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Abstract

Advanced oxidation process (AOP) employing hydrogen peroxide with UV light has
been found to be very effective method that is capable of transformation refractory
non biodegradable and/or toxic organic compounds into harmless end products such
as carbon dioxide and water. The UV/H,0, oxidation process is characterized by
generation of a very powerful oxidizing species, namely hydroxyl radicals. The aim of
the present work is to study of the kinetics and mechanism of the photochemical
oxidation of a synthetic dye with UV/H,O, process. Choice of the present model
based on its similarity of chemical structure with commercial importance dyes. The
primary analysis was performed by recording the spectral changes of aqueous
solutions of the dye under the following conditions (i) direct photolysis of the dye
solution with light of wave length of 298 nm., (ii) thermal reaction between the dye
and H,0; in dark, and (iii) photolysis of the dye solution containing H,O,. The results
demonstrate that, direct photolysis of the dye is not negligible but is very slow; the
thermal reaction of the dye and H,0, in dark is negligible. However the combination
of both H,O, and UV light enhanced both decolourisation and degradation processes.
The effect of reaction pH, applied H,O, dose and irradiation wavelength has been
studied. The results indicate that the reaction is more efficient in alkaline medium.
Also, the rate of photoreaction is inversely proportional with irradiation wavelength.
Moreover the addition of potassium ferrioxalate generally enhanced the
photochemical conversion. The kinetics and mechanism of investigated reaction have
been postulated.
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1. Introduction

Reactive dyes constitute a significant portion
of colorants used in industries ranging from
the textile industry to the paper industry. Due
to their complex structures, most of the dyes

are resistant to biodegradation [1]. Some
physical and chemical techniques are
currently available for the treatment of the
dye effluent, but these processes have only
limited success. Thus there is an urgent need
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for textile industries to develop effective
methods for water processing. Recently
attention has been focused on the chemical
techniques that could be used to discolor of
textile wastewaters [2, 3]. Advanced
oxidation process (AOP) employing hydrogen
peroxide with UV- Light has been found to be
very effective method that is capable of
transforming refractory non-biodegradable
and/or toxic organic compounds into harmless
end products such as carbon dioxide and
water [4-7]. The UV/H,0O, oxidation process
is characterized by generation of a very
powerful oxidizing species namely hydroxyl
radicals [8, 9]. The general patterns of the
reactions of these radicals with saturated
aliphatic compounds involve abstraction of
hydrogen atom in the rate-determining step
[10, 11]. On the other hand, when the organic
molecule contains a double bond, the
abstraction of hydrogen atom is completed by
addition of hydroxyl radical on such
unsaturated bond [12]. With monosubstituted
benzene ring, the main reaction is
electrophilic addition [13, 14]. However, the
mechanism of the hydroxyl radical induced
degradation of more complex molecules for
instance water soluble dyes has not been
extensively studied. Thus, one of the
objectives of the present study is to
investigate the kinetics and mechanism of
photochemical oxidation of a synthetic azo
dye with UV/H,0, process. A choice of the
present molecule was made based on
similarity with azo dyes of commercial
importance.

2. Materials and methods

The heterocyclic azo dye under investigation

was synthesized by coupling freshly prepared
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dizonium salt of 2-(p-amino phenyl)
oxazolophen oxazine with sodium salt of
j-acid (6-Amino-1-naphthol-3-sulphonte) as
reported in published procedure [15], and its
structure is presented in Fig.1. The dye stock
solution was prepared in double distilled
water and was diluted to the desired
concentrations. All dye solutions were found
to follow Beer-Lambert law in the
concentration range from 1x10° mol/L to
1x10° mol/L. Hydrogen peroxide (30%
volume) was purchased from Sigma- Aldrich
and used without any further purification.
The exact concentration of a freshly prepared
hydrogen peroxide solution was determined
with standard potassium permanganate
solution.

2.1 Apparatus

The photolysis was achieved using an Osram
HBO 200 w / 2 lamp as a light source. Cut —
on filters of wavelengths 365, 333, and 298
nm were used. Irradiations were carried out
in 1-cm spectrophotometer cell at room
temperature. Progress of the photolysis was
monitored by UV- 2101 PC Shimadzu
spectrophotometer. pH measurements were
made with Jenway 3040 ion analyzer pH
meter. All kinetic experiments were carried
out under pseudo first-order conditions,
with [Dye]o > 10 [H,0;]o at a constant ionic
strength. The course of reaction was followed
by recording the decrease in absorbance of
the investigated dye at its absorption
maximum, 563 nm and 411 nm, as a function
of time. kops values were evaluated from
plotting In (A vs. time, where A; is the
absorbance of dye at time (t). A short
computer program was used to perform a
least square analysis of obtained rate data and
calculate rate constants.
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Fig. 1: Chemical structure of investigated dye.
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3. Results and discussion

The UV spectrum of the investigated dye in
double distilled water exhibits two bands at
Amax= 563 nm and 411 nm, which are
assigned n—r* transition of N = N group and
n—7*  transition in  naphthalene ring
respectively. The former absorbance is
responsible for color of the dye and the
decrease in its intensity is used to monitor the
decolourisation of the dye, while the decrease
in the second band absorbance represents the
degradation of the aromatic part of the dye.
The progress in the absorbance spectra of the
dye solution during the reaction was
monitored at 0.5% dose of H,O, of reaction
sample and at pH 7. Typical obtained
results are shown in Fig. 2. This figure
demonstrates the changes of absorption
spectra of the dye upon irradiation with UV at
different irradiating time in the presence of
H.0..

