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ABSTRACT

The photocatalytic degradation of Methyl Orange (Mo) has been investigated in aqueous
solutions using thin layers of Ti0O, deposited on stainless steel by elsctrophoresis. The effects of
photocatalyst support, pH, the addition of hydrogen peroxide and the addition of peroxodisulfate
ions have been investigated. The results suggest that conducting glass was the best photocatalyst,
support but due to its cost, we privilege the use of the system TiO./stainless steel. Hydrogen
peroxide and peroxodisulfate ions have a positive effect on reaction rate. 5,0,* was the best oxidant
which allows in a few minutes (~30 min) the total disappearance of MO, Using the best condition
for MO degradation; we studied the photocatalytic degradation of Indige Carmine, an indigoid dye.
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INTRODUCTION

Dyes are a large group of organic compounds used in different fields such as food, textile,
cosmetic and chemical processes. Much waste water is preduced during these processes. A sizable
fraction of synthetic or natural organic dyes is lost during the dying process and is released in the
effluent water streams from the above industries or laboratories (Rajeshwar et al., 2008). Of the
synthetic dyes manufactured today, azo compounds are dominant (50-70). Methyl crange belongs
to one of the most important classes of commercial dyes and it has a very short excited-state life and
is stable in visible and near UV light (Nam ef al., 2002). Methyl orange is an anionic azo dye with
good stability and special color characteristics. It 1s widely used in the printing, textile and
photographic industries (Gue et al., 2011). Methyl orange is also much used in chemical
laboratories as a color indicator. Azo dyes are known to be carcinogens because of their
decomposition to aromatic amines (Guivarch, 2004). Therefore, discoloration and detoxification of
azo dye effluents have an increasingly important environmental significance in recent years.

Indigo carmine is considered a highly toxic indigoid dye. Contact with it can cause skin and eye
irritation. It can also cause permanent injury to the cornea and conjunctiva (Barka et al., 2008).
Many common methods such as adsorption on activated carbon, ultrafiltration, reverse osmosis, etce.,
are used for the removal of dye pollutants. However, they are non-destructive and merely
transfer pollutants from one phase {for example, aquecus) to another (for example, adsorbent)
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(Maleki et al., 2008). For some azo dyes removal in water, biodegradation method 1s slow and
inefficient. (for example, acid orange 7). Chlorination and ozonation are also relatively inefficient
and have high operating cost (Rajeshwar et al., 2008). Due to their synthetic origin and the
presence of complex aromatic structure, many textile dyes are difficult to degraded by these
methods (Atmani ef af., 2009; Pasukphun ef al., 2010). New methods for water treatment, as well
as improvements in the existing processes, are required to protect our environment. Advanced
Oxidation Processes (AOPs) such as heterogeneous photocatalysis using titanium dioxide have
gained much attention today. In this process, when TiO, is illuminated by photons of energy equal
to or greater than its band gap energy, the promotion of electrons from the valence band to the
conduction band occurs. While electrons are attracted by their acceptors such as oxygen, metal
cations and photoproduced holes react with electron donors (here organic compounds). The

mechanism can be represented by the following steps (Ahmed ef al., 2010):
TiO,+hv-TiO, (h'+e™) (1)
e +0,~0," (2)

In this reaction, h* and e- are powerful oxidizing and reducing agents, respectively. The
decomposition of organic steps are expressed as:

h* organic~CO,+.... (3
h*+H,0-HO*+H* (4)
HO+organic »CO,+... (5)

In this study, we report the photo-oxidation of Methyl Orange in aquecus media using thin
layers of titanium dioxide in order to avoid the expensive step of filtration when using TiO, in
suspension. We used two different supports and their effect on the photooxidation process will be
discussed. H,O, and 8,0,* have been reported as electron acceptors having a higher activity and
efficiency in this role than oxygen for titania conduction-band electrons (Fernandez et al., 2004;
Konstantinou and Albanis, 2004) as shown below:

&, +H,0,~OH+OH° @)
5,07 e =50, +50,°%- (7)
SO,0-+H,0- 80, #+HOo+H" (8)

These reactions inhibit electron-hole recombination at the semi-conductor surface. Hydrogen
peroxide also increases OH® radical production when absorbing light during photolysis
(Saquib et al., 2003; So et al., 2002) according to the equation below:

H,O,+hv~OH*+OH® (9)
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Considering these reported reactions, H,O, or 8,0, addition seems beneficial to the
photooxidation of dyes. The effect of H,O, and 8,0,* ions will be discussed.

