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ABSTRACT

Chemical Oxygen Demand (COD) is one of the most extensively used parameters for
water quality monitoring with the presence of organic level as it can be used to predict the
wastewater treatment. The COD determination method based on a simple, rapid and non-toxicity
method has attracted interest. This research is focused on the photoelectrocatalytic (PEC) technique
development which covered the previously mentioned advantage and is an efficient method for the
determination of COD. The research is divided into two parts as follows.

The first part is the study and development of the preparation for WO, and BiVO, thin
films on conducting glass fluorine-doped tin oxide (FTO) substrate by electrodeposition technique.
WO, was deposited on FTO substrate as the first layer, and then BiVO, was immobilized as the
second layer on the FTO/WO, electrode by photo-electro deposition method, respectively. The
FTO/WO,/BiVO, electrode was completely fabricated after annealing at the optimal temperatures of
500 °C. The X-ray diffraction (XRD) was used to study the crystalline structure of the fabricated
FTO/WO,/BiVO, electrode. A scanning electrode microscope (SEM) was used to study the
morphology of the electrode surface. X-ray photoelectron spectroscopy (XPS) was used to confirm
the chemical composition of the surface electrode. The optical properties were studied by UV-vis
spectroscopy. The electrochemical resistance properties at the interfacial of electrode surface were
investigated by the electrochemical impedance spectroscopy (EIS). The results showed that the
fabricated FTO / WO, / BiVO, electrode had excellent properties for oxidation reaction in aqueous
solution under the light and applied potential catalytic conditions. Moreover, the electrode

characterization studies could confirm and give a better understanding of the properties of

)



electrodes related to the photoeleectrocatalytic activity and suitability for the use as the working
electrode for COD determination in the next step.

Secondly, the fabricated FTO/WO,/BiVO, electrode was applied for COD determination by
using the designed photoelectrocatalytic cell. At the optimum condition of 1.0 V. and 100 watt light
intensity was found to be able to detect COD in the range of 0-300 mg L' COD. The limit of
detection (LOD) is 28 mg L' COD. This method exhibits high precision and accuracy confirmed
by the relative standard deviation (% RSD) and % recovery were 2.03% and 98%, respectively and
analysis results are comparable with the standard methods. The proposed PEC technique for COD
sensor represents a simple, rapid, environmentally friendly and highly efficient method for the COD

monitoring in the wastewater treatment system.

Keywords:Photoelectrocatalytic (PEC) technique, semiconductor electrode, Chemical Oxygen

Demand (COD) determination
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ABSTRACT

Chemical Oxygen Demand (COD) is one of the most extensively used parameter for water quality monitoring with the present of organic
level as it can be used to predict a wastewater treatment. The COD determination method is based on as simple, rapid and non-toxicity
method has been attracted. The photoelectrocatalytic (PEC) technique could covered the previous mentioned advantage and be an efficient
method for determination of COD. A visible light responsive WO,/BiVO, photoelectrode as COD sensor was proposed. A COD detection
limit (a signal-to noise ratio of 3) of 1.66 mg L~" COD with a linearity range of 10 —200 mg L-* COD were achieved at the optimum condition
of applied potential of 1.0 V (vs. Ag/AgCl) and 100 W visible light illumination. This method exhibit high precision and accuracy with the
percentage of the relative standard deviation and recovery of 3.17 and 100.87, respectively. The proposed PEC technique for COD sensor
represents the simple, rapid and environmental friendly method for the COD monitoring in the wastewater system.

INTRODUCTION RESULTS

Chemical oxygen demand (COD) is widely used for yti ivities of
water monitoring as it can be used to represent the organic pollution
level in wastewater [1]. The traditional dichromate method for COD
determination is obtaining many drawbacks of a long time-consuming
process, highly corrosive and toxic reagents in used [2, 3]. The COD
determination method is based on as simple, rapid and non-toxicity
method has been attracted [4]. The photoelectrocatalytic process
(PEC) is one of the candidate methods with the several advantages

3.1 Characterization and p
FTO/WO3/BiVO4 photoelectrode

fre—

of high oxidation ability, non-toxicity, and low cost [5]. TiO, usually
used in PEC with high photocatalytic activity and stable but it only
responding with UV light cause low activity in the solar light
application. The narrow band gap energy semiconductors have been
investigated for the photooxidation under visible light region [6, 7]. In
this work, a visible light responsive WO,/BiVO, photoelectrode was
performed for COD determination using photoelectrocatalytic
process.

