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a b s t r a c t

TiO2 film deposited on glassy carbon electrode surface was prepared via the liquid phase deposition (LPD).
The deposited TiO2 film before and after calcination was characterized with scanning electron microscopy
(SEM) and X-ray diffraction (XRD). Based on the high photoelectrochemical activity of calcined LPD TiO2

film, the photoelectrocatalytic degradation of benzotriazole (BTA) was investigated. Compared with the
eywords:
enzotriazole
hotoelectrocatalytic degradation
iO2 film

electrochemical oxidation process, direct photolysis or photocatalysis for treatment of BTA, a synergetic
photoelectrocatalytic degradation effect was observed using the LPD TiO2 film-coated electrode. Various
factors influencing the photoelectrocatalytic degradation of BTA such as film calcination, applied bias
potential, pH value, supporting electrolyte concentration and initial concentration of BTA were investi-
gated. The COD removal for BTA solution was analyzed to evaluate the mineralization of the PEC process.

expe
iquid phase deposition Based on the degradation
for BTA was proposed.

. Introduction

Benzotriazole (BTA) is a well-known corrosion inhibitor for cop-
er or silver material, which has been widely utilized in cooling and
ydraulic fluids, antifreezing products, aircraft deicer and anti-icer
uid (ADAF), as well as dishwasher detergents. It is also applied as
ntifogging agents and as intermediates for the synthesis of vari-
us chemicals. The annual production of BTA and its derivatives has
een reported to be in the range of 9000 tons/year worldwide [1].
arge amount of BTA has reached municipal wastewater treatment
lants via household wastewater, indirect discharge from industry,
r surface runoff collected in combined sewer systems. However,
TA is removed only to a small extent in mechanical–biological
astewater treatment due to their quite resistance to biodegra-
ation [2,3]. Moreover, BTA possessing high water solubility, low
apor pressure and low octanol–water distribution coefficients
4,5] has caused additional difficulty in the removal of this material.
substantial fraction of BTA has entered the surface water like river

nd lake [6], and caused adverse effects on aquatic species [7], and
icrobial community in soil [8]. Meanwhile, BTA is carcinogenic
nd mutagenic in mammals [9], which may cause a considerable
hreat to human health [10]. Therefore, BTA has recently been listed
s an emerging contaminant [6], which needs to develop appropri-
te effective treatment techniques.

∗ Corresponding author. Tel.: +86 27 87792154; fax: +86 27 87543632.
E-mail addresses: zhangjd@mail.hust.edu.cn, zjdzjdcs@hotmail.com (J. Zhang).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.09.037
rimental results, a possible photoelectrocatalytic degradation mechanism

© 2009 Elsevier B.V. All rights reserved.

Heterogeneous photocatalytic oxidation using semiconductors
as photocatalysts has received increasing attention in the field of
environmental protection because of its superior photocatalytic
oxidation ability for destruction of undesirable organics in aque-
ous phase [11–15]. Among these, TiO2 is one of the most important
photocatalyst due to its excellent physical and chemical properties
such as low photocorrosive and toxic characteristics, and capabil-
ity of completing mineralization of the pollutants into less toxic or
harmless compounds [16–18]. However, a costly and difficult post-
treatment process is required to separate slurry TiO2 [19], although
the slurry TiO2 is efficient in the photodegradation of organic
pollutants. Moreover, the recombination of the photogenerated
electron–hole pairs reduces the quantum efficiency and limits the
application of photocatalysis to practical wastewater treatment.
Accordingly, using TiO2 film electrode by photoelectrocatalysis,
namely by applying an external bias to drive the photogenerated
electrons to the counter electrode through an external electric cir-
cuit, has been developed as an attractive technique for degradation
of organic compounds [20–24].

Liquid phase deposition (LPD) is a novel attractive approach
for preparing various metal oxide films, which is advantageous
because no vacuum, no high temperature, no expensive appara-
tus and no special substrate are required [25]. Moreover, the LPD

film could be facilely controlled by varying the deposition time.
Using the LPD process, TiO2 films have been prepared and applied
to photocatalysis [26,27] and electrocatalysis [28]. The photoelec-
trocatalytic (PEC) degradation of acid orange II using the LPD TiO2
film-coated activated carbon fiber has been reported [29]. However,