The first analytic picture was obtained by
recording the spectral changes of absorbance
of aqueous solutions of the investigated dye

with time under the following conditions:
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1) Direct photolysis of the dye solution with
light of wavelength of 298 nm.

i) Thermal reaction between the dye and
hydrogen in the dark.

iii) Photolysis of the dye solution containing
hydrogen peroxide.

The obtained results which are shown in
Fig. 3, demonstrate that direct photolysis of
the dye is not negligible, but it is very slow,
while the thermal reaction of dye with
hydrogen peroxide is negligible. However,
the combination of both hydrogen peroxide
and ultraviolet light radiation enhanced both
decolorization and degradation processes.
Photoactivity of the dye in the absence of
hydrogen peroxide can be attributed to the
stability of photoelimination  products
dinitrogen [16].

In UV/ H,0, process, the hydroxyl radicals
generated upon photolysis of H,0,, which
are very oxidizing agent with oxidation
potential 2.8 V [17], attack the dye and
transfer it to mineralization products (egs.1-
3).

wavelength, nm

Fig. 2: The absorption spectra of the investigated dye upon irradiation with UV in the presence of
H,0,, [Dye] = 2.4 x 10™* mol/L, [H,0,] = 0.01 mol/L; Ay = 298 nm; irradiating time = 0- 60 min.
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Fig. 3: Dependence of absorbance of the dye on time of radiation at Am= 563 nm, [Dye] = 2.4 x 10*

mol/L and [H,0,]= 0.01 mol/L., Xi,=298 nm.

OH + Dye ———> Dye..intermediate.........ccooveieiiiiciiiicceeee e 2

Dye...intermediate + OH — CO, + H,0 + N, + mineralization products..(3)

3.1 Effect of irradiating wavelength

The generation of hydroxyl radicals depends
on the irradiation wavelength, since upon
shift of A in the UV region, the production
of hydroxyl radical increases. It was observed
that, upon decreasing irradiating wavelength,
The efficiency of photo- decolorization
increases. Three irradiating wavelengths,
namely 298, 333 and 365 nm have been
investigated and obtained results are
presented in Fig. 4.

3.2 Effect of pH

The reactivity of hydrogen peroxide depends
on the pH of the reaction medium. To study

http://www.aun.edu.eg

the effect of pH on decolourisation of
investigated  dye,  experiments  were
conducted at different pH values ranging
from 2.0 to 12.0. It is clear from Fig. 5 that
increasing the pH of dye solution led to
enhance the dye decolourisation efficiency.
In alkaline medium, the oxidizing species,
hydroxyperoxy anion (HO,') ,which is
conjugated base of hydrogen peroxide is
formed. This anion reacts with hydrogen
peroxide which consequently increases the
hydroxyl radical concentrations  as
represented by the following equation:

H,0, * HOz_ —> H,0+0, + ()H ..... (4)
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Fig. 4: Effect of irradiating wavelength on the decolorization of the dye,
[Dye] = 2.4 x 10 mol/L, [H,0,]= 0.01 mol/L.
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Fig.5: Effect of pH on the pseudo-first-order rate constant for decolonization of dye,
[Dye] = 2.4 x 10" mol/L and [H,0,] = 0.01 mol/L., A= 298 nm.

3.3 Dependence of reaction rates on dye
concentrations

Series of experiments were conducted at
different initial concentrations of dye in the
range of 5.0 x 10~ — 15.0 x 10~ mol/L.,
constant concentration of the hydrogen
peroxide and same wavelength of irradiation.
The results indicated that the changing of the
initial concentration of the investigated dye
has no significant effect on the value of
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pseudo-first- order rate constant indicating to
first-order dependence on dye concentration
as presented in Table 1. Also, plots of In (A,
versus time, where A; denotes the
absorbance of the dye at any time of
irradiation (t). Such plots were found to be
linear for over 70% of the reaction complete
indicating also a first-order dependence on
initial concentrations of dye.
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Table 1: Influence of [Dye] on the pseudo-first-order rate constants for decolorization and degradation
of dye with UV/ H,0,. [H,0,] = 0.01 mol/L and A;,= 298 nm.

