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Abstract
The removal of Brown HT dye from aqueous media by two electrochemical methods: electro oxidation and

electrocoagulation. A photovoltaic cell producing about 6.3 V was used as an electric power source to minimize
the process cost. Two graphite electrodes were used for electro oxidation, while iron electrodes were used for
electrocoagulation. Different parameters affecting decolorization process were examined and evaluated. The
optimum pH for maximum dye removal was about 10.0 for the two techniques. The two methods applied were
fast and causing complete decolorization within about 30 min. The rate of decolorization depends on initial dye
concentration, pH and salinity of the working solution.
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1. Introduction

One of the major challenges facing mankind
today is to provide clean water to a vast majority of
the population around the world. The need for clean
water is particularly critical in Third-World
Countries. Natural water supplies as rivers, canals,
estuaries and other water-bodies are being
constantly polluted due to the discharge of
industrial effluents as well as other anthropogenic
activities and natural processes.

Among several chemical polluting materials,
dyes are an important class of pollutants that are
consisted of two main components; chromophores
and auxochromes. Dyes have different structures
according to their type, among of them azo dyes are
the most important category of synthetic dyes. They
are characterized by the presence of azo bonds
(-N=N-) with one or more aromatic systems, which
may also have another functional group. These dyes
are widely used in a variety of industries like
textile, plastic, leather, cosmetics and food
industries. Recently, the use of edible dyes in the
food industry has a significant increase because one
of the most important qualities of food is color.
Natural or synthetic food colorants are often added
to foodstuffs and soft drinks in order to keep. The
complex aromatic molecular structures of dyes
make them highly stable and difficult to biodegrade
[1]. The appearance of color is the most obvious
indicator of water pollution which interferes with
transmission of sunlight into water streams and
therefore reduces the photosynthetic activity.

Many researches have been done on color
removal from the colored waste waters considering
various techniques, such as sedimentation [2],
biological treatments [3], ozonation [4], ion-
exchange [5], membrane technology [6],
electrochemical coagulation and flocculation [7,8]
sonochemical degradation [9], photochemical
degradation [10], electrochemical removal [11],
chemical oxidation [12] and adsorption [13] have
been generally employed for color removal.

The electrochemical oxidation (EO) is widely
used to remove colors from industrial effluents [14-
16]. These methods involve the application of
electrical current to the effluent to convert chloride
to chlorine/hypochlorite. The produced chlorine
and hypochlorite oxidize the pollutants and are then
reduced to chloride ions. Different anodes were
used successfully to treat various industrial
effluents [17-19]. The following reactions may take
place during electrolysis of the effluent. Chlorine
gas is formed at the anode according to:

2ClI'— Cl, +2¢” Q)
At the cathode:
2H,0 + 26— H, +20H" 2

in the electrochemical cell, chlorine formed at
the anode and hydroxides formed at the cathode
react to form chloride and hypochlorite.

Cl, + 20H-— H,0 + OCI" +CI 3)
both hypochlorite and free chlorine are

chemically reactive and oxidize organics in the

effluent to carbon dioxide and water.

Organics + OCI"— CO, + CI" +H,0 4

Electrocoagulation (EC) is another
electrochemical method which applies the basic
precepts of traditional water treatment [6]. In
contrast to chemical coagulation method in which
particles known as coagulants are added to
aggregate the pollutant, EC uses electrodes to
release coagulants. EC has been applied for
removal of pollutants from wastewater. It includes
the advantages like huge sludge production, process
inefficiency, and necessity of further treatment
mechanism. EC was successfully conducted for
wastewater treatment. [20-22].

Electrocoagulation process involves the electro
generation of coagulants by dissolving sacrificial
electrode like iron to form iron ions. The in situ
generation of iron cations during the EC process
takes place at the anode, whiles at the cathode,
typically H, gas production occurs. Various
reactions take place in the EC process, where iron
is used as the electrode [23]:
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a) Anodic reactions

1) In acidic pH, the electrode is attacked by H*
which enhances its dissolution by the following
reaction:

Fe + 2H" — Fe*" + H, (5)

2) Other reactions taking place in the vicinity of the
anode are:

(Under alkaline condition)

