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ABSTRACT

Emulsion wastewater was synthesized by combining crude oil and deionized water, and it was
electrochemically treated with various variable parameters such as initial O/W ratio, current density, and
volumetric flowrate. A unique continuous mode system was set up to treat oily wastewater using
rectangular electrochemical reactor, in which two vertical sheets of sacrificial aluminum anode, and carbon
felt as cathode. This electrodes configuration was used to achieve hybrid electrocoagulation and
electroflotation (EC/EF) at the same time. The electrical current in electrocoagulation dissolves the
sacrificial anode, introducing AI** with a positive charge into the bulk of oily wastewater. While
electroflotation allows the formation of extremely finely dispersed gas bubbles, demulsification could be
accomplished through the addition of chemicals. The demulsification process of wastewater was indicated
by the removal of chemical oxygen demand (COD) with several parameters such as initial crude oil
concentration (100, 200, 300 ppm), current density (10, 20, 30) mA cm 2, emulsion flow rate (2, 4, 6) I/h
with operation time up to 120 minutes. The results showed that the demulsification process gave high COD
removal rate at the first 30 minutes of analysis, with current density (20 or 30) mA cm™, and the best
results coincided at the highest anode weight loss. At the same time, by comparing the treated wastewater's
initial and end turbidities, the treatment process' effectiveness was assessed. Experimental results indicated
that an increase in oil separation efficiency with increasing cathode surface area, increasing curing time,
current density, and a decrease the electrolyte concentration. It was discovered that 30—40 minutes and 30
mA cm™ were the best for oil separation.
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1. Introduction

Free oil, emulsified oil, and suspended solids are the main wastewater contaminants connected to crude oil
storage, desalting, and fractionation. During storage, water and suspended particles in crude oil are separated.
The sludge at the bottom of the oil layer is made up of the water layer. When the water layer is removed,
emulsified oil at the oil-water interface commonly ends up in the sewers. Both the chemical oxygen demand
(COD) and the biological oxygen demand of this waste are high (BOD). One of three sources typically
provides the wastewater from the fractionation of crude oil. Water taken from above accumulators serves as
the primary source, followed by recirculation or hydrocarbon transfer to other fractionators. The second
source of trash is the discharge from oil sample lines. Although it ought to be able to be separated, emulsions
might form in the sewage. A third waste source is the extremely stable oil emulsions that develop in the
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barometer condensers used to lower the pressures in the vacuum distillation units [1].

Water quality has become a major issue for Third-World countries due to pollution from point and non-point
sources, making water and energy critical issues for the twenty-one century. [2]. Oil is the scattered phase in a
two-phase dispersive system with water as the continuous phase for oily wastes [3]. Stable oil-in-water (O/W)
solutions are emulsions that disperse oil droplets in water. [4]. Surfactants increase emulsion stability and
make it more difficult to remove oil droplets. Surfactant creates a coating to stop oil droplets from coalescing.
The concentration of the surfactant affects the stability of the emulsion. [5].

By dissolving sacrificial anodes under the influence of an applied voltage, active coagulant precursors are
produced as a result of the electrochemical technology known as electrocoagulation, which is used to
remediate contaminated water. The process of electrocoagulation, which removes contaminants from
wastewaters by means of a number of processes working in concert, is complex. [6].

The AI** ions produced hydrolyze right away to create the appropriate hydroxides and/or polyhydroxides with
an insufficient pH. According to reports, compared to those produced by traditional Al coagulants, the A%
hydroxides and polyhydroxides from the electrochemical dissolution have a greater affinity to collect the
contaminants in the wastewater. This results in more coagulation. Additionally, the gas bubbles that develop
as a result of water electrolysis can cause coagulated materials and contaminants to float. Consequently,
electroflotation could also be crucial in an electrocoagulation cell. [7].

