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Effective Process Conditions and Reactor Design
Parameters for Oil Separation by Electrocoagulation

S. L.J. Wijeyekoon, R. A. K. P. Abeysinghe, U. Karunaratne and M. W. Jayaweera

Abstract: Thermal power generating plants, service stations and oil refineries generate oily wastewaters
which are recognized to be a severe threat to aquatic environments. Electrocoagulation has received
considerable attention lately as a clean technology option yet absence of reactor design criteria and
scientific understanding of the complex phenomena involved remain as a drawback to its widespread
application. Laboratory experiments were conducted to determine the optimum operating parameters
such as electrode type, influent pH, initial oil concentration, electrode polarity change, electrode surface
area: reactor volume, current density and electrode spacing on COD removal efficiency. The effective
pH for oil removal is dependent on the anode material used. A pH of 4 is suitable when Al is used
..where as the effect of pH is negligible for iron electrodes. High removal efficiencies are obtained for
moderate oil concentrations of 400-500mg/1 as COD. The optimum current density and electrode
surface area to volume ratio were 46.9 A/m2 and 8.5 m?/m?® respectively. The electrode polarity switch
leads to rapid dissolution of the electrodes and improved COD removal efficiency. The developed
design parameters enable the design of low cost compact treatment units that could be powered by DC
sources for effective oil separation from wastewaters. .
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1. Introduction sources. The resulting effects on the
environment include; impact on fish
populations, destruction of phyto-planktons
and on aesthetic quality of receiving water

Industries such as edible and crude oil
refineries, petrochemical and thermal power

generation plants, service stations, restaurants bodies. Further effluents discharged to crop
etc. produce oily wastewaters that are fields badly affect soil permeability and hence
recognized to be a formidable challenge to treat crop productivity. .
and constitute a major threat to the local
environments and eco systems. In thermal The majority of oil and grease removal
power plants the oily wastewater is generated in technologies are physical separation unit
heavy fuel oil separators, machine shop, from = operations that make use of the difference in
steam cleaning in workshops, radiator cleaning, density of water and oil. However oils and fats
from fuel unloading by road tankers and during are partly soluble in -water and are present in
cleaning of engine parts. In garages, dismantling separable, dissolved and emulsified states. Most
of engines and removal of used oil from the of the technologies used remove only the
engines are the main sources of waste oil separable fraction of oils and fats and therefore
generation. In addition, waste oil is generated = has only a limited effect in reducing the COD
from repairs to crankcase, gearbox, brakes and
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load from Sueh wastewaters. Further, majority of
the oil and grease sources are either small and
medium scale industries or small service sector
entities that are located in highly urbanized or
residential areas releasing small quantities of
wastewater that do not require an
Environmental Protection Licence (EPL) to
operate. They do not have the financial
capability to invest in wastewater treatment
plants (WWTP) nor have the technical capacity
to operate and maintain WWTP and neither
. have space to locate treatment units. Thereforg
an efficient, cost effective, compact treatment
unit that do not require pre or post treatment
with simple maintenance requirements needs to
be developed for treatment of wastewaters from
such facilities. [21]

There are several methods currently practiced in
many industries to remove oil and grease from
wastewater. The most widely used methods for
free oil separation are; API and CPI separators,
three chamber pits with skimming, fat traps,
dissolved air flotation, filtration and chemical
coagulation. However conventional technology
options for oil and grease removal are capital
intensive, require larger foot print, are less
efficient and need frequent operation and
maintenance when considerable presence of
emulsified oil is encountered.

In'recent years, new and novel processes for
efficient and adequate treatment of various
industrial wastewaters with relatively low
operating costs have been explored due to strict
environmental regulations. Electrocoagulation
(EC) process has attracted a great deal of
attention lately in treating industrial
wastewaters because of its versatility and low
secondary environmental impact. This
technique has certain advantages when
compared to conventional methods such as
simple equipment with no moving parts, ease of
operation, less retention time and therefore
small foot print;, absence of external chemical
addition with ancillary dosing equipment, rapid
sedimentation of the electrogenerated flocs, less

