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ABSTRACT

In this study, the photocatalytic degradation of methylene blue (MB) was studied experimen-
tally over poly-o-phenylenediamine/TiO, composite (PoPD/TiO;) photocatalysts irradiated
with a light source simulating solar light. The effect of operational parameters, i.e. pH of the
solution, photocatalyst content, irradiation time, initial MB concentration, and temperature, on
the photocatalytic degradation efficiency was explored and the results obtained were fitted with
Langmuir-Hinshelwood model to investigate the degradation kinetics and discussed in detail.
Results show that the PoPD/TiO, composites exhibit significantly higher photocatalytic activity
than that of pure TiO, on the degradation of MB aqueous solution under visible light irradia-
tion. The enhanced photocatalytic activity of PoPD-sensitized TiO, composite catalysts can be
attributed to the charge transfer from PoPD to TiO, and efficient separation of e —h™ pairs on
the interface of PoPD and TiO,. The repeatability of photocatalytic activity was also tested. A
plausible mechanism was proposed and discussed on the basis of experimental results.
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Wastewater treatment

1. Introduction

Organic synthetic dyes represent a class of colored
chemicals which are widely used in textile, paper, color
photography, pharmaceutical, cosmetic, and other
industries [1]. The runoffs from these manufacturing
and industries require proper treatment before they are
discharged to the environment because the color and
toxicity caused by dyestuffs may pose objectionable
impact on ecosystem [2]. Due to the stability and resis-
tance to biodegradability of synthetic dyes, conven-
tional biological treatment methods are ineffective for
discoloration and degradation. The main disadvantage
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of traditional methods for the removal of colored syn-
thetic dyes, such as adsorption [3,4], nanofiltration [5],
solvent extraction [6], coagulation—flocculation [7], is
associated the fact that they are non destructive and
their action is limited to transfer pollutants from water
to another phase [8]. Thus, finding the new treatment
methods which would conduct complete decomposi-
tion of synthetic dyes is highly desired.

In this context, advanced oxidation processes
(AOPs) have been employed as alternative pollution
remediation technologies for decolorizing and
reducing biorecalcitrance of industrial effluents with
synthetic dyes [9]. The AOPs involve, primarily, the
formation of powerful and non-selective oxidizing
agent, the hydroxyl radical (HO"), to destroy hazard-
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ous pollutants dissolved in wastewater. Of the
various AOPs employed in water treatment, heteroge-
neous photocatalysis with TiO, is often used for
decomposition of numerous of organic synthetic dyes
[10]. The reason for the increased interest in this
method is that the process can be carried out under
ambient conditions and the usually used photocata-
lyst TiO, has the advantages of high chemical stabil-
ity, high photocatalytic activity, nontoxicity, and
relative low price [11]. In addition, TiO; is capable of
mineralization of a wide range of organic compounds
to harmless CO, and H,O. However, owing to its
wide band gap of 3.2eV, normal anatase TiO, can be
only triggered by near UltraViolet (UV) radiation
(<387 nm) that encompass only about 3-5% of natural
solar radiation, which limits the uses of TiO, in
applications such as waste-water treatment [12,13].
Strategies that have been investigated to address this
obstacle include doping TiO, with transition metals
[14-16], nonmetal atoms [17-19], or dye photosensiti-
zation [20].

At present, much attention is paid to conducting
polymers, which are used as photo-sensitizer to
modify wide band gap semiconductors such as TiO,
[21], CdS [22] and CdSe [23] due to their high
absorption coefficients in the visible part of the
spectrum, high mobility of charge carriers, and good
stability [24,25]. As a typical conducting polymer,
poly-o-phenylenediamine (PoPD) has attracted con-
siderable attention since its discovery. Recently, we
have demonstrated the synthesis of nanometer
PoPD/TiO, composite photocatalysts by UV light
photoinitiating method [26]. The introduction of
PoPD to TiO, can enhance the photacatalytic effi-
ciency of TiO, under visible light irradiation effec-
tively and the PoPD/TiO, composite photocatalysts
exhibited easy separation and less deactivation after
several runs.

