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Abstract. Huge quantity of produced water is salty water trapped in the oil wells rock and brought up 
along with oil or gas during production. It  usually contains hydrocarbons as oil and suspended solids 
or turbidity. Therefore the aim of this study is to treat  produced water before being discharge to 
surface water or re injected in oil wells. In this paper experimental results were investigated on 
treating produced water (which is obtained from Middle Oil Company-Iraq), through 
electrocoagulation (EC). The performance of EC was investigated for reduction of turbidity and oil 
content up to allowable limit. Effect of different parameters were studied; (pH, current density, 
distance between two electrodes, and electrolysis time). The experimental runs  carried out by an 
electrocoagulation unit was assembled and installed in the lab and the reactor was made of a material 
Perspex, with a capacity of approximately 2.5 liters and dimensions were 20 cm in length, 14 cm in 
width and 16 cm height. The electrodes employed were made of commercial materials. The anode was 
a perforated aluminum rectangular plate with a thickness of 1.72 mm, a height of 60 mm and length of 
140 mm and the cathode was a mesh iron. The current was used in the unit with different densities to 
test the turbidity removing efficiency (0.0025, 0.00633, 0.01266 and 0.0253 A/cm2).The experiment 
showed that the best turbidity removing was (10, 9.7, 9.2, 18 NTU) respectively. The distance between 
the electrodes of the unit was  3cm. The present turbidity removing  was 92.33%. A slight 
improvement of turbidity removing was shown when the distance between the electrodes was changed 
from 0.5 to 3 cm with fixation of current density. The best turbidity removing was 93.5% , (7.79 NTU) 
when the distance between the electrodes were 1 cm. The experimental results  found that 
concentration of oil had decreased to (10.7, 11.2, 11.7, 12.3) mg/l when different current densities 
(0.00253, 0.00633, 0.01266, 0.0253) A/cm2 were used, respectively with the distance between the 
electrodes was 3 cm. The best result of oil content decreasing was 10.7 mg/l with current density 
0.0253 A/cm2. These results are within allowable limit to provide the possibility of reuse the water 
and can be injected in oil wells
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1 Introduction

During the process of producing oil or gas from 
underground formations, trapped water is brought to 
surface along with oil or gas. This water is known as 
produced water in upstream oil and gas operations. On a 
global spectrum, it is found that 3 barrels of water 
produced for every barrel of crude oil. The ratio of water 
to crude oil is about 10:1 in North America, [1]. Lee et al., 
[2] found that for every 1 billion of oil, 7 bb1 of water is 
produced. Therefore treatment and disposal of produced 
water is becoming a leading economic factor in viability 
assessment of the asset and it discharges within allowable 
limit of environmental regulations. This major problem in 
the 21st century effects on quality of water because of
increasing pollution from point and non-point sources and 
become a crucial problem, particularly for the Third-
World Countries, [3]. The promising technical methods 
based on electrochemicals are electrocoagulation, electro 
flotation [4], electro decantation, and others [4-6].  
But in recent years the treatment by electrocoagulation 
(EC) has been widely used for the treatment of 
wastewater having oil wastes, turbidity or suspended 
solids [7-8], organic matter from landfill leachate [9], 
heavy metals [10], phenolic  waste. This technique has 
multi benefits [5]: such as compatibility, amenability to 
automation, cost effectiveness energy efficiency, without 
use coagulants,  safety, and versatility. This process has 
capability to overcome the disadvantages of other 
treatment methods [1].  The literature surveys 
indicated that EC has the capability of removing turbidity 
and most of the water contaminant in oily wastewater and 
produced water [11-13]. Electrocoagulation (EC) is a 
complicated process involving many chemical and 
physical phenomena that use sacrificial electrodes, such 
as Al, Fe and others, to supply ions into the water [14]. In 
the EC process, the coagulants are generated in situ by 
dissolving electrically the consumable electrodes (Fe/Al). 
The metal ions generation takes place at the anode;  
hydrogen gas is released from the cathode [15]. In the 
solution, the metal cations resulted from the anode 
oxidation combine with hydroxyl ion (OH⁻) resulting 
from water to form highly charged coagulant. In the case 
of Aluminum anode, the Al3⁺reacts with H₂O to form 
Al(OH)₃, and in the case of magnesium anode, the 
Mg²⁺reacts with H₂O to form Mg(OH)₂. The basic 
process can be summarized in Fig. 1. The aim of the 
present work is to remove suspended solid and oil from 
produced water which is obtained from Middle Oil 

Company by EC and study different parameters effect on 
removal efficiency.  