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:zhangjd@mail.hust.edu.cn
mailto:zjdzjdcs@hotmail.com
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he PEC degradation of emerging contaminants over LPD TiO2 films
as not been explored. In this work, we prepared a TiO2 film by
he LPD process and studied the feasibility of such a LPD TiO2 film
pplied to the PEC degradation of BTA. The film was deposited on
he glassy carbon (GC) substrate, considering that the good conduc-
ivity of GC provided an ideal platform for the electron transfer of
iO2 film while the photochemical inertia of GC reduced the influ-
nce of electrode substrate on the PEC activity of TiO2. The surface
orphology, crystallization and photoelectrochemical character-

stics of the film were investigated with various techniques. Using
he LPD TiO2 films, the PEC degradation of BTA in aqueous solution
as studied in detail by systematically changing the experimental

actors influencing the PEC process.

. Experimental

.1. Chemicals

The reagents used including benzotriazole (99% purity,), acetone
>99.5% purity), sodium hydroxide (>96% purity), sodium sulfate
99.0% purity), sulfuric acid (38–40%), methanol (99.9% purity) and
oric acid (>99.5% purity) were obtained from Sinopharm Chemi-
al Reagent Co., Ltd. Ammonium fluotitanate (>98.0% purity) was
btained from Shanghai sanaisi Co., Ltd. All compounds were used
s received. The stock solution of 10 mM BTA was prepared by dis-
olving BTA in a little amount of acetone and then diluted with
arge amount of water. The content of acetone in the stock solu-
ion was controlled to be 1.0% (v/v). Distilled water was used in all
xperiments.

.2. Preparation of TiO2 film on electrode surface

The LPD TiO2 film deposited on GC electrode surface was pre-
ared as the previous report [30]. Before deposition, the GC surface
1 cm × 1 cm) was polished to a mirror-like smoothness by sand
apers and then sonicated in ethanol and distilled water for sev-
ral minutes. After dried with a stream of high purity nitrogen
as, the electrode was soaked vertically into mixed aqueous solu-
ions of 0.1 M (NH4)2TiF6 and 0.2 M H3BO3 at 35 ◦C for 20 h. After
horoughly rinsed by water and dried with nitrogen gas, LPD TiO2
lm-coated electrode was prepared. The LPD TiO2 electrode was
sually calcined at 400 ◦C in an air atmosphere for 1 h with a muffle
ven except where indicated otherwise.

.3. Characterization of TiO2 film

The film morphology was observed with a Quanta 200 scanning
lectron microscopic (SEM) instrument (FEI, the Netherlands). The
hase detection and analysis was accomplished by X-ray diffrac-
ion (XRD) using a diffractometer (X’Pert PRO, PANalytical B.V., the
etherlands) with radiation of a Cu target (Ka, � = 0.15406 nm).

.4. Photoelectrocatalytic equipment

The photoelectrocatalytic degradation of BTA was performed in
single photoreactor (D = 80 mm, H = 140 mm) containing a 100 ml

ample solution, as shown in Fig. 1. The TiO2 thin film electrode with
controlled geometric surface area of 1.0 cm2 was placed in the

hotoreactor as the working electrode. A saturated calomel elec-
rode (SCE) and a platinum electrode served as the reference and
ounter electrode, respectively. All the potentials were referred to

CE. The electrochemical measurements were carried out with a
HI 660A electrochemical workstation (Shanghai Chenhua Instru-
ent Co., China). The PEC degradation of BTA was controlled with a
MP2/Z multichannel potentiostat (Princeton Applied Research). A
5-W UV lamp with a major emission wavelength of 253.7 nm was
Fig. 1. Diagram of photoelectrocatalytic reactor. (1) UV light; (2) working electrode;
(3) reference electrode; (4) air compressing machine; (5) temperature controlled
bath; (6) electrolyte solution; (7) counter electrode; (8) potentiostat; (9) manostat;
(10) quartz sleeve.

used as the light source for the PEC experiments. A solution (pH
6.2) containing 0.5 M Na2SO4 was usually used in the PEC reaction
except where indicated otherwise. Air was purged into the solution
during the degradation of BTA using an air pump with the flow rate
of 3.0 l min−1.

2.5. Analytical methods

The concentration of BTA was measured by monitoring the
absorbance at the maximum absorption wavelength at 256 nm
with a UV–vis spectrometer (WFZ UV-2000, Unico Instruments Co.,
Ltd., Shanghai, China).

