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Abstract

Decolorization of sunset yellow dye (SY) in an aqueous solution was investigated by Fenton reaction using H,O./Fe**
system. Different parameters controlling the degradation efficiency as pH and H,O, and Fe** concentrations were
evaluated. The optimal operational conditions were found to be [Fe*] = 2.55x10° mmol, [H,0,] = 0.2425 mmol at pH
2.7. The study of the Kinetics of decolorization indicated that the degradation kinetics of SY followed the second-order
kinetics with (K, = 4.9x10™ mgL*min™). The results of this study showed high efficiency for removal of SY by Fenton
process which is a cheap, versatile and efficient method for removal of thiskind of pollutants.
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1. Introduction

Dyes are an important class of pollutants that show
notable structural variety and could be classified in severa
ways. Among the different types, azo dyes are the largest
category of synthetic dyes which are characterized by the
presence of azo group (-N=N-) with one or more aromatic
systems, which may also have sulfonic acid groups [1].
These dyes are widely used in a variety of industries like
textile, plastic, rubber, leather, food and cosmetics
industries. A massive amount of azo dyes from these
sources is discharged into natural water supplies [2]
causing the water to be colored and toxic and making it
unfit for any use.

Various conventional and non-conventional methods
are used for removing color from polluted water. The
development of process on these areas is the most
important challenge faced by chemical scientists due to
their complex structure and synthetic origin [3]. Dyestuffs
wastewater can be removed by different chemical and
physical methods including adsorption [4], photocatalytic
oxidation [5], coagulation-flocculation [6] and
electrochemical methods[7].

Different chemical oxidation processes have developed
in the last decades. These methods can be divided into two
categories: (@) classical chemical treatments;, where an
oxidizing agent (chlorine, potassum permanganate,
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hydrogen peroxide, oxygen and ozone) is usually added to
the water containing the pollutant [8] (b) advanced
oxidation processes (AOPs); as hydrogen peroxide/ozone
(H,O,/03),  ozonelultraviolet  irradiation  (Os/UV),
hydrogen peroxide/ ultraviolet irradiation (H,O,/UV),
emerging technologies, high energy electron beam
irradiation  (E-beam), cavitation (sonication &
hydrodynamic), TiO,-catalyzed UV oxidation and
Fenton’s reaction.

The term advanced oxidation process refers
specifically to processes in which oxidation of organic
contaminants occurs primarily through reactions with
hydroxyl radicals produced from H,O, [9]. The AOPs
methods are based on the generation of hydroxyl radicals
(*OH) which are very reactive species, non-selective and
powerful oxidizing agent having a strong oxidative
potential (E® =2.80 V) [10]. Hydroxyl radicals (*OH) can
destruct organic compounds via hydroxylation of the non-
saturated bonds in the molecule of the organic pollutant or
by dehydrogenation with the loss of hydrogen atoms
producing stable inorganic compounds or, at least, causing
their change into biodegradable or harmless products [11].

Fenton’s reagent is one of the most important AOPs
that used for water treatment from organic pollutants.
Fenton reagent is a homogenous catalytic oxidation
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process using a mixture of ferrous ions (Fe®*) and
hydrogen peroxide (H,O,) and in an acidic environment
which generates hydroxyl radical (*OH) [12] according to
the following reactions:

Fe(ll) is oxidized to Fe(l1l) in the presence of higher
amounts of hydrogen peroxide.

H,0, + Fe** _ «OH + OH + Fe** )

Hydrogen peroxide decomposes by Fe (lIlI) and
generates again hydroxyl radicals according to the
following reactions [13]:

Fe* + H,0, » H" + FeeOOH*" 2)
©)

The resulting ferrous ions react with hydrogen
peroxide again as shown in eq. (1).

Fe-OOH*" -, HO, + F&**

The main advantages of Fenton’s reaction [14] are that
this process requires very little energy compared to other
oxidation technologies that utilize Oz or UV and produces
no vapor emissions and, therefore, requires no off-gas
treatment.

The main objective of this study is to evaluate the
feasibility of using Fenton reagent for the removal of
sunset yellow from polluted water. Sunset yellow (E110)
is one of a number of dyes which used as a synthetic
colorants in food, cosmetics, and drugs [15,16].

Food coloring dyes are a class of food additives
without nutritional value which are added to foods for
providing color thus making the product more attractive
and increasing its consumer acceptability. It is widely used
as an additive in many kinds of foods as orange squash,
orange jelly, Swiss roll, apricot jam, citrus marmalade,
lemon curd, sweets, packet soups, breadcrumbs, cheese
sauce, ice cream, canned fish, and many medications. It is
widely used in candy, desserts, snacks, sauces, and
preserved fruits. It is controversia in relation to its toxic
activity and attract the interest of toxicologists and
dlergists. It is seen as responsible for various
immunological reactions causing urticaria or even asthma
[17]. It is also responsible for rhinitis, nasal congestion
and hyperactivity in children.