Al dissolution and electron transfer are prevented by the development of an inhibitory layer on the surface of
the Al electrode, restricting Al3+ to the solution. As a result, the EC system is often built to function in a high
voltage environment, typically greater than 10 V, in order to dissolve the inhibitory layer. Because of this,
applying a high voltage for prolonged operation results in considerable energy consumption and a high
likelihood of electrode destruction [8]. Pollutant removal from wastewater has utilized a variety of processes,
such as coagulation-flocculation, Fenton process, Chemical sedimentation [9], and adsorption. However ,these
techniques are severely constrained because using large chemical concentrations to clean wastewater may
result in secondary contamination [10]. EC is a cost-effective and environmentally benign technology for
treating wastewater compared to other approaches [11]. Through the electrolytic oxidation of iron or
aluminum sacrificial anodes, coagulants are produced in-situ in EC [12]. The EC produces coagulants that
help remove contaminants by adsorption or precipitation [13]. A number of different types of wastewater,
including those containing oil [14], fluoride and arsenic [15], dyes and suspended particles [16], surfactant,
chromium ions [17], and phosphate, have been effectively treated using electrocoagulation/electroflotation
(EC/EF)[18].

2. Material and methods
The Experimental objectives of the study work including the two main steps which are:
2.1. Electrodes: -

Anode Electrode, this electrode is the sacrificial anode electrode used as the anode electrode in the cases
where the cathode is carbon felt. The aluminum dimensions were, thickness of 1 mm, width 5 cm and length
10 cm, with a high purity that reached 99. 178 %.as it was tested by VAC 34mm analysis by Brucker AXS-D-
76187 Karisruhe, Germany, Fig.1. A.

Cathode Electrode, thickness of 5 mm, width of5 c¢cm, length of10 cm, porosity; 0.94, weight per unit
volume; 0.5 kg/mZ.Density; 0.12 kg/ m* carbon content; > or = 99% and ash content; < 0.01, supplied by
Shanghai Carbon Material Company (Taiwan), Fig .1, B
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Figure 1. A. Sacrificial anode, B. cathodes.
2.2. Experimental Reactor Design:

As shown in Fig. 2, the experiments were carried out in a laboratory making electrochemical cell (reactor) of
pure transparent Perspex(cuboid) plate thickness 6 mm. With internal dimensions (5 * 11.3 * 17.7 cm), the
continuous flow EC/EF reactor is made of Perspex (Poly (methyl methacrylate)) with a fixed volume that
provides an emulsion flow of 1000 ml (counter current flow). The reactor contains three holes, two at the top
(one with a diameter of one cm to enter the emulsion through a perforated tube with holes 5 mm in diameter,
and the other as a groove for the exit of sludge in front of it), and the last hole at the 1.5 cm from the bottom
of the cell, for the removal of treated water through a tube like the upper tube, its holes are for the bottom to
not blocked by sedimentary solid sludge contaminants. The electrodes used in the continuous conduction
process were aluminum - carbon felt. The electrodes dimensions arel.5mm thick and 5, 5 cm wide and 10,10
cm thick for aluminum and carbon felt, respectively, connected to other parts of the treatment system water

emulsion, treated by the hybrid EC/EF process.
A -
o

Figure 2. Shape of the EC/EF experiment reactor

3. Theory of hybrid EC/EF treatment

This section describes an oil/water emulsion that has been prepared by mixing crude oil brought from a Najaf
refinery and deionized water purchased from the local market, for the purpose of treatment and study by
hybrid EC/EF method. In addition, study the effect of different operating parameters (10, 20, 30 mA/cm?
current density, 100,200, and 300 ppm initial crude oil concentration and 2,4 and 6 L/hr O/W emulsion
flowrate) on COD removal efficncy, electric power consumption (SEEC), current efficiency (CE) from oil
refining wastewater in case of fixed 1 cm distance between electrodes. The materials and devices used in this
study are mentioned below. The tests that will be approved during the research are also mentioned.

4. Analysis of O/W Emulsion Samples

1. The analysis of deionized water was carried out in the laboratories of the Al-Hilla water department
and the Al-Muimira sewerage, as for the analysis of crude oil, it was carried out in the Quality control
laboratory within the Al-Najaf Al-Ashraf Refinery.

2. Asynthetic laboratory stable emulsion that was used in the EC/EF reactor. It was made by mixing the
specified amounts of crude oil (100, 200, and 300 ppm) with deionized water at room temperature
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using a high-speed mixer (IKA® RW 16.USA) at 1500 rpm for 60 to 80 minutes. A sufficient amount of
sodium chloride solution (1500 ppm), produced separately, was added to increase electrical
conductivity.

3. The emulsion O/W was tested for its properties as shown in Table (1) using a method or instrument
for each test and then acidified and kept at a temperature of less than 4°C in the refrigerator to be
prepared for analysis operations after adding the digestion solutions and catalyst.

Variable, (unit) value
pH 7.8
Temperature ('C) 36
Total Hardness (TH) 200
Alkalinity (as CaCOsmg/L) 238
Conductivity Ec (ps/cm) 3400
Turbidity (NTU) 130
Sulfates as SO* (mg/L) 14.4
Chlorides as CL™ (mg/L) 101.2
Nitrates as NOz” (mg/L) 0.007
Total Solids (TS mg/L) 2050
Total Dissolved Solid (TDS mg/L) 1730
Total Suspended Solid (TSS mg/L) 320
Chemical Oxygen Demand (COD mg/L) for 100 ppm crude oil 1108
Chemical Oxygen Demand (COD mg/L) for 200 ppm crude oil 1124
Chemical Oxygen Demand (COD mg/L) for 300 ppm crude oil 1141

Table 1. Synthetic petroleum oily wastewater emulsion properties.

5. Results and Discussion

The efficiency of the EC/EF process was primarily assessed by monitoring DOC. The efficiency of DOC
removal was expressed as:
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COD (t=0)-COD t %100

COD Removal (%) =—~ (t=0) ?

5.1. Effect of an initial crude oil concentration

Fig. 4, 5 and 6 shows the COD Removal efficiency with the effect of increase an initial O/W emulsion
concentration (100,200, and 300 ppm) for 30 mA/cm? current density with O/W flow rate to the treatment
reactor 2, 4 and 6 L/hr. The COD removal efficiency decreased with increase the initial O/W emulsion
concentration were 96.93,80.24 and 76.51%, for 2 L/hr O/W emulsion flow rate, the COD removal efficiency
were 89.07, 87.81 and 74.19% for 4 L/hr O/W emulsion flow rate, the COD removal efficiency were
84.11,80.54 and 66.37 for 6 L/hr O/W emulsion flow rate, respectively. From the above results it appears very
clearly that the efficiency of demulsification is directly proportional to the residence time of the emulsion in
reactor (low O/Wemulsion flow rate), also, the COD removal efficiency is directly proportional to the increase
in current density applied, while it is inversely proportional to the increase in the concentration of the initial
O/W emulsion concentration. The decomposition of oil droplets resulting from anode dissolution is
particularly effective at low oil concentrations. Less efficient breakdown of oil droplets can occur with higher
emulsion O/W concentration. Hence, EC process is less effective at emulsion O/W concentrations o4ver 100
ppm, this finding was largely agreed with another researcher [19].
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Figure 4. COD removal efficiency vs time with different concentrations of O/W. Al-C-felt electrode, current
density 30 mA/cm?, volumetric flowrate 2L/hr.
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Figure 5. COD removal efficiency vs Time with different concentrations of O/W. Al-C-felt electrode, current
density 30 mA/cm?, volumetric flowrate 4L/hr.
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Figure 6. COD removal efficiency vs time with different concentrations of O/W. Al-C-felt electrode, current
density 30 mA/cm?, volumetric flowrate 6L/hr.

5.2. Effect of Current Density

For an initial crude-oil concentration of 100 ppm (Co equal to 1108 mg/L initial O/W initial emulsion
concentration) with increase current density (10,20 and 30 mA/cm2) and O/W emulsion flow rate. Fig. 7, 8
and 9 shows the COD removal efficiency were 66.6,82 and 99.8% for 2L/hr O/W emulsion flow rate, for
4L/hr O/W emulsion flow rate, the COD removal efficiency were 36.9,43.6 and 98% and for 6 L/hr O/W
emulsion flow rate the COD removal efficiency were: 45.9 ,52.7and 83.73%, respectively. At the total
treatment time (120 min), the EC/EF results of the O/W treatment showed that the current density had a
significant effect on COD removal efficiency, The improved COD removal efficiency increases with
increasing current density of 10-20-30mA/cm2. Using O/W emulsion with an initial concentration of 100ppm,
and a volumetric flow rate of 2 L/hr, Figure (4-1) shows the COD removal efficiency with time at various
current densities. It was obvious that increasing current density led to a higher final COD removal efficiency
of contaminants. This may be explained by the fact that when current density rises, the rate of anodic
dissolution of aluminum rises due to the formation, and release of Al3+ on the anode's surface. Resulting in a
greater amount of coagulant, and flocs formation. As a result, the removal of organics has become more

efficient. Significantly in fact, these observations are largely in agreement with previous investigations by
[20].
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Figure 7. The effect of changing current density on the effectiveness of removing COD during EC/EF of O/W
treatment, Al- C. felt electrode; initial O/W conc.100ppm; volumetric flow rate 2 L/hr.