Fig. 1 Interactions occurring within an electrochemical reactor 

2 Experiment 

2.1 Characteristics of oilfield produced 
water 
Oilfield produced water used in the present study was 
kindly provided by Petroleum Research and Development 
Center staff from Middle Oil Company. 
Its chemical and physical characteristics include pH 
around (7), EC (144300μs/cm), Turbidity (120 NTU), oil 
content (46.6 mg/l), TDS (133477mg/l) and TSS 
(90mg/l). 

2.2 Materials and methods 
Monopolar aluminum and iron electrodes were used in the 
electro coagulation cell to form coagulants for the purpose 
of oil and turbidity removing from produced water. 
Experimental work was conducted at the laboratories of 
the Chemical Engineering Department of Technology 
University in Baghdad. The electrodes used were made 
with commercial materials. The anode was a perforated 
aluminum rectangular plate with a thickness of 1.72 mm, 
a height of 60 mm and length of 140 mm; these were 
perforated in order to increase the contact surface area, 
which increases the electron transfer. The cathode was 58 

constructed with iron mesh, which provides a large area 
for the reaction. For the preliminary study of the process 
variables (applied current, distance between the electrodes 
and electrolysis time) were taken., The reactor is made of 
a material Perspex, with a capacity of approximately 2.5 
liters. The dimensions were 20 cm in length, 14 cm in 
width and 16 cm height shown in Fig. 2. The electrodes 
used in this cell were variable distance. 

Fig.2 : Electrocoagulation cell 

Determination of the effect of current density on the 
reaction of electro- coagulation was carried out in a 
parallel-plate cell. In these experiments, 2 L of the sample 
produced water were transferred to the electrochemical 
cell with parallel plates as shown in Fig. 3. Once the 
water to be treated was transferred, the magnetic stirrer 
was at slow speeds), the electrodes were connected to the 
power supply by which the work circuit current (ranged 
0.2 A - 0.5 A – 1 A -2 A) was established. The initial 
turbidity was determined, and the system was then 
allowed to react, measuring turbidity at different time 
intervals. For experiments with different currents, the 
distance between electrodes was kept fixed. Once the 
experiment was completed, the procedure described 
above was repeated but with a change in the distance 
between electrodes ranged (0.5 cm, 1cm, 2cm, 3cm). 

Fig. 3 : photographic picture of EC cell at Chemical. Eng. 
Labs, Technology Unv , Baghdad. 

3 Results and discussion 

3.1 Effect of current density on the 
turbidity 

Four current densities (I=0.00253, 0.00633, 0.01266, and 
0.0253 A/cm2) were applied to examine the effect of 
current on the electrocoagulation treatment of produced 
water. The effect of current density on the turbidity 
removal efficiencies is depicted in Fig. 4 to 7.The 
removal efficiency increases with the applied current 
density. The removal efficiencies of turbidity were 91.6, 
91.9, 92.3 and 85% with residual turbidity (10, 9.7, 9.2, 
and 18) of current densities, respectively. It has been 
found that the best value is where the current density 
(0.01266 A/cm2) which gives the best results for removal 
efficiency (92.3%). The effectiveness of current density 
on increasing removal efficiency slows down at higher 
current densities. The rate of anodic dissolution of 
aluminum is increased at higher current densities, 
resulting in a greater amount of coagulant and precipitant 
production. Consequently, this results in a higher removal 
efficiency of turbidity. Bubble size decreases, while 
bubble generation rate increases with current density, 
which results in higher removal efficiency of turbidity via 
H2 flotation, in addition to this the effect of coagulation 
were agreed with this result of [16].
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Experimental work was conducted at the laboratories of 
the Chemical Engineering Department of Technology 
University in Baghdad. The electrodes used were made 
with commercial materials. The anode was a perforated 
aluminum rectangular plate with a thickness of 1.72 mm, 
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constructed with iron mesh, which provides a large area 
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and electrolysis time) were taken., The reactor is made of 
a material Perspex, with a capacity of approximately 2.5 
liters. The dimensions were 20 cm in length, 14 cm in 
width and 16 cm height shown in Fig. 2. The electrodes 
used in this cell were variable distance. 
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parallel-plate cell. In these experiments, 2 L of the sample 
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cell with parallel plates as shown in Fig. 3. Once the 
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turbidity was determined, and the system was then 
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3 Results and discussion 

3.1 Effect of current density on the 
turbidity 

Four current densities (I=0.00253, 0.00633, 0.01266, and 
0.0253 A/cm2) were applied to examine the effect of 
current on the electrocoagulation treatment of produced 
water. The effect of current density on the turbidity 
removal efficiencies is depicted in Fig. 4 to 7.The 
removal efficiency increases with the applied current 
density. The removal efficiencies of turbidity were 91.6, 
91.9, 92.3 and 85% with residual turbidity (10, 9.7, 9.2, 
and 18) of current densities, respectively. It has been 
found that the best value is where the current density 
(0.01266 A/cm2) which gives the best results for removal 
efficiency (92.3%). The effectiveness of current density 
on increasing removal efficiency slows down at higher 
current densities. The rate of anodic dissolution of 
aluminum is increased at higher current densities, 
resulting in a greater amount of coagulant and precipitant 
production. Consequently, this results in a higher removal 
efficiency of turbidity. Bubble size decreases, while 
bubble generation rate increases with current density, 
which results in higher removal efficiency of turbidity via 
H2 flotation, in addition to this the effect of coagulation 
were agreed with this result of [16].
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Fig. 4: Effect of the current density (0.00253 A/cm2) on 
the turbidity

Fig.  5: Effect of the current density (0.00633 A/cm2) on 
the turbidity 

Fig. 6: Effect of the current density (0.01266 A/cm2) on 
the turbidity

Fig. 7: Effect of the current density (0.0253 A/cm2) on the 
turbidity 

3.2 Effect of distance between the 
electrodes on the turbidity 

Four experiments were performed under fixed operational 
condition (pH = 6.98, current density I = (0.01266 
A/cm2, and electrolysis time (2-12 minutes) and altering 
distances (0.5, 1, 2 and 3 cm) between electrodes. The 
results show in Fig. 8 that the turbidity decreased slightly 
when the distance was increased from 0.5 to 1 cm (from 
7.9 to 7.79) NTU, but the turbidity increased to 9 NTU 
when the distance between electrodes was kept 2 and 3 
cm. Thus, the optimal distance was shown to be 
approximately 1 cm. This can be explained that 
decreasing the space between electrodes results in low 
resistance through the solution which in turn results in 
increasing the rate of Aluminum dissolution and Al+3

releases and consequently leads to more turbidity removal 
from the solution. On the other hand, decreasing the space 
could enhance the flotation process by limiting the 
generated bubbles in a narrow space which results in 
higher removal efficiencies.  
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Fig.  8  Effect of distance between electrodes on the 

turbidity ( t 2-12) minutes, pH = 6.98, I = (0.01266 

A/cm2) 

3.3 Effect of Initial pH 

Aluminum ions may be found in different forms and 
phases, depending on the pH and chemical characteristics 
of the solution. At pH values less than 4, aluminum ions 
that are released from electrodes can be found in the form 
of AI(H 2O )6

+3, while at a pH range of 5 to 6, aluminum
m the pH rises to higher values (5 to 8), aluminum 
changes to the form AI (OH)3. pH values greater than 8.8 
may cause dissolution of aluminum as ions again. Based 
on the effect of pH on the chemical form of aluminum, it 
is expected that electro coagulation efficiency would be 
dependent on pH, to some extent. Five experiments at 
initial pH values of 5, 6, 7, 8 and 9 were performed to 
investigate this effect. The results presented in Fig.9 
shows that the optimal residual turbidity is achieved at pH 
value of 7. 

Fig.  9  Effect of initial pH on the turbidity (t 2-12) 
minutes distance = 1 cm, I = (0.01266A/cm2). Content 
Distance = 3 cm and initial oil content 46.6 mg/l 

3.4 Effect of the current density on the 
Oil Content Distance = 3 cm and initial 
oil content 46.6 mg/l 

The results shown in Fig 10 depict the effect of current 
density on the oil content removal .It was found that oil 
content removal increases with increasing current density. 
It was found that the best removal achieved when the 
current was (0.0253 A/cm2) where the oil content reached 
(10.7 mg/l) after 10 min. The higher (0.0253 A/cm2) 
current density has no significant effect on the removal 
efficiency of oil. This is ascribed to the fact that at higher
current densities, the dissolution of anode electrode 
increases according to Faraday’s law; the resulting metal 
hydroxides produce more sludge. 