In the last few years, various adsorbents were applied
for SY dye removal from agueous solutions. In these
studies, mainly, single component systems have been
investigated including adsorption on different adsorbents
[18,19], chemical reduction [20] or chemical oxidation
[21]. Few AOPs studied were applied to remove SY from
its agueous solutions as electro-Fenton [22],
photoelectron-Fenton [23] and ctlytic oxidation with
hydrogen peroxide in the presence of copper loaded
bentonite [24] or chloroperoxidase [25].

To find the optimum conditions to maximize dye
removal efficiency with applying Fenton reaction, a
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number of variables were examined through minimum
number of experiments.

2. Experimental

2.1. Chemicals and apparatus

Sunset yellow (SY) dye removal was performed in
batch mode by adding ferrous ammonium sulfate
hexahydrate Fe(NH,),.(SO4),.6H,0 as a source of Fe** and
the hydrogen peroxide (H,O,) (30%) as an oxidant to the
dye solution. Sodium hydroxide (NaOH), sulfuric acid
(H,S0O,4) and sodium chloride (NaCl) were all of analytical
grade and purchased from Merck (Germany). All
chemicals were utilized as received without further
purification. Distilled water was used in the preparation of
all solutions.

e ]
MasOy” S NS0.Na

Fig (1): Chemical structure of Sunset Yellow (SY).

i

2.2. Analytical method

The pH of 100 mL dye sample (20 mg/L) was adjusted
to the desired value by adding either NaOH or H,SO, and
then Fenton reagents (H,O, and Fe*") were added to the
stirred dye solution. Sampling was done by withdrawing
the sample (about 1 ml) after 15 min of mixing. The
absorbance of remaining dye was measured by UV-Vis
Spectrophotometer  (Unico-1200  spectrophotometer,
U.S.A.) at 430 nm.

A calibration curve was achieved using the standard
solutions of SY with different concentrations in the range
of 0.5-50 mg/L. Liner curve (R* = 0.9997) was obtained in
the range 1.0-30 mg/L. The efficiency of the proposed
process was evaluated by monitoring SY removal after
measuring absorbance. The dye removal efficiency of SY
was calculated as follows: . .

Dye Removal Ef feciency % = G 7 d
i}

where Cy (mg/L) is the initial concentration of SY, and

C; (mg/L) isits concentration at reaction timet (min).

%100

3. Results and discussion

3.1. Effect of pH

To study the effect of pH on degradation efficiency of
SY by Fenton oxidation and to find the optimal pH of
reaction mixture, a series of experiments were conducted
at different pH values 2.7, 4.7, 7.2, 9.0 and 10.4. In al
experiments the [SY]o, [H.OJo and [Fe*], were
maintained at 20 mg/L, 0.485 mmol, 2.55x10™ mmol,
respectively. The results (Fig. 2) given indicated that the
degradation of SY was significantly influenced by the pH
of the solution. The optimal solution pH was observed at
2.7 which correspond to maximum removal (48.5%) after
120 min of continuous reaction. As shown in Fig. 2, an
increase of pH over 2.7 causes decrease in the degradation
efficiency. The pH value of degradation solution is an
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important parameter for Fenton’s reaction as can be shown
in the following equations:

Fe* + H,0, + H' = Fe®" + «OH + H,0O (1)
Fe* + H,0, - Fe-O,H* + H* @)
Fe-O,H*" -, Fe** +s0O0H ®3)
SY ++OH - oxidized products 4
Fe* + «00H - Fe* + 0, +H" (5)
Fe* + R - Fe* +R" (6)

Eq. (1) confirms the importance of the presence of H*
ions in the production of *OH radicals. So, the drop in
removal efficiency at high pH values may be due to the
reduction of hydroxyl radicals produced and also the
precipitation of Fe(OH); which catayzes the
decomposition of H,O, into oxygen and water [26], and
consequently the degradation rate decreases because less
hydroxy! radicals are available.

Similar results were reported indicating that optimum
pH is about 3.0 for the degradation of a number of azo
dyes by Fenton reaction as Malachite Green [27], Orange
G [28], Peach Red [29] and Reactive Blue 4 [30].
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Fig (2): Effect of solution pH on the decolorization of SY
by Fenton oxidation.

Experimental conditions: [SY] = 20 mg/L; [H,O,] =
0.485 mmol; [Fe**] = 2.55x10 ; temperature = 25 °C.

3.2. Effect of initial Fe*" concentration

Ferrous ions concentration is another important
parameter which affects Fenton reaction efficiency by
catalyzing the decomposition of H,O, to generate <OH
radicals. To study the role of initial concentration of Fe**
on the degradation of SY by Fenton oxidation, different
doses of Fe?* (1.275x10°® - 5.1x10™ mmol) were used for
the degradation of 20 mg/L of SY keeping H,0,
concentration constant at 0.0485 mmol. As shown in
Fig. 3, the lowest degradation efficiency (40.5%) was
recorded at [Fe*']o vaue of 1.275x10° mmol after 120
min reaction time, while the highest degradation efficiency
(51.52%) was recorded at [Fe**]o value of 3.82x10° mmol
after the same reaction time.