The objectives of this research were to determine (i) How the system (UV/T10,/585) differs from
the system UV/Ti0O,/Sn0O,: F and (i1) How these photocatalytic degradation pathways differ from
the corresponding system in the presence of oxidants such as H,0, and 5,0,%".

MATERIALS AND METHODS

Materials: Titanium dioxide P-25 from Degussa is used in this study as purchased. For thin layer
preparation, acetylaceton and polyethylen glycol tert-octylphenyl ether (Triton X -100) from Fluka
and distillated water are used to prepare a first suspension which was then diluted with analytical
grade methancl. TiO, P-25 was deposited on three conducting supports such as stainless steel
304 L and conducting glass from Solems France. Methyl crange C,,H,,IN;SO.Na, used as model
pollutant was obtained from Acros organic without any purification. Indigo Carmine (indigo
disulphonic-5, b acid) was supplied by Acros Organics and was used as purchased. The molecular
schemes of the two dyes are presented below.

Thin layer preparation: Thin layers were prepared by electrophoresis method. The conducting
glass, stainless steel or aluminum used as substrates was first cleaned using a solution of sulfuric
acid (75%) and oxygen peroxide (25%) and washed several times with distilled water. A DC voltage
of 10 V was applied between a stainless steel anode and a cathode (conducting glass SnO.: F or
stainless steel), immersed in a colloidal suspension (50 g L™ of photocatalyst in methanol). The
distance between the electrodes was 1 cm and the deposition time used was 20 sec. Layers so
obtained were dried at room temperature and then treated in an oven at 450°C (5°C min™") for one
hour.

Photocatalytic reactor and photodegradation studies: Photocatalysis experiments were
performed in a flow loop reactor open to air, provided by a 240 em? surface of thin photocatalyst
layer, volume of treatment. 0.9 L solution.

A UV-A Black light. Blue Lamp, (15 W, 365 nm) was used as light source under continucus flow
conditions. The optical path through the solution was 1 em and the temperature was kept at ca. 29-
31°C. A New Jet pump was used for solution circulation during all the experiment.

The disappearance of the MO was measured using a Digitron Elvi 675 spectrophotometer. All
experiments were performed at room temperature and atmospheric pressure. The photocatalytic
degradation experiments were carried cut by loading 900 mL of dye solution in the reactor. The
scheme of the reactor is shown in Fig. 1.

Langmuir-Hinshelwood model: For azo dye photooxidation using AOPs, it 1s well known that
the discoloration rate obeys the Langmuir-Hinshelwood (L.-H) kinetic model (Tang and An, 1995):

L4C_ KKC (10)
dt 1+KC

where, r is the oxidation rate of the reactant, C the concentration of the reactant, t the illumination
time, k the reaction rate constant and K is the adsorption coefficient of the reactant. When the
chemical concentration C,is a millimolar solution (C, small) the equation can be simplified to an
apparent first-order equation:
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Fig. 1{a-c): (a) Schematic diagram of photocatalytic flow loop reactor, (b) Photograph of real reactor
(e), Imitial solution of MO (1 mM) and the resulting solution after photodegradation
(t = 60 min) using S,0,* (0.2 M)+UV+Ti0,/SS

Ln%:Ln(%):k_Kxt:kapp><torC:CU exp(-k,, xt) (11)

where, A;and A are the initial absorption and absorption at illumination time t, k,  equals the
apparent first-order rate constant (Tchatchueng ef ai., 2009). For comparison of different

conditions, this kinetic model is used to depict the pseudo-first order, k__ , that corresponds to the

app’

slope of the straight line of the curve Lin(C./C) vs. time, t corresponding to 50% discoloration. Also,
we used the discoloration percentage calculated as follows Sarnthima and Khammuang 2008;

Model Pollutant (%)= C”C'Ct %100= AXAt %100 (12)

