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ABSTRACT: In this project decolorization and mineralization of synthetic wastewater containing

KEYWORDS

acid red 33 (AR33) was investigated by Fenton and photo Fenton processes in a batch photo

reactor. A comparative assessment using Fenton and photo Fenton processes was performed after

Chemical oxygen
demand (COD);
Batch photo reactor;
Decolorization;

Mineralization;

initial optimization studies such as varying pH, the concentration of pollutant, peroxide and iron.
The color removal and mineralization efficiency of AR33 were calculated by Spectrophotometric
and chemical oxygen demand (COD) tests. The degradation efficiency in photo Fenton process
(98.5% in 10 min of reaction) was higher than Fenton ones (97.5% in 30 min). After 60 min of

reaction, the removal of COD in photo Fenton and Fenton processes was 71% and 37.5%,

Pseudo first order

equation

respectively. Therefore, photo Fenton was the most effective process in partial mineralization of

AR33. Kinetic constants were evaluated using pseudo first order equations to obtain the rate

constant, K.

INTRODUCTION

The growth and development of numerous industries
that use organic dyes is significant in the last decades.
The amounts of wastewaters created from industries are
continuously developing. These wastewaters are often
highly colored and turbid without relating to the dye
concentration. Moreover, many dyes and their
degradation products are toxic to life. According to their
highly polluting properties, the color removal and
treatment of wastewater should be noticed [1]. There are

three classic methods for treatment of industrial

wastewater, but they have higher operating costs,
contain the secondary pollution and need longer reaction
time, so using new methods without these problems is
essential[2]. Advanced oxidation processes (AOPs)
offer a highly reactive, nonspecific oxidant namely
hydroxyl radical (OH"), that oxidize a broad range of
pollutants quickly and non-selective in water and
wastewater [3-5]. AOPs such as Fenton and photo-
Fenton catalytic reactions [6], UV/ H,0, process [7] and

semiconductor photo catalysis [8] have been studied
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under a wide range of experimental conditions in order
to reduce the color and organic load of the wastewater.

Fenton’s reagent is a mixture of hydrogen peroxide and
ferrous ion (Fe®) which creates hydroxyl radicals,
widely used for oxidation of organic pollutant and
reduction of the chemical oxygen demand (COD) in
water [9]. The Fenton and photo-Fenton (UV/Fenton)
process could be used promptly as a hopeful and
attractive  treatment method for an effective
decolorization and degradation of dyes in a textile
wastewater [10]. The removal rate is strongly reliant on
the initial concentration of the dye, Fe?* and H,0, [11].

The main purpose of this study was to investigate the

possibility of decolorization and mineralization of AR33

concentration of H,0, Fe™ and AR33 was also
examined on the effectiveness of Fenton and photo-

Fenton reactions.
MATERIALS AND METHODS

Materials

Acid red 33 (AR33) was purchased from an Afrand
Tuska company of Iran and used without further
purification. The chemical properties of AR33 are
presented in Table 1. Ferrous sulphate heptahydrate
(FeSO47H,O) as the source of Fe (Il), Hydrogen
peroxide solution (30% w/w), H,SO, and NaOH are all
supplied from Merck. Distilled water was used for the

by Fenton and photo-Fenton processes. The effect of entire work.
various operational parameters such as pH,
Table 1. Chemical structure and maximum absorption of AR33.
Pollutant Molecular structure Amax(NM) Molecular Mass
Qgp O\\S/,
Na* "0~ OO “O" Nat
Acid Red 33 N 526 467.39

N OH NH,

Photo reactor

In this project, experiments are performed in a batch
reactor with a total volume of 1 L. The light source was
a mercury lamp, Philips 15W (UV-C), which positioned
horizontally above the reactor. The reactor is made of
glass, covered with an aluminum sheet to prevent loss of
UV light, and equipped with a sampling system (Figure

1). The temperature remained fixed at 25°C in all tests
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by a water-flow exchanger, using an external circulating
flow of a thermostatic bath (BW20G model from
Korean Company). The solution in the reactor mixed
well with magnetic stirrer. The initial pH of the solution
was adjusted using a Basic pH Meter PT-10P Sartorius
Instrument Germany Company.
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Figure 1. Schematic diagram of laboratory-scale experimental set-up used.