In the present study, we build on our previous
body of work by investigating the photocatalytic
degradation of a model organic dye, methylene
blue (MB), over PoPD/TiO, composites irradiated
with a source simulating the solar spectrum (Xe-arc
lamp). The degradation products of MB using TiO,
have been studied extensively and many of the
intermediates during the MB degradation process
have been already identified [27]. Therefore, the
goal of this study is to focus on the photocatalytic
degradation of MB by the PoPD/TiO, composites,
and examining the influence of various parameters
on the photocatalytic degradation. The effects of
operational parameters, such as dye concentration,
pH of the solution, catalyst concentration, irradia-
tion time, and temperature, on the degradation effi-
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ciency were investigated thoroughly. The results
reported here are critical and necessary inputs in
the development of processes that can use the
PoPD/TiO, composites in the disposal of organic
pollutants in water.

2. Experimental
2.1. Materials and chemicals

Unless otherwise noted, MB, o-phenylenediamine
(oPD), absolute ethanol, ethyl ether, hydrochloric acid,
and sodium hydroxide were of reagent grade pur-
chased from Sinopharm Chemical Reagent Co. Ltd.,
China and used without further purification. Ultra-
pure water was generated from a Milli-Q-Academic
water purification system (Millipore). The working
solutions were prepared freshly before all experi-
ments. Solution pH was adjusted by using diluted
solutions (1molL™") of HCl or NaOH. Nanocrystalline
anatase TiO, with an average particle size of ca. 18 nm
and BET-specific surface area of ca. 80m?g ™' was pre-
pared by sol-gel hydrolysis and condensation of etha-
nol solutions of titanium (IV) butoxide in our
laboratory. The details of the preparation procedures
were similar to that described in our previous work
[28,29].

The synthesis of the PoPD/TiO, composites has
been reported in detail in our recent work [26].
Briefly, PoPD/TiO, composites were formed by the
‘in  situ”  polymerization of oPD  (100mL
55.5mmolL"") on the surface of TiO, (0.5g) with
UV light photoinitiating method. The pH of the
reaction mixture was adjusted to 4.0, and then, the
mixture was exposed to illumination of high-pres-
sure mercury lamp (500W) for 10min to initiate the
polymerization reaction. Afterward, the high-pres-
sure mercury lamp was turned off and the polymer-
ization reaction was allowed to proceed for 24h at
20°C. The obtained solids were washed with abso-
lute ethanol, ethyl ether, and distilled water, respec-
tively. Finally, the resulting products, PoPD/TiO,
composites, were dried in vacuum for 24h. The
resulting PoPD/TiO, composite photocatalysts were
characterized by XRD, TEM, FTIR, and UV-vis spec-
tra. It can be found from the characterizations that
there are PoPD and TiO, in the composites. PoPD
deposited on the surface of TiO, particles has no
influence on the crystalline structure of TiO,. Com-
paring to pure TiO,, the PoPD/TiO, composites
showed obvious absorption at wavelengths above
400nm with a red shift in the band gap transition.
Complete details of the characterizations of PoPD/
TiO, composites are available elsewhere [26].
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2.2. Experimental procedures and techniques

The photocatalytic experiments were conducted in
an XPA-7 photochemical reactor (Xujiang Electrome-
chanical Plant, Nanjing, China). The photocatalytic
reactor consisted of quartz reactors and an illumina-
tion source. A 500 W xenon lamp (Institute of Electric
Light Source, Beijing) with a 420nm cutoff filter was
used as light source to mimic solar irradiation. The
quartz reactors were vertically placed at a fixed dis-
tance from the lamp. The distance from the lamp to
quartz reactor was about 3.5cm. The light intensity at
the position of quartz tubes was measured using a
illumination meter (ST-80C, Beijing Normal Univer-
sity, China) and the average light intensity over the
duration of each experiment was calculated to be
2.652 x 10*Ix. The reaction system was cooled by
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Fig. 1. Schematic diagram of photochemical reactor: (A)
cooling inlet; (B) cooling outlet; (C) water-cooled quartz
jacket; (D) Xe-arc lamp; (E) quartz reactor; and (F) rotation
axis.