0 0

RESULTS

Photodegradation of Methyl Orange: effect of photocatalyst support: Most studies related
to such photodegradation reactions have been carried out using suspensions of powdered TiO,
{usually Degussa P-25) in a polluted aqueous solution. However, from a practical point of view it
may not be possible to use catalyst suspensions in slurry photoreactors because of the filtration
problems linked to the small size of the titania particles (Fernandez ef al., 1995). For this reason,
attempts have been made to immobilize the catalyst on rigid supports (Acevedo-Pena ef al., 2009;
Villarreal ef al., 2004; Wagner et @l., 2008). In this study, we used two metallic substrates (stainless
steel and conducting glass SnO,: F) to deposit TiO, by electrophoresis. The discoloration of MO
0.01 mM on Ti10, deposited on these substrates was performed at free pH 6.1. Figure 2 shows the
photodegradation rate in these conditions. The rate of photodegradation was greater when TiO, was
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Fig. 2. Kinetics of the disappearance of methyl orange (1 mM), UV irradiation with or without
TiO, /85 or TiO/En0,: F
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Fig. 3: Absorbance of methyl orange (1 mM) versus wavelength, effect of pH

supported on conducting glass. The rate constants were 0.00315 and 0.00508 min™', respectively
with Ti0/55 and T10,/5n 0, F. We noted also that there was no significant photooxidation of MO
using only UV light (15 W). However, due to the greater expense of the conducting glass than
stainless steel, the latter substrate was used in all experiments.

Effect of pH on photodegradation of Methyl Orange: In Chemistry, pH is an important factor
in many reactions. Particularly in photocatalysis, pH has some influence such as: - ionization state
of the surface of Ti0,; -effect. on the structure of dye component by ion exchangs;-reaction between
hydroxide ion and positive hole. So, it is important to know and to contrel the pH in order to
enhance the rate of degradation. Five pH values (1; 3; 6.1; 10; 12) were chosen for our experiment,
to determine their effect on photodegradation rate of MO, Firstly, we measured the absorption of
MO over the wavelength 400 to 650 nm to determine the maximum absorption peak. Figure 3
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Fig. 4. Kinetics of the disappearance of methyl crange (1 mM) under UV irradiation with or
without TiQ,/55 at different pH (1; 3; 6.1; 10; 12)
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Fig. 5: Kvolution of the apparent first order kinetic constant (k, ) with change in pH of MO solution

shows a plot of the absorption of MO versus wavelength. The maximum absorption peak depends
on the pH. From natural pH to pH = 12, the maximum peak didn’t change and was 450 nm while
it was 490 and 500 nm, respectively for pH =3 and 1. For the MO photodegradation studies, we
used 450 nm when the pH was higher than 6, 490 nm when the pH varied from 2 to 3 and 500 nm
when the pH was under 1.

The photodegradation of MO was studied at these different pH values (Fig. 4). The rate of
disappearance of MO strongly depends on pH. The rate increases when pH decreases. The
evolution of the pseudo-first order constant illustrated these phenomena well (Fig. 5). pH =1 was

more favorable for the photodegradation of MO in our conditions. The adsorptions calculated were
3.3, 2.9, 0.4, 0.3 and 0.8% for pH (1; 3; 6.1; 10; 12), respectively.

Effect of H,O, on photodegradation of MO: Electron/hole recombination is one of the main

drawbacks in the application of TiO, photocatalysis as it causes a waste of energy. In the absence
of a suitable electron acceptor or donor, the recombination step 1s predominant and limits quantum
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Fig. 6: Influence of H,O, on photodegradation rate of methyl orange (1 mM)
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Fig. 7. Photooxidation of methyl orange (1 mM) under UV light: effect of peroxodisulfate 1ons on
the rate of oxidation

yield. Thus, it is crucial to prevent electron-hole recombination to ensure efficient photocatalysis.
Molecular oxygen is generally used as an electron acceptor in heterogeneous photocatalytic
reactions (Nam ef al.,, 2002). Addition of external oxidantfelectron acceptors to a semiconductor
suspension has been shown to improve the photocatalytic degradation of organic contaminants by
(1) Removing the electron-hole recombination by aceepting the conduction band electron; (2)
Inereasing the hydroxyl radical concentration and oxidation rate of intermediate compounds and
(3) Generating more radicals and other oxidizing species to accelerate the degradation efficiency
of intermediate compounds {Ahmed ef al,, 2010). Figure 6 shows the discoloration curves for
MO 0.01 mM for different hydrogen peroxide concentrations. The discoleration rate increased in
the presence of H,0,. Increasing the concentration of H,Q, did not significantly affect degradation
rate.