3.5 Effect of distance between the 
electrodes on the oil content 

Four experiments performed under fixed operational 
condition (pH = 6.98, current density I = 0.0253 
A/cm2, electrolysis time (2-12 minutes) and altering 
distances (0.5, 1, 2 and 3 cm) between electrodes. 
The results shown in Fig 11 display that the oil 
content decreased slightly with the distance from 0.5 
to 10.2 mg/l. Thus, the best distance was shown to 
be approximately 0.5 cm.
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A/cm2, and electrolysis time (2-12 minutes) and altering 
distances (0.5, 1, 2 and 3 cm) between electrodes. The 
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when the distance was increased from 0.5 to 1 cm (from 
7.9 to 7.79) NTU, but the turbidity increased to 9 NTU 
when the distance between electrodes was kept 2 and 3 
cm. Thus, the optimal distance was shown to be 
approximately 1 cm. This can be explained that 
decreasing the space between electrodes results in low 
resistance through the solution which in turn results in 
increasing the rate of Aluminum dissolution and Al+3

releases and consequently leads to more turbidity removal 
from the solution. On the other hand, decreasing the space 
could enhance the flotation process by limiting the 
generated bubbles in a narrow space which results in 
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3.3 Effect of Initial pH 

Aluminum ions may be found in different forms and 
phases, depending on the pH and chemical characteristics 
of the solution. At pH values less than 4, aluminum ions 
that are released from electrodes can be found in the form 
of AI(H 2O )6

+3, while at a pH range of 5 to 6, aluminum
m the pH rises to higher values (5 to 8), aluminum 
changes to the form AI (OH)3. pH values greater than 8.8 
may cause dissolution of aluminum as ions again. Based 
on the effect of pH on the chemical form of aluminum, it 
is expected that electro coagulation efficiency would be 
dependent on pH, to some extent. Five experiments at 
initial pH values of 5, 6, 7, 8 and 9 were performed to 
investigate this effect. The results presented in Fig.9 
shows that the optimal residual turbidity is achieved at pH 
value of 7. 

Fig.  9  Effect of initial pH on the turbidity (t 2-12) 
minutes distance = 1 cm, I = (0.01266A/cm2). Content 
Distance = 3 cm and initial oil content 46.6 mg/l 

3.4 Effect of the current density on the 
Oil Content Distance = 3 cm and initial 
oil content 46.6 mg/l 

The results shown in Fig 10 depict the effect of current 
density on the oil content removal .It was found that oil 
content removal increases with increasing current density. 
It was found that the best removal achieved when the 
current was (0.0253 A/cm2) where the oil content reached 
(10.7 mg/l) after 10 min. The higher (0.0253 A/cm2) 
current density has no significant effect on the removal 
efficiency of oil. This is ascribed to the fact that at higher
current densities, the dissolution of anode electrode 
increases according to Faraday’s law; the resulting metal 
hydroxides produce more sludge. 

3.5 Effect of distance between the 
electrodes on the oil content 

Four experiments performed under fixed operational 
condition (pH = 6.98, current density I = 0.0253 
A/cm2, electrolysis time (2-12 minutes) and altering 
distances (0.5, 1, 2 and 3 cm) between electrodes. 
The results shown in Fig 11 display that the oil 
content decreased slightly with the distance from 0.5 
to 10.2 mg/l. Thus, the best distance was shown to 
be approximately 0.5 cm.
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Fig.  10 Effect of current density   on the Oil Content 
Distance = 3 cm and Initial oil content = 46.6 mg/l (pH = 
6.98) 

Fig.  11  Effect of distance between the    electrodes on 
the oil content at (I=0.0253 A/cm2) (t=2-10 min) 

4 Comparisons between experimental 
and theoretical sacrificial Aluminum 
anode consumption 

A comparison between experimental and theoretical 
sacrificial aluminum anode consumption has been 
achieved by calculating the theoretical Al loss from 

the anode using Faraday’s equation and compared 
with those obtained experimentally [17].

N = 3 is the number of electrons corresponding to 
aluminum oxidation, M is the molecular weight 
(mg/mol) and f is Faraday’s constant (96 500 
C/mole), i=current (A), t= time (sec), and the second 
value is determined from the aluminum anode 
consumption by weighing the electrode before and 
after experiment. The results shown in Fig 12 and 
Table (1.1) describe the amount of Al generated 
from anode always exceeded by those calculated 
theoretically from Faraday’s equation. The reason 
for this may be due to the fact that Faraday's law 
does not take into account the impact of salt in PW 
on Metal dissolution while the salt has a strong 
effect on the rate of dissolution by increasing the 
conductivity of the solution. 

5 Conclusions

a. In Electrocoagulation method, by using different
current densities  (0.00253, 0.00633, 0.01266, and 
0.0253 A/cm2) it is found that the best current 
density is (0.01266 A/cm2) to reduce turbidity 
removal efficiency and residual turbidity up to 
(92.3%), (9.2 NTU), respectively at constant 
distance between electrodes 3cm. 
b. Experiments carried out using different distances
between electrodes (0.5, 1, 2, 3 cm) showed that the 
best distance to reduce removal turbidity up to 
(7.79NTU) is 1cm. 
c. The experimental results observed the effect of
initial pH on turbidity removal efficiency with 
electrocoagulation treatment. The best value is PH 
=7 to obtain turbidity removal efficiency (94.1%). 
d. In the electrocoagulation methods, the oil content
could be decrease to (10.8, 10.5, 9.5, 9) mg/L with 
different distances between electrodes at constant 
current (0.0253A/cm2). 
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Table (1.1):- Experimental and Theoretical Sacrificial 
Aluminum Anode Consumption 

Current 
density

A

Al
consumption

based on 
Faraday’s

law (gm Al)

Al
consumption 

(gm)
experimental

0.2 0.0111 0.01566

0.5 0.0279 0.039
1 0.0559 0.071

2 0.1119 0.17948

Fig. 12 : Measured Vs. calculated amount of Al 
released from the anode 
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Fig.  10 Effect of current density   on the Oil Content 
Distance = 3 cm and Initial oil content = 46.6 mg/l (pH = 
6.98) 

Fig.  11  Effect of distance between the    electrodes on 
the oil content at (I=0.0253 A/cm2) (t=2-10 min) 

4 Comparisons between experimental 
and theoretical sacrificial Aluminum 
anode consumption 

A comparison between experimental and theoretical 
sacrificial aluminum anode consumption has been 
achieved by calculating the theoretical Al loss from 

the anode using Faraday’s equation and compared 
with those obtained experimentally [17].

N = 3 is the number of electrons corresponding to 
aluminum oxidation, M is the molecular weight 
(mg/mol) and f is Faraday’s constant (96 500 
C/mole), i=current (A), t= time (sec), and the second 
value is determined from the aluminum anode 
consumption by weighing the electrode before and 
after experiment. The results shown in Fig 12 and 
Table (1.1) describe the amount of Al generated 
from anode always exceeded by those calculated 
theoretically from Faraday’s equation. The reason 
for this may be due to the fact that Faraday's law 
does not take into account the impact of salt in PW 
on Metal dissolution while the salt has a strong 
effect on the rate of dissolution by increasing the 
conductivity of the solution. 

5 Conclusions

a. In Electrocoagulation method, by using different
current densities  (0.00253, 0.00633, 0.01266, and 
0.0253 A/cm2) it is found that the best current 
density is (0.01266 A/cm2) to reduce turbidity 
removal efficiency and residual turbidity up to 
(92.3%), (9.2 NTU), respectively at constant 
distance between electrodes 3cm. 
b. Experiments carried out using different distances
between electrodes (0.5, 1, 2, 3 cm) showed that the 
best distance to reduce removal turbidity up to 
(7.79NTU) is 1cm. 
c. The experimental results observed the effect of
initial pH on turbidity removal efficiency with 
electrocoagulation treatment. The best value is PH 
=7 to obtain turbidity removal efficiency (94.1%). 
d. In the electrocoagulation methods, the oil content
could be decrease to (10.8, 10.5, 9.5, 9) mg/L with 
different distances between electrodes at constant 
current (0.0253A/cm2). 
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density

A
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consumption

based on 
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Fig. 12 : Measured Vs. calculated amount of Al 
released from the anode 
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