Fe’* + 20H — Fe(OH) (6)
(Under acidic condition)
Fe?" +0.250, + 2.5H,0 — Fe(OH), 7)

3) The generated ferrous ions are oxidized to ferric
ions by oxygen in the aqueous phase:

Fe?* +0.25 O, + 0.5H,0 — Fe*" + OH" (8)

4) At the anode, oxygen evolution reaction may
take place:

2H,0 — O, + 4H" + 4e” (9)

b) Cathodic reactions

H,O +2e — H, + 20H" (10)
The resulting insoluble iron hydroxides can

remove pollutants by electrostatic attraction or

surface complexation. The EC process is fast and

has an efficient rate of pollutant removal, compact

3

size of the equipment, simple in operation, and has
a low equipment costs.

The aim of this work is to evaluate the
efficiency of electrochemical-oxidation and -
coagulation techniques for the decolorization of
aqueous solutions containing the food coloring
agent Brown HT. Different parameters affecting the
removal efficiency have been reported.

2. Materials and methods

The EC unit consists of a 50 mL
electrochemical glass cell with two iron electrodes
connected with a solar cell. The inter electrodes
distance was 5 cm Fig (1). The average value
potential difference was 6.3x1 V. Sodium chloride
was added to the dye solution to accelerate the
production of coagulant and consequently increase
the decolorization rate. The pH of the working
solution was measured by HANNA pH-meter
(Italy). The dyestuff was used as a commercial salt
supplied by the Al-Nasr Company Egypt. The
chemical structure of Brown HT is shown in Fig

).

3

Fig(1) Electrocoagulation cell

1. Cell, 2. Dye solution, 3. Electrodes, 4. Photovoltaic cell

i\i H,Jx N J/j ClNa'
ELDH ‘“’f

OH

Fig (2) Chemical structure of Brown HT

The dye removal efficiency, Removal%, was
expressed as a percentage as follows (Eq. (7)):

Removal(%) = —=x 100 (11)

Where C, and C are the initial and final dye
concentration, respectively.

3. Results and discussion
3.1 Electro oxidation [EO]
3.1.1 Effect of chloride dose
This set of experiments were performed by
changing sodium chloride dose from 0.5 to 5.0 g/L
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for a dye solution (50 mL) containing 50 mg/L At
pH 8. As shown in Fig (3), increase of NaCl
content causes an increase in the decolorization
efficiency.

The presence of chloride ions plays an
important role in the electro oxidation process by i)
increase in the concentration of the supporting

electrolyte increases the hypochlorite ions
production and the cell conductivity [24] and ii)
enhancement of the destruction of organics present
in the solution which results in a rise of current
density at the same voltage which provides more
chance for the production of chlorine in the
relatively higher current densities [25].
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Fig (3) Effect of chloride concentration on electrooxidation process using graphite electrodes

3.1.2 Effect of pH

The effect of initial pH was carried out from pH
3.4 — 10.1 at electrode distance (ED) 50 mm and
time 30 min. The results Fig (4) show that about
44% of color can be removed in 10 min in case of
pH 3.4, while about 98% and 100% color removal
were observed at pH values 7.0 and 10.1,

120

respectively. So, the efficiency of color removal
was better in the alkaline solution than those in the
neutral solution and acidic solution. . The lowest
color removal rate was observed at an initial pH of
3.4. At 30 min of electrolysis, color was removed
completely at all media used.
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Fig(4) Effect of pH on electro oxidation process using graphite electrodes

These results obtained re in agreement with
previous researches [26,27]. In acidic conditions,
hypochlorous acid was predicted to be the most
species in the solution. Higher rate of
decolorization in acidic condition may be due to
higher oxidation potential of hypochlorous acid
rather than hypochlorite. At neutral and basic pHs,
the rate of reaction was lowest which can be
attributed to undesirable side reactions such as
oxidation of free chlorine to chlorate and
perchlorate, formation of chlorate by chemical
combination of HOCI and hypochlorite ions which
are at equilibrium in water, electrolysis of water

and cathodic reactions involving loss of
hypochlorite [28].