1- Magnetic Stirrer, 2-Batch reactor, 3-Jacket water, 4- UV lamp,
5- Cooling water supply from thermostat, 6- Cooling water return, 7- Magnetic bar, 8- Sampling port, 9-Dark box

Analytical Procedure

Various concentrations of H,O, and Fe®" are used for
optimization in Fenton and photo Fenton processes .The
reactions are quenched by adding 10% aqueous solution
of sodium sulfite. The lamp was switched on to start the
reaction in the photo Fenton process. The solution in the
reactor was mixed by a stirrer to prevent from the
settling of Iron ions and keeps the suspension to be
homogenous. The pH was adjusted by adding NaOH or
H,SO, (0.1 M) and studied in the range of 1 to 8.
Samples were taken, centrifuged and filtered, then
analyzed by a UV-Vis spectrophotometer (Agilent,
5453, American) at 526 nm. The Calibration plot
according to the Beer Lambert’s law was applied by
concerning the absorbance to the concentration. The
decrease in the absorbance at 526 nm is due to the color
removal of AR33 solution.

Hydrogen peroxide interferes with the Chemical oxygen
demand (COD) and absorbance tests. Therefore, the
samples are treated with MnO, powder to decay residual
amount of H,O, [12]. Before each examination, samples
are centrifuged and filtered to remove MnO, powder.
The COD was determined through a HACH-5000
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spectrophotometer via a dichromate solution as an
oxidant in strong acidic conditions [13]. At the end of
the reaction, the solution was settled and then it was
filtered to remove the precipitated. A sample was diluted
with distillate water, then 1.5 ml of potassium
dichromate and 3.5 ml of sulfuric acid as two reagents
were mixed with 2.5 ml of the sample in a test tube. The
sample was digested into the COD reactor for 2 h at
about 150 °C. After acidic digestion, the sample was
cooled and measured by the COD meter to estimate the

mineralization efficiency of AR33 [14].
RESULTS AND DISCUSSION
Effect of pH on Fenton and photo Fenton processes

The pH value has a significant influence on the
oxidation potential of hydroxyl radicals because there is
a conjoint relation between them. Moreover, the
concentration of inorganic carbon and Ferric ions are
strongly affected by the pH value. Therefore, the effect
of pH in the Fenton and photo Fenton reaction was

investigated in the range of 1 to 8. The pH value affects
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the production of OH’ radicals and thus the oxidation
efficiency. As it can be seen from Figure 2 and 3, with
an increase in the pH of the solution from 1 to 3, the
removal efficiency of AR33 was increased from 9% to
96.5% and 39% to 96% after 30 and 10 min of reaction
in Fenton and photo-Fenton processes, respectively.
However, the color removal efficiency decreased from
96.5% to 8.5% for Fenton system and from 96% to
27.5% in the photo-Fenton processes by enhancing the
pH value from 3 to 8.

At a pH above 4, the color removal efficiency decreased
sharply because iron starts to precipitate as Fe (OH);
and its ability to catalyze H,O, decreases and also the
transmission of the radiation into the solution decreases

[15-16]. Furthermore, with increasing pH, the oxidation
potential of hydroxyl radical was decreased and
hydrogen peroxide could be unchanging at a pH below
2, perhaps it absorbs a proton and produces an Oxonium
ion (Hs0". It is possible that the reactivity with ferrous
ion decreases with an Oxonium ion [17]. Thus, the
number of hydroxyl radicals was decreased and the
removal efficiency reduced. Another reason for the
decrease in degradation efficiency at pH higher than 3
originates from the dissociation and auto-decomposition
of hydrogen peroxide [18]. However, in the photo
Fenton process, the removal efficiency reached as high
as 96% only at 10 min of reaction verifying the fact that
UV light improved the removal efficiency of AR33.

