO, with the suitable energy level helped with the electron transfer from CuO in order to
reduce the water at the electrode surface. TiO, at the outer side could improve the surface roughness
which enhanced the water adsorption at the electrode surface. The developed photocathode
FTO/CuO/TiO, could induce the electron transfer from FTO/WO,/BiVO, photoanode, which contributed
to the enhancement of the E. coli oxidation at the anode electrode surface. The cooperation of
FTO/CuO/TiO, cathode electrode and FTO/WO,/BiVO, anode electrode revealed high efficiency for
simultaneous H, production and E. coli removal, which is appropriate for further energy and
environmental applications.

Keywords: photoelectrocatalysis, FTO/CuO/TiO, electrode, hydrogen gas production, E. coli removal
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2.7.2 7% Electric arc discharge process
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2.7.4 7% Dip coating process
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3.1 wdesfle/gunsaiuazansind

3.1.1 a15a%

a151a

nIA

e

1. aetnlesnFame

(Copper(IDsulfate; CuSO,.5H,0)

4 a
2. DIANITNMITN

(Tataric acid; (CHOHCOOH),)

3. Tadenleasonlaq

(Sodium hydroxide; NaOH)

4. lMuUon

(Ethanol; CH,CH,0H)

5. Taaeusama

(Sodium sulfate; Na,SO,)

6. ATANIAAN

(Tungstic acid; H,WO,)

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Univar, Australia

Univar, Australia

Univar, Australia

ACL Labscan,

USA

Univar, Australia

Sigma-aldrich,

USA




mMsal

nIin

e

7. deiad luwsn

(Bismuth(I1Dnitrate; Bi(NO,),)

=1 4
8. NUUASNAV)00N Laya

a

=S a
DLHADDLEF lAtLN

(Vanadium(I'V)oxide acetyacetonenate;

C10H1405V)

A
9. NTIABDLHAN

(Acetic acid; CH;COOH)

== =
10. 02HAD DL IaU

(Acetylacetone; CH,COCH,COCHA,)

11. wou Tautioy laason lag

(Ammonium hydroxide; NH,OH)

12. dhanswmaeu Tnmidiew

(Ti target)

13. lwneunanlsa

(Sodium chloride; NaCl)

14. 3la'la

(Escherichia coli)

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

Analytical reagent

99.995%

Molecular Biology Tested

Strain 887

Univar, Australia

Meark, Germany

RCI Labscan,

USA

Panreac, Germany

Panreac, Germany

Kurt J.Lesker,

USA

SIGMA, USA

TISTR, Thailand
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a1l N3N 0
15. Juunaton Microbiology MARCK,
(Agar) Germany
16. 11U Tnu Enzymatic Digest of Protein Bacto' ', USA
(Peptone)
17. dard Extract of Autolysed Yeast Bacto' ", USA
(Yeast) Cells
18. 91¥5AAEBND 1A la Microbiology MARCK,
(EMB Agar; Eosin-methylene blue agar) Germany
4 A @
3.1.2 1A3eNe/ginsal
indesie/qnsal u e
1. pszami lulih SIGMA-ALDRICH,
(Fluorine doped tin oxide; FTO) USA
2. el / -
(Copper wire)
3. DNONT 155 DURO 20 Pettex,
(Epoxy resin) Thailand
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) ; :
in3eciio/gunyel fu e

4 (é]i)’él‘]J Memmert,
(Oven) Germany
5. 1A Wisd,
(Furnace) China
6. gaanTu VATIGUL,
(Hood) Thailnd
7. insesgi- mia anlnTa Tl Talimes UV-2401PC SHIMADZU,
(UV-Vis spectrophotometer) Japan

8. 195031AT 1z 1WTh

(Potentiostat)

Y
9. 12 1981994

(Reference electrode)

10. 9 Tihee

(Counter electrode)

11. viaoa 'l LED

(LED lamp)

Polarization unit PS 07

Ag/AgCl -

Pt -

- Panasonic,Japan
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y) : ]

iw3eaiie/qunyel fu e
12. 1913097AA1 pH FG2-1 Mettler Toledo,
(pH meter) Thailand

4 a 4
13. wraalaIe1nag - -
(Solar cell)
14, U590 - -
(Buret)
15. gdmsumsnaaes - -
(Experimental box)
16. 1n309A1IRIND3 - UNIVEX,
(Sputtering) Germany
17. Myo1snou 99.997% PRAXAIR, USA
(Argon gas)
18. MYDBNFIU 99.997% PRAXAIR, USA
(Oxygen gas)
19. 1A3DINTAIUUVDISITIONH JDX-3530 JEOL, Japan