The determination of BTA degradation products in aqueous solu-
tion was carried out on high performance liquid chromatography
(HPLC, JASCO, PU-2089) by comparison with the retention time of
the standard compounds. Aliquots of 20 �l were injected into the
HPLC to identify BTA degradation products, running with mobile
phase of 30% methanol and 70% water at a flow rate of 0.8 ml min−1.
The separation was performed using a Hiqsil C18 ODS column
(4.6 mm × 150 mm) and a UV detector (JASCO, UV-2075) was used
with the wavelength set at 230 nm. All samples were immediately
analyzed to avoid further reaction.

The COD (chemical oxygen demand) value was determined
using the traditional dichromate method according to the standard
methods issued by the China National Environmental Protection
Agency [31]. At given time intervals, 2 ml aliquots were sampled
into the Hach special digesting tube. Then, 3 ml COD digesting solu-
tion composed of K2Cr2O7 and H2SO4–Ag2SO4 was added into the
tube. After tightly sealed and shaken, the tube was put into the Hach
DRB200 COD digester for 2 h. The tube was taken out for cooling.
The excess of K2Cr2O7 is titrated with ferrous ammonium sulfate
using the ferroin indicator.

3. Results and discussion

3.1. Surface characterization of LPD TiO2 films

Fig. 2 shows the SEM images of the deposited films on GC sur-
face before and after calcination at 400 ◦C for 1 h. As can be seen
from Fig. 2A, before calcination, a compact TiO2 film with some
cracks is formed on the substrate. While after calcination, the sur-
face morphology of the TiO2 thin film does not show obvious change

except that the cracks are widened (Fig. 2B). Such a film crack-
ing phenomenon is commonly observed in the LPD TiO2 films [32],
attributed to the increase of internal stress with the shrinkage of
the film. Because the film cracking affects the structural integrity
and results in the decrease of the transmittance of film due to



98 Y. Ding et al. / Journal of Hazardous Materials 175 (2010) 96–103

Fig. 2. SEM images of as-prepared film b
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Fig. 3. XRD patterns of as-prepared film before (a) and after (b) calcination.

cattering of light [33], the usability of the LPD film may be ulti-
ately influenced. However, the crack defect of LPD technique
ay be overcome by adapting modified process or doping suitable

ybrid materials [34,35].
On the other hand, the XRD analysis indicates that the heat treat-
ent shows a significant effect on the crystallization of TiO2 in
he film (Fig. 3). There is no TiO2 diffraction peak appearing in
ig. 3a, meaning the amorphous film prepared at low tempera-
ure. While after calcination, two diffraction peaks corresponding
o anatase (1 0 1) and (2 0 0) (Fig. 3b) according to XRD standard

ig. 4. (A) Linear sweep voltammograms at 10 mV/s on LPD TiO2 film recorded in 0.5 M N
PD TiO2 film in 0.5 M Na2SO4 at a bias potential of 0.8 V.
efore (A) and after (B) calcination.

card (JCPDS Card no. 21-1272) appears in the XRD pattern, indicat-
ing that the amorphous film becomes crystallized after calcination
at 400 ◦C. Moreover, the XRD analysis indicates that the film con-
sists of nanocrystalline particles, which could be directly observed
on the higher resolution SEM image (Fig. S1) displaying the aggre-
gation of TiO2 nanoparticles in the film. Considering that anatase
has higher photochemical activity than amorphous TiO2, the heat-
treated films are utilized in the following tests.

3.2. Photoelectrochemical analysis of LPD film

3.2.1. Photocurrent response of LPD film-coated electrode
Fig. 4A compares the voltammetric responses of LPD TiO2 film in

0.5 M Na2SO4 without and with the UV illumination. As can be seen,
the illumination obviously enhances the current when the potential
is higher than −0.3 V, attributed to the result that the photogener-
ated electrons on the LPD TiO2 film could be effectively driven to the
counter electrode by applying positive potentials. Thus, the recom-
bination of the photogenerated electron–hole pairs is hindered
and photocurrent is generated. Furthermore, the current difference
between the two voltammetric curves is increased with increasing
the potential up to ca. +0.8 V, indicating the enhanced efficiency of
photoelectron transfer by higher anodic potential. When the poten-
tial is increased to above +0.8 V, the current does not show further
improvement. This result implies that the photocurrent reaches the

maximum, owing to the limitation of the photohole capture process
on the TiO2 surface.

