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Abstract

To improve the photocatalytic performance of TiO2, a novel composite of TiO2/CdS nanoparticles supported on multi-walled carbon nanotubes
(MWCNTs) was prepared by a sol–gel method. This photocatalyst exhibited a strong photocatalytic activity for the decomposition of methyl
orange (MO) in aqueous solution under simulated solar irradiation. The effects of key operational parameters, such as the initial MO
concentration, initial pH values, catalyst dosage and the amount of additional H2O2, were systematically studied. The presence of all the anions
examined (Cl−, NO3

−; SO4
2−; CO3

2− and PO4
3−) had an inhibitory effect on the decolorization of MO. The photocatalyst had good stability, as

when it was used for the fifth time, the decolorization efficiency was still about 98.7% after 80 min of irradiation. The simultaneous application of
simulated solar and ultrasound irradiation resulted in increased decolorization compared to that achieved by photocatalysis alone. Possible
decomposition mechanisms are discussed. The enhanced photocatalytic performance might be attributable to the matched band potentials and the
electron transfer between CdS and TiO2 semiconductors. These results showed that the MWCNTs/TiO2/CdS composite prepared in this study
was effective and feasible for use in the decolorization of dye-containing wastewater.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Textile plant effluents have become an issue of worldwide
concern due to their strong color that render them visible even
at low concentrations, thus causing serious esthetic and
pollution problems in wastewater disposal [1,2]. The decolor-
ization and degradation of dyes in textile wastewater continues
to be a problematic issue since these azo dyes are relatively
resistant to conventional biological treatment methods [3,4].
The pretreatment of dyes in wastewater by photocatalytic
processes using TiO2 has been researched during the last few
years to improve the biodegradability of raw dyes in waste-
water before the second biological coupling stage [5]. Unfor-
tunately, owing to the large energy band gap of 3.2 eV, normal
anatase TiO2 needs ultraviolet (UV) irradiation to initiate its
photoactivity, which greatly hinders the utilization of TiO2
e front matter & 2013 Elsevier Ltd and Techna Group S.r.l. All ri
10.1016/j.ceramint.2013.03.073

g author. Tel./fax: +86 750 3299391.
ss: wyuchemxs@126.com (S. Xie).
photocatalysis [1,6,7]. Therefore significant efforts have been
made to develop photocatalysts to utilize the visible light
which accounts for the largest proportion of the solar spectrum
and artificial light sources [8].
Composites of TiO2 and other semiconducting materials with

different band gaps and band positions have been investigated
as this produces a long distance charge separated state with
electrons and holes at sites far from each other. Of these
composites, TiO2/CdS is an excellent candidate for the photo-
decomposition of pollutants, as a result of its intrinsic energy
band gap [9–12]. However, such particles aggregate easily
which diminishes the specific area of the composite and
negatively affects the photocatalytic performance. There have
been some proposals to solve this problem, such as immobiliz-
ing the particles on solid carriers [13]. Considering the unique
electrical properties and high chemical stability of multi-walled
carbon nanotubes (MWCNTs), it is expected that the combina-
tion of MWCNTs with TiO2/CdS particles may induce charge
transfer and immobilize the particles. Furthermore, some authors
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Fig. 1. X-ray diffraction patterns of (a) TiO2 and (b) MWCNTs/TiO2/CdS
composite.
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have reported that MWCNTs increase the adsorption and
photocatalytic activity of TiO2 [14–16]. The photocatalytic
properties of MWCNTs/TiO2/CdS composite photocatalysts
still remain largely unexplored, although a few studies have
focused on the preparation of the composite [1,11]. However,
these works were mainly focused on the aspects of its materials
science [17], while the effects of key reaction conditions, such
as catalyst dosage, pH, the coexisting anions commonly
contained in wastewater and the addition of H2O2, on the
photocatalytic reaction when using the MWCNTs/TiO2/CdS
composite have not been well investigated.

The aim of this work was to study the decolorization of
methyl orange (MO) by means of MWCNTs/TiO2/CdS compo-
site photocatalysis; in particular, with regard to the effect of the
operating conditions, such as catalyst loading, substrate initial
concentration, solution pH and coexisting anions, on decolor-
ization. Moreover, the efficiency of ultrasound in decolorizing
the solution, either alone or in conjunction with visible light
irradiation, was evaluated. The mechanism of photocatalytic
degradation under visible irradiation was also investigated.
The aim of the study was to provide fundamental information
for the practical treatment of dye wastewater under solar light
irradiation.