Effect of peroxodisulfate ions S,0;* on photodegradation of MO: Figure 7 reports the
discoloration rate of MO under UV light in the presence of persulfate at different concentrations.
8,0,% had a strong positive effect on the rate of photodegradation of Methyl Orange. The rate of
oxidation was also significant when S,0.,* was used without TiO,but under UV light. In all cases,
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Fig. 8 Photolysis, adsorption and photocatalytic degradation of Indigo Carmine (0.03 mM) under
UV light, effect of hydrogen peroxide and peroxodisulfate ions

peroxodisulfate ions strongly affected photodegradation rate than did H,O,. When persulfate ions
were added to the MO solution, the pH decreased. The initial pH values were 3.6; 8.1; 2.8; 2.6; 2.5,
respectively for initial concentration of 5,0,% equal to 0.02; 0.04, 0.08; 0.12; 0.2 M.

Photodegradation of indigo carmine (IC): The decrease in the concentration of the dyes was
observed from the characteristic absorption at 610 nm for indige carmine in water. The adsorption
and photolysis of Indigo Carmine was studied to determine the exact effect of UVIT10,/55. We used
the best conditions of MO photodegradation using the oxidants H,O, and 5,0,*. Figure 8 presents
the kinetics of 1C degradation under these conditions. The initial pH and the conductivity of the
IC {0.03 mM) solution were 4.64 and 22.9 uS cm™', respectively. After 200 min of photocatalytic
experimentation under UV without any addition, the pH decreased shightly to 4.1 while the
conductivity increased to 44.7 uS em™. The curves in Fig. 8 indicate that there is no disappearance
of IC under UV light without TiO, and the adsorption of IC reached 7.8% after 200 min. A strong
adsorption of Indigo Carmine has also been reported in the literature (Barka et af., 2008;
Vautier et al., 2001). Addition of H,O, and S,0,* was very beneficial to the rate of the degradation
but peroxodisulfate ions had a strong effect as we ready found in the case of MO, The apparent first
order kinetic constants obtained according to Langmuir-Hinshelwood’s law of adsorption,
photocatalytic degradation with C only, photocatalytic degradation in the presence of H,O, or S,0,*
are 3.57x10% 6x107%, 17.55x107F and 172.52x107 % min}, respectively. In photocatalytic degradation
without oxidant addition, the rate of degradation of IC was two times bigger than the MO one but
the effect of 5,0,* although strong, was reduced in the case of 1C.

DISCUSSION

Discussions of the interface reaction between a photocatalyst layer and a substrate, and the
effect of the interface reaction on the structure and properties of the catalyst are important because
the interface reaction could have a great influence on the properties of the photocatalyst. According
to the method of deposition, here by electrophoresis that needs a conducting substrate, the
elementary composition of the substrate can be detrimental or beneficial to activity of the
photocatalyst. As shown in Fig. 2, the photodegradation of MO under the same condition was
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greater with conducting glass (SnQ,: F) than with Stainless Steel (S5). The rate of degradation is
enhanced about 1.6 times with conducting glass according to kapp (Table 1). Our previous work
showed that annealing the conducting glass at 450°C did not affect its stability while for stainless
steel the XED patterns showed the diffusion of iron (Fe) leading to the formation of iron oxides
(Kodom, 2011). Zhu ef al. (2001) also reported the diffusion of Fe, Cr and Ni in the Ti0, surface
layer during the annealing treatment of stainless steel (Zhu et al., 2001). The presence of these
elements in the thin layer probably has a negative effect on the activity of Ti0, resulting in less
degradation of MO in the case of TiO./55. These impurities may act as electron-hole recombination
centers. The photoactivity of TiO, is more preserved when it is deposited on conducting glass.
However stainless steel has some advantages such as its low coast and abundance.

Taking account only of the photoactivity of titanium dioxide, it could be enhanced in the
presence of some oxidant or metallic cation. In this project, we report on the influence of pH, H,O,,
5,0,

pH is an important variable influencing the rate of degradation of some organic compounds in
photocatalytic processes. Analyzing our result, the rate of degradation of MO is greater in acid
medium. The result shows that high apparent first order was obtained at pH 1 probably because
of the adsorption which was also high at this pH. One important consideration in the Ti(,-
photocatalyzed reactions is the adsorption of the organic compounds on the surface of
semiconductor particles (Qourzal ef al., 20068). Many investigations have observed similar trends
in the discoleration of azo dyes (Sakthivel ef al., 2003; Nam et al., 2002). However, according to the
curve of k_ versus pH, one can clearly see that the rate tends to increase at pH 12 compared with
pH 10.