sludge production and safe operation due to the

low voltage applied. EC could be usedas an
effective and reliable method for reducing or
removing a large variety of pollutants in
wastewaters. [16] Electro-coagulation has been
proved to be an efficient treatment method for
multitude of wastewaters. The technology has

been successfully used to treat the wastewaters
of textile [7, 30], oil wastewater [4, 6, 18, 27, 28],
restaurant wastewater [8, 11] and slaughter
house effluent [17, 19]. It is particularly more
effective in treating wastewaters containing
small and light suspended particles (e.g. oily
wastewater) because of the accompanying
electro-.flotation effect. Moreover, and perhaps
most importantly, during EC the liquid is not
enriched with anions, and its salt content does
not increase, as is the case with chemical

" treatment [21].

"It is reported that the EC efficiency is generally

high for oily wastewaters [3]. In most

applications reported, aluminium or iron are

used as electrode materials. EC has a long
history as a wastewater treatment unit.
However EC has never become accepted as a
mainstream wastewater treatment technology.
The lack of systematic approach to EC reactor
operation and the issue of electrode reliability
have limited its implementation. Nevertheless
recent technological improvements combined
with a growing need for small-scale
decentralized wastewater treatment facilities
have lead to re-evaluation of electro coagulation
as an appropriate technology [12]. Due to the
complex interaction of physical and
electrochemical processes and to the conflicting
and confusing process and design parameters

- reported, there is a compelling need for re-

evaluation of the important parameters for
rational elucidation of results and for design of
EC cells prior to the industrial application.

A simple electrocoagulating reactor is made up
of one anode and one cathode. When a potential
is applied from an external power source, the
anode material undergoes oxidation, while the
cathode will be subjected to reduction or
reductive deposition of elemental metals [20].

The scope of this study was limited to
laboratory scale, batch reactor operation for
separating the effects of various process
parameters such as electrode type, influent pH,
initial oil concentration and current density on

- oil removal efficiency, to develop reactor cell

designi criteria for electrode surface area: reactor
volume, electrode spacing and to determine the
effect of electrode polarity switch on efficiency
and electrode dissolution. V
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2. Materials and Methods

2.1 Effect of initial pH

The EC was carried out in a beaker of 40 mm
diameter and 60 mm deep and having a capacity
of 50 ml. Aluminium thin plate of size (0.23 x
10.75 x 77.00) mm was used as anode and
cathode. The plates were washed with distilled
water and then immersed to a depth of 32 mm
in the prepared wastewater. The electrode
distance was 26 mm. A variable voltage DC
power supply was connected to the circuit
consisting of an electrolyte, a precision type
milliammeter, and an adjustable resistance in
series and a voltmeter connected across the
electrodes in the bath. Seven numbers of
synthetic wastewater samples were used by
adjusting the sample pH with either HC1 or
NaOH to a value of 2.33, 3.88, 3.90 6.28, 8.04,
10.12, 12.02 with an initial COD of 290 mg/L.
The sample size was 40 ml with 30 minute
electrolysis duration at the applied current
density of 50.7 A /m2

2.2 Effect of initial concentration

The EC cell consisted of a glass beaker of
diameter 127 mm and 180 mm depth having a
capacity of 250 ml (Figure 1). Aluminium thin
plates of size (0.60 x 21.20 x 90.00) mm were
used as anode and cathode. The plates were
washed with distilled water and then immersed
to a depth of 50 mm in the synthetic wastewater.
0.185 g of NaCl was added into 200 ml of
wastewater to improve the conductivity of the
solution. The electrode distance was set at 20

Figure 1. The electrocoagulation cell with
variable DC power supply

177

mm. The circuit and electrolysis duration was as
same as described in 2.1. Eight no of synthetic
wastewater samples with initial COD of 66, 95,
104, 152, 238, 292, 333 and 419 mg/L were used
with an applied current density of 100 A /m2

2.3 Effect of current density

The EC cell configuration and the operation
were as same as described in 2.2 above. The
applied current through the 200 ml oily water
solutions were 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8,
and 1.0 amperes and samples were taken for
analysis after 30 minutes of electrolysis.

