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ABSTRACT

The general strategy of this study was based on evaluation of the possibility of
applying advanced photo-oxidation technique (Fenton oxidation process) for removal
of the residuals from effluents of dyeing baths. Studying the different parameters that
affect on the chemical oxidation process for dyes in their aqueous solutions by using
Fenton’s reaction. These parameters are pH, hydrogen peroxide dos, ferrous sulfate
dose, Initial dye concentration, and time factor. The optimum conditions were found
to be: pH = 3, H,0, dose = 300 mg/l, FeSO, dose = 90 mg/l and reaction time 120
minutes. Finally Chemical oxygen demand (COD), before and after oxidation process
was measured to ensure the entire destruction of organic dyes during their removal’
from wastewater. The experimental results show that Fenton’s oxidation process
successfully achieved very good removal efficiency (over 95%) in all dyes subjected to
this study. This behavior was accompanied with a reduction in chemical oxygen
demand (COD) in the range of 68-77%.
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LINTRODUCTION

Advanced oxidation processes (AOPs)
generally means application of either
advanced oxidation technologies using
UV/O},, O3/H202, UV/I‘Izoz or the phOtO
Fenton reaction (UV/H,0,/Fe** or Fe’™).
Peyton gave a detailed overview and
description of AOPs [1,2,3]. The Fenton’s
reagent was discovered by Fenton in 1894,
[4]. Fenton’s reagent is a mixture of H;O,
and ferrous iron, which generates hydroxyl
radicals. The ferrous iron (Fe™) initiates
and catalyzes the decomposition of H;O,,
resulting in the generation of hydroxyl
radicals. The generation of these radicals is
involves a complex reaction sequence in an
aqueous solution [5]. H;O, can act as an
OH Scavenger as well as an initiator [6].
Generally Fenton’s oxidation process are
pH adjustment, oxidation reaction,
neutralization- and  coagulation, and
precipitation. So, the organic substances are
removed at two stages of the oxidation and
the coagulation [7]. A continuous photo-
Fenton process for the degradation of
gaseous dichloromethalane (DCM) can be
used [8]. Solar photocatalytic degradation
of the azo dye acid orange 24 by means of a
photo-Fenton reaction promoted by solar
energy was used [9]. The degradation of
different commercial reactive dyes by using
solar light assisted Fenton and photo-
Fenton reaction was inv. tigated [10].
Photocatalytic organic content reduction of
two selected synthetic wastewater from the
textile dyeing industry was studied by the
use of heterogeneous and homogeneous
photocatalytic = methods under solar
irradiation, at a pilot plant scale at the Plata
forma Solar de Almeria [11]. The
scavenging effect of phosphate and
bicarbonate anions on the degradation of
organic pollutants by means of the Fenton
process may be somewhat reduced by the
necessity of the application of this
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technique at moderately low pH [I2].
Photo-Fenton processes could be applied in
treating many industrial wastewater, i.e.,
treated wastewater containing wastewater
from plastic industry, landfill leachate, dye
house industry [13-16], quinoline (aromatic
compound) [17,18,19] pesticides [20-24],
organic compounds and phenolic wastes
[25-27] trichloroethylene trihalomethanes
[28], and wastewater from paper industry.
The using of Fenton reaction in the
decomposition of phenol and formaldehyde
[29], from their aqueous solutions and from
industrial wastewater containing them was
studied which achieve a very good
efficiency of removal over 90%. The
removal of color and COD from a mixture
of four reactive azo dyes using Fenton
oxidation process was investigated which
achieved a high efficiency more than 90%
[30]. The color and COD removal from
textile effluent by coagulation and advanced
oxidation processes was studied. FeSO, and
FeCl; were used as coagulants at varying
doses [31]. Wastewater from the Afyon
Alkaloids factory was subjected to low-
pressure catalytic wet-air oxidation using
Fenton's reagent, and the optimal reaction
conditions were investigated [32]. The
treatment of wastewater coming from
painting processes by application of
conventional and advanced oxidation
technologies was discovered ([33], The
reduction of organic pollutants in landfill
leachate and the effecting factors on the
degradation of methyl tert-butyl ether, with
fenton Reagent was reported [34].