2. Methods and materials

2.1. Materials

Raw MWCNTs (length 10–30 nm) was obtained from
Shenzhen Nanotech Port Co., Shenzhen, China. Titanium (IV)
butoxide (Ti(OBu)4, AR) was purchased from Tianjin YongDa
Chemical Regent Co. Ltd., Tianjin, China. MO, AR,
(C14H14O3N3SNa, molecular weight¼327.35 g mol−1) were
purchased from XiLong Fine Chemical Reagent Co. Ltd.,
Shantou, China. All other reagents used in this study, including
chloroform, nitric acid, hydrochloric acid, cadmium nitrate,
sodium hydroxide, anhydrous ethanol and acetic acid, were all
AR grade and were obtained from Tianjin DaMao Chemical
Reagent Co. Ltd., Tianjin, China. Deionized water was used for
the preparation of the photocatalysts. All the reagents were
used without any further purification. 0.1 mol/L−1 NaOH or
0.1 mol/L−1 HCl was used to adjust the pH value of solutions.

2.2. Preparation and characterization of MWCNTs/TiO2

TiO2 and MWCNTs/TiO2/CdS composite photocatalysts
were prepared through a sol–gel method modified from Huang
et al. [11]. The procedure was as follows: 0.92 g Cd
(NO3)2 � 4H2O and 0.73 g Na2S � 9H2O were introduced into
two beakers each containing 10 mL ethanol. After the solutions
were stirred magnetically for 10 min, the sodium sulfide solution
was added to the cadmium nitrate solution dropwise under
stirring. The mixture was then stirred for 2 h and a light yellow
gel formed. Then 0.048 g MWCNTs pretreated with 69% nitric
acid was added to a flask containing 10 mL of Ti(OC4H9)4,
30 mL of ethanol and 3 mL of anhydrous acetic acid. The
mixture was stirred magnetically for 2 h and then the yellow gel,
20 mL of anhydrous ethanol, 2 mL of nitric acid and 4 mL of
deionized water were added dropwise. After 6 h of stirring, the
resulting colloidal solution was aged for 30 h and then the
solvent was evaporated at 80 1C. The solvent was dried at 80 1C
for at least 24 h. Finally, the obtained solid was calcined at
500 1C under N2 for 2 h to obtain a MWCNTs/TiO2/CdS
composite. For comparison, TiO2 was prepared using similar
procedures. The XRD patterns were obtained with an X'Pert
PRO advance diffractometer (Panalytical, The Netherlands).
The UV–visible absorption was measured by using a UV–vis
spectrophotometer (Helios Alpha, UK).

2.3. Photocatalytic activities

To simulate the sunlight spectrum, a 300 W Xe arc lamp
(BL-GHX-CH500, Xi'an Depai Biotech. Co. Ltd., Xi'an,
China) was applied as the light source; this was positioned
inside a cylindrical Pyrex vessel surrounded by a circulating
water jacket to cool the lamp. For a typical experiment, 0.12 g
of catalyst was put into 100 mL of 20 mg/L methyl orange
aqueous solution with stirring in darkness for 30 min to reach
the adsorption–desorption equilibrium of MO on the catalyst
surface prior to illumination. The suspension was then exposed
to light with continuous magnetic stirring [18]. Then 4 mL of
suspensions were collected and centrifugally separated every
10 min, and the filtrate was returned to the beaker after the
concentration of MO in supernatant was measured using a
UV–vis spectrophotometer (Helios Alpha, UK) at 464 nm.

3. Results and discussion

3.1. X-ray diffraction

The X-ray diffraction (XRD) patterns of TiO2 and MWCNTs/
TiO2/CdS composites are shown in Fig. 1. The diffraction peaks
at 2θ¼25.3, 37.8, 48.1 and 54.1 were attributed to anatase-TiO2,
and the diffraction peaks at 2θ¼27.5, 36.2, 41.4 and 54.4 to
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rutile-TiO2 [19]. Meanwhile, the diffraction peaks at 2θ¼26.3,
28.2, 43.7 and 47.5 were attributed to the hexagonal CdS phase
[20], which revealed the successful formation of this phase in the
composite. In the samples, the peak for carbon could not be
recognized because of its amorphous structure and the small
amount present in the composites. The XRD pattern of the TiO2

contained the same characteristic peaks as that of the MWCNTs/
TiO2/CdS composites (major peaks: 25.3, 27.5, 37.8, 48.1, 54.1
and 54.4). The XRD results confirmed that anatase TiO2, rutile
TiO2 and hexagonal CdS coexisted in the MWCNTs/TiO2/CdS
composites.