All these observations can be explained: 1) in terms of the location of the point of zero charge
(about pH 6.5) of the TiCQ,; ii) hydroxide ions (OH?) in the sclution inducing the generation of
hydroxyl free radicals (OH®), from the photooxidation of OH by holes formed on the surface of TiQ,
particles. So, in acid media, the surface of TiO, is electropositive (Xu et al., 2009). which favors the
adsarption of MO (negatively charged) related to degradation by photoproduced holes. In alkaline
media, negatively charged surface of TiO, does not favor the adsorption of MO but the high
concentration of hydroxyl ions preobably favors the production of hydroxyl radicals which oxidize
MO in solution.

Hydrogen peroxide concentration, the intensity of UV irradiation, pH, dye structure and dye
bath composition are the key factors influencing photodegradation rate when H,O, is used. Here,
we focused our research on the effect of hydrogen peroxide concentration using TiO,/SS5 illuminated
by UV light (15 W). As shown in Fig. €6 and 7, the discoloration rate increased significantly in the
presence of H,(),. Regarding the apparent first order constant, the rate of degradation increased
about 3 times in the presence of H,O, (20 mM). This might be because hydrogen peroxide was
reduced by photo-electrons in the conduction band of TiO,; as shown in Eq. 6. Also, hydrogen
peroxide can be activated by UV light resulting in the formation hydroxyl radicals Egq. 9.
{(Fatimah et al., 2009). From the rate constant values in Table 1 it may be noted that the reaction
rate doesn't increase significantly when the coneentration of H,0O, was increased from 0.02 to 0.2
M. Also, the reaction rate began to decrease with the concentration of 0.2 M H,(,. This may be
because the excess H,O, becomes a scavenger of photo-electrons in the TiO, conduction band
(Daneshvar ef al., 2003). Without Ti0,, the 0.08 M hydrogen peroxide induces the degradation of
MO. H,OQ, is decomposed by UV light to produce hydroxyl radieals Eq. 9. which oxidize the dye
molecule in sclution. The rate of oxidation with H,(Q, is similar to rate obtained with TiO/55
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Table 1: Apparent first order constant, k., depicted according to Langmuir-Hinshel wood law

H,O, H,O, H,0, H,O, H,O, 802 8,05 802 805"
0,02 M 0,04 M 0,08 M 0,12M 0,2M 0,02 M 0,04 M 0,08 M 0.2M
K With TiC./88 0.00909 0.00911 0.01017 0.01063 0.01025 0.12495 0.28711 0.43611 0.44317
Without TiO.85 - - 0.00348 0.23328

indicating the efficiency of this advanced oxidation (H,O,/UV). The presence of hydrogen peroxide
decreases the pH of the solution and favors the rate of degradation of MO in the presence of Ti0,.

As for hydrogen peroxide, peroxodisulfate ions in solution are a strong oxidant species which
can accelerate the oxidation of organic dyes. Figure 7 very well shows its action which is much
better than the action of H,O,. In the presence of 5,0,%(0.08 M), 1 h is sufficient to obtain the total
discoloration of Methyl Orange whereas in this time only 45% discoloration is obtained with H,O,
{0.08 M). Augugliaro et al. (2002) have also reported on the fast discoloration of MO with the
system (MO+S,0,2+UV)/Ti0,. We remark also that without a photocatalyst, the action of
peroxodisulfate 1ons was still strong (Fig. 7). But in this case Augugliaro ef al. (2002) cbserved that
there is no mineralization. In the presence of 5,0, pH decreases in the course of the reaction to 3
for all the runs due to the formation of hydrogen ions according to Eq. 8. So, the fast degradation
is attributed both to the pH and the action of the oxidant.

Most. of the organic pollutants in water can be completely decompesed and mineralized at the
surface of UV-excited TiO, photocatalysts. However, many factors have been monitored during the
photodegradation of organie compounds using TiQ,. Nevertheless, the discussion about the group
of compounds is rarely mentioned in the literature. Here, we transpose the best condition of Methyl
Orange, an azo-dye, photodegradation to Indigo Carmine, an indigoid dye Fig. 8 The result shows
that the addition of H,O, or S,0,* has a strong positive effect on the rate of IC disappearance.
However, under the same condition H,O, gives a positive effect during IC degradation than it does
in the case of MO degradation. Also, we observe that the presence of 5,0.* in the same
concentration increases the rate of MO than 1C degradation. The mechanisms of photodegradation
of these dyes are significantly different. probably because of their chromophore group. Also, due to
their structure, the reactions of the hydroxyl radical (HO°) or photoproduced holes (h') are
different. In addition, the adsorption, negligible for MO, was about 7.8% for IC. This factor is
important in photocatalysis considering direct mechanism reaction {adsorbed organic compound
attacked by holes) which will be enhanced in the case of IC. Comparing the apparent first order
kinetic constants, one clearly sees that the rate of IC with the TiO/UV system is two times greater

because adsorption is better.