EXPERIMENTA| ) \ | >—g

2.1 Preparation of WQ,/BiVO, photoelectrode.

e |
o Lf i

Cadaied T st

2.2 The photoelectrocatalytic activity of FTO/WO,/BIVO,
photoelectrode and characterization study

o, T ———

no  rrowo nve,
2.3 The photoelectrocatalytic performance of FTO/WO,/BiVO,
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At the optimum condition with applied potential of 1.0 V (vs. Ag/AgCl)
and 100W visible light illumination could also be applied for COD
determination using potassium hydrogen phthalate (KHP) as another
organic sample. Fig. 4 shows that this condition can be used for COD
determination with several organic samples. However, the sensitivity
is depended with the kind of organic sample. The COD detection limit
(a signal-to-noise ratio of 3) and linearity ranges were 1.66 mgO,.L™"
and 10 —200 mgO,.L™!, respectively. Moreover, the % RSD and %
recovery were achieved of 3.17 and 100.87, respective. The result
indicates that the developed PEC method using FTO/WO,/BiVO,
photoanode exhibited high performance for COD determination with
high precision, accuracy, and low detection limit.

CONCLUSIONS

The proposed PEC method using FTO/WO,/BIVO, electrode
represents a good performance for COD determination under visible
light irradiation. This method shows a simple, rapid and environment-
friendly technologies for the COD monitoring in the wastewater
system.
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ABSTRACT: ABSTRACT: Chemical Oxygen Demand (COD) is one of the most extensively used parameter
for water quality monitoring with the present of organic level as it can be used to predict a waste water ineatment.
The COD determination method is based on as simple, rapid and non-oxicity method has been attracted. The
photoelectrocatalyiie (FEC) technique could eovered the previous mentioned advantage and be an efficient
method for determination of COD. A visible light reaponaive Wia/BiVOy photoelectrode a5 COD sensor was
proposed. A COD detection limit (a signal-to nodse ratio of 3) of 166 mg L-1 COD with a lincarity range of
10 =200 mg L™ COD were achieved at the optimum condition of applied potential of 1.0 V {vs. Ag/AgCly and
10 W visible light illumisation. This method exhibic high precision and accuracy with the percentage of the
relative standard deviation and recovery of 3.17 and 104,87, respectively. The test of real sample and standard
arganic glucose samples were good related results with the standard ECraOy COD determination method. The
proposed PEC technigque for COD sensor represents the simple, rapid and environmenial friendly method fior

the COD monitoring in the wastewaler Sysienm.

Keywords: Chemical oxvgen demand, phoroelectrocatalviie cell, phiotoanode, Vizible lght responsive

1L INTRODUCTION

Chemical oxygen demand (C0DD) is one of the
most widely used parameier for water guality
assessment as it can be used to collectively
represent the organic pollution level [1]. The
standdard method for COD determination is defined
as the number of oxygen equivalently consumed in
the oxidation of arganic compounds by dichromate
which iz a strong oxidant. However, this method has
several drawbacks. Firstly, to achieve complete
oxidation of organic pollnants, it requires a long
time consuming process of refluxing samples in
highly acidic medium under high temperatre and
high pressure.  Moreover, it alse  consumes
expensive {AgeS04), highly corrosive (HaS04), and
toxic (K2CrzOy and HgS04) reagents [2,3].

The photoelecmocatalytic method has some
advaniages such as high oxidation ability, non-
wicity and low cost [4]. The method utilizes TiOs
as photocatalyst o oxidize organic compounds
under visible light irradiation. The Ti02 paricle
hasz a fully filled valence band separated from a
vacant conduction band by a gap whose energy is
Eg. When excited by photons with energy higher
than the gap energy (Egh, a greal number of
elecirons are promoted from valence band (VB) to
the conduction band (CB) of Ty generaling
electronmole (¢7h") pairs. The highly reductive and
oxidative capacity of electron/hole (¢7/h*) pairs can
cause degradation of organics and reduction of

85

dizsolved oxygen.[5]

In recent years, studies on chemical oxygen
demand (COD) determination by Ti02 nanotube
arrays (TMTAs) elecirode have been carried out
[6,7]. Howewer, Ti2 siill has limitations and Ti02
film electrode have a fatal practical drawback, and
that is the poor utilization of visible light. The band
gap of T2 s approximately 3.2 oV (anatase).
Oy UV light ar wavelength shorner than 3990 nm
can be absorbed by pure TiO2 [B]. And the UV
region just account for 3% of the solar spectrum,
whereas the visible light region accounts for 43% of
solarspectrum[9

In this work, a new kind of sensor, a
WOWHIWOY electrode, in conjunction with a thin
layer reactor was proposed for application in COD
determination. Benefiming from the narrow band
ap (2.6 V) of WOy and band gap (2.34 eV) of
BiVOy, [10], a light source in the wvisible light
spectrum ecouwld  excite  the photogencrated
electron'hole  pairs.  In  addition,Compared 1o
previows WIOWBIVOY electrodes, the as-prepared
WOWBIWDY electrode  displays  excellemt
miechanical stability and possesses larger specific
surface area which enhances its light harvesting
capability and electrolyie contacting. Due to all of
the above-mentioned factors, the WOWBIVO,
eS0T represents  an  improvement  in the
phototelectrocatalytic degradation of organics.
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