2.4 Effect of electrode material

The EC cell circuit was as same as described in
2.2 above. Aluminium and carbon plates of size
(5.15 x 22.56 x 93.00)0 mm were used as
electrodes in combinations as given in Table 1
below. The plates were washed with distilled
water and then immersed to a depth of 52 mm
in wastewater collected from thermal power
plant oily water separator outlet. 0.185 g of NaCl
was added into 200 ml of sample to improve
electrical conductivity. The electrode distance
was 20 mm with 0.001 (A) current applied
through the oily wastewater having an initial
COD of 305.9 mg/1.

Table 1. Electrode material combinations used

Run # Cathode Anode
1 Aluminum Aluminum
2 Aluminum Carbon
3 Carbon Aluminum
4 Carbon Carbon

2.5 Effect of electrode polarity switching on
COD removal efficiency

The EC cell was setup as above with aluminium
thin plates as electrodes with 17 cm2 active area
and reactor volume of 1000 ml. Initial pH, initial
COD and initial conductivity of the synthetic
wastewater were 7.25, 514.5 mg/L and 640 pS
respectively. The electrode distance was 10mm.
The applied current through the oily water
solution was 0.2 (A) and the voltage was
controlled at 30 V.

Electrocoagulation test runs were carried out by
changing the electrode polarity during each 10
minute operation. Samples were taken at the
end of each 20 minutes experimentation time
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duratior*® $or COD analysis. A control
experiment was also carried out without
polarity change.

2.6 Effect of the variation of reactor volume to
electrode surface area

Electrocoagulation test runs were carried out by
changing the reactor volume for a fixed
electrode surface area. Aluminium thin plates
were used as anode and cathode with 25.4 cm?
active area. Initial pH and initial conductivity of
the synthetic wastewater were 6.65 and 640-700
uS respectively. The electrode distance was 10
mm. The applied current through the oily water
solution was 0.2 (A) and voltage was controlled
at12 V.

2.7 Effect of electrode spacing on COD
removal efficiency

Aluminium thin plates were used as anode and
cathode with 25.4 cm2 active area. Initial pH and
initial conductivity of -the synthetic wastewater

2.9 Instrumentation used for the
experimental setup

A regulated DC power supplier (Protek dual DC
power supply 3015B) , that could operate in
constant current (0 - 1.5A) or constant voltage (0-
30V), was used to power the electro coagulation
unit.

3. Results and Discussion

Oil and grease can be separated from
wastewater by coagulation, flotation, gravity

. separation, membrane separation, absorption,

- heat

were 7.4 and 727 puS respectively. The reactor .

volume was 300 ml. The applied current
through the oily water solution was 0.2 (A) and
voltage was controlled at 12 V.

~ Electro-coagulation test runs were carried out by
changing the electrode spacing in the range of 5
to 40 mm. The COD was tested in samples
withdrawn at the end of each 20 minutes
experimentation time duration.

2.8 Analytical procedures

The COD was analysed according to Standard .

Methods [1] by the reflux method. Initial
samples were taken after homogenization of the
added predetermined quantity of oil into the
synthetic wastewater solutions. In instances
where real wastewater was used, samples were
homogenized to disrupt the phase separation by
vigorous shaking prior to sampling for analysis.
Samples for COD analysis after electrolysis were
withdrawn by a pipet, by carefully avoiding the
top surface oil film and the settled sludge at the
bottom of the beaker. The pH of the solutions
- were adjusted either by 0.5M HCl or 1M NaOH
and measured using a HANNA pH 211
microprocessor pH meter. The conductivity was
measured by CON 510 bench conductivity
meter made in Singapore.”

adsorption, filtration and by the application of
and/or chemicals for emulsion
destabilization. In electrocoagulation,
wastewater purification occurs primarily due to
coagulation, flotation and generation of heat.

Main processes which occur during EC are as
follows:

(a) Electrolytic reactions at electrode surfaces:

Anode:
M ———p Mnr+ (ag T ne

@)

Cathode:

nH,0+ ne—p (n/2) H; + nOH- @)

where M is metal ion.

(b) The formation of coagulants in aqueous
phase: :

M?*, and OH- ions generated by electrode
reactions (1) and (2) react to form various
hydroxo monomeric and polymeric species,
depending on pH range, which transform
finally into M(OH)_ according to complex
precipitation kinetics [23, 24].