(X-ray diffractometer; XRD)
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A o {
inTesiio/gunsal U e
20. NAB4YANTIANIDIANATOUILUADINTIA LEO 1450 VP LEO,
(Scanning electron microscope; SEM) USA
20. ndpsganssmivianAToULLUAEINTIA SU8230 HITACHI
(Scanning electron microscope; SEM) , Japan
21. NA099ANIIMIDIANATOUILUADINTIA SU8200 HITACHI
MBIV , Japan
(Field Emission Scanning Electron
Microscope; FESEM)
21. NABIYANTIAIUVVUTIDADY JAFM 4500 XT JEOL,
(Atomic force microscope; AFM) Japan
4 »
22. wsoanlalasalntlvesonnin JPS-9010TR JEOL,
ad A 1 Y v A 4
aranasaungnilanlassnlsisaondy Japan

(X-ray photoelectron spectroscope; XPS)
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photoelectrocatalytic hydrogen evolution

Department of Chemistry, Faculty of Science and Technology, Rajamangala University of Technology Thanyaburi,
Klong 6, Thanyaburi, Pathum Thani, 12110 Thailand

Abstract

under visible light irradiation

Wannasiri Srevarit, Chatchai Ponchio®

“E-mail: Chatchai@rmutt.ac.th

Copper oxide film on fluorine doped tin oxide substrate (FTO/CuO) was prepared using electrodeposition method and annealed for 30
min. The photoelectrochemical water splitting were achieved on the FTO/CuO electrodes with purposes of high hydrogen
evolution under visible light irradiation. The FTO/CuO film photo-electrode performance was explored by varying the annealing temperature
effect (400, 450, 500, 550 and 600°C). The photoactivity was studied by means of UV-Vis spectroscopy. Morphology and crystalline structure were
confirmed by scanning electron microscopy (SEM) and X-ray diffraction (XRD). The photoelectrochemical (PEC) properties for hydrogen evolution
were studied by performing current-potential measurements under visible irradiation. The hydrogen evolution efficiency of the proposed CuO film

X

Q FTO/CUZO and FTO/CuO electrodes fabricationl) Study the response of visible light irradiation

Applied potential of -0.4 V for 420 s in mix
solution of 0.1 M CuSO, and 0.1 M tartaric
acid adjusted to pH 9 and the temperature
was set at 80°C for FTO/Cu,O electrode
fabrication after that annealed in air for 30
min with various temperatures at 400-600°C
for FTO/CuO electrode fabrication.

a FI'O/CuO/TiOz electrodes fabrication.

é FTO/Cuorro2 ‘

TiO, solution precursor was deposited on
FTO/Cu,0O electrode spin  coating
technique. The film elearode was dried at
120 °C for 20 min and then calcined at 500
°C for 30 min .

0 Characteristic of fabricated electrode study

The fabricated electrodes were characterized
photorespons by UV/Vis  spectroscopy.
morphology by SEM and  confirmed
crystalline structure by XRD technique.

QO Photoelectrochemical (PEC) activity and
hydrogen production study
ydrogen pi \\\

Photoelectrochemic

Hydrogen
al production
activity

lectrode was compared with the previous Cu,O and CuO/TiO, elect:
riment

Results and dlscusslon

Figure 1 shows the optical spectra of fabricated
electrodes inset with band gap energy value.
The FTO/Cu,O presents onset wavelength at
around 510 nm(2.4 eV)  which rationally
agrees with reports [1]. The spectra of the
FTO/CuO and FTO/CuO/TiO, are almost
identical, and consistently show the onset

wavelength at 848 nm(1.46eV) and 865 Figure 1 Optical spectra of (a) FTO,(b)
nm(1.43eV) respectively, with a red shift to the FTO/TiO,,(c) FTO/Cu,O,(d) FTO/CuO and (e)
visible light responses.

Q Study the PEC activity of photocurrent

FTO/CuO/TiO,

= Figure 2 Shows the reduction photocurrent due
to hydrogen evolution reaction of FTO/Cu,O,
FTO/CuO and FTO/CuO/TiO, for -0.19, -0.96
and -0.89 mA, respectively. The results reveal
highest reduction photocurrent of FTO/CuO by
reason of narrow band gap energy with high
photo response. Addition, figure 4 shows higher
hydrogen evolution of FTO/CuO that correlation
with the PEC properties. Moreover, SEM and
XRD can used to confirm the morphology and
crystalline structure of all electrode.

