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In this study, the ability of the electrochemical process to remove aqueous
high concentration phenol using an electrochemical cell with aluminum
anode and cathode was examined. The removal rate of phenol was
monitored using different parameters phenol concentration, pH,
electrolysis time, current density, and electrode distance. Obtained results
indicated that the low removal rates of phenol were observed at both low
and high pH. However, the removal rate of phenol increased with an
increase in the current density, each electrochemical process conditions
need a certain electrodes distance. removal rate of phenol decreased with
the increase in the initial phenol concentration. The maximum removal rate
of phenol obtained from this study was 82%.
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1. INTRODUCTION
Phenols were classified as a priority pollutant, due to their high toxicity to human, aquatic life,
and ecosystem even at tinny concentration. Phenol and its derivatives exist in the wastewater of many
industries, such as phenol manufacturing, pharmaceuticals, refineries, and petrochemical industries
[1]. The high concentration of phenol could be a serious obstruction for wastewater treatment
processes.
Several traditional and advanced technics have been utilized for the removal of aqueous phenol
such as chemical oxidation [2,3], microbial degradation [4,5], membrane separation [6],
photocatalytic degradation [7], solvent extraction [8], ultrasonic degradation [9], enzymatic
polymerization [10], Fenton-Like [11], adsorption [12; 13], and electrochemical oxidation [14 , 15].
Electrocoagulation is the technique using a sacrificial anode to generate an effective coagulant
which is utilized to remove pollutants by physical processes. The electrocoagulation process has
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several features like the ability to remove the smallest colloidal pollutant, reduction of a sludge
production problem, minimum space requirement, no need for addition or store chemicals, and
simple and easy to work [16].
In this study, an electrochemical cell with aluminum electrodes and Na2SO4 electrolyte was used
to investigate the possibility of the removal of the aqueous high initial phenol concentration. The
effect of several parameters such as pH, electrolysis time, current density (CD), electrodes distance,
and initial phenol concentration on the removal rate of phenol was examined as well as the
consumption of electrical energy was calculated

2. ELECTROCHEMICAL (ELECTROCOAGULATION) MECHANISM
Electrochemical process consists of the following sequence of steps: (1) electrolysis at electrodes
which generates aluminum ions at the anode and OH ions at the cathode, (2) oxidation of aluminum
ions followed by precipitation of Al(OH)3, and (3) soluble or colloidal pollutants adsorb onto
coagulants which are disposed of by physical processes. The major reactions consist of [17]:
Al0
3H2O + 3e-

Al3+ + 3eH2 + 3OH-

(1)
(2)

Reaction of aluminum and hydroxyl ions formed by equations (1) and (2) generate different
monomeric and polymeric species and convert lastly into Al(OH)3.
The overall reaction is:
Al3+ + 3H2O

Al(OH)3 + 3H+

(3)

Amorphous Al(OH)3 with a high specific surface area is useful as an efficient adsorbent for
soluble organics and a trap for colloidal pollutants. Lastly, coagulant flocs are disposed of by
physical processes [18].

3. MATERIALS AND METHODS
I. Materials
The simulated wastewater was made utilizing phenol crystal (C6H5OH) with a purity of 99.5%
and deionized water. For pH adjustment, 0.01 M sodium hydroxide (NaOH), 0.01 M sulfuric acid
(H₂SO₄) were used and employing pH meter (Crison MM40). Sodium sulfate (Na2SO4) was used to
enhance the conductivity and minimize the electrode passivation [19]. All chemicals were purchased
from Thomas Baker (India).
II. Electrochemical cell
The electrochemical cell utilized in this study is demonstrated in Figure 1, in which a glass
reaction tank with dimensions 10 × 6 × 5 cm, two parallel aluminum plates (2.5 x 3 x 0.1 cm) with
good electrochemical stability were used as anode and cathode electrodes. Also, a 60V 5A DC power
supply (Maisheng MS-605D, China) and magnetic stirrer were used.

Figure 1: The apparatus used in this study
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III. Experimental work
All experiments were performed with solutions of 250ml of deionized water, a specific
concentration of phenol, and 0.25 g/l of the electrolyte (Na2SO4). The pH adjustment was made using
0.1 N NaOH or 0.1 N H2SO4 solutions. Samples were taken at certain intervals to measure phenol
concentration. Spectrometric measurements were done by UV 9200 Biotech Engineering, with a
maximum λ of 268 nm. Depending on the measured concentration, the removal rate of phenol was
calculated.
Removal rate % =

x 100

(4)

where Cₒ and Ct are the concentration of phenol (mg/L) at times zero and t, respectively

4. RESULTS AND DISCUSSION
I. Effect of pH
The initial pH value has a significant influence on the electrochemical technique [17] and
therefore on the removal rate of phenol. The pH effect on the removal rate of phenol was investigated
in the range from 2-5, CD = 40 mA/cm2, plate distance = 4 cm, phenol concentration = 0.5 g/L,
(Na2SO4) = 0.25 g/L, and temperature at 45°C. Figure 2 illustrates the effect of the initial pH of the
simulated phenol wastewater on the removal rate of phenol. Figure 2 reveals that the lower values of
the removal rates were at high or low pH, and the maximum removal rate was at pH of 4. The
possible explanation is that at strong acidic conditions, Al (OH)3 does not precipitate due to its
amphoteric property [20]. Similarly, at the higher pH value, Al (OH)3 or Al (OH)4- forms, and this
compound is ineffective for phenol adsorption [21].
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Figure 2: pH effect on removal rate of phenol

II. Effect of electrolysis time
Batch electrochemical experiment was carried out over 90 min and at an initial phenol
concentration of 0.5 g/L and 0.25 g/L (Na2SO4), the temperature of 45°C, pH of 4, CD of 40
mA/cm2, and plate distance of 4 cm as initial conditions. As illustrated in Figure 3, the increase in the
processing time was accompanied by a rise in the removal rate of phenol until it reached 30 min.
After this time, there was no considerable increase in the removal rate of phenol. The probable causes
of these results are the decrease in the chance of contact of the pollutants with the electrode due to
the reduction in the concentration of pollutants after a specific time within the electrochemical
process and the second potential cause is the formation of intermediate recalcitrant compounds due to
the insufficient oxidation of organics [22].
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Figure 3: Effect of the electrolysis time on the removal rate of phenol
III. Effect of current density (CD)
The influence of CD on the removal rate of phenol was carried out with an initial phenol
concentration of 0.5 g/L and 0.25 g/L Na2SO4, temperature of 45°C, pH of 4, electrolysis time of 30
min, and plate distance of 4 cm, and the current density was changed from 20 to 60 mA/cm2. As
depicted in Figure 4, the removal rate of phenol increased with the rise in CD. The increase in the
current density meant an increase in the transmission of electrons, which promoted the redox
reactions of the pollutants on the electrodes [23]. Nevertheless, when the current density surpassed 40
mA/cm2, the removal rate of phenol revealed a slight and inconsiderable increase. The explanation of
these results is the generation of additional oxygen and hydrogen bubbles, as a result of the increase
in CD, limit the contact of the pollutants with the electrodes [24]. For maximal energy savings and an
appropriate removal rate of phenol, the optimum CD was 50 mA/cm2. The consumption of electrical
energy is represented in the following:
EC =

(5)

where EC is the energy consumption (kWh/m3), V is the voltage (V), I is the applied current (A),
t is the electrolysis time (min), and v is the volume of wastewater (m3). For a CD of 50 mA/cm2 and
an electrolysis time of 30 min, the energy consumption was 6.34 KW.h/m3.

Removal rate of phenol %

85
80
75
70
65
60
55
50
20

30

40

50

60

Current density (mA/cm2)
Figure 4: Effect of the current density on the removal rate of phenol

IV. Effect of electrodes distance
Electrochemical experiments were performed with four varying electrodes plates distances (3,
4, 5, and 6 cm), and with an initial phenol concentration of 0.5 g/L and 0.25 g/L Na2SO4, temperature
of 45°C, pH of 4, electrolysis time of 30 min, and current density of 50 mA /cm2 to investigates the
effect of electrodes plate distance on the removal rate of phenol. Figure 5 showed that at an electrode
distance of 4 cm, the removal of phenol is at its highest level, and a slight decrease in the removal
rate when the electrode distance exceeded 4 cm. This decrease was perhaps due to the decline in the
formation of aluminum cations, which resulted from the increase in the ohmic potential. Hence, there
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Removal rate of phenol %

was a decrease in the effectiveness of the electrochemical process [25]. The maximum removal rate
of phenol was 82%.
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Figure 5: Effect of the electrode plate distance on phenol removal.

V. Influence of initial phenol concentration
The influence of the phenol concentration was studied using varying phenol concentrations
from 0.5 to 1.5 g/L. Batch experiments were done with 0.25 g/L Na2SO4, temperature of 45°C, pH of
4, electrolysis time of 30 min, CD of 50 mA /cm2, and electrodes plate distance of 4 cm. Figure 6,
showed that the efficiency of the electrochemical cell to remove phenol is inversely related to the
initial phenol concentration. This behavior can be explained by the fact that the amount of aluminum
ions that pass to the electrolyte is the same when the density of the electric current is constant and the
amount of complex aluminum hydroxide formed is the same and independent of phenol
concentration and it stood short of coagulating the extra amount of phenol when the phenol
concentrations were raised [17].
Removal rate of phenol %
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Figure 6: Effect of initial phenol concentration on phenol removal

VI. Optimum operating conditions
The parameters of optimal operating conditions for the maximum removal rate of phenol were
established. The optimum operating conditions were pH = 4, electrolysis time = 30 min, current
density = 50 mA/cm2, electrode distance = 4 cm, and initial phenol concentration = 0.5 g/l. The
maximum removal rate of phenol at the optimum operating conditions was 82 %.

5. CONCLUSION
The present work revealed that the electrochemical treatment of aqueous phenol using
aluminum metal electrodes is an effective method. Experimental parameters like pH, electrolysis
time, current density, electrode distance, and initial phenol concentration were studied for phenol
removal. The optimal operation conditions which provided maximum removal rate of phenol of 82%
were pH = 4, electrolysis time = 30 min, CD = 50 mA/cm2, electrode distance = 4 cm, and initial
phenol concentration = 0.5 g/l.
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