(c) Adsorption of soluble or colloidal pollutants
on coagulants, and removal by sedimentation,
precipitation and/ or flotation:

Freshly formed amorphous M(OH)_“sweep
flocs” have large surface areas which are
beneficial for a rapid adsorption of soluble
organic compounds [6, 8, 10] and trapping of
colloidal particles.

Depending on the anode material, the metallic
ion in solution can be monovalent, divalent or
trivalent. According to the coagulation theory,
the efficacy of coagulation increases and the

s
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amount of coagulant (metallic cations) required
decreases with the increasing valency of the
metal ion in solution. The metal ion hydrolyses
and forms complex metallic flocs that are
responsible for adsorption of oil and sweeping
of emulsified oil droplets from the wastewater.
The simplified overall reactions can be
represented as follows: '

M+n (lq) + nHZO > M(OH)n(aq) + nH+(aq) (3)
XM(OH)aag ——>M(OH)aX (g e (4)

The electrons released at the anode can
electrolyse water and precipitate cations in
solution. Electrolysis of water molecule at the
‘cathode results in the evolving of hydrogen gas
as shown in (2), that aid in the flotation of oil to
the surface. The NaCl added to improve the
conductivity of electrolyte can precipitate at the
.cathode as shown in equation (5).

Na*+ e —» Nag

©)

The following half reactions at the anode that
evolve oxygen and chlorine gas also aid in the
electroflotation of oil.

2H;0 - 4 ————» O + 4H* oo 6)

@

Further, the splitting of water at high applied
voltage results in the heating up of the solution
- that also aid in the breaking of oil emulsions.
However heating and water splitting is
considered energy inefficient, and the low
voltages applied in this study does not make
this mechanism of oil removal a significant one.
Once the emulsion is broken, the oil droplets can
either coagulate or float to the surface and
thereby be separated from the bulk solution.

2Cl+ 2¢ ——» Clyg

3.1 Effect of initial pH

Coagulation and precipitation reactions are

highly pH dependent and therefore need pre.

and post treatment pH adjustment as the
reaction products also affect the final pH. The
pH of the wastewater solution will not only
affect the type of complexes formed but also the
- water splitting reaction as given in equation (6).
The sacrificial electrodes may also be chemically
attacked by H+ ions in acidic medium or by OH-
ions in alkaline medium [11, 22]. However,
when there is significant buffering of pH, the
effect of pH on the electrochemical reactions is
less pronounced. ' :

“4OH- - 4e = 2HO +  Opg) s

The pH of the initial wastewater solution was
varied in the range 2-12 by adding 1M NaOH or
0.5M HCI to investigate its effect on the COD
removal efficiency. Figure 2 shows the removal
efficiencies of COD as a function of the initial
pH. At the extreme pH of 2 and 12, the COD
removal efficiency is drastically decreased.
Between pH of 4 and 10, decreasing removal
efficiency is shown with increasing pH. Similar
variation is reported in [19] for aluminium
electrodes. The effect of pH on COD and oil and
grease removal is negligible when iron
electrodes are used [28]. If pH variation of the
wastewater is significant or in the alkaline .
range, aluminium as an electrode material may
not be a suitable option. However most
industrial oily wastewaters lie in the pH range

_of 5.6-8.8 and therefore pre pH adjustments may

not be required for most industrial wastewaters
treated by EC.

100 s
£
T 80
5 60
3 j
§ \
$ 40
;
o 201 o *
8
0 —— r . T T
0 2 4 6 8 10 12 14
Initial pH
Figure 2: The effect of influent pH on
COD removal efficiency

The EC reactions with aluminium electrode are
similar to the chemical coagulation reactions
using alum as the coagulant. Electrolytic
dissolution of aluminium anode produce the
Al” and Al(OH)3+ ions and complexes at low
pH and finally AlIn(OH), as shown in equation
(1), (3) and (4).

