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Abstract: This study aims the degradation of the Reactive Yellow 145 dye (RY 145), chosen as a model molecule
in aqueous solution. Photocatalytic experiments have been conducted at ambient temperature in a lab-scale batch
reactor, operating with TiO, catalyst supported on paper in an agqueous medium. The ultraviolet irradiation was
provided by using an artificial source. The evolution of the pollutant concentration has been followed over time
by spectrophotometry and high-performance liquid chromatography (HPLC). The Mineralization and
identification of reactive intermediates products were also studied. The results obtained indicate that TiO- has the
most interesting photocatalytic properties and that the measurement of the Chemical Oxygen Demand (COD) has
an important abatement of the organic load of an order of 89.13%. The identification of photoproducts helped to

better understand the mechanism of the molecule attack by hydroxyl radicals.
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1. Introduction

The synthetic dyes are widely used in the textile
industry. Due to the inefficiency of the industrial
dyeing process, 10 to 15% of the dyes are lost in the
effluent during the dyeing processes, making them
colourful %, It is estimated that 280,000 tons of textile
dyes are unloaded in these industrial effluents around
the world each year 2.

These dyes can pollute waterways and change the
biological cycles, affecting the photosynthesis
process. In addition, they can also threaten human
health during extended contact with these products,
that can induce toxic reactions such as skin
sensitization (dermatitis) and also affect respiratory
functions 34,

The largest class of dyes used is Azo type, which
comprises the Reactive Yellow dye145 (RY 145).

This class is typically characterized by the presence
of one or more azo bond (-N = N-) and the aromatic
rings, which are considered to be toxic and mutagenic
to living organisms °. The degradation of these azo
dyes, which comprise about 70% of all dyes used, is
difficult because of their complex structure and
synthetic nature 2°,
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These toxins are generally very poorly biodegradable.
The Advanced Oxidation Processes (AOPs) are
techniques that allow their total photo-mineralization
(water processing, carbon dioxide and / or inorganic
ions) 78  Among these AOPs, heterogeneous
photocatalysis TiO, appears as a potential and
emerging solution for the removal of these
compounds *1°.

This work aims to study the degradation kinetics of
RY 145 dye by heterogeneous photocatalysis, using
TiO2 immobilized on non-woven paper. Thus, the
study of the photo-mineralization of pollutant by the
COD measurement and the identification of
intermediate by-products by chromatographic HPLC
were examined, in order to suggest the degradation
mechanism of RY 145 in aqueous solutions.

2. Materials and methods

2.1. Reagents

All reagents used in the experiments were of
analytical grade and used as received. The tested dye
is the RY 145; its molecular structure is shown in
Fig.1. Its physical and chemical properties are
summarized in Table 1.
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Figure 1. Structure of RY 145
Table 1. Physical and chemical properties of the studied dye.
Dye RY 145
Class Azo day
Family Reactive dye
Molecular formula C28H20CINgO16Ss4Na
Molecular weight (g / mol) 1026.25
Solubility in water (g/L)at25°C 80
Amax (NM) 419
Origin Sigma-Aldrich
Purity (%) 99.9
Paper fibre
Ti02
aggregates
Colloidal silica
binder

Figure 2. Scanning electron microscopy of the TiO-coated non-woven fibres

Table 2. Main physicochemical properties of the photocatalyst TiO, supported.

Crystalline form Anatase (> 99%)

Specific surface 335 m?/g

Weight 75 g/m?

Thickness 254 pm

PC500 18 g/m?

SiO; 20 g/m?

Zeolite 2g/m?
The used photocatalyst (TiO, supported on paper), inorganic chemicals brand. It is composed of natural
was provided by the firm Ahlstrom (France, ref 1048). and synthetic non-woven fibres, using an inorganic

It's about the titanium dioxide PC500 as Millennium binder consisting of a colloidal dispersion of SiO.. Its
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chemical and physical properties are grouped in
Table 2. The scanning electron microscope is
illustrated in Fig.2.