Consistent with the voltammograms, the LPD TiO2 film shows a
sensitive photocurrent response to the switch of UV illumination.
Fig. 4B illustrates the chronoamperometric curve recorded on TiO2

a2SO4 in the dark (a) and under UV illumination (b). (B) Photocurrent response of
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BTA is reduced, which is due to the decrease of specific surface area
as a consequence of crystal growth [14].

On the other hand, the stability of the LPD film calcined at
400 ◦C during the PEC process was tested by successive degrada-
ig. 5. Effects of UV irradiation and bias potential on the EIS of LPD TiO2 film in
.5 M Na2SO4 measured in the frequency range of 0.1 Hz to 100 kHz using an A.C.
mplitude of 10 mV.

lm by applying a bias potential of 0.8 V without or with illumi-
ation. As can be recognized from this measurement, the current
esponse of the film in the dark is very weak. While the UV lamp
s switched on, the current quickly leaps from 1.110 × 10−7 A to
.285 × 10−5 A. The photocurrent is quickly reduced to its original
alue as the UV lamp is switched off. This result indicates that the
xcellent photoelectrochemical response of the LPD TiO2 film with
table property under UV illumination.

.2.2. EIS characterization under UV illumination
Electrochemical impedance spectroscopy (EIS) measurement

s also a useful technique for elucidating the application of an
lectric field promoting the separation of photogenerated elec-
rons and holes [23]. Thus, the EIS of LPD TiO2 film by applying
ias potential and photoirradiation were measured (Fig. 5). As
an be observed, only one arc appears on the Nyquist plot of
IS, suggesting a simple electrode process under these exper-
mental conditions [36]. By fitting the EIS, the charge transfer
esistance (Rt) values obtained for LPD TiO2 film are 450.0 k�
nd 202.5 k�, respectively for +0.8 V (dark) and photoirradiation.
hile by applying +0.8 V bias potential and photoirradiation simul-

aneously on the TiO2 film, the Rt value is reduced to 61.1 k�.
his result confirms the effective separation of photogenerated
lectron–hole pairs by applying positive bias potential which leads
o the fast interfacial charge transfer to the electron donor/electron
cceptor.

.3. Photoelectrocatalytic degradation of BTA

.3.1. Degradation of BTA using different techniques
Fig. 6 shows the degradation of BTA with various techniques

uch as electrochemical oxidation (EC), direct photolysis (DP), pho-
ocatalysis (PC) and photoelectrocatalysis (PEC). The experimental
esults are described as the variation of the concentration ratio
C/C0) with treatment time (t), where C0 is the initial concentra-
ion of BTA and C is the concentration at time t. It is observed
hat almost no BTA is degraded during the EC process by applying

bias potential of +0.8 V, indicating the difficulty of BTA oxida-
ion under such experimental conditions. In contrast, BTA shows
bvious photolysis under UV irradiation, which is reduced to ca.
5.0% of its initial concentration after 180-min irradiation. When

he LPD TiO2 film is employed, 70.0% of BTA is degraded after 180-

in irradiation, meaning the photocatalysis of TiO2 film towards
TA. Furthermore, when the potential bias of +0.8 V is applied on
he TiO2 film, the degradation efficiency of BTA is significantly
mproved to 89.8% after 180-min UV irradiation, indicating the
Fig. 6. Comparison of degradation curves for BTA with different techniques. Solu-
tion: 0.5 M Na2SO4 + 2 × 10−4 M BTA.

synergy effect of photocatalysis combined with electrochemical
oxidation. At the same time, the degradation rate values obtained
by fitting the experimental data with a pseudo-first-order kinetic
model described as ln(C0/C) = kt for degradation of BTA using differ-
ent techniques. The k values for DP, PC and PEC are 0.00701 min−1,
0.00806 min−1 and 0.01291 min−1, respectively. The biggest k value
confirms the high PEC degradation rate of BTA using the LPD TiO2
film.