Many researchers have reported [27, 31-33] that the
use of a much higher concentration of Fe** could lead to
the self-scavenging of *OH radical by converting it to
hydroxy! ions during oxidation of Fe** according to the eq.
(7):

20

«OH + Fe?"  Fe* + OH" (7
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Fig (3): Effect of Fe** concentration on SY decolorization
[[SY] =20 mg/L; [H,0O,] = 48.5 mmoal; pH = 2.7;
temperature = 25 °C]J.

3.3. Effect of H,O, concentration

H,0, plays an important role as an oxidizing agent in
the Fenton process. So, the selection of an optimal H,0,
concentration for the decolorization of SY is of great
importance from practical point of view due to the cost of
H,0,. The effect of H,O, dosage on the decolorization of
SY was examined by varying initial concentration of H,O,
from 4.85 to 29.10 mmol keeping both Fe** concentration
and SY concentration constant at 2.55x10"° mmol and 20
mg/L, respectively. The results are shown in Fig. 4. As it
can be seen, the effect of increasing H,O, initial
concentration from 0.0485 to 24.25 mmol increased the
rate of decolorization of the dye, while further increase to
29.10 mmol didn’t affect the removal efficiency. This is
expected due to the oxidation power of Fenton process
which was improved with increasing amount of <OH
radicals obtained from the decomposition of increasing
H,0,. It isimportant to control the initial concentration of
H,O, since the high concentration my reduce the
decolorization of dye and also increase the cost of the
wastewater treatment process [34].

18

16 4

14 A

12 4

10 1

—e— [H,0,] =0.0485 mmol

O+ [H,0,] =0.0970 mmol
—v— [H,0,] = 0.1455 mmol
— -+ [H,0,] =0.1940 mmol
—m— [H,0,] = 0.2425 mmol
—0-- [H,0,] =0.2910 mmol

SY Removal %

T T T T T T T
0 20 40 60 80 100 120 140

Time (min)
Fig (4): Effect of H,O, concentration on SY decolorization
[SY] =20 mg/L; [Fe*"] = 2.55x10° mmol; pH = 2.7;
temperature = 25 °C].
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3.4. Effect of initial SY concentration

The effect of variation of initial concentration of SY on
the rate of degradation has been examined in the range
from 5 to 75 mg/L. It has been observed that the
degradation efficiency decreases with increasing
concentration of dye up to 75 mg/L. The influence of the
initial dye concentration is shown in Fig. 5. With
increasing the initial dye concentration, a decrease in the
decolorization rate is observed in the beginning of reaction
till 60 min. At higher dye concentrations, the generation of
*OH radicals on the surface catalyst is reduced since the
active sites may be occupied by more dye molecules and
because the number of dye moleculesis increased but not
the *OH radical number [35]. After 160 min of reaction
time, the decolorization efficiency increased to 51.8% for
5 mg/L and to 36.8% for 75 mg/L.
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—v [SY] =75 mg/L
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Fig (4): Effect of initial SY concentration on dye

decolorization [H,0,] = 0.485 mmol; [Fe*"] = 2.55x10°

mmol; pH = 2.7; temperature = 25 °C].
3.5. Kinetic studies

The decolorization kinetics of SY by Fenton process
was studied for various contact times varying from 30 to
180 min at 25 °C. Zero-, first- and second-order reaction
kinetics were used to study the decolorization kinetics of

SY by Fenton oxidation process. The individual
expression was presented as:
Zero-order reaction kinetics:
dc _
- K )
First-order reaction kinetics:
&=k ©)
Second-order reaction kinetics:
I A (10)

dt

where C is the concentration of SY; kg, k; and ks
represent the apparent kinetic rate constants of zero-, first-
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and second-order reaction Kkinetics, t
represents the reaction time.
The integrated forms of Egs. (8) - (10) could be

presented as:

respectively;

p= Gy - Kyt (11)
f:r = EuE-N'r (12)
Lo Ly Ryt (13)
"wr I";'II -

where C; isthe concentration of SY at reaction timet.

The regression analyses based on the three kinetic
models were conducted and the results are shown in Fig. 5
(a, b, c). By comparing the regression coefficients (R?)
evaluated from Fig. 5(a)-(c), it can be seen that R? based
on the second-order reaction kinetics (Fig. 5(c)) was
0.9440, which is higher than those based on the zero-order
(R? = 0.9011) and the first-order (R? = 0.9251) reaction
kinetics. These results indicated that the decolorization
kinetics of SY followed the second-order kinetics model.
Based on the above analysis, the second-order kinetic rate
congtant (K,) for the decolorization of SY at reaction
conditions: [SY] = 5 mg/L; [H,0,] = 0.485 mmol; [Fe*'] =
2.55x10 mmol; pH = 2.7, at 25 °C, was obtained to be K,
= 4.9x10™ mgL*min™. The theoretical C, of SY was 4.8
mg/L.
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4. Conclusion

In this work, the decolorization of SY in agqueous solution
by Fenton oxidation process has been studied at different
experimental conditions, including pH value of solution,
initial concentration of H,O, and Fe** dose, as well as the
initial dye concentration. The examined Fenton's reaction
was found to be more effective at pH 2.7. The best
removal efficiency was achieved at [H,O,] = 0.2425
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