CONCLUSION

The results of our study have shown that the degradation of Methyl Orange dye was
successfully carried out using coated TiO, on stainless steel. pH, H,0, and 5,0,% have a strong effect
on the rate of MO degradation. The major degradation of the dye was achieved for pH less than
the free pH of MO {1 mM), but the maximum rate was obtained for pH 1. A complete discoloration
was obtained in a few minutes (~30 min) in the presence of peroxodisulfate in MO or IC solution.
H.O, has a positive effect on the rate of degradation of the two dyes but its influence is less

significant than with 8,0,% ions, the strongest oxidant that increases reaction rate.

54



Int. J. Chem. Technol., 4 (2): 45-56, 2012

ACKNOWLEDGMENT
This work was financially supported by IF'S (International Foundation of Science) and also the
AquaTiSol Projet of University of Poitiers.

REFERENCES

Acevedo-Pena, P., G. Vazquez, D. Laverde, J K. Pedraza-Rosas, J. Manriquez and [. Gonzalez,
2009, Electrochemical characterization of TiQ, films formed by cathodic EPD in agueous media.
J. Electrochem. Soe., 156: C377-C386,

Ahmed, S, M.G. Rasul, W.N. Martens, R. Brown and M.A. Hashib, 2010. Heterogeneous
photocatalytic degradation of phencls in wastewater: A review on current status and
developments. Desalination, 261: 3-18,

Atmani, F., A, Bensmaili and N.Y. Mezenner, 2009. Synthetic textile effluent removal by skin
almonds waste. J. Environ. Sci. Technol., 2: 153-169.

Augugliaro, V., C. Baiocchi, AB. Prevot, E. Garcia-Lopez and V. Loddo et al., 2002, Azo-dyes
photocatalytic degradation in aqueous suspension of TiO, under solar irradiation. Chemosphere,
49: 1223-1230.

Barka, N., A, Assabbane, A. Nounah and Y.A. Ichou, 2008. Photocatalytic degradation of indigo
carmine in aqueous soclution by TiOgcoated non-woven fibres. J. Hazard. Mater,
152: 1054-1059.

Daneshvar, N., D. Salari and A.R. Khataee, 2003, Photocatalytic degradation of azo dye acid red
14 in water: Investigation of the effect of operational parameters. J. Photochem. Photobiol.
A 157 111-116.

Fatimah, I., P.R. Shukla and F. Kooli, 2009. Combined photocatalytic and fenton oxidation of
methyl orange dye using iron exchanged titanium pillared mentmorillonite. J. Applied
Sci., 90 3715-3722.

Fernandez, A., G. Lassaletta, V.M. Jimenez, A. Justo and AR. Gonzalez-Elipe et al., 1995
Preparation and characterization of TiO, photocatalysts supported on various rigid supports
{glass, quartz and stainless steel). Comparative studies of photocatalytic activity in water
purification. Applied Catal. B: Environ., 7: 49-63.

Fernandez, J., J. Kiwi, J. Baeza, J. Freer, C. Lizama and H.D. Mansilla, 2004. Orange II
photocatalysis on immobilised TiO,: Effect of the pH and H,Q,. Applied Catal. B: Environ.,
48: 205-211.

Guivarch, E.Z., 2004. Organic Pollutant Treatment in Aqueous Medium by Electrochemical
Advanced Oxidation Process Electro-Fenton: Application to the Mineralization of Synthetic
Dyes. University of Marne-Lia-Vallee, France, Pages: 232,

Cuo, C.,J. Xu, Y. He, Y. Zhang and Y. Wang, 2011. Photodegradation of rhodamine B and methyl
orange over one-dimensional TiQ, catalysts under simulated solar irradiation. Applied Surface
Scei., 257: 3798-3803.