15



PEN Vol. 9, No. 3, March 2021, pp.10-13

—0—c.d=10mA/cm?
—dk—c.d=20mA /cm*
—f—c.d=30mA/cm?

80

60

40

20

COD removal %

0 20 40 60 80 100 120
Time(min)

Figure 8. The effect of changing current density on the effectiveness of removing COD during EC/EF of O/W
treatment, Al- C. felt electrode; initial O/W conc.100ppm; volumetric flow rate 4L/hr.
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Figure 9. The effect of changing current density on the effectiveness of removing COD during EC/EF of O/W
treatment, Al- C. felt electrode; initial O/W conc.100ppm; volumetric flow rate 6L/hr.

5.3. Effect of emulsion volumetric flowrate

The effect of increasing flow rate on decay COD removal efficiency ratio is shown starting in the Fig. 10, 11
and 12, initial O/W emulsion concentration 100 ppm, and current density of 10,20,30 mA/cm?, respectively.
for a current density of 30 mA/cm?, the COD removal efficiency was decreased from optimum results 99.8%
at 2L/hr O/W emulsion flow rate to 98% at 4L/hr O/W emulsion flow rate and 83.73% for 6L/hr O/W
emulsion flow rate, respectively). The best COD removal efficiency (99.8%) results were obtained with a
flow rate of 2 L/hr and current density of 30mA/cm?. Fig. 10 show the optimum condition which give the
most efficient removal of COD under 100ppm O/W concentration,30mA/cm? current density were (99.8%,
98% to 83.73%) respectively. Exactly as expected, the COD removal efficiency of emulsions O/w was found
to decrease when the flow rate was increased from 2,4-6L/hr in the continuous operating mode. As slower
flow rate increases uptime. A higher run time means that the untreated wastewater solution stays in the EC/EF

reactor for a longer time, which in turn provides a longer reaction time. This is consistent with what was
achieved by researchers [21].

50

—0— Q=2 lit/hr
—— Q=4 lit/hr
—— Q=0 lit/hr

40
30
20

COD removal%

10

0 20 40 60 80 100 120
Time(min)

16



PEN Vol. 9, No. 3, March 2021, pp.10-13

Figure 10. COD removal efficiency vs time with different O/W emulsion flowrates 100 ppm O/W. Al-
Carbon.felt electrodes, current density 10 mA/cm®.
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Figure 11. COD removal efficiency vs time with different O/W emulsion flowrates 100 ppm O/W. Al-
Carbon.felt electrodes, current density 20 mA/cm?.
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Figure 12. COD removal efficiency vs time with different O/W emulsion flowrates 100 ppm O/W. Al-
Carbon.felt electrodes, current density 30 mA/cm®.

6. Conclusions

This study looked at the treatment of oily wastewater utilizing a well-designed single electrochemical reactor
and hybrid electrocoagulation/electroflotation (hybrid EC/EF). The demulsification process of the created
emulsion by extensive mixing of crude oil with water for various O/W emulsion concentrations was studied
and investigated. The COD elimination efficiency was determined.

The O/W starting concentration (100, 200, and 300 ppm) and current density (10, 20, and 30 mA/cm2)
throughout the 120 minutes of continuous treatment reactor were the most crucial operational conditions
employed in the demassification process in the EC/EF process. The effectiveness of the EC/EF process's COD
elimination was investigated using Al-C felt electrodes. For O/W emulsion flowrates of 2, 4, and 6 L/hr, the
Al-C felt offered COD removal efficiencies of 44.43, 32.16, and 21.64 percent, respectively.

Results indicated that the hybrid EC/EF process was found to be an efficient demulsification process for the
removal of COD. The hybrid EC-EF method is favored over other types of procedures because it combines
the operational and process units into a single electrochemical reactor, requires no chemicals, is easy to use,
has a quick reaction time, and is extremely effective for treating oily wastewater. The results after the active
treatment period (20-30 minutes) demonstrated that felt electrodes could be used in a continuous hybrid
EC/EF process with COD removal efficiencies of 58,51 and 1.05 percent for 2,4 and 6 L/hr O/W emulsion
flowrates, respectively, for an initial O/W emulsion of 300 ppm and 30 mA/cm2 with Al-C.felt.
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