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Abstract:-

This work deals with the investigation of electrocoagulation (EC) treatment of produced water Arabian Gulf oil company-
Nafoura field, Libya. Electrolysis time, pH, voltage and temperature were considered to assess the recovery of physical
and chemical species such as total dissolved solid, total suspended solid, chloride, sodium, turbidity, oil content and
chemical oxygen demand (COD). Samples were collected from different point using principle of random or probability
(Stratified samples). Optimization of electrolysis time, pH, voltage and temperature for treatment of produced water using
aluminum and platinum electrodes were shown, 10 minutes to 15 minutes were found the best suitable times to recovery
most species from produced water, 15 millivolt was found the best suitable value for treatment of produced water. There
was not a significant effect of pH on recovery of physical parameters. For chemical parameters, the pH was given a good
recovery at pH =14 for total hardness; this is might be referred to form calcium and magnesium hydroxide. For recovery
of sodium and chloride, the pH= 7 was the best value. Temperature between 20 °C to 25 °C were found the best suitable
temperatures for treatment the produced water for all the analyzed samples.
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INTRODUCTION

The growth the population and the industrial activities over the world leads to consumption and contaminated of raw
water. For this reason, the required of a new treatment technologies becomes an important issue to reducing pollution of
receiving water body ®. Electrocoagulation technique was used first time in London in 1889 to EPH - International
Journal of Applied Science | ISSN: 2208-2182 51 treatment sewage plant. Electrocoagulation (EC) has been suggested as
an advanced alternative to chemical coagulation in the pollutants that removal from raw water and wastewater.
Electrocoagulation has several advantages over the conventional techniques of coagulation, flotation,and electrochemistry
in water and wastewater treatment. An electrocoagulation use of simple equipment, ease of operation, less treatment time
and reduction or absence of chemicals addition @. Elecetrococolulation based on the principle that catians produced
electrolytically from iron or aluminum anodes, which lead to form coagulation of contaminants from an aqueous solutions.
When applying electrical current, dispersed particles due to the electrophoretic motion tend to concentrate the negativity
charged particles close to the anode. On the other hand, the positively charged particles close to the cathode. The sacrificial
anodes are used to produce divalent metals cations in the region of the anode. These cations neutralize the negativity
charged particles and electrolysis gases such as hydrogen released at anode and oxygen released at cathode ©.
Electrocoagulation (EC) is a complicated process involving many chemical and physical phenomena that use consumable
electrodes to supply ions into the wastewater stream. In an EC process the coagulating ions are produced and the steps
that taken place can be classified as (i) formation of coagulants by electrolytic oxidation of the sacrificial electrode (ii)
destabilization of the contaminants, particulate suspension, and breaking of emulsions and (iii) aggregation of the
destabilized phases to form flocs “-Electrocoagulation technique in this study is used to treatment produced water using
different conditions. Produced water is water that naturally exists immediately in the rocks before drilling and this water
usually is co-produced with hydrocarbons as natural part of petroleum production activity ). These hydrocarbons include
residual volatile compounds as well as non-volatile hydrocarbons not removed by separation regime utilized on the
platform®. The contents of the certain trace metals in some information waters that leeched from the reservoir rocks when
compared with sea water , suggested that it would be of interested to test the concept of the recovering various trace
metal from information water by passing natural gas through the water , thereby precipitating the trace metal as result of
contact with acid gases (Hydrogen sulphide and carbon dioxide) in the natural gas .

DESCRIPTION OF STUDIED AREA

The study of aera was Arabian Gulf oil company- Nafoura field. NFR field was founded in 1965 and is located south of
coast.The production of oil per day between 35,000 to 45,000 barrels and the discharged of produced water per day about
80,000 barrels. There are 359 wells in the field, including the wells of water injection, wells of observation and follow-
up of each group wells are pumped to the complex (Figure 1)
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Figurel: Image from google earth illastrated NFR field

Sampling

In according to the shape of Nafoura Lake, it is not symmetrical as illustrated in Figure 2, the major trends is not cycles
or patterns. However samples were taken in accordance with principle of random or probability (Stratified samples).The
heterogeneous population were broken down into sub-lots and a simple random samples is selected from each stratum.
To achieve that, ten samples were taken from the water surface than bulked into one composite sample.

Figure 2: Illustration location of samples
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EXPERIMENTAL WORK

Chemical and reagent

Deionized water, Chloroform (CHCI3), 0.1N Silver nitrate (AgNOs3), 0.3 N Potassium Dichromate (K.Cr,07), Buffer
solutions (4, 7and 9), 1000 ppm Potassium chloride (KCI) and 10 NTU turbidity standard.

Instrumental and devices
PH meter, Turbidity meter, conductivity meter, oxygen meter, chemical oxygen demand (COD) unit, heater, thermometer,
magnetic stirrer and direct current (DC).

Sample preparation

After the samples were collected from the lake, (0.1 M) nitric acid was added to preserve the sample till measuring. All
the samples were filtrated to remove the debris and large size of suspended particles. Samples were kept on dark bottles
to avoid any surrounded atmosphere conditions that might effecting the components samples.

Set-up of EC technique

The components for EC technique are DC power supply, three liter beaker, platinum and aluminum electrodes, wire

electric supply, magnetic stirrer, stop watch and magnetic heater (see Figure 3)

1. The DC device was connected to electrical source and then the electrodes platinum and aluminum of 10 cm x 5 cm x
0.15 dimension were connected properly to DC.

2. 1500 ml of prepared sample of produced water was putted in a beaker. The electrodes were hold using stand and then
plunged on produced water.

3. After the electrodes with placed in produced water, suitable distance between the platinum and aluminum electrodes
was 5.4 cm.

4. Magentic stirrer was adjusted to suitable speed to make the soultion homogeouns.
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Figure 2: Schematic diagram of designed EC technique

Figure 3:Set-up of EC technique

EC during the treatment of produced water

The DC device was adjusted to the working conditions such as time, temperature, pH and voltage as shown in Figure 4.
At the beginning of the reaction, a gradual change in the color of the produced sample was noticed and then bubbles
around the electrodes at meddle of reaction was noticed. This is due to electrolysis gases such as hydrogen released at
anode and oxygen released at cathode (see Figure 5). At the end of reaction, the electrodes were taken off and the sample
was filtered to remove any suspended matter (see Figure 6
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Figure 6: Shown filtration the samples after treatment.

RESULT AND DISCUSSION
Characterization of produced water samples before treatment
Table is shown physical and chemical parameters before treatment of produced water
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Tablel: Physical and chemical parameters before treatment

Parameters Value
pH 6.3
Conductivity (us/cm) 875054
Total suspended solid (mg/L) 360000
Total dissolved solid (mg/L) 525032
Turbidity (NTU) 60
Chloride (ppm) 317370
Sodium (ppm) 8970
Sulphate (ppm) 250
Oil content (ppm ) 4600

Optimization of electrocoulgaution EC

Effect of time on treatment of produced water using EC

Time was varied from 5 minutes to 30 minutes. As it is clear from Figure 7 (a & d), 10 minutes to 15 minutes were found
the best suitable times to recovery most species from produced water.
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Figure 7(a): Effect time on recavery of physical in produced water
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Figure 7 (b): Effect time on recovery of chemical parameters in produced water
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Effect time on recovery of trubidity
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Figure 7(c): Effect time on recovery of trubidity in produced water
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Figure 7(d): Effect time on recavery of sulfate in produced water

Effect voltage on treatment of produced water
Voltage was varied from 5 mV to 25 m. As it is clear from Figure 8 (a& d), there is no a significant effect of changing

volt on treatment of physical and chemical parameters, but for recovery of turbidity and oil content,15 millivolt was found
the best suitable value can be used for treatment produced water.
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Figure 8(a): Effect voltageon recovery of physical parameters in produced water
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Effect voltage on chemical parameters
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Figure 8(b): Effect voltageon recovery of chemical parameters in produced water
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Figure 8(c): Effect voltage on recovery of turbidity in produced water
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Figure 8(d): Effect voltage on recovery of oil content in produced water
Effect of temperature on treatment of produced water using EC

Temperature was varied from 5 °C to 80 °C. As it is clear from Figure 9 (a & d). Range between 20 °C to 25 °C were
found the best suitable temperatures to use for treatment the produced water for all the analyzed samples.
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Figure9 (a): Effect temperature on physical parameters in produced water
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Figure 9 (b): Effect temperature on recovery of chemical parameters in produced water
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Figure 9 (c): Effect temperature on recovery of turbidity in produced water
Effect of temperature of recovery of oil content

700
= o0 Vi e ——
E 500 /
= 400 /
% 300 '\.‘ /
= 200
o

100

0 , . : , ; : , ;
0 10 20 30 40 50 60 70 80 90
Temperature (0C)

Figure 9(d): Effect temperature on recovery of oil content in produced water

Effect of pH on treatment of produced water using EC
PH was varied from 2 to 12 using buffer solution. There is no a significant effect of pH on recovery of physical
parameters. For chemical parameters, the pH was given a good recovery at pH =14 for total hardness; this is might be
referred to form calcium and magnesium hydroxide. For recovery of sodium and chloride, the pH= 7 was the best value

(see Figure 10 (a & d)
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Effect of pH on physical parameters
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Figure 10(a): Effect pH on recovery physiacl parameters in produced water
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Figurel0 (b): Effect pH on recovery of chemical parameters in produced water
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Figure 10(c): Effect pH on recovery of turbidity in produced water
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Figure 10(d): Effect pH on recovery of oil content in produced wate
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CONCLUSION
This work has given a review of the successfully electrocoagulation application for the treatment of produced water in
Arabian Gulf oil company-Nafoura field. Optimization of electrocoagation technique has also taken place by varied time,
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voltage, temperature and pH.EC method has shown that can be used with a more efficient treatment processes and quicker
than traditional coagulation and inexpensive than other methods of treatment such as ultraviolet (UV) and ozone. This
technique unlike biological treatment which requires specific conditions, therefore limiting the ability to treat many
wastewaters with high toxicity, eletrocoagulation can be used to treat multifaceted wastewaters, including industrial,
agricultural, and domestic. Further research need to be achieved using gas chromatography mass spectrophotometer
technique; this is to fund out and investigate how EC method as efficiency method to treatment produced water to recovery
some volatile organic compounds. Also, different electrodes need to be used to using the same optimization conditions to
compare the efficiency when each pair of electrodes are used.
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