3.2. UV–vis spectra changes of MO with reaction time

To demonstrate changes of molecular and structural char-
acteristics of MO in the presence of MWCNTs/TiO2/CdS
under simulated solar light irradiation, the typical irradiation
time dependent UV–vis spectra were measured for a suspen-
sion containing 20 mg/L MO at 6.0 pH and 1.2 g/L catalyst
loading (Fig. 2). As can clearly be seen, MO exhibited one
characteristic absorbance band at 464 nm in the visible region
and another absorbance band in the UV region at 273.0 nm,
which were attributed to a conjugated structure constructed via
the azo bond (–NQN–) and its associated chromophores and
auxochromes [21]. The characteristic absorbance band pro-
gressively disappeared upon solar irradiation and no new peak
appeared during visible light irradiation, indicating that MO
was degraded gradually.

3.3. Operational parameters during degradation of MO

3.3.1. Effect of catalyst dosage
Fig. 3 shows the effect of the MWCNTs/TiO2/CdS compo-

site dosage on the degradation rate of MO using a fixed initial
MO concentration (20 mg/L) and for the same irradiation time
(90 min). When the concentration of MWCNTs/TiO2/CdS
composite in the suspension was varied from 0.10 to 1.2 g/L,
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Fig. 2. Ultraviolet–visible spectra of methyl orange solutions with
reaction time.
the decolorization rate apparently increased. A further increase
to 1.6 g/L in the dosage resulted in a decrease in the
degradation rate. The result suggested that at lower levels of
catalyst concentrations, increasing the amount of catalyst
provided more total surface area and active sites for both
adsorption and photocatalysis, resulting in the enhancement of
the degradation efficiency. However, any further increase in
the catalyst loading over 1.2 g/L might result in the agglom-
eration of the catalyst, rendering a significant fraction of the
catalyst inaccessible to either adsorption of molecules or
radiation; this decrease in the active sites available to the
catalytic reaction, consequently led to a decrease in the
decolorization efficiency. Additionally, it is important to keep
the cost of the treatment low if it is to be used industrially. So,
the optimum catalyst loading was about 1.2 g/L.
3.3.2. Effect of initial MO concentration
The effect of the initial dye concentration on the photo-

degradation of MO was also investigated. The initial concen-
tration of MO varied from 10 to 50 mg/L and all solutions
were kept at natural pH. The results are shown in Fig. 4. After
80 min of irradiation, the residual MO concentrations were
0.13, 0.45, 4.18, 10.44 and 18.86 mg/L at initial concentrations
Fig. 3. Effect of composite dosage on the decolorization (concentration of
methyl orange¼20 mg/L).
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of 10, 20, 30, 40 and 50 mg/L, respectively (Fig. 4). When the
other factors were under the same conditions, it can be seen
that the efficiency of color removal decreased as the initial dye
concentration increased.

A possible explanation for this behavior was that as the initial
dye concentration increased, the color of reaction solution
became more intense when exposed to the simulated solar light
irradiation. Thus the photocatalytic decolorization efficiency
decreased since the path length of the photons entering the
solution decreased [21]. At the same time, at a higher initial dye
concentration, the dye competed with OH− absorbed on the
active sites of MWCNTs/TiO2/CdS composite surface. Conse-
quently, the number of OH− on the active sites reduced. As is
well known, hydroxyl radicals (dOH) are produced by the
reaction of photogenerated holes and OH− (OH−+h+-dOH).
The formation of hydroxyl radicals should be the rate-
determining step of the photodegradation reaction due to their
direct reaction with aromatic compounds. So, as the initial
concentration of MO increased, the number of generated dOH
radicals decreased. Consequently, the degradation efficiency
decreased at higher dye concentrations [22].
3.3.3. Effect of initial pH
It is well known that pH influences the rate of photocatalytic