Removal of AR33(%)

Figure 2. Effect of pH on the removal efficiency of AR33 with Fenton process
([AR33]o = 250 mg/l, [H202]o = 15 mM, [Fe?*] =0.28 mM, time=30 min).

100 +
90 +
80 +
70 1
60 1
50 ¢
401
30 4
20 o
10

Removal of AR33(%)

Figure 3. Effect of pH on the removal efficiency of AR33 in photo Fenton process
([AR33]o = 250 mg/l, [H202]o = 16 mM, [Fe?*]=0.28 mM, time=10 min).
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Effect of initial concentration of hydrogen peroxide

The influence of initial hydrogen peroxide concentration
on the color removal efficiency of AR33 is presented in
Figures 4 and 5. Experiments were performed at a
constant initial pH of 3 and changed H,O, from 4 to 20
mM and 8 to 24 mM within the irradiation time of 100
and 30 min for Fenton and photo Fenton process,
respectively. After 30 min of reaction in Fenton process,
when the dosage of H,0, was increased from 4 to 16
mM, the removal efficiency of AR33 enhanced from 37
to 97.5%. Because more OH" radicals were produced
and degradation efficiency enhanced. However, above
this limit the progress was not significant. In photo-
Fenton process, with increasing the concentration of
H,0, from 8 to 20 mM, the color removal efficiency,
increased from 28 to 98.5%, but higher concentrations
of hydrogen peroxide act as free-radical scavenger itself
and increase in the degradation efficiency was not
noticeable [19]. Besides, this trend may be according to

the auto disintegration of H,O, to water and oxygen and
additional amount of H,0O, will react with OH" radicals
competing with AR33 molecules.

An optimum concentration of H,0O, for Fenton and photo
Fenton processes were 16 and 20 mM, respectively.
Thus, H,O, should be added at an optimum
concentration to obtain the best results. However, not all
of the added hydrogen peroxide was spent. The low
remaining concentration of H,O, is an important
advantage of the photo Fenton relation to the Fenton
process.

However, with an increase in the concentration of
hydrogen peroxide from 20 to 24 mM, the color removal
efficiency of AR33 was not considerable. Therefore, the
dose of H,0, at 20 mM was considered as the optimal
concentration for photo Fenton process due to the

economic point of view.

100 -
90
80 -
70 -
60 -
50 -
40 4
30 -
20 -

Decolorization perc ent( %)

10 +

—i—[H202]0=4 mM
==[H202]0=8 mM
== [H202]0=12 mM
——[H202]0=16 mM
—0—[H202]0=20 mM

0 20 40
Time(min)

60 80 100

Figure 4. The effect of the initial concentration of H,O, on Fenton process
([AR33]o = 250 mg/l, [Fe**]o = 0.28 mM, pH = 3, time=100 min).
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Figure 5. The effect of the initial concentration of H,O, on the photo Fenton process
([AR33]o = 250 mg/l, [Fe®*]o = 0.28 mM, pH = 3, time=30 min).

Effect of initial concentration of Fe (1)

The concentration of ferrous ion is one of the key
variables to influence the Fenton and photo-Fenton
processes. In this project, various concentrations of Fe**
(from 0.15 to 0.4 mM) were used to achieve its optimum
concentration.