H.-L. Wang et al. | Desalination and Water Treatment 51 (2013) 2826-2835

circulating water and maintained at certain tempera-
ture. The schematic diagram of photochemical reactor
is depicted in Fig. 1.

The photocatalytic reaction was carried out in a
quartz reactor. The reaction volume was 40 mL with
desired concentrations of PoPD/TiO, composite
sample and MB. After stirring continuously in the
dark for 60min to ensure establishment of adsorp-
tion/desorption equilibrium between the dye and as
prepared photocatalyst samples, the suspension was
irradiated with a 500 W xenon lamp and it was treated
as the starting point (t=0) of the photocatalytic reac-
tion, where the concentration of MB was designated
as Co. The suspension was magnetically stirred during
the illumination. During the experiment aliquots of
the reaction, solution was taken from the suspension
for analysis at appropriate time intervals. The photo-
catalyst was immediately removed from the samples
after centrifugation and filtration with a syringe filter
(0.22um). The progress of photocatalytic degradation
was monitored through measuring the characteristic
absorbance of the solution samples by a UV-760CRT
UV-Vis spectrophotometer (Shanghai Precision &
Scientific Instrument Co., Ltd.) at An..=664nm. The
photocatalytic degradation efficiency (3%) under
various conditions was calculated as follows:

7’]% = (Co — C)Co x 100 (1)

Where Cj and C represent the initial and residual con-
centrations of MB in the photocatalytic reaction solu-
tion. All the experiments were preformed in triplicate
and the mean values were reported.

The pH of the point of zero charge (pHp,J) was
measured by pH drift method [30]. A 50mL of
0.05mol L' NaCl solutions were placed in a series of
conical borosilicate flasks, thermostatted at 25°C, and
N, was bubbled through the NaCl solutions to
remove dissolved CO, until the initial pH stabilized.
The pH of the solutions was then adjusted to succes-
sive initial values between 2.0 and 12.0, by adding
either HCI or NaOH and 0.15g of catalyst was added
to each of the flasks. The final pH, reached stable after
24h, was measured and plotted against the initial pH.
The pH,,. was noted at the pH in which the initial
pH equals the final pH. The pH of the solution was
measured by using a Mettler-Toledo (model Delta
320-S) digital pH meter.

3. Results and discussion

The effect of operational parameters, including pH
of the solution, MB concentration, photocatalyst con-
tent, irradiation time, and temperature, was examined
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using the apparatus and following the procedures
described above. The results are delineated below.

3.1. Effect of initial pH

The pH of a solution is an important parameter in
photocatalytic reactions, since it influences catalyst
surface charge, adsorption and dissociation of sub-
strate, oxidation potential of the valence band, and
other physicochemical properties of the system [31].
The effect of initial pH on the degradation of MB was
investigated by keeping all other experimental condi-
tions constant and varying the initial pH of the MB
solution from 1 to 12 (Fig. 2). The experimental results
reveal that the photodegradation efficiency increases
with pH up to 7.22 and decreases beyond 10.31. The
photocatalytic degradation efficiency stays at a high
level in the pH range 7-10 and an optimum pH of
approximately 7.23 for best performance. It is obvious
that photodegradation of MB is strongly favored at
pH values near neutrality or weak basicity.