In present study, we are interested in
studying the possibility of application of
Fenton oxidation process, as an advanced
chemical technology technique, for removal
of residual colors of dyes from wastewater
of an artificial dying bath, as a preliminary
treatment prior to biological oxidation.
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2. MATERIALS AND METHODS
2.1Materials
The Fenton's reagent composed of H;O,
and ferrous iron were of AR grade (Sigma-
Aldrich, Germany). All synthetic of each
tasted dye solutions (which obtained from
Dakahliatex company, mansoura, Egypt)
were prepared by dissolving a known
quantity in distilled water and used as a
stock solution and diluted to the required
initial concentration.
2.2 Equipments
Equipments used in this study are electrical
balance Meitler model H-80, mechanical
stirrer with various shaking speed, digital
PH-meter (Cole-parmer chemadet 5986-
50), COD instrument (VELP Scientifica,
Eco, Itali) and Spectrophotometer (Galen
kamp visi-spec SPR-590-010-W) with
wavelength  range  325-900nm  and
measuring absorbance at Ay, Of each tested
dye. Calibration curves were constructed to
correlate  concentrations to  different
absorbance values.
2.3 Methods
All reactions were performed in batch
model, the experiments were conducted at
room temperature (25+2°C). The processes
were carried out in 1000 ml glass beakers
with a 12cm diameter. In each beaker the
aqueous solution was mixed with ferrous
sulfate and hydrogen peroxide depending
on the following steps

(1) A series of six glass beakers containing
500 ml of aqueous solutions of the used
dye at initial concentration of 50 mg/).

(2) All reaction mixture were subjected to
rapid stirring (200r.p.m) by using

~ mechanical stirrer for a .period of 1
minute.

(3) The stirrer speed was reduced to 30
r.p.m and the mixture was kept stirred
for additional period of 15 minutes.

(4) Stirring was stopped and the solution
was left to stand for about 20 minutes
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to ensure complete seitling of soli-
materials.

(5) The remaining dye concentration was
determined spectrophotometrically.

3. RESULTS AND DISCUSSION
3.1 Effect of reaction time
To determine the effective reaction time for
the best removal of these dyes by Fenton’s
reaction, the process was carried out at
constant hydrogen peroxide dose (300
mg/l); initial dye concentration (50 mg/l),
constant ferrous sulfate dose (90 mg/l), and
pH=3. Samples were drawn at different
intervals along the reaction time.
As shown in figures (1), it was found that
the maximum removal of dyes from their
aqueous solution reach over 95%.
Moreover, the removal and degradation rate
was increased sharply and reached a
maximum as 120 minutes, then become
constant until the end of the reaction time.
This may be due to the consumption of
hydrogen peroxide. This is in accordance
with findings in literature.
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Fig. (1} Time course of the dye removal
for different dyes.

3.2. Effect of pH

Fenton reaction is strongly affected by the
pH value since it influences the generation
of OH' radicals and thus the oxidation
efficiency. Figure (2) shows that the
remaining  concentration was  highly
affected by the pH value. The results
revealed that the optimum pH for the
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maximum removal of the color of the tested
dye was 3. At pH values above 4 the
degradation strongly decreases because
ferrous catalyst deactivated by the
formation of ferric hydroxide. Also at
higher pH values iron precipitate as
hydroxide and reducing the transmission of
light and in turn, deactivate Fenton
.oxidation reagent (or reducing the
efficiency of Fenton oxidation process,
Therefore, all the studied systems were
firstly adjusted at pH=3.
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Fig. (2): Effect of pH on the dye removal
for different dyes.

3.3. Effect of hydrogen peroxide dose
During Fenton processes the limiting
reagent is hydrogen peroxide at the
optimum pH. A significant enhancement of
removal was noticed when the hydrogen
peroxide dose increases, however up to 300
mg/l. At higher doses there was a slight
increase in the degradation of dyes. Results
obtained in figure (3) indicated that the
destruction of the tested dye in their
aqueous solutions increases by increasing
hydrogen peroxide. The effect of hydrogen
peroxide is not significantly effective at
doses higher than 300 mg/l. Also it can be
seen from figure that, the percent of
removal was over 95% at 300 mg/
hydrogen peroxide. At higher doses than
300 mg/l, there was a slight increase of dye
removal and destruction. Generally, the
removal rate of organic compounds
increases as the dose of hydrogen peroxide