As it is shown in Figure 6 and 7, the removal rate of
AR33 increased with increasing the amounts of iron salt
according to the following equations (Egs. 1-2)

H,0, + Fet?— OH" +OH™ +Fe*?® (1)

OH"® + Fe*2— OH~ +Fe™*3 2

The maximum percent of color removal was 97.5% and
98.5% with 0.3 and 0.25 mM of Fe** at 30 and 10 min in
Fenton and photo Fenton processes, respectively.
Especially for photo Fenton process, addition of iron salt
above 0.25 mM did not affect the removal efficiency,
considerably. This is owing to the fact that, at a Fe (Il)

concentration higher than the optimum, the initial
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formation rate of hydroxyl radicals, mainly produced
from the disintegration of H,O,, was so high that many
of hydroxyl radicals were consumed by the side
reactions before they could be utilized effectively for the
removal of the AR33 (Eq. 3)[20].

H,0, + hv - 20H°  (3)

Furthermore, it was resulted in brown turbidity that
hindered the absorption of the UV light necessary for
photolysis and caused the recombination of OH radicals
[21]. Additionally, the effect of the dosage of Ferrous
ion in Fentone process is higher than photo-Fenton ones.
This finding is in agreement with the researches of Liou
etal., (Eq.4) [22].

FeOH*? +hv — Fe*2 + OH" 4)

After the Fenton and photo Fenton treatments, the
residual iron was removed by raising the pH of the
solution to the alkaline condition [23].
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Figure 6. Effect of the initial concentration of Fe?* in Fenton process
([AR33]p =250 mg/l, [H20,]o = 16 mM, pH= 3, time=100 min).
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Figure7. Effect of the initial concentration of Fe?* in photo Fenton process
([AR33] =250 mg/l, [H202]o = 20 mM, pH= 3).

Effect of initial concentration of AR33

The impact of the initial concentration of AR33 on the
color removal efficiency was investigated and showed in
Figurs. 8 and 9. It was clear that for Fenton and photo-
Fenton processes the removal efficiency decreases with
enhancing the initial concentration of the AR33.

Increase of AR33 from 50 to 375 mg/l leads to
decreases in the removal of color from 95.5% to 60.5%

for Fenton and from 91.5%to 61% for photo-Fenton
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process after 20 and 5 min of reaction, respectively. The
number of dye molecules, was enhanced by an increase
in dye concentration. Therefore, there was not enough
hydroxyl radical and the removal rate reduced [24]. In
photo-Fenton process, the permeation of photons
entering into solution reduces at high dye concentration,
thus the concentration of hydroxyl radical decreases

[25].
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Figure 8. The influence of the initial concentration of AR33 in Fenton process
([H202]0 = 16 mM, [Fe®*]=0.3 mM, pH = 3).
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Figure 9. The effect of the initial concentration of AR33 in photo Fenton process
([H202]o = 20 mM, [Fe?*]o=0.25 mM, pH = 3).

Reduction of COD in Fenton and photo-Fenton
processes

In the wastewater treatment, the intermediate products
of some pollutants can sometimes be more toxic than the
initial compound. The COD values have been concerned
with the total concentration of organics in the solution
and it is important to measure the COD after the
degradation of the dye to prove the mineralization extent
of the dye. Thus, reduction of COD is also investigated
along with degradation of AR33. The removal
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efficiency of COD in different processes is shown in
Figures 10 and 11.

The removal of COD in photo Fenton process was more
effective (71%) than Fenton process (37.5%) for 60 min
of irradiation time. This can be described by the broad
regeneration of all Fe** to Fe*" enhanced by UV (Eq. 5)
[26].

H,0 + Fe*3 + hv — OH* +H™ + Fe*? (5)
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Fenton process is able to destroy AR33 effectively, but
pretty have difficulty with total mineralization of the

dye.
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Figure 10. The removal of color and COD in Fenton process at optimum conditions
([AR33]o = 250 mg/L, ([H205]0 = 16 mM, [Fe*] =0.3 mM, pH = 3).
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Figure 11. The removal of color and COD in photo-Fenton process at optimum conditions
([AR33]o = 250 mg/l, ([H202]o = 20 mM, [Fe**]o =0.25 mM, pH = 3).