The observed effect of the pH on the degradation
efficiency is due to different photoreaction mecha-
nisms operable at various pH and pH-dependence of
the chemisorptive properties of TiO,. The possible
reaction mechanisms that contribute to MB degrada-
tion can involve the direct reaction by the photogener-
ated positive holes or oxidation through successive
attacks by hydroxyl radicals or superoxide species
[32]. The hydroxyl radical, in particular, is an extre-
mely strong non selective oxidant and responsible for
the oxidation of organic pollutants [33]. The pH of the
solution affects the formation of hydroxyl radicals as
it can be inferred from the following equations [34]:
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Fig. 2. Effect of the pH on the photocatalytic degradation
of aqueous solution of MB. Conditions:
[MB]y=15.63mgL "', [catalyst]=6.0gL "', T=30"C.
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TiO; + hv — TiO, + ey + hyg (2)
his + OH™ — HOr (3)
his + H,O — HO + H* (4)
HO' + dye — degradationproduct (5)

The formation of hydroxyl radicals could be thermo-
dynamically unfavorable and thus, suppressed
because of the high redox potentials of Egs. (3)-(4) in
acidic condition. At neutral or basic conditions, the
presence of large quantities of OH™ ions favors the
formation of the oxidizing HO" radicals, thereby
resulting in an increased photocatalytic degradation
efficiency of MB. Besides, the pH of the solution sig-
nificantly affects the charge on the TiO, particles and
the positions of the conductance and valence bands
[35]. This pH-dependence of surface charge is consis-
tent with the pzc of the photocatalyst used. The
pHp,c value was determined to be approximately
6.21 and 5.69 for pure TiO, and PoPD/TiO, compos-
ite, respectively, as shown in Fig. 3. The pHg,. of
PoPD/TiO, composite shifted to a lower value com-
pared with that of TiO,, which indicates that more
negative sites are available on the catalyst surface
near neutral and weak basic pH solutions, resulting
a strong adsorption of MB on the PoPD/TiO, com-
posite particles because of the electrostatic attraction
between the negatively charged PoPD/TiO, compos-
ite catalyst and cationic MB. As a result, the very
low and high pH values are not favorable to the
photocatalytic degradation of MB.

—o— PoPD/TiO, composite
-~|—-Ti(}:

final

pH

pHinitiaI

Fig. 3. Plots for the determination of pH,,. of TiO, and
PoPD/TiO, composite.
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3.2. Effect of catalyst concentration

To wunderstand the optimum catalyst amount
required for the effective photocatalytic degradation of
MB, experiments were performed to study the varia-
tions in the photocatalytic degradation efficiency at
different catalyst concentration ranging from 2.0 to
12.0gL"". The results are illustrated in Fig. 4. As
observed in Fig. 4, the degradation efficiency increases
with increasing the photocatalyst concentration up to
6.0 gL*l. However, for catalyst contents above
6.0gL"", there are not significant changes and the deg-
radation efficiency decreases slightly. Within the range
of catalyst content from 2.0 to 6.0gL ", the observed
enhancement in degradation may be due to an
increased number of available absorption and catalytic
sites on the surface of PoPD/TiO, catalyst. Increase of
the catalyst concentration more than 6.0gL ™" results in
the decrease of degradation efficiency. This phenome-
non is due to the so-called ‘shielding effect’ caused by
the suspended catalyst layers located closer to the radi-
ation source and agglomeration of catalyst particles at
a higher level of catalyst amount. As a result of these,
the penetration of light into the solution and the num-
ber of available active sites are decreased which in
turn reduce the formation of “OH radicals and photo-
catalytic degradation efficiency. The result indicates
that an optimized catalyst concentration (6.0gL™") is
necessary for enhancing the degradation efficiency.

