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ABSRTRACT

In this study, the removal of vegetable oil fronsteavater by electrocoagulation (EC) using aluminiel@ctrodes
in a batch reactor was investigated. The effeapdrating parameters such as current density, sdgde (NaCl)

concentration, pH and initial oil concentration veestudied, while chemical oxygen demand (COD) \aézutated

as an indication. The results illustrated that Imcreasing the current density the percentage remo¥a&COD

increased. The increase in the NaCl concentratiamgased the COD removal efