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In the present work, the electrocoagulation/electroflotation process using aluminum electrode was
applied for decolourization of solutions containing the dye yellow Sirius K-CF in aqueous media. The
experiments were performed for synthetic solutions focusing the effect of following operational
parameters on the efficiency dye coloration removal: electrocoagulation time process, applied
potential, initial pH, initial dye concentration and initial concentration of NaCl used as supporting
electrolyte in agueous media. The main results were: increasing time results in increasing of efficiency
of dye yellow Sirius K-CF color removal; the best initial pHs are 3 and 5; the better applied potential is
7.0 V, beyond which no effective improvement may be achieved. It was also observed that lower dye
concentrations provide better color removal rates. It was verified an increase in concentration of the
electrolyte did not provide better efficiency on the EC process. In the best parameters investigated,
high efficiency was observed, reaching more than 95% of decolourization,
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1. INTRODUCTION

The textile industry is recognized as a major producer of toxic wastewater, because of the large
amount of dyes used in their processes. These compounds must be treated and removed before the
wastewater can be discharged or reused [1]. The conventional methodology for textile wastewater
treatment consists in the combination of several methods, such as biological, chemical and physical
chemical treatments [2, 3]. The biological methods are not efficient because the effluents of this type
of industry are usually recalcitrant and toxic. By the other hand, the advanced chemical oxidation
processes such as UV/H,0, or O3 can be very effectively for destruction of colored materials in waste
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water, but the cost of these methods are relatively high. For the same reasons, the use of adsorption
using activated carbon is not suitable [4-7]. Electrocoagulation (EC) is a water treatment process that
uses electrical energy to dissolve metals, such as aluminum and iron, creating metallic hydroxides
within the wastewater resulting in the coagulation/flocculation of contaminants [8]. The main reactions
involved are well known and the various formed hydroxides can act as ligands to bind the pollutant
molecule [9, 10].

The electrodes can be arranged in a mono-polar or bi-polar mode. Finally, all the
electrocoagulated substances can be removed either by precipitation or by flotation. In fact, this
method is efficient for many kynds of effluents [11], such as potable water [12], food and protein
wastes [13], textile wastewater and colored wastewater [1, 14, 15, 16], heavy metals [17], industrial
wastewater [18], oil wastes [19, 20 ] and fluoride and polyvinyl alcohol [21, 22].

In this study, experiments were performed to examine the effects of the several parameters of
EC process, such as initial concentration, applied potential, pH, time of electrocoagulation and the
amount of NaCl. The best conditions were then combined to optimize the process of electrocoagulation
for complete dye removal.

2. EXPERIMENTAL

Samples of solutions were produced in order to simulate a textile industrial wastewater. For this
porpoise, it was prepared samples containing the dye yellow Sirius K-CF from Guarany[] Brazilian
industry. These synthetic wastewaters were experimentally investigated, in order to determine the
suitable operating conditions for treatment. The molecular formula of the compound yellow Sirius K-
CF, as well as it molar mass are confidential and protected by industrial patent. This way all
experiments were performed in order to evaluate the color removal efficiency R (%) using the formula:

R (%) = {Absy — Abs / Abs} x 100 9

were Absg is the initial absorbance of dye and Abs is the absorbance after the electrochemical
treatment. The absorbance was monitored by an UV/VIS spectrophotometer Shimadzu model UV-
3600, at a wavelength with the best absorbance of yellow Sirius KC-F (maximum absorbance A= 367
nm). The pH of the solutions were measured by an Hanna pH meter model 21 (0.05 precision).
Solutions of HCI and NaOH (0.1 mol dm™) were used to change the pH of the solutions.
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Figure 1. Diagram of the experimental setup for the EC process.
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The electrocoagulation scheme is shown in Fig. 1. The electrocoagulation system consisted of
an rectangular glass bath cell with 1.0 L capacity. Four aluminum electrodes (two anodes and two
cathodes) with dimension of 30 cm? each one (3.0 cm wide and 10.0 cm long) were used for the
experiments. These electrodes were interconnected by bi-polar mode. A digital DC power supply
(ICEL model) providing 0-15 V (0-5 A) with potentiostatic operational option was used for potential
control.

3. RESULTS AND DISCUSSION

3.1. Efficiency of dye removal as a function of time effect

Is well known that an increase in the electrocoagulation time provides a larger amount of
cations from the anode and hence the hydroxides species [23-25]. The effect of time of
electrocoagulation was investigated at constant potential of 4.0 V and initial pH 3. As shown in Fig. 2,
an increase in the time of electrocoagulation from 10 to 120 min produces an increase in the dye
decolourization. At this initial condition, the efficiency removal was 20% (10 min) to 45.5% (120
min).

50 — 7
n
40 - -
30 4 [ ] _
)
=
O 20 - . i
(id
10 4 ]
o4 "™ -
T T T T T T T T T T T T T
0 20 40 60 80 100 120

Time/ min

Figure 2. Effect of time of electrocoagulation process on the removal efficiency of yellow Sirius K-
CF; applied potential, 4.0 V; [NaCI] = 1.0 g L™; initial dye concentration 3.5 g L™*; initial pH 3.

3.2. Efficiency of dye removal as a function of applied potential effect

It is very known that the applied potential (and consequently current density) determines the
coagulant production rate which influences the efficiency on the total process [26, 27]. Thus, the effect
of potential on the EC process was investigated with variation from 0.5 to 12.0 V. As seen in the Fig.
3, increasing potential results in increasing efficiency of dye removal.
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Figure 3. Effect of applied potential on the removal efficiency of yellow Sirius K-CF; [NaCl] =1.0 g
L'; initial dye concentration 3.5 g L™; initial pH 3; Electrolysis time, 60 min.

The decolourization, measured in terms of removal efficiency percentage, increased from 22%
at 0.5 V to 96% at 7.0 V and 98.0% at 10.0 V. More dissolved species of aluminum are
electrogenerated at higher potentials and formation rate of AI(OH); and Al,(OH)s, increased. It is
important to note that higher potential (such as 12.0 V) obtained lower value of dye removal (78%).
For this reason, and considering the excess of electrical energy consumption for higher potentials, the
value of 7.0 V is considered as optimal in the present study.

3.3. Efficiency of dye removal as a function of initial pH
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Figure 4. Effect of initial pH on the removal efficiency of yellow Sirius K-CF; applied potential, 7.0 V
: [NaCI] = 1.0 g L™*; initial dye concentration 3.5 g L™; Electrolysis time, 60 min.

It is well known the importance of pH in the electrocoagulation process [1, 8, 11, 28-30]. The
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pH is responsable for the aluminum speciation and consequently It is one of the most important
parameters which determines the efficiency of dye removal. The influence of pH in the EC process
was investigated by adjusting the initial pH in the interval from 3 to 11. These results are presented in
Fig. 4.

The results showed that the dye decolourization was optimal with a maximum at pH 3, with
efficiency removal 88.3 %. For the basic zones (pH = 9 and 11) a significant drop in the efficiency was
observed. In low values of pH (from 2 to 3) the aluminum cationic specie is converted into soluble
species such as AI(OH),", AI(OH)?** and AI(OH); [30]. At pH between 5 and 7 these monomeric
cations can be converted into polymeric species such as Al,(OH),** and Alg(OH).5°". Flocs formed by
Al(OH); can also be obtained by a complex precipitation kinetics [16, 31, 32]. In fact, It is well known
that aluminum hydroxide dissolves at high pH and has a lowest solubility at pH between 5 and 8.

3.4. Efficiency of dye removal as a function of initial concentration of Sirius K-CF

In textile wastewater is common to observe variation in dye concentration. For this reason, the
effect of the initial dye concentration on the EC process was investigated, from 1 to 5 g L™ under
constant potential intensity. The results are shown on Fig. 5.
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Figure 5. Effect of initial NaCl concentration on the removal efficiency of yellow Sirius K-CF;
applied potential, 7.0 V; initial dye concentration 3.5 g L™, initial pH 3; Electrolysis time, 60
min.
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According to these results (Fig. 5), it was observed that the efficiency decreases when there is a
higher initial concentrations of dye. At 1.0 g L™ the efficiency removal was 80.0%, while the others
concentrations studied (2.0; 3.0; 4.0 and 5.0 g L™) obtained efficiency of 50%, approximately.

The removal pathway of the dye is the adsorption on aluminum hydroxide. So, as the applied
potential was maintained, the same amount of aluminum hydroxide species were generated by the EC
process. Consequently, the same amount of coagulating species were available to treat the effluent [32-
34]. The main consequence is that there was less coagulating species to capture dye molecules.

3.5. Efficiency of dye removal as a function of concentration of supporting electrolyte

It is known that NaCl is used as dye auxiliaries, and this is the case of yellow Sirius k-CF dye.
In fact, the NaCl favors the absorption of dye molecules in the fibers [35]. The effect of concentration
of NaCl as supporting electrolyte on dye removal efficiency was studied using concentration range
from 0.5 t0 5.0 g L™%. The results are reported on Fig. 6.
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Figure 6. Effect of initial dye concentration on the removal efficiency of yellow Sirius K-CF; applied
potential, 7.0 V; [NaCl] = 1.0 g L™; initial pH 3; Electrolysis time, 60 min.

The best efficiency was obtained with NaCl 3.0 g L™ (46.5%) but it is important to note that
there is no significant gain when the concentration of NaCl is enhanced. In fact, it was found in the
literature that the efficiency removal remained the same with increasing of the NaCl concentration.
[16].

It is known that the presence of chloride anions can produce more aluminum hydroxide,
because the anodic dissolution is increased by the CI" ions [36-38]. By the other hand, a higher
concentration of CI" can produces the pitting corrosion phenomenon, which is a disadvantage [39].
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4. CONCLUSIONS

Electroflotation is a very effective process to treat effluent containing dyes yellow Sirius K-CF.
In fact, a high efficiency was obtained, with values of 95%. The investigated parameters resulted in the
following conclusions:

The electroflotation time process is a very important parameter for electrocoagulation process.
The pH has a great influence on the EC efficiency. It was not observed, at higher values of pH,
satisfactory results with respect to decolourization. The optimal investigated values of pH are 3 and 5.
With respect to the applied potential, the better EC results were obtained with 7.0 V, beyond which no
real improvement may be achieved. The lower is the dye concentration the better is the decolourization
efficiency. When the concentration of NaCl was increased it was not noted an improvement on the
performance of the electrocoagulation treatment.
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