3.3. Effect of irradiation time

The effect of irradiation time on the photocatalytic
degradation of MB from its aqueous solution was
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Fig. 4. Effect of the PoPD/TiO, composite catalyst
concentration on the photocatalytic degradation of
aqueous solution of MB. Conditions: [MB]y=15.63mgL"",
pH 7.23, T=30°C.
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Fig. 5. Degradation of MB as a function of time of
illumination. Conditions: [MBly=15.63mgL !, [catalyst]
=6.0gL™", pH 7.23, T=30"C.

investigated under the optimized experimental condi-
tions. The results are illustrated in Fig. 5. It is obvious
that the degree of photocatalytic degradation of MB is
less than 10% in the absence of photocatalyst under
visible light irradiation for 240 min. The photolysis of
MB is negligibly small as compared with the results
obtained in the presence of TiO, or PoPD/TiO,
composite photocatalyst. The PoPD/TiO, composite
can achieve almost 100% MB removal for 240min
while pure TiO, achieved only 60% MB removal for
the same irradiation time. The photocatalytic activity
of PoPD/TiO, composite is remarkably superior to
that of TiO,. The observed enhancement in degrada-
tion is due to the synergetic effect between TiO, and
PoPD. The role played by PoPD can be illustrated by
injecting electrons into TiO, conducting band under
light irradiation and triggering the formation of very
reactive radicals super-oxide radical ion (O3 ) and
hydroxyl radical (HO"), which are responsible for the
photodegradation of MB. For pure TiO, or PoPD/
TiO, composite, the degree of photocatalytic degrada-
tion of MB increases with time, up to 240min, and,
thereafter, it levels off. This indicates that degradation
of 15.63mgL™" of MB at pH 7.23 with catalyst
concentration of 6.0gL~" for 240min is the optimum
irradiation time.

The degree of photodegradation as a function of
time was investigated by UV-visible absorption spec-
tra. The MB exhibits a major characteristic absorption
peak at 664nm, which progressively disappeared
upon visible light irradiation indicating that the
decomposition of MB was taking place. The rate of
change of absorbance of MB caused by photodegrada-
tion with PoPD/TiO, composite particles is well
described by a mono-exponential curve suggesting
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that the photocatalytic degradation reaction appears to
follow pseudo-first-order kinetics.

It is noticeable that the initial concentration of MB
decreases in the bulk solution even before photocatal-
ysis reaction occurs, because of adsorption of MB onto
the catalyst surface. In order to take this effect in
account, the studies of adsorption of TiO, and PoPD/
TiO, composite particles to MB in the dark condition
were conducted under the same experimental condi-
tions. The results showed that only 2.4% of MB
absorbed on pure TiO, in the dark after 60min in
solution, while the amount of MB removed by the
PoPD/TiO, composite was 24.3%. By comparison of
the values MB removed with and without visible light
irradiation, it can be affirmed that the removal of MB
is mainly due to photocatalytic degradation instead of
only to adsorption on the catalyst.

3.4. Effect of initial MB concentration and kinetics of
photocatalytic degradation

The effect of initial MB concentrations on photocat-
alytic degradation in the presence of PoPD/TiO, com-
posite photocatalyst was investigated from 2.12 to
19.93mgL ", The results show that the photocatalytic
degradation efficiency of MB decreases with an
increase in the initial concentration of MB. This can be
as a result of blocking of the photocatalytically active
sites on the catalyst and reducing the interaction of
photons with these sites. Besides, a fraction of light
may be absorbed by the MB molecules in aqueous
solution rather than the catalyst particles for high MB
concentration, which can also reduce the efficiency of
the photocatalytic reaction to a certain extent. Using a
modified Langmuir-Hinshelwood model, the rate of
degradation can be expressed as:

dC  kKC
T dt 1+KC (6)

The integral form of the Eq. (6) is:

t= (k}K) In (%) + Cokj c (7)

Where t refers to the irradiation time, C; is initial
concentration of MB and C is the concentration of MB at
time t, r represents the rate of degradation, K is the
equilibrium constant for the adsorption of MB on the
catalyst, and k, reflects the limiting rate of the reaction at
the maximum coverage at the experimental conditions.

At low initial concentration of MB, the second
term in the Eq. (7) becomes insignificant and hence, it
can be neglected [36]:

2831

In @) — keKE = Kyppt 8)

Where k,p, is the apparent rate constant of the
photocatalytic degradation reaction.