Kinetic study for decolorization of AR33

The hydroxyl radical produces in Fenton and photo
Fenton processes and it is a main oxidizing agent for
degradation of AR33.

Thus, the kinetics for AR33 degradation by Fenton and

photo-assisted Fenton processes can be described as
(Eq. 6):

—dCAR33 __
dt - kAR33CAR33C0H' (6)
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Where C,rs3 is the concentration of dye, C,y-is the
hydroxyl radical concentration and k35 is the second-
order rate constant. The second-order rate equation can
be used to fit the experimental data. In this study the
concentration of hydroxyl radicals is higher than that of
AR33, so hydroxyl radicals were in excess related to the
concentration of AR33 and the Eq. 6 can be converted to

a pseudo-first-order rate equation;
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—dc
% = kapCAR33 )

The k,, is the pseudo-first-order rate constant. This
method is in agreement with similar studies by several
researchers [27-28]. By integrating from the Eq. 7, the
following equation (Eq. 8) was obtained.

[AR33]0)_
n ( [AR33] )_ Kapp x t ®)

Where [AR33], and [AR33], are the concentration of

AR33 at times 0 and t, K, is a pseudo-first-order rate
constant and t is the time in minutes. After linear
regression analysis, the first order rate constants and
half-life of reaction were determined (Table 2) [29].
Figure 12A and B, approve the important accelerating
effect of photo Fenton reactions on the degradation of
AR33 in comparison with Fenton process. Almost both
of the processes followed the pseudo first order kinetics
because in both of them R? is near 1.

4 -

3.5 +

w

y=0.1415x- 0.8877
R? = 0.9552

N
n

In[AR33],/[AR33]

=

*

o
i

o

0 5 10 15

Time(min)

20 25 30 35

Figurel2. A) Kinetic fit for degradation of AR33 in Fenton process at optimum conditions
([AR33]o = 250 mg/L, ([H205]0 = 16 mM, [Fe*] =0.3 mM, pH = 3).

o
in
N

y=0.462x-0.702
R*=0.9733

In[AR33],/[AR33]
= N w
- [%,] N (%)) w [%,] B

*

[=]

Time(min)

Figure 12. B) Kinetic fit for degradation of AR33 in photo Fenton process at optimum conditions
([AR33]p = 250 mg/l, ([H205]o = 20 mM, [Fe**]o =0.25 mM, pH = 3).
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Table 2. Rate constant and half-life of different processes for the removal of AR33 in optimum conditions.

S. no Process K, min* typ, Min R?
1 Fenton 1.415%x10" 4.9 0.9552
2 Photo Fenton 4.62x10" 15 0.9733
CONCLUSIONS ACKNOWLEDGEMENTS

The resulting conclusions could be reached by using

Fenton and Photo-Fenton processes;

-The color removal efficiency of AR33 was influenced
by the initial concentration of the dye, Fe®, H,0,, and
pH. The best conditions for the removal of AR33 in
Fenton process were obtained at pH = 3.0, the initial
Fe?* concentration of 0.3 mM and an initial H,0, dosage
at 16 mM with a dye concentration of 250 mg/I.

-In the photo Fenton process, the optimum conditions
for degradation of dye were pH 3, initial concentration
of Fe*" at 0.25 mM and 20 mM of hydrogen peroxide for
an initial AR33 at 250 mg/l. The low concentration of
Fe?" had more positive effect for degradation than

higher ones.

-The removal of COD in Fenton process was relatively
low (37.5% in 60 min) ant it can be an effective
pretreatment technique before biological method.

-The setup of the reactor was simple and no harmful
chemical component was applied in these methods. Both
of Fenton and photo-Fenton processes were influential
methods for decolorization of AR33, but photo- Fenton
process was the most helpful for the removal of COD
(71%). The difference between them was little for the
color removal of AR33, so in the color removal study
the Fenton method is more suitable than the photo

Fenton from an economic point of view.
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