degradation of some organic compounds; the pH of the solution
determines the surface charge properties of TiO2, the charge of
the dye molecules and the adsorption of dyes onto the
MWCNTs/TiO2/CdS composite surface [23,24]. Fig. 5 shows
MO decolorization as a function of irradiation time at different
pH values. As can be seen, decolorization depended strongly on
the solution pH: it was substantially reinforced by acidic
conditions, while hampered by alkaline conditions. The initial
concentration of MO was 20 mg/L and the amount of catalyst
was 1.2 g/L. After 30 min of irradiation, the decolorization
efficiencies of MO were 80.8%, 55.1%, 47.4%, 42.1% and
35.3% at pH values of 2.6, 4.4, 6.4, 9.4 and 11.1, respectively.
After 70 min of irradiation, the corresponding decolorization
efficiency was 98.6%, 96.3%, 92.5%, 89.5% and 71.0%,
respectively.
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Fig. 5. Effect of initial pH on decolorization (concentration of methyl
orange¼20 mg/L, amount of catalyst¼1.2 mg/L).
These findings could be explained in terms of the ampho-
teric behavior of TiO2. The solution pH influenced the
ionization state of the TiO2 surface according to the following
reactions:

Ti–OH+H+¼Ti–OH2
+ (1)

Ti–OH+OH−¼Ti–O−+H2O (2)

The charges on TiO2 surface was different on the basis of
the zero-point charge (zpc) of TiO2; the zpc value for TiO2 was
about 6.5 according to a number of previous reports [2,22–25].
At pHo6.5, the surface of TiO2 was positively charged and
absorbed negatively charged MO molecules by electrostatic
attraction, while at pH46.5 it became negatively charged and
the absorption of MO molecules became weaker due to
repulsive forces. Thus, the electrostatic attraction between
the positive charged surface and the negative dye would result
in increased degradation under acidic conditions.

3.3.4. Effect of coexisting anions
The existence of inorganic anions such as chloride (Cl−),

nitrate (NO3
−), carbonate (CO3

2−), sulfate (SO4
2−) and phosphate

(PO4
3−) is very common in wastewater [17,21]. Therefore the

effect of anions on the photoreaction of organic pollutants
should not be neglected. Fig. 6 shows the effects of different
anions at the same concentration of 0.01 M solution of their
corresponding sodium salts for 20 mg/L initial MO concentra-
tion with 1.2 g/L of MWCNTs/TiO2/CdS composite. The
pH of the solution was adjusted to 4.0. The results indicated
that the presence of all anions had an inhibitory effect on the
decolorization of MO. The order of inhibitory extent
was as follows: no anion additiononitrateochlorideosulfa-
teocarbonateophosphate. The strongest inhibition of MO
degradation resulted from PO4

3−.
As is well known, the photocatalytic process mainly occurs

on the photocatalyst surface, rather than in the bulk solution. So,
the adsorption of MO on the active site of TiO2 surface was
very important for the photocatalytic reaction rate. As men-
tioned for Fig. 5, at pHo6.5, the TiO2 surface was positively
charged. So the anions such as chloride (Cl−), nitrate (NO3

−),
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carbonate (CO3
2−), sulfate (SO4

2−) and phosphate (PO4
3−) could be

adsorbed onto the positively charged surface of the catalyst by
electrostatic attraction, leading to competitive adsorption [17].
Actually, the higher the valence was, the stronger the compe-
titive adsorption was, which was the reason why PO4

3− was the
anion that most strongly inhibited MO adsorption and degrada-
tion of all the anions mentioned above. What is more, the anions
could react with the positive holes and/or hydroxyl radical,
leading to the generation of less reactive radicals than dOH,
which also had an inhibitory effect on the photodegradation of
MO in aqueous solution [3].
3.3.5. Effect of H2O2 concentration
The effect of H2O2 concentration on MO decolorization was

analyzed in the range of 0–30 mmol/L with an initial MO
concentration of 40 mg/L, 1.2 g/L of catalyst and an initial pH
of 6.0. Fig. 7 shows the decolorization curves of MO on the
TiO2, MWCNTs/TiO2/CdS composites and H2O2-assisted
MWCNTs/TiO2/CdS composite particles. Because of the large
band gap energy (3.2 eV for anatase), TiO2 photocatalysis
proceeded only at wavelengths shorter than approximately
400 nm. So TiO2 had a low photocatalytic activity under
visible light, and the decolorization rate was only 41.3% after
80 min of simulated solar light irradiation. For the MWCNTs/
TiO2/CdS composite, the decolorization rate reached the much
higher value of 70.4% in 80 min. However, it was not effective
enough for practical wastewater treatment under visible light
irradiation within a reasonable time. In further experiments, the
effects of H2O2 addition in the solution at concentrations of 4,
10 and 30 mmol/L were studied. In the sample with and
4 mmol/L H2O2 added, the decolorization rates of MO reached
about 94.4% within 80 min, which was much higher than that
of the MWCNTs/TiO2/CdS composite without H2O2. The
sample treated with the addition of 10 mmol/L H2O2 exhibited
the highest photocatalytic activity; the decolorization rate of
MO reached about 98.3% within 80 min. This is attributable to
the H2O2 facilitating the generation of hydroxyl radicals,
which are powerful oxidizing agents to degrade MO and
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Fig. 7. Effect of addition of H2O2 on the decolorization: (a) TiO2;
(b) MWCNTs/TiO2/CdS; (c) MWCNTs/TiO2/CdS+4 mm H2O2; (d)
MWCNTs/TiO2/CdS+10 mm H2O2; (e) MWCNTs/TiO2/CdS+30 mm H2O2