[H20]. mol/L Decolorization rate, 10% Kops, S© | Degradation rate, 10% Kops, 5™
+.50 8.62 7.10
.70 8.47 6.54
1.00 8.21 6.48
1.50 7.32 6.32
3.4 Dependence of reaction rates on in Eq. 5 can be simplified into a pseudo-first-

hydrogen peroxide concentrations

The rates of decolourisation and degradation
of dye were determined at different initial
concentration of hydrogen peroxide to
elucidate the order with respect to H;0..
Kinetic measurements were performed at
constant concentration of dye and the same
wavelength of irradiation. The obtained
results indicate that the rate of decolourisation
and degradation of dye increased with
increase in H,O, concentration. The results
are summarized in Table 2.

The major Kinetic pathway of azo dye
degradation could be expressed by the
following equation

_dCA
dt :k2 CA COH ............ 6)

where Ca represents azo dye concentration
and C,, denotes hydroxyl radical
concentration. By the pseudo-stationary
hypothesis (i.e. the C_ can be considered as
constant in presence of excess concentration

of hydrogen peroxide with respect to dye
concentration. Therefore, the rate expression

order kinetic model (Eqg. 6)

—dC

th =Kyps CA cvrverrrmnnnnenen. 6)
3.5 Effect of addition of ferrioxalalate
complex

One common problem of the advanced
oxidation process is the high demand of
electric energy for ultraviolet lamps, which
needs high operation costs. In order to
minimize the required irradiation time and
energy  consumed  through  reaction
optimization of use ferrioxalate complex has
been investigated. As shown in Fig (3), it
clear that the photodecolorizion of the dye
increased  sharply upon adding the
Ferrioxalalate complex.

4. Conclusion

The dye under investigation underwent both
delocalization and  degradation  upon
irradiation with U.V light in presence of
H,0,, which is attributed to generation of a
very powerful oxidizing species namely

hydroxyl  radicals OH. These process
enhanced by decreasing the wavelength of

Table 2. Influence of [H,0,] on the pseudo-first-order rate constants for decolorization and degradation
of dye with UV/ H,0,. [Dye] = 2.4 x 10 mol/L and L= 298 nm.

[H20,]. mol/L Decolorization rate, 10% Kops, S | Degradation rate, 10% Kops, ™
0.02 3.44 1.72
0.05 4.96 2.88
0.10 6.3 494
0.20 6.64 5.77
0.50 7.92 6.09
1.00 8.21 6.48
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irradiation light as well as increasing the
alkalinity of the solution. Also the rate of
decolorization and degradation of the dye
increased with increasing H,O, concentration
in consistent with pseudo-first order Kinetics.

References

[1] S. A. Dhahire, K. A. Alsaade, I. S. Al-
Jobouri, In. J. Tech. Res and Application. 2
(2014) 123.

[2] R. M. Tyndall, Textile Chemist and
Colorist. 24 (1992) 23.

[3] I. Casero, D. Sicilia, S. Rubio, D. Pérez-
Bendito, Water Research. 31(1997)1985.

[4] N. H. Ince, M. I. Stefan, J. R. Bolton, J
Adv Oxid Technol 2 (1997)442.

[5] N. H. Ince, D. Goneng, Environ. Technol.
18 (1997) 179.

[6] D. Georgiou, P. Melidis, A. Aivasidis, K.
Gimouhopoulos, Dyes and Pigments. e 52
(2002) 69.

[7] L. Cisneros, A, G. Espinoza, M. I. Litter,
Chemosphere. 48 (2002) 393.

[8] J.H. Baxendale, J.A. Wilson, Trans.
Faraday Soc. 53 (1957) 344.

[91 J.P. Hunt, H. Taube, J. Am. Soc. 74
(1952) 59909.

[10] R. Andreozzia, V. Caprioa, A. Insolab,
R. Marottac, Catalysis Today.53 (1999)51.
[11] Y. Ogata, K. Tomizawa, K. Takagi, Can.
J. Chem. 59 (1981)14.

[12] D. H. Volman, J. C. Chen J. Am. Chem.
Soc. 81 (1959), 4141.

[13] P. C. Fung, C. S. Poon, C. W. Chu, S.
M. Tsui, Water Sci. Technol.44 (2001) 67.
[14] R. Alnaizy, R, T, H. lbrahim, Desal.
Wat. Treatm. 10 (2009) 291.

[15] M. S. K. Youssef, M. Sc. In Chemistry,
Faculty of Science, Assiut University, 1970.

[16] JW. Lehman, Operational Organic
Chemistry, Prentice Hall, New Jersey 2008.
[17] S.B Hall, E.A. Khudaish, A.L. Hart,
Electrochimica Acta. 43 (1998) 579.

http://www.aun.edu.eg

105

E-mail: president@aun.edu.eg


http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/article/pii/S0920586199001029
http://www.sciencedirect.com/science/journal/09205861
http://pubs.acs.org/action/doSearch?ContribStored=Volman%2C+David+H.
http://pubs.acs.org/action/doSearch?ContribStored=Chen%2C+June+C.
https://scholar.google.com.eg/citations?user=62zG624AAAAJ&hl=en&oi=sra