Figure 2 The photocurrent responses at -
0.4V of (a) Cu,O and, (b) CuO and (c)
FTO/CuO/TiO, under light and dark
condition
Q Study the effect of annealing temperature for
FighHO3 shows the photocurrent of FTO/CuO
under various annealing temperature at 400, ..
450, 500, 550 and 600 C. The photocurrent
was related with annealing temperature l i
increases. However, the increase of annealing |
temperature also dark-current become so high .
which not according to the
photoelectrochemical principle. Therefore the Fig 3 Chronoamperographs of CuO at the
annealing temperature at 550 'C would be deferent annealing temperature of (a) 400°C, (b)
appropriate under high photo current and 450°C.(c) 500°C, (d) 550°C, and 600°C

&?ﬁ%k&?m&éﬁ rI}m)ductlon efficiency
-‘:mf
|
o

Conclusion

FTO/CuO electrode was successfully
fabricated by electrodeposition technique and
presented  high  photoelectrodcatalysis  for
hydrogen evolution. The annealing temperature
is important factor for photo response and

catalytic properties.
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activity of water reduction under visible Ilghl
irradiation. The CuO thin film was deposited on the
ﬁrsl laycr of fluorine doped tin oxide by
i and ing with 1
process. T|0 thin film was fabricated by radio
frequency sputtering at the second layer on CuO
clectmde The «.ouplcd CuO/TlO electrode surfacc

was ized by X-ray d
electron mi py, UV-vis sp py and
X-ray photoelectron spectroscopy . The photo

current from water reduction was studied to confirm
the function of TiO, deposited on a CuO electrode.
The cooperated TiO, at the outer side with CuO
could be enhanced the photo current more than that
pure CuO for two times. There is a successful
development of photocathode with high efficiency
of water reduction under visible light irradiation. )

[Expenment \

Cu20 thin film was deposited on fluorine
doped tin oxide (FTO) by an electrodeposition
method. A mixing solution of 0.1 M CuSO4 and 0.1
M tartaric acid and adjusted pH at 9 and the
temperature of 80 oC was used for electrolyte
solution.

The deposition  condition
was fixed a potential of -0.4 V vs.
AgsAgCl for 420 s. The prepared
Cu20 was conversed to CuO by
calcination at 550 <C in air for 30 min.

TiO2 was deposited on CuO electrode by
RF Sputtering in power condition of 200 W for 2h by
Ti (99.999%) as a target for produce the
FTO/CuO/TiO2 photocathode. The fabricated
electrode was characterized by SEM XRD, XPS
and UV/Vis s y.The ph
activities was studied with the water reduction

28 degree

P ——"

~

/~ Abstract ( Results and discussion
CuO pholocalhode cleclrodc was couplcd FrSpyrs .
with TiO, for enh the p Fig. 1 XRD patterns of a) FTO, (b) FTO/Cu,0

(¢) FTO/CuO and (d)FTO/CuO/TiO,.

Figure 1 shows a typical XRD pattern of FTO,
FTO/Cu20, FTO/CuO and FTO/CuO/TiO2 electrodes.
This result shows that the Cu20 was successfully
converted to CuO after calcination process. However, a
TiO2 on FTO/CuO/TiO2 electrode is not presented.

Fig. 2 The SEM image of (a) FTO/Cu,0, (h)FTO/CuO,
(©FTO/Cu0/TiO, and (d) FTO/CuO/TiO, side view.

The SEM image shows a morphology at the top
view of pyramidal Cu20 changed to sphere CuO in
figure 2a and 2b, respectively. The morphology of
FTO/CuO/TiO2 (Fig. 2¢) was a small changed to
smother than FTO/CuO. However, the layer thickness
increasing by TiO2 was presented in the side view
observation (Fig. 2d)

Fig. 3 Optical spectra of (a) FTO, (b) FTO/Cu,0,
FTO/CuO and (d) FTO/CuO/TiO,

Figure 3 shows an onset shift of a FTO/TiO2/CuO
toward visible light region at 940 nm and calculated
band gap energy of 1.31 ¢V. There is exhibits more
visible light responding than that of the FTO/Cu20
and FTO/CuO.

Fig. 4 XPS spectra of FTO/CuO/TiO2

XPS was used to study the chemical states and
composition of the element at the electrode surface.
Figure 4 shows that the chemical composition of Ti**,
Cu** in the FTO/CuO/TiO2 electrode surface.
Morcover, an O-1s peak at s31.8 eV was ably
d oxygen in the crystalline structure of CuO

\der visible light irradiation. )

and TiO2 semiconductors.

Fig. s pl from | d of
(n)FTO/Cu,O (b)FTO/CuO and (C)FTO/CIIOITIO
The highest photo current of FTO/CuO/TiO2 from
water reduction are shown in Figure s. There is
indicate that the cooperated TiO2 at the outer side
with CuO could be enhanced the photo current more
than that pure CuO for two times.