(concentration of methyl orange¼40 mg/L, amount of catalyst¼1.2 g/L).
effectively promote the photodecolorization. Interestingly, a
further increase in H2O2 concentrations to 30 mmol/L impeded
the decolorization of MO. As can be seen in Fig. 8, the
addition of 30 mmol/L H2O2, resulted in a decolorization rate
of only 72.4% after 80 min irradiation, which was similar to
the photocatalytic run without H2O2. This may be explained as
follows.
Hydrogen peroxide plays a dual role in photocatalytic

reactions acting as an electron acceptor and also being able
to decompose to produce hydroxyl radicals (OHd) [26].

H2O2+hv-2dOH (3)

In addition, it can also inhibit the recombination of electron/
hole (e−/h+) pairs according to the following equation [27]:

H2O2+e
−-OH−+OHd (4)

Through the reactions in Eqs. (3) and (4), hydrogen
peroxide greatly promoted the photoreaction. However, hydro-
gen peroxide can also (i) be directly oxidized by the valence
band holes (hvb

+ ) and (ii) react with hydroxyl radicals [2]

H2O2+2hvb
+ -O2+2H

+ (5)

H2O2+
dOH-H2O+HO2

− (6)

H2O2+
dOH-H2O+O2 (7)

In the above case, the excessive addition of H2O2 inhibited
the photodecolorization efficiency of MO by scavenging the
photogenerated oxidizing species (i.e. valence band holes and
hydroxyl radicals) (Eqs. (5)–(7)) [28], which would otherwise
be available for the oxidative destruction of the dye molecule.
3.4. Recycling MWCNTs/TiO2/CdS composite

The photocatalytic stability of the photocatalyst was also
studied with the MO (20 mg/L) mixed with 1.2 g/L catalyst
under simulated solar irradiation for 90 min. After the photo-
catalyst was used once, the photocatalyst was dried at 60 1C
for 1 h, and then the recovered photocatalyst was reused in the
next cycle with the same initial conditions.
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As shown in Fig. 8, there was no significant reduction in
photoactivity observed when the photocatalyst was used five
times. The catalytic efficiency of the MWCNTs/TiO2/CdS
composite photocatalyst was still higher than 98.7% at five
cycles after 80 min of irradiation, indicating that MWCNTs/TiO2/
CdS composite possessed excellent photocatalytic stability.

3.5. Proposed mechanism of MO degradation

As previously stated, the band gap of anatase TiO2 was
3.2 eV, pure TiO2 showed a clear absorption edge below
400 nm, as reported in many papers, and no absorption in the
visible light region above 400 nm was observed [29,30,31].

After modification of TiO2 with CdS supported on MWCNTs,
the extension of the optical absorption spectrum into the visible
region was expected, because of the suitable band gap of CdS
(2.3 eV), which is much lower than that of pure TiO2. When
visible light was supplied to the coupling composite, the electrons
on the valence band of CdS were excited and then transferred to
the conduction band of TiO2, then transferred to the composite
surface, leaving behind holes in its valence band. This fast electron
transfer between two semiconductors may lead to higher quantum
efficiency, supplying more generated electrons to be used in
photocatalytic reactions. Furthermore, the different band gap
structures of two semiconductors promoted the separation effi-
ciency of the electron–hole pairs. So the MWCNTs/TiO2/CdS
composites could be excited to produce more electron–hole pairs
under visible light illumination, which could result in the higher
photocatalytic activity of the composite under visible light.