3.3.2. Film calcination effect and stability of film
Calcination has been found to show significant effect on the

photocatalytic activity of LPD TiO2 film [14,37]. To observe the calci-
nation effect of the film on the PEC degradation of BTA, we calcined
the film-coated electrode at various temperatures and applied
these electrodes to the degradation of BTA. The results (Fig. 7)
indicate that with increasing the calcination temperature from
100 ◦C to 400 ◦C, the PEC degradation efficiency of BTA is improved,
attributed to the formation of the anatase and the improvement of
crystallization of the anatase in the films. However, when the cal-
cination temperature reaches 500 ◦C, the degradation efficiency of
Fig. 7. Effect of film calcination on the PEC degradation of BTA after 180-min treat-
ment. Electrolyte solution: 0.5 M Na2SO4 + 2 × 10−4 M BTA. Applied bias potential:
+0.8 V.
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Fig. 8. Influences of applied bias potential (A), pH (B), supporting electrolyte c

ion experiments. The result (Fig. S2) indicated that the degradation
fficiency was generally decreased with increasing the successive
egradation cycle, meaning the slightly decreased stability of the
lm electrode after long-time PEC utilization.

.3.3. Influences of bias potential, pH, supporting electrolyte
oncentration and initial concentration of BTA

The PEC degradation of BTA was investigated under various con-
itions including applied bias potential, pH, supporting electrolyte
oncentration and initial concentration of BTA (Fig. 8). Fig. 8A
hows the effect of applied bias potential on the PEC degrada-
ion of BTA carried out in 0.5 M Na2SO4 containing 2 × 10−4 M BTA.
t can be observed that the degradation efficiency of BTA within
80 min is increased as the applied bias potential increases from
V to +0.8 V. It is known that the application of bias potential
reater than the flat band potential of TiO2 across a photoelectrode
ncreases the concentration of photogenerated holes or hydroxyl
adicals on the surface by minimizing the recombination rate of
lectron–hole pairs [38–40]. As a result, more BTA molecules are
onsumed by interacting with the hydroxyl radicals at higher bias
otential. However, the degradation rate of BTA is decreased when
he applied bias potential is further increased to +1.0 V. This phe-
omenon may be attributed to the influence of oxygen evolution
eaction at higher overpotential. Our voltammetric measurement
esults (Fig. S3) indicated that at +1.0 V, BTA did not show obvious
xidation while oxygen evolution reaction started to happen on the
lm-coated electrode. Thus, many •OH radicals participate in the

xygen evolution reaction to form oxygen, leading to the reduced
uantity of active •OH and decreased PEC efficiency [41].

Fig. 8B illustrates the pH effect on the PEC degradation of BTA in
he pH range of 2.0–10.0 using +0.8 V bias potential. The pH of the
lectrolyte solution containing 0.5 M Na2SO4 and 2 × 10−4 M BTA
tration (C) and initial concentration of BTA (D) on the PEC degradation of BTA.

is adjusted with concentrated NaOH or H2SO4. It can be observed
that at pH 2.0, BTA is almost completely degraded within 180-
min PEC treatment. However, the degradation of BTA is obviously
decreased with increasing pH, which can be attributed to two rea-
sons. Firstly, the surface charge of TiO2 is changed with pH around
its zero charge point and the oxidative power of the photogener-
ated holes is lowered by the increase of pH [19,39]. Secondly, pH
influences the charge carried on the molecule of BTA [4]. When
the pH value exceeds approximately 7, the acid properties of tria-
zoles result in the release of a proton and the molecule of BTA is in
the cationic form. The adsorption of cationic BTA on the negatively
charged TiO2 surface becomes difficult because of the electrostatic
repulsion. While at pH less than 7, the non-ionic form of BTA dom-
inates in solution and the aromatic character is more pronounced
for the uncharged BTA than the ionic BTA, which improves the UV
absorption. Thus, higher UV absorption for non-ionic BTA seems to
destabilize the molecule and results in a higher reactivity in the
acidic solution.

Fig. 8C shows the PEC degradation of BTA carried out in elec-
trolyte solutions containing Na2SO4 at different concentrations and
2 × 10−4 M BTA using +0.8 V bias potential. As can be seen, the
degradation efficiency of BTA is increased with the increase of the
Na2SO4 concentration. This is due to the increased conductivity of
solution by higher concentrated electrolyte, which leads to the eas-
ier charge transfer and capture of photogenerated electron by the
external electric field.