The applicability of Langmuir-Hinshelwood equa-
tion for the photocatalytic degradation of MB has been
confirmed by the good linearity between In(Cy/C) vs.
t plot for each MB concentration values studied
(Fig. 6). The apparent rate constant, kp, (min ),
calculated from the slopes of the lines decreases as the
initial MB concentration increase in the solution.

3.5. Effect of temperature

The influence of temperature on the photocatalytic
degradation of MB was investigated under the opti-
mized experimental conditions by varying the temper-
ature range from 20 to 70°C (Fig. 7). The efficiency of
the degradation process is found to increase with
increasing temperature. A significant increase is
noticed in the apparent reaction rate constant k,pp
from 6.981 x 10~ to 1.928 x 10 ?min”' when the reac-
tion temperature is increased from 20 to 70°C. It is
suggested that at a higher temperature, the diffusion
rate of MB in solution is reasonable resulting in the
improvement of the degradation efficiency. Besides,
more available active surface centers are probable sit-
uations at a higher temperature, which means, PoPD/
TiO, composite exhibits better photocatalytic perfor-
mance for MB degradation at high temperature than
that at low temperature. The photocatalytic degrada-
tion reaction can be regarded as an Arrhenius-type
process and the calculated value of the apparent acti-
vation energy E, is 15.69kJmol '. Although higher
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0.5 v C=1563mg L.
1 <« C=1993mgL’
0.0 : : : —y
0 60 120 180 240 300 360

Time (min)

Fig. 6. Kinetics of MB degradation for various initial
concentrations in the presence of PoPD/TiO, composite
photocatalyst.
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Fig. 7. Kinetics of MB degradation at different

temperatures in the presence of PoPD/TiO, composite
photocatalyst. Inset: Arrhenius plot of the temperature
dependence of apparent rate constants of the
photocatalytic degradation reaction.

temperature favors the degradation of MB in solution,
an increase in operation cost is inevitable due to more
energy consumed in the process. The degradation
efficiency reached over 90% in 240min at all
temperatures studied and photocatalytic degradation
of organic contaminants at room temperature could be
highly economical compared with the processes at
high temperature, so room temperature (30°C) was
selected for further experiments.

3.6. The repeatability of photocatalyst activity

The repetitive use is very important for the practi-
cal application of photocatalyst. So, recycling experi-
ments were carried out to examine the stability of

100 4
80
~ 601
= ]
=40 -
20 A
04
0 5 10 15 20
Time (h)
Fig. 8. Results of recycling studies. Conditions:

[MBly=15.63mgL"", [catalystl=6.0gL™', pH
irradiation time 240 min, T=30°C.

7.23,
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PoPD/TiO, composite photocatalyst. (Fig. 8). After the
completion of the degradation, the catalyst at the end
of I cycle was collected and utilized for the next cycle
by keeping other reaction conditions constant.
Noticeably, the catalysis efficiency of the composite
photocatalyst was still higher than 90% after be used
for five cycles. This indicates that the photocatalytic
activity of the PoPD/TiO, composite has good repeat-
ability. The reduction in the photocatalytic degradation
efficiency among the cycles may be due to the forma-
tion of by-products and their accumulation in the
cavities and on the active surface sites of the catalyst.

3.7. Postulated mechanism

Based on the experimental results above, it could
be concluded that the PoPD-sensitized nanocrystalline
TiO, composite photocatalysts (PoPD/TiO,) exhibit
better photocatalytic activity than pure TiO, in the
degradation of MB under visible light irradiation. This
can be attributed to the charge transfer from photoex-
cited PoPD to TiO, and efficient separation of h*—e™
pairs (Fig. 9). As a typical conductive polymer, the
conductive PoPD layer on the surface of TiO, can
absorb the visible light irradiation and transfer the
photogenerated electron (e™) into the conduction band
of the TiO, particles efficiently. At the same time, a
positive charged hole (h*) might be created by electron
migrating from TiO, valence band to PoPD. This
charge separation suppresses the recombination of h*
and e”. The h* can react with water to generate hydro-
xyl radicals, while e” can react with absorbed molecu-
lar oxygen reducing it to superoxide radical anion. The