3.1.3 Effect of initial dye concentration

It was of a particular interest to investigate the
maximum loaded dye concentration on the
effectiveness of the graphite electrode in treating
MxR dye from wastewater. Fig (5) displays the
effect of different initial dye concentrations (20-80
mg/L) on the rate of dye degradation and
corresponding color removal. Total color removal
of the dyes can be achieved in the presence of
initial dye load up to 80 mg/L. The highest removal
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rate of color removal was observed at dye
concentration 20 mg/L. However, above that
concentration of MxR dye the color removal rate
did not changed. The results can be explained in

120

terms of diffusion control, assuming that
mineralization occurred on the electrode surface
mediated by OCI  ions.
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Fig (5) Effect of initial dye on electro oxidation process using graphite electrodes

At low initial concentrations, the
electrochemical reaction is faster than the diffusion.
When the initial concentration increases, more
organic molecules are transferred to the surface of
electrode and the amount of dye reduction is
increased. The OCI™ ions that are generated are
limiting in this case, and the degradation efficiency
would decrease with increased initial concentration
of the dye [29].

3.2.1 Electrocoagulation [EC]
3.2.1 Effect of chloride dose

It is important to investigate the effect of
electrolyte since actual wastewater usually contains
certain amount of salts [30]. The effect of
background electrolyte, NaCl was investigated for a
solution containing 50 mg/L Brown HT dye at
different concentrations of NaCl (1 - 5 g/L). For
each concentration of background electrolyte, the
decolorization rate was followed for 30 min. As
shown in Fig (6), with the increase of NaCl

120

concentration from 1 to 5 mg/L, the rate of
decolorization significantly increases. At the end of
electrolysis, the removal of dye color reached
100%. The supporting electrolyte increases solution
conductivity; hence it influences the generated
current and energy consumption of the removal
process. The increase in the conductivity allowed
by the addition of sodium chloride is known also to
reduce the cell voltage V at constant current density
due to the decrease of the ohmic resistance of
wastewater [31]. Many researchers have found
NaCl as the best supporting electrolyte [32,33].
Chloride ions could significantly reduce the adverse
effects of other anions, such as HCO;™ and SO,*,
by avoiding the precipitation of calcium carbonate
in hard water that could form an insulating layer on
the surface of the electrodes and increase the ohmic
resistance of the electrochemical cell [34]. In
conclusion, it may be said that higher conductivity
is more desirable for high process performance.
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Fig (6) Effect of chloride concentration on electrocoagulation process using iron electrodes.
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3.2.2 Effect of pH pH during EC affect dye solubility and hence its

To explore the effect of the pH on EC efficiency removal. Electrocoagulation favors the formation of
with iron electrode, the initial pH was examined at ferric hydroxide flocs instead of ferrous hydroxides
pH 3.0, 7.0 and 10.0 by addition of 0.1 (N) HNO; to remove organic and metal pollutants [35].
and/or NaOH. A typical progress of pH change is During EC, the cathode produces OH™ (eg. 3) and
shown in Fig (7). During the electrocoagulation the solution pH increases. The high local pH areas
process which was performed for 30 min, it can be around the anode can enhance the production of
seen that dye removal was increased with increase Fe**, resulting in improved dye removal [36]. The
in pH. Maximum removal (100%) was reached factors influencing the distribution of iron species
after 10 min for dye solution of pH 10. The during EC has been studied and it was reported [37]
solubility of iron hydroxide species strongly that solution pHs above 8.5 favor the oxidation of
depends on the chemistry of the electrolysis media. Fe** to Fe** by dissolved oxygen during EC
So, removal of dye by EC is significantly affected process.

by solution pH. Both initial pH and the elevation of
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Fig (7) Effect of pH on electrocoagulation process using iron electrodes

3.2.3 Effect of dye concentration obtained Fig (8) indicates that at higher

A set of experiments was performed with concentrations, longer time is needed for removal
different initial concentrations of Brown HT dye of dye. The adsorption capacity of the flocs formed
(10 — 40 mg/L) at pH 10 to determine the time became exhausted with increasing dye content.
required for color removal under optimum Similar results were reported for the decolorization
condition of electrocoagulation process. The results of different dyes by EC process [38-40].
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Fig(8) Effect of initial dye on electrocoagulation process using iron electrodes

4. Conclusion when a photovoltaic cell is used as a source of
It was found that the best electrodes for removal energy.

of Brown HT s iron electrodes compared to
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