L G. Rashed, A. A. Al-Sarawy, M. M. El-Halwany and H. M. Nashaat

increases until critical value, after this
critical value, the rate of removal may be
decrease or not significantly increase.
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Fig. (3): Effect of H;0, dose on the dye
removal for different dyes.
The optimum hydrogen peroxide dose was
found to be 300 mg/l, This is in agreement
with the fact that an excess amount of
hydrogen peroxide in the solution will
slightly retard the destruction and removal
of dyes, This behavior may be due to auto-
decomposition of H;O; to oxygen and water
and the recombination of OH' radicals.
Since OH' radicals react with HyO,, itself
contributes to the OH scavenging capacity,
so that H,O; should be added at an optimal
concentration to  achieve the best
degradation. We can conclude that, on using
iron as a catalyst it is essential to use the
smallest amount of iron in order to avoid
the problems associated with their
elimination.
3.4. Effect of ferrous sulfate dose
Iron in its ferrous and ferric forms acts as
photocatalyst and requires a working pH
below 4 to start the catalytic decomposition
and the removal of the tested dyes. To
obtain the optimal Fe (II) or Fe (III)
amounts, the processes were carried out
with various amounts of iron salt under
these conditions, pH=3, initial dye
concentration (50 mg/) and at hydrogen
peroxide dose of 300 mg/l. The results
shown in figure (4) indicated that the
destruction of the tested dyes in their
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aqueous solutions increase by increasing
ferrous sulfate dose, the effect of ferrous
sulfate not significantly effective at doses
higher than 90 mg/l. It can be seen from the
figure that the percent removal of dye was
over 95% at 90 mg/| ferrous sulfate. In case
of higher doses of ferrous sulfate Fe** will
be oxidized to Fe’*, which at higher pH
values precipitate and reduce the
transmission of light which is-necessary to
activate the reaction, so that ferrous sulfate
must added an optimal dose to achieve the
best removal.
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Fig. (4): Effect of ferrous sulphate dose on
the dye removal for different dyes.
3.5. Effect of initial dye concentration
The effect of initial dye concentration was
studied at constant hydrogen peroxide dose
(300 mg/l), constant ferrous sulfate dose
(90 mg/l), and constant pH (pH = 3), the
sample was drawn at different intervals
‘along the reaction time. As shown in figure
(5) we can conclude that, the removal of
the tested dyes was over 95% at low initial
concentration (25 and 50 mg/l), but in case
of high initial dye concentration (equal to
or higher than 75 mg/l), the percent
removal decreases to about 70% or less.
The optimum contaminant conceniration in
water before the photocatalytic treatment
must permit the maximum reaction rate. So,
the initial concentration of contaminants in
the wastewater can be optimized, when
possible.
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Fig. (5): Effect of intial dye concentration
on percent removal for different dyes.

3.6. Evaluation of dye removal and
destruction via COD determination

Wastewater obtained from dyeing industry
contain a various pollutants including high
content of organic matter and color problem
depending on forms of dyes, surface active
materials, and textile additive materials
used in the process. Azo dyes are resistant
to biodegradation under aerobic conditions,
whereas anaerobic color removal due to
reductive -N=N- cleavage was applied by
many researchers successfully. Fenton
oxidation process has the advantage of both
oxidation and coagulation processes.
During the process, the organic substances
are reacted with hydrogen peroxide (H,O,)
in the presence of inexpensive ferrous
sulfate (FeSO;) to reduce COD content and
color. In current study the application of
Fenton oxidation process not only led to
color removal of the hitherto prepared direct
dyes from wastewater but also led to a large
decrease in COD and in turn, might enhance
the biodegradability of these oxidized
wastewater. This adapt the resultant water
to be subjected to biological treatment. To
evaluate the effect of Fenton oxidation
process on COD removal, COD was
measured before and after the oxidation
process. Results indicated that reduction in
COD was in the range 68-77%. This
achieve a very good removal which in
accordance of the dye degradation of these
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dyes by Fenton oxidation process and, this
step must followed by raising pH again to
neutral condition to help in the coagulation
process, this will adapt wastewater to
biological oxidation especially with the
presence of remaining hydrogen peroxide
which increase amount of dissolved
oXygen.

4. CONCLUSION

The following conclusions might be drawn

as a result of application of an advanced

chemical oxidation technology (Fenton
oxidation process) for removal of the
residuals from effluents of dyeing baths:-
e The optimum conditions for the best
color removal were determined by
studying different parameters which
affect the process of chemical oxidation.
¢ It was found as pH = 3, H,O, dose =300
mg/l, Fe;SO, = 90 mg/l and reaction
time = 120 minutes.
e Fenton’s oxidation process successfully
achieved a very good removal efficiency
(over 95%) in all dyes subjected to this
study. This behavior was accompanied
with a reduction in chemical oxygen
demand (COD) in the range of 68-77%.
¢ Finally, from this study, it is highly
recommended to apply the used
technique (Fenton’s oxidation process)
as a preliminary treatment of wastewater
resulting from dyeing baths.
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