The formed aluminium polymer will settle with
pollutant oil particles by adsorption and charge
neutralization. Both processes rely mainly on
various aluminium intermediate products
formed during hydrolysis of Al*. It has been
reported that this is achieved at pH 5.0 -6.0
according to the following reactions [8]. At
alkaline solution pH, the cathode and anode
reactions respectively are: ‘

@)
®
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At acidic"solution pH, the cathode and anode
reactions respectively are:

2HO;* + 2e = H» ® REPA 5 0] @ J s —— (10)

and anode reaction;
Aly - 3e = AP'ag

The decrease of COD removal at pH< 2 and > 12
was probably due to less Al (OH), floc
formation. The AlI(OH), gelatinous floc is
thought to be responsible for the removal of
soluble COD by adsorption. The optimum pH
for alum coagulation lies between 5.5 and 6:5.
At low pH, due to the hydrogen gas bubbling,
enhanced removal is possible due to both
coagulation and flotation mechanisms. A high
COD removal efficiency of 93.1 % was obtained
at pH 4 due to this dual effect. As the alkalinity
and buffering capacity of each wastewater is
different, when aluminium electrodes are used,
a simple pH effect study would help determine
the optimum pH range for the particular
wastewater.

1)

3.2. Effect of current density

Current density is one of the important
parameters in EC as it is the driving force for
pollutant separation. The current density affects
- the rate of electrode dissolution and power
' consumption which are directly related to the
efficiency and economics of the process. As the
efficiency and treatment costs are inversely
related, optimum current density is dictated by
the level of treatment required and the
affordable cost of treatment desired.

Figure 3 represents the effect of current density
on COD removal efficiency with a 30 minute
operating time. The data exhibit significant
scatter with greater than 90%.COD removal
efficiencies at both low and high current
densities applied. The best efficiencies were
obtained (100% COD removal efficiency) for
current densities of 46.9, 140.7, 187.5 and 468.9
A/m2 at the initial concentration of 122 - 292
mg/L used. This suggests that the smaller
current densities applied are sufficient for the
~ separation of the oil and the higher current
densities used constitute a power wastage.

At high current densities, the temperature of the
electrolytic solution increases as the resistance
builds up due to ion migration and depletion.
Further, the high rate of gas evolution at high

120
g
> 100 . o o .
%] -]
H
< 801
£ . . . .
2 60
[
3 40
3
a 20
[]
© 0 . . v -
0 100 200 300 400 500
Current density (Am’)

Figure 3: The effect of current density o COD
removal efficiency

‘o

- current densities disturbs the sedimentation and

impedes settling of.the flocs. With the cell
configuration used, the optimal current density
was 46.9 A/m? considering higher COD
removal efficiency and low power consumption.

The current densities were changed from 23.4
A/m? to 468.9 A/m? which result in power
consumption of 0.75 kWh/m3 to 15 kWh/m?®.
The electrical energy consumption increases
nonlinearly with increasing current density due
to strong impact of current density on cell
voltage by means of various over potentials [19].
Kobaya et al (2005) also reported increasing
removal efficiencies at higher current densities
and concluded that 1 kWh/m? is an economic

" power consumption with a current density of

below 125 A/m?2 Xu and Zhu (2004) concluded
that for the reactor configuration used, the
optimum current density was in the range of 10
- 14 A/m? with a power consumption of 0.60 -
0.84 kWh/m?. It is clear that the current density
and the power consumption are largely
dependent on the cell configuration used and
therefore improved cell configurations would
further improve the efficiency and cost of
treatment.

3.3. Effect of initial oil concentration

-
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[ 3 (=]
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/
* *
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&
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COD removal efficiency (%)
N D
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o
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200 300
Initial COD (mg/l)

100 400

o

500

Figure 4: The effect of initial COD on
COD removal efficiency
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Oil concentration in industrial wastewater can
vary from a few mg/L up to 5000 mg/L as COD.
The concentration of oily wastewater from
thermal power plants fluctuate between 66 mg/
L to 1080 mg/L as COD and in most instances
was found to be below 500 mg/L. No single
technology would have the same efficiency of
removal for such a wide range of oil
concentration. Efficiency of removal is
technology and initial concentration dependent.
~ Very low initial concentrations are difficult to
" remove and hence efficiencies of removal are
lower. On the other hand, high initial
concentrations enhance separation depending
on the driving force applied and will
“underperform” when moderate concentrations
are encountered.