The influence of the initial concentration of BTA on the PEC

degradation of BTA is shown in Fig. 8D. The degradation experi-
ments were carried out in 0.5 M Na2SO4 using +0.8 V bias potential.
The result indicates that the degradation efficiency is decreased
with increasing the initial concentration of BTA. When the ini-
tial concentration of BTA is increased, more BTA molecules are
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Fig. 10. Variation of UV–vis spectra of BTA solution during PEC degradation process.
Electrolyte solution: 0.5 M Na2SO4 + 2 × 10−4 M BTA. Applied bias potential: +0.8 V.

ates as the PEC reaction proceeds, which leads to the decrease of its
absorbance at 430 nm with increasing the degradation time longer
than 40 min. At the same time, the further degradation product of
diazoimine namely aniline is identified by HPLC measurement by
comparing with the retention time of the standard aniline (Fig. 11).
ig. 9. Comparison between COD removal efficiency and BTA degradation efficiency.
lectrolyte solution: 0.5 M Na2SO4 + 2 × 10−4 M BTA. Applied bias potential: +0.8 V.

dsorbed on the surface of TiO2. The large amount of adsorbed
TA is thought to have an inhibitive effect on the reaction of BTA
olecules with photogenerated holes or hydroxyl radicals, because

f the lack of any direct contact between them. Another possible
eason is the UV-screening effect at a high BTA concentration since
significant amount of UV may be absorbed by the BTA molecules

ather than the TiO2 films and then the efficiency of the catalytic
eaction is reduced [42].

.4. COD removal

The COD analysis was carried out to evaluate the mineraliza-
ion rate of BTA using the PEC technique. Moreover, because the
egradation intermediates may even be more toxic than the start-

ng substrates [43], COD removal is more important in practical
nvironmental application relatively to the apparent reduction of
ollutant concentration. Our experimental result indicates that
lthough the COD of BTA solution is obviously reduced with pro-
onging the PEC treatment time, the COD removal efficiency is
ower than the corresponding degradation efficiency measured

ith UV–vis absorbance (Fig. 9). The difference between the COD
emoval and degradation efficiencies means the existence of the
ntermediates during the process of PEC degrading BTA. Neverthe-
ess, within 180-min PEC treatment, the COD removal efficiency
eaches 74.3%, indicating that most of degraded BTA (82.7%) is com-
letely mineralized.

.5. PEC degradation mechanism for BTA

Similar to the reported photochemical degradation process of
TA [5,43–46], the BTA solution during the PEC process develops a
ellow-brownish colour and produces very fine dark-brown parti-
les at the initial degradation process. Then the solution gradually
ecomes completely transparent over a period degradation time.
ig. 10 clearly shows the UV–vis spectrum change of BTA solution
ecorded at various time intervals for the PEC degradation process.
rom the absorption curve of BTA after 20-min PEC degradation,
e observe that the reduction in the characteristic absorption peak

f BTA is coupled with the appearance of a new absorbance at ca.
30 nm. The diminishment of the absorbance of BTA at � = 256 nm
ndicates that the doubly bonded nitrogen in the triazole ring is
fficiently destroyed. The new absorbance at 430 nm is assigned
o the primary intermediate produced by the N–NH bond scission,
hich is identified as diazoimine [44–46]. The generation of dia-

oimine gives a yellow colour. However, the primary intermediate
Fig. 11. HPLC chromatograms depicting eluted peaks at different reaction times
and of the standard aniline. Initial conditions: 2 × 10−4 M BTA; +0.8 V bias potential;
0.5 M Na2SO4.

diazoimine is not stable and further degraded to other intermedi-
Fig. 12. PEC degradation pathway for BTA.
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he degradation of the intermediates is also confirmed by the COD
nalysis, in which the COD removal efficiency is increased to higher
han half of the degradation efficiency after increasing the degra-
ation time longer than 40 min.

Based on the identification of diazoimine and aniline as by-
roducts, we clarify that BTA degradation mainly proceeds by
leavage of the azo bond leading to decolorization, followed by
pening of the benzene ring to form small molecular organic prod-
cts. The PEC degradation mechanism for BTA could be described
s the following pathway (Fig. 12) [5,44–47].

. Conclusion

A TiO2 thin film on the glassy carbon electrode was prepared
sing the LPD method and applied to the study on the PEC degra-
ation of BTA. A synergetic effect on degradation of BTA in aqueous
olution was observed when UV irradiation and positive bias poten-
ial were simultaneously supplied to the LPD TiO2 film electrode.
he application of a bias potential suppresses the recombination
f holes and electrons, thus efficiently promoting the degradation
fficiency of BTA. Calcining the LPD TiO2 film at 400 ◦C, applying
0.8 V bias potential, controlling acidic solution condition, adding
igh concentrated supporting electrolyte and lowering the ini-
ial concentration of BTA were favorable to achieving the effective
egradation of BTA using the PEC technique.
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