The photogenerated electrons were so active that they could
react with electron acceptors such as O2 adsorbed on the
surface of TiO2 or dissolved in water, then yield dO2

− [32]. At
the same time, a positively charged hole (h+) could react with
OH− or H2O to generate dOH. dO2

− and dOH are super strong
oxidants and were dominant species in the photocatalytic
process. These oxidants then oxidized a variety of organic
pollutants under light irradiation. Furthermore, the large
specific surface area of MWCNTs avoided the aggregation
of nanoparticles, diminished the rate of electron–hole recom-
bination and supplied active sites for reaction, which was also
favorable for photocatalytic reaction [1,11]. The reactions
could be expressed as follows:

MWCNTs–CdS–TiO2+hv-MWCNTs–CdS (h+,e−)–TiO2 (8)

MWCNTs–CdS (h+,e−)–TiO2-
MWCNTs–CdS (h+)–TiO2 (e−) (9)

O2+e
−-dO2

− (10)

H2O+ dO2
−-dHO2+OH

− (11)

O2+H
++dHO2-H2O2+O2 (12)

OH−+h+-dOH (13)

H2O2-2dOH (14)

dO2
−+MO-CO2+H2O (15)

dOH+MO-CO2+H2O (16)
3.6. Coupling photocatalysis with ultrasound

In a final set of experiments, solutions containing 30 mg/L
and 60 mg/L MO were subjected to simultaneous simulated
solar light and ultrasound irradiation in the presence of 1.2 g/L
MWCNTs/TiO2/CdS composite. These sonophotocatalytic
experiments were performed in an apparatus identical to that
used for photocatalytic experiments. Magnetic stirring were
used to produce a homogeneous suspension of the catalyst in
the solution. A KH2200DB Controllable Serial-Ultrasonics
apparatus (Kunshan Hechuang Ultrasonic Instrument Co., Ltd,
China), operating at ultrasonic frequency of 40 kHz and output
power of 80 W, was adopted to irradiate the MO solution.
As can be clearly seen in Fig. 9, no matter whether in 30 or

in 60 mg/L MO solution, the decomposition of MO using the
sonophotocatalytic system was much faster than when using
the photocatalytic system, especially for the higher initial
concentration solution. Under simulated solar light alone, after
90 min of irradiation, in 30 mg/L MO solution, the decoloriza-
tion efficiency of MO was 85.2%, compared to 92.8% for the
sonophotocatalytic system; in 60 mg/L MO solution, the
corresponding decolorization efficiencies of MO were 58.2%
and 79.3%.
The beneficial effect of coupling photocatalysis with sono-

lysis could be attributed to several reasons [2,33]: (i) ultra-
sound provided an extra source of hydroxyl radicals from the
sonolytic cleavage of water; (ii) acoustic cavitation was able to
enhance mass transfer between the liquid phase and the
catalyst surface; (iii) acoustic cavitation increased the unifor-
mity of the dispersion, increased catalytic activity due to
ultrasound de-aggregating catalyst particles, thus increasing the
available surface area; (iv) acoustic cavitation could clean the
catalyst surface due to acoustic micro-streaming, which was
then available for regenerating more active catalyst sites for
reaction. Although the relative contributions of the above
effects are difficult to differentiate, the overall net effect was an
enhancement in the rate of reaction.
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4. Conclusion

Composites of TiO2/CdS nanoparticles supported on MWCNTs
with a high activity for MO degradation under simulated solar
irradiation could be readily obtained by the sol–gel method.
The modified catalysts possessed a strong absorption band in the
visible range and showed a higher photocatalytic activity than the
neat TiO2 nanoparticles. The photocatalytic activity of MWCNTs/
TiO2/CdS was examined by degrading MO under simulated solar
irradiation; the various operational factors (catalyst dosage, initial
MO concentration, solution pH, the addition of H2O2 and the
coexisting anions) were investigated in detail. A pH value of 2.6, a
catalyst dosage of 1.2 g/L with the concentration of 10 mmol/L
H2O2, as well as a small initial dye concentration (10 mg/L)
yielded the optimum photocatalytic degradation performance.
All chosen anions had an inhibitory effect on the decolorization
of MO and the strongest inhibition resulted from PO4

3−.
The photocatalyst showed a good reproducibility and considerable
stability. Furthermore, a possible visible light-induced photocata-
lytic mechanism has been proposed. Coupling photocatalysis with
ultrasound irradiation resulted in increased efficiency compared to
the individual photodegradation. Overall, it was found that the
MWCNTs/TiO2/CdS composite could be used to efficiently
decolorize practical dye wastewater under visible light.
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