Figure 4 shows the COD removal efficiencies at
different initial COD concentrations when the
current density was 46.9 A/m? Removal
efficiencies above 50% were obtained with
higher efficiencies at high concentrations. At
higher concentrations the oil emulsion droplets
are closely dispersed and therefore there is a
high tendency and probability for the droplets
to adsorb onto the Al(OH), floc. At lower oil
concentrations longer electrolysis time may
improve the removal efficiency. The results
show that an efficiency greater than 90% could
be achieved when COD concentration above 300

mg/L.

3.4. Effect of electrode material

Different electrode materials and material
combinations can be used for electrocoagulation
of wastewater. Al - Al [7,9, 15, 18], Al - Fe [5, 12,
17,19, 29], Fe - Fe [13, 25, 28, 30] electrodes have
been used for different type of wastewaters.
Depending on the electrode material used, the
cation responsible for coagulation, the effective
pH of coagulation, the gas-bubble size, the final
quality of the water produced and the cost of
electrode replacement and the chemical and
electrochemical reactions involved are different
~ and will affect the performance and economics
of the process. Al and Fe electrodes are
commonly used as aluminium and iron salts are
used as common coagulants. However carbon
electrodes have not been investigated as the
coagulation properties of carbon are not known.

Table 2. Comparison of performance with different
anode and cathode material combinations

Anode | Cathode Initial Final COD
COD (mg/L) | COD (mg/L) | Removal
%
Al Al 305.9 147.1 51.9
C C 305.9 156.9 48.7
Al C 305.9 147.1 51.9
C Al 305.9 176.5 423

Table 2 presents the different combinations of
anode and cathode material used and the COD
removal efficiencies obtained at the initial COD
concentration of 305 mg/L. Higher COD
removal efficiencies were obtained when the
anode material was Al, irrespective of the
cathode material. Marginally lower efficiencies
were obtained when carbon was used as the

-anode material. In all combinations, the pH

change of the final solution was negligible from
the initial pH of 7.7 to 7.4 - 7.6 range. )

When Al is used as the anode material, the
coagulant is generated from the sacrificial Al
anode while H, is simultaneously evolved at the
inert cathode. The AI** hydrolyses, with
dynamic changes in the aqueous speciation of
aluminium dictating both the coagulant
availability and physical form. Initially the Al
contribute to charge neutralization of the
pollutant particles as isoelectric point is
attained. Here a sorption coagulation
mechanism occurs resulting in the formation of
loose aggregates. As time progresses, further
Al*® addition result in precipitation of
amorphous Al(OH), that contribute to pollutant
aggregation via an enmeshment mechanism.
The final stage is pollutant removal where the
coagulant aggregates interact with bubbles and
are floated to the surface or settle to the bottom
of the reactor [12].

It is known that smaller the bubble size, higher
the specific surface area and better is the
separation efficiency of a flotation process. In
addition, larger bubbles can disturb floc settling
although it can help to a certain extent the
collision frequency required for coagulation. The
production of large bubbles in EC is associated
with the structure of the electrode. The rougher
electrode surfaces of carbon electrodes can
provide larger adhering forces to bubbles and

therefore produce bigger size bubbles than when

using a smooth-surfaced Al electrode. However,

* formation of rough electrode surface is inevitable
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due to dtssolution of electrodes with continued

use. The low COD removal efficiency of carbon
electrodes can be attributed to the poor
coagulation and flotation effect.

~ Although the efficiency of removal is marginally

low for carbon electrodes, the amount of sludge
generated is visibly less due to the absence of
metal hydroxide flocs and formation of oxide
films that retard removal efficiency is also absent.
The separation is primarily due to the flotation
and most of the oil remains as a layer on the
water surface that could be easily separated. This
uncontaminated oil could be used for a
secondary purpose in other applications.