Visible light

LUMO

HOMO

Energy (eV)

-10 4

H' + 'OH

Fig. 9. The schematic diagram illustrating the principle of
charge separation and photocatalytic activity for the
PoPD/TiO, composite.
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generated reactive hydroxyl radical “OH and superox-
ide O; are responsible for the photocatalytic degrada-
tion of organic pollutants. Similar electron transfer
between inorganic or organic conductive materials and
TiO, and the enhanced photocatalytic activity of the
corresponding composites was also observed in
systems such as multi-walled carbon nanotubes
(MWCNTSs)/TiO, [29] and polyaniline (PAn)/TiO,
[21,37].

The role played by PoPD can be presented as fol-
lows:

PoPD/TiO, + hv — PoPD"/TiO, + ey (9)
PoPD*/TiO, — PoPD/TiO, + h; (10)
hyg + (H,0),4, — H" + HO' (11)
ecp + (02)aqs — Oy (12)

(2]

N
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Scheme 1. Postulated photocatalytic degradation pathway
of MB.
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In the TiO, photocatalytic degradation process,
oxidative degradation of MB occured generally by the
attack of "OH radicals, known as highly reactive
electrophilic oxidants. Generally, the sites near the
C-S"=C functional group and the central imino-group
are the attack area in photocatalytic degradation pro-
cess. The main identified intermediates resulting from
MB degradation are sulfoxide, sulfone, sulfonic acid,
and substituted aniline [27]. Based on these, though
intermediates forming in the photocatalytic degrada-
tion process of MB were not identified, the mechanism
suggested by Houas et al. [38] was also postulated in
our system (Scheme 1). The first step in MB photocat-
alytic degradation is the attack of hydroxyl radicals to
the C-S"=C functional group of MB (I), which is in
direct coulombic interaction with anionic TiO, surface
as evidenced by the influence of the pH of the
solution. The resulting sulfoxide also undergoes a
ring-opening reaction at the N heteroatom, yielding a
substituted aniline (II). The reaction proceeds with
subsequent attacks of hydroxyl radicals, producing
the sulfone (III) and causing the definitive dissociation
of the two benzenic rings (IV and V). Further, hydro-
xyl radical attacks result in the formation of molecules
of sulfonic acid (VI) and phenolic compound (VI).
Finally, MB and most of the degradation intermedi-
ates originated from the initial opening of the central
aromatic and their subsequent metabolites are slowly
oxidized to small molecules, such as H,O, CO,, and
inorganic cations and anions such as SO~ and NH;.

4. Conclusions

In conclusion, photocatalytic processes with the
use of poly-o-phenylenediamine/TiO, composite
(PoPD/TiO,) photocatalysts can be efficiently applied
for the degradation of methylene (MB) aqueous solu-
tion under visible light irradiation. As a photosensi-
tizer to TiO,, PoPD can improve the photocatalytic
activity of TiO, efficiently. The PoPD/TiO, composite
catalysts exhibited higher activity for photocatalytic
degradation of MB than TiO,-only material. The satis-
factory photocatalytic degradation efficiency can be
achieved with the use of optimal operational parame-
ters. The optimal conditions were a MB concentration
of 15.63mgL~" at pH 7.23 with catalyst concentration
of 6.0gL~" under visible light irradiation for 240 min.
Further kinetic studies reveal that the photocatalytic
degradation followed pseudo-first-order kinetics with
respect to MB concentration. In addition, the degree of
photocatalytic degradation increased with an increase
in temperature. The photocatalyst was used for five
cycles with degradation efficiency still higher than
90%. The results of the study showed the feasible and



2834

potential use of PoPD/TiO, composites in photo-
catalyitc degradation of colored dye wastewaters.
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