Kodom, T., 2011. Studies and Characterization of Thin Layers of N-Doped and Non-Doped
Semiconductors for Water Treatment. University of Lome, University of Poitiers, France.
Konstantinou, LK. and T.A. Albanis, 2004. TiO,-assisted photocatalytic degradation of azo dyes in
aqueous solution: Kinetic and mechanistic investigations: A review. Applied Catal. B:

Environ., 49: 1-14.

55



Int. J. Chem. Technol., 4 (2): 45-56, 2012

Maleki, A., A.H. Mahvi, M. Alimohamadi and A. Ghasri, 2008. Advanced oxidation of phenol by
ultraviolet irradiation in aqueous system. Pak. J. Biol. Seci., 9: 2338-2341,

Nam, W., J. Kim and G. Han, 2002, Photocatalytic oxidation of methyl orange in a three-phase
fluidized bed reactor. Chemosphere, 47: 1019-1024.

Pasukphun, N., 5. Vinitnantharat and 8. Gheewala, 2010. Investigation of decolorization of textile
wastewater in an Anaerobic/Aerobic Biological Activated Carbon System (A/A BAC). Pak.
J. Biol. Sei., 13: 316-324.

Qourzal, 3., M. Tamimi, A. Assabbane, A, Bouamrane, A. Nounah, L. Laanab and Y. Ait-Ichou,
2006. Preparation of TiO, photocatalyst using TiC,, as a precursor and its photocatalytic
performance. J. Applied Sei., 8: 1553-1559,

Rajeshwar, K., ME. Osugib, W. Chanmaneec, C.R. Chenthamarakshan, M.V.B. Zanoni,
P. Kajitvichyanukul and R. Krishnan-Ayer, 2008, Heterogeneous photocatalytic treatment of
arganic dyes in air and aqueous media. J. Photochem. Photobiol. C, 9: 171-192.

Sakthivel, 5., B. Neppolian, M.V, Shankar, B. Arabindoo, M. Palanichamy and V. Murugesan,
2003, Solar photocatalvtic degradation of azo dye: Comparison of photocatalytic efficiency of
Zn0 and TiO,. Solar Energy Mater. Solar Cells, 77: 65-82.

Saquib, M. and M. Muneer, 2003. TiO,-mediated photocatalytic degradation of a triphenylmethane
dye (gentian violet), in aqueous suspensions. Dyes Pigments, B6: 37-49,

Sarnthima, E. and 5. Khammuang, 2008. Kvaluation of dyes decolourisation by the crude enzyme
from Fleurotus sajor-caju grown on sorghum seed media. Pak. J. Biol. Sei., 11: 62-67.

So, C.M.,, MY, Cheng, J.C. Yu and P.K. Wong, 2002, Degradation of azo dye Procion Red MX-5B
by photocatalytic exidation. Chemosphere, 46: 905-912,

Tang, W.Z. and H. An, 1995, UV/Ti0, photocatalytic oxidation of commercial dyes in aqueous
solutions. Chemosphere, 31: 4157-4170.

Tchatehueng, J.B., B.B. Loura, J. Atchana and R. Kamga, 2009. TiQ,MoQ, as photocatalyst for
azo and triphenylmethane dyes decolouration. J. Environ. Sci. Technol., 2: 31-39.

Vautier, M., C. Guillard and J.M. Herrmann, 2001. Photocatalytic degradation of dyes in water:
Case study of indigo and of indigo carmmne. J. Catal., 201 46-59,

Villarreal, T.L., P. Bogdanoff, P. Salvador, IN. Alonso-Vante, 2004. Photocatalytic oxidation on
nanostructured chalecogenide modified titanium dioxide. Solar Energy Mater. Solar Cells,
83: 347-362.

Wagner, J., C. Mitterer, M. Penoy, C. Michotte, W. Wallgram and M. Kathrein, 2008. The effect.
of deposition temperature on microstructure and properties of thermal CVD TilN coatings. Int.
J. Refractory Metals Hard Mater., 26: 120-128,

Xu, X.R., SX. La, XY. Li, J.DD. Gu, F. Chen, X.7Z. 1a and H.B. La, 2009. Degradation of n-butyl
benzyl phthalate using TiO,/UV. J. Hazard. Mater., 164: 527-532.

Zhu, Y., L. Zhang, .. Wang, Y. Fu and L. Cao, 2001. The preparation and chemical structure of
Ti0, film photocatalysts supported on stainless steel substrates via the sol-gel method. J. Mater.
Chem., 11: 1864-1868.

56



	International Journal of Chemical Technology.pdf
	Page 1