3.5 Effects of electrodes polarity switching

Passivation of electrodes due to prolong operation
and oxide film formation on electrode surface
reduce separation efficiency with use. Film
formation retard electrode dissolution and
therefore reduces coagulation. Such condition
reduces the current efficiency of the
electrocoagulation process. However conditions
that favour or inhibit film formation on electrodes
are yet unknown and more research is needed to
resolve the above. Switching of polarity may help

in prolongation of passivation of electrodes. The .

effect of electrodes polarity switching on COD
removal efficiency is shown in Fig. 5.

—e— without polarity change
—a— with polarity change

)

e
N
o

o
[= (=3
o o
2 I

N S
[=] o
L L

COD removal efficiency (%)
[=2]
(=]

o

T T T T T T

0 20 40 60 80 100 120 140
Reaction time (min)

160

Figure 5: The effect of electrodes polarity switching
on COD removal efficiency
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Figure 6: The effect of polarity switching on

After 20 minutes of reaction time, 64.8% COD
removal efficiency was achieved with polarity
change and 71.7% COD removal efficiency was
achieved without polarity change. However
with extended operation, electrode polarity
change had a consistently high removal
efficiency achieving over 90%. The final
difference in efficiency for the two modes of
operation is marginal. Electrode weight loss
data (Fig. 6) show the rapid anode dissolution
compared to the cathode with conventional
operation and almost equal rate of dissolution of
electrodes when the polarity is switched
periodically. The total electrode weight loss is
higher in the polarity switching mode that
partly explains the higher efficiency of the
process. Passivation could be the other reason
for slower electrode dissolution rate when
operated in the conventional mode.

3.6 Effect of the variation of reactor volume to
electrode surface area

A critical design parameter for EC is the ratio of
reactor volume to the electrode surface area. The
effect of the variation of reactor volume on COD
removal efficiency is shown in Figure 7. The
reactor volume was changed keeping the
surface area of electrodes constant. When
reactor volume was 300ml, the COD removal
efficiency was highest and it was 100% for 25.4
cm? effective electrode surface area. The highest
COD removal -efficiency was achieved for 8.5
m?/m3 of Surface area / reactor volume ratio
which falls within the range reported in
literature [12]. However, this parameter needs to
be optimized for the reactor configuration and
operating conditions used for a particular
application.

120
100 1
80 -
60 -
40 -
20 1

O T T T T
0 200 400 600 800

Reactor volume (ml)

S

COD removal efficiency (%)

1000

Figure 7: The effect of reactor volume on COD
removal efficiency
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3.7 Effect of electrode spacing
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Figure 8: The effect of electrode spacing on COD
removal efficiency
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Figure 9: The effect of electrode spacing on weight
loss in electrodes

Figure 8 represents the effect of the electrode-

spacing on COD removal efficiency. To explore
the effect of the electrode spacing, the electrode
surface area to volume ratio was kept constant
at 8.5m?/m?.

Over 90% COD removal efficiency was attained
when electrode spacing was less than 10 mm.
Above 10 mm the efficiency dropped below 80
%. According to the results obtained here, the
optimum electrode distance was 8 mm. This
result is consistent with the observation made in
[17] and [28]. The electrode weight loss data
(Figure 9.) clearly show the higher rate of
dissolution when spacing is 8mm and hence the
resistance is low. The obtained results help in the
design of electrocoagulation reactor cells for
effective operation.

4. Conclusions

EC was found to be an effective method for the
treatment of oily wastewaters. The effects of
operational variables such as electrode type,
influent pH, current density, initial oil
concentration, and design variables such as
* electrode polarity change, electrode surface area:
reactor volume and electrode spacing on

performance were examined. A pH close to 4 is
suitable when Al anodes are used and extremely
acidic or basic pH is unsuitable for EC. Current
density of 47 A/m?2 is preferable for having a
high COD removal efficiency in 30 minutes.
High oil removal efficiencies are obtained for
moderate oil concentrations of 300 - 500 mg/L
as COD. The COD removal efficiency depends
on anode material and the removal efficiency
was high, when the aluminium electrode was
used as anode. Higher COD removal efficiency
was achieved with polarity change and COD
removal efficiency was highest when surface
area / reactor volume was 8.5 m2/m3 and at 8
mm electrode spacing. The developed design
parameters enable the design of low cost
compact treatment units that could be powered

. by DC sources for effective oil separation from

wastewaters.
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