Conclusions

121

The TiO, deposlted on FTO/CuO was successfully synthesized by RF sputtering. The XRD result could be conﬁnn:d Cu,f O become to CuO. XPS studied show Ti
and Cu composites in the electrode surface. SEM image able confirmed the TiO2 covered on CuO surface. The p ly iti
Qrcased for two times when deposited TiO2 at the outer side of FTO/CuO electrode.

for water was
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Production and Removal of Bacterial Pollutants
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= Department of Biotechnology, Thailand Institute of Scientific and Technol

*e-mail: Chatchai@rmutt.ac.th

rescarch aims is o develop semiconductor electrodes for high eff ydrogen production at cathode lectrode and bacteria
n efficiency at anode electrode. CuO/TiO, ph hod de was fabricated on fluorine doped tin oxide(FTO) by
lectrod and sputtering technique. FTO/BVO/WO; |:hntnanmlrd«lm<le was prepared by spin coating technique. Escherichia coli
Bactria’ (E. i) was used 4a 4 BasterD, poll sample. The ph Iytic (PEC) cell was designed for simultaneous hydrogen
production and E.coli removal in water. The dition shows hyd: production rate of 28.00 pl/min and simultancous 100%E.

coli removal within 140 minutes. The research indicates that these developed el des present high and

removal of E.coli by photroel Iytic techuique. There is the al BE> @3 )Firogen production and bacteria degradation which

flici 1 1

a low cost and compatible method.

Experiment

The experimental sef

up-of

PEC cell for hydrogen production at | if_‘ riocwm, ) 31, | 7
photo cathode electrode and removal | 3= €7 &
. - oce
of li at photoanode electrode YiL ! 51
shows in figure 1. FTO/Gu0 electode e i

b & 2 ot oo | W ) o
was prepared by /electrodepiostion {r / |
and annealing. Ti0, was deposited < 1= e

on FTO/CuO by sputtering in order IR \GF WY, 47 AN ) i

to fabricate FTO/CuO/TiO, and used = \

as  photdeathode  )-electrode, Fig. 2 H, gas production (left) and E. coli removal (right) comparison of FTO/Cu
FTO/WO/BiVO, was prepared by FTO/Cu0, FTO/Cu0/Ti0, electrodes.

spin coating technique and used as The FTO/Cu0/Ti0, photocathode electrode shows highest efficiency for H,
photoanode electrode, The production and E. coli removal (Fig. 2). The deposited TiO, at the outer side with CuO

electrolyte solution of 0.1M NaCl
containing with E. coli was used to
study for H, production and E. coli [T

could be enhanced the charge transfer rate more than that pure Cu().

oval system. Solar ecell was N = = _— =
introduced fo ied potential unit i | -t
under visible light irradiation. i"' 1 o \
v |
) [ = w W ;
t gl ; § SN \
g o> ‘
B e e M) of]s = u w m
RS e N oo

Fig. 3 Catalytic mechanism of H, gas production (left) and E. coli removal (right) by
Photel (PEC), EX lysis (EC) and Photocatalysis (PC).

hanism of hydrogen gas production and E.

m with apply potential and light irradiation
shaws highest efficiency for Hy production and E. coli removal. The optimum condition
shows H2 gas production rate of 28.00 pl/min and simultancous 100%E. coli removal
within 140 minutes by using FTO/CuO/Ti0, photocathode under PEC condition.

Figure 3 shows the catal;

coli removal. PEC catalytic mechan;

), as photocathode electrode present high efficiency for hydrogen production and
hlight of this work is the composited fabrication of narrower band gap

The development of FTO/Cu0
E.coli degradation under photoelectrocatalytic condition. The

energy of CuO and high electron separation of TiO, at the outer side can improve absorption ability and charge transfer rate. There are

the interesting semiconductor electrode fabrication for hydrogen production and bacteria degm(lauon which a high efficiency. low cost

and compatible method.
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Abstract

In this research, a copper oxide thin film deposited on conducting glass fluorine-doped tin oxide
(FTO) was developed. Cuprous oxide (Cu,0) was fabricated by electrodeposition technique and calcination at
a high temperature in order to cupric oxide (CuO) fabrication. These copper oxide electrodes were applied for
hydrogen production from water splitting with the photoelectrocatalytic principle under visible light
irradiation. Absorption properties of the fabricated film electrode were studied by UV/vis spectroscopy
technique. Scanning electron microscopy (SEM) and X-ray diffraction (XRD) were used to study the
morphologies and crystalline structure, respectively. The photoelectrocatalytic properties of copper oxide
electrode for hydrogen production were studied by monitoring a current from the reaction under visible light
irradiation. The effect on calcination temperatures was studied to enhance the hydrogen production efficiency.
The efficiency of cuprous oxide (Cu,0) for hydrogen production was improved up to 3 times by calcinating to

cupric oxide (CuO) with narrower band gap energy effect.
Keywords: copper oxide, photoelectrocatalytic, hydrogen production
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