The presence of zeolite on TiO; surface leads to
increasing the surface area of the photocatalyst, which
is an effective way to create more reactive sites and
better adsorption capacity and thus enhance the
photocatalytic activity **. This support is tested by
several research teams and seems gives good results
10,12

2.2. Experimental apparatus

The photocatalytic degradation tests were performed
in a photochemical batch reactor with a capacity of
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half a liter and that bears openings, one for taking
samples, and the others are used for the introduction
of oxygen (Fig.3). The radiation source is a mercury
vapor lamp (HPK 125 W), placed in a thermostat
jacket cooled by a permanent water flow while
eliminating the infrared radiation emitted by the lamp.
The photocatalyst is bonded to the interior of the
reactor. The photoreactor is then charged with 500 mL
of the RY 145 dye solution, and maintained under
continuous stirring for 1 hour before irradiation. This
period is required to reach adsorption equilibrium of
RY 145 on the surface of TiO, photocatalyst. The
initial pH of the solution is close to 5,8

Figure 3. Schematic diagram of the catalytic photoreactor

2.3. Experimental procedure

All dye solutions used in this study were prepared by
weighing and dissolving the required amount of RY
145 in distilled water. The samples taken during
experiences are filtered by Millipore membrane filter
type 0.45, pm and analysed by different analytical
techniques: UV/Visible spectrophotometry type Jasco
series V-630, and high-performance liquid-
chromatography (Shimadzu LC-SPD20A). The eluent
flow rate was maintained at 1 mL/min. The mobile
phase is prepared by mixing of 70%: 30% of
bidistilled water: acetonitrile. The wavelength of
maximum absorption (Amax) iS 419 nm. The COD
measurements are performed by a Photometer-System
MD200 at a wavelength of 420 nm.

3. Results and discussion

3.1. Disappearance kinetics of RY 145

Photolysis phenomenon is one of the natural
degradation pathways of a molecule when it is
submitted to particular light radiation. The adsorption
is a spontaneous phenomenon. These natural
phenomena may have a non-negligible influence and
can occur in parallel. In this case, they enter
potentially in competition with the phenomenon of
photocatalysis. The quantification of these
phenomena has been carried out beforehand to the
studies conducted with the catalyst.

The results are shown in Fig.4. In photolysis (without
TiOy), the irradiation of the reaction mixture led to the
disappearance of about 4% of the dye after 90 min of
irradiation. The RY 145 absorbs virtually no radiation
emitted by the lamp. It, therefore, appears that the
contribution of the direct photolysis is negligible in a
wavelength range close to 419 nm. It means that the
excitation of dye molecules by photon and then the
dispersion of their excitation energy had no role on the
decolourisation (reaction (1)) **:

Dye + hv — NO Products Q)

The batch adsorption experiments were carried out in
the presence of TiO2 and under dark. It shows a
decrease in the pollutant concentration from the first
minutes of agitation. The results show maximum
adsorption of 10% of the solute. This is due to the dye
molecule adsorption on the surface. However, and as
clearly indicated by the concentration profile in Fig.4,
in the presence of TiO, and UV-irradiation, a
complete decolourisation of the dye was observed
after 90 min of irradiation time.

These results confirm the photocatalysis nature of the
chemical reaction. The TiO; particles are the cause of
this activation. They will absorb UV radiation to give
rise to highly reactive species, such as hydroxyl
radicals (HO"), which will lead to the RY 145 dye
degradation in solution * 15,
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Figure 4. Direct photolysis, adsorption, and photocatalysis of RY 145 dye on TiO; ([RY 145] =30 (mg.L™?)

3.2. Absorption spectrum

The UV-Visible spectra of Reactive Yellow 145 dye
solutions after different intervals of photodegradation,
in the presence of TiO,-coated non-woven fibres, are
shown in Fig.5. The RY 145 decolourisation showed
that the chromophoric azo bond of the dye molecule
is destroyed '6. During the photocatalytic treatment,
we observed the disappearance of the existing band in
the UV wavelength range and the appearance of
another absorbance band in the Ultraviolet part

around 235 nm. The complete decolourisation was
achieved at 60 min of irradiation time, while the
complete degradation requires a longer time °. The
rapid dye decolourisation is due to the initial
electrophilic cleavage of its chromophoric azo
(-N = N-) bonds attached to the naphthalene ring *'.
The degradation of the aromatic part of the dye
molecule produced some intermediate products, and
the removal of these intermediates took longer
time 1819,
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Figure 5. UV-\igmspeatiammaf RY 145 dye

3.3. Mineralization of RY 145
Fig.6 explains the variation of the Abatement of the

Chemical Oxygen Demand (COD) versus degradation
time of an aqueous solution of RY 145 (30 mg.L™).

During the first hour of photoirradiation, a complete
discoloration of the dye was obtained (89.13%). At
this stage, the COD reduction was of 23.91%, which
suggests that there were the intermediate products %°.
After 7 hours of irradiation, only 10.87% of COD

remains. These results show that the chromophore
groups of RY 145 are easily oxidizable, and the parent
compound is degraded but not mineralized. Therefore,
total mineralization requires a treatment time much
more important than the discoloration.

Generally, the mineralization reaction of organic
compounds can be summed up by the following
reaction %%
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Indeed, the mineralization reaction of RY 145 dye is as follows:
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Figure 6. COD removal and discoloration of RY 145 dye

and the experimental COD value of the initial

Table 3 summarizes the theoretical COD value, which
concentration of the RY 145 dye.

has calculated by using a chemical reaction process %,

Table 3. CODy, and CODexp values of RY 145 dye.
Initial concentration (mg.L™?) CODw(mg (O2).LY) CODexp(mg (02).L 1)

30 39.20 46

technique is reliable for determining COD. This result

From the results mentioned in the Table 3, it appears
is similar to those observed by L. Zidani 2.

that the COD value calculated theoretically is close to
that obtained experimentally, which shows that this
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Figure 7. HPLC chromatograms of RY 145 during treatment by heterogeneous photocatalysis
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3.4. Monitoring degradation of RY 145 dye by
HPLC

The chromatographic analysis has enabled to follow
qualitatively the chemical evolution of aqueous
solutions of azo dye RY 145, during treatment by
heterogeneous  photocatalysis ~ process.  The
disappearance of the dye, following the oxidative
action of hydroxyl radicals, is accompanied by the
formation of aromatic intermediates. After their
accumulation, up to a competitive concentration in the
medium, these intermediates undergo in their turn
oxidation by hydroxyl radicals.
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The Series of chromatograms related to RY 145 dye
are represented on the Fig.7. These chromatograms
are recorded at different times during a photocatalytic
degradation.

3.5. Identification of intermediate products

From the chromatograms of different samples
analyzed in the course of the photocatalytic
degradation of RY 145 (Fig.8), it appears that they
had many peaks of reaction intermediates. The
detection is carried out at 235 nm for the intermediate
formed during the photocatalytic degradation of this
azo dye.

mv i

207 f (b)

>
1,160

“aves

1.500

i
fi
I\,

L1887

2153

7.855

=3

L e e

00 25 50 75 100
min

Figure 8. HPLC chromatograms (a) before irradiation and (b) after 3 h of irradiation

An analysis of the spectra of chromatograms
determined by HPLC was performed to further
identify the intermediate products in order to highlight
the number of peaks (intermediate) that appear and
disappear during the photochemical treatment process
in the catalytic photoreactor. Then, in the same
analytical conditions, the spectra of pure standards
were determined. The by-products were identified by
comparison of the retention time of the peaks
corresponding to the intermediates formed during the
photodegradation of RY 145 with the retention times
of pure standards. This finding was confirmed by the

addition method of the external standard to the
sample, including the chromatogram that reveals the
presence of the suspected element.

The choice of commercial standards is based on the
form of the chemical structure of the dye and the
possibilities of rupture at the level of the molecule. It
appears that the characteristics of chromatograms of
intermediates are consistent with those of some of the
standards. Figure 9 below shows the evolution of peak
areas of its products as a function the time of
appearance (irradiation) for the RY 145 dye.
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Figure 9. Evolution of intermediate products versus irradiation time during degradation of RY 145
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3.5. Suggested decomposition mechanism of RY
145

Based on the supposed intermediate identified as
degradation by-products which were analyzed by
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HPLC, and from the literature 2228, a simplified
mechanism for RY 145 degradation in aqueous
solution during treatment by heterogeneous
photocatalysis is proposed in Fig.10.
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Figure 10. Proposed mechanism of the photocatalytic degradation of RY 145 dye

The change in UV-Vis spectrum in a first degradation
time of RY 145 represents the reduction of the azo
group —N = N —, which is transformed into hydroxyl
structure and the subsequent oxidation leads to the
cleavage of the -N-N- bond, the formation of the nitro
group, the production of benzene compounds and
mono or multi substituted naphthalene. Next, the
additional oxidation causes opening of the aromatic
ring leading to the formation of alcohols, aldehydes
and carboxylic acids °?°. Finally, the mineralization
of the dye leads to carbon dioxide, water and
inorganic compounds.

4. Conclusion

The study of the degradation and mineralization of

RY 145 has allowed showing the feasibility of
treatment of azo dye by photocatalysis with coated
TiO; on paper fibres TiO; in the presence of UV light
and oxygen. The photocatalytic reaction aspect of the
system  studied (TiO2/UV/Oy)  resulted in
discoloration followed by mineralization more or less
complete, giving by-products to different chemical
structures. Therefore, total photo mineralization
requires a treatment time much more important than
the discoloration. The by-products (reactive
intermediates) detected by HPLC during the
degradation of RY 145 dye were identified and
compared to some pure standards by their retention
times (tr) and are confirmed by injection of these
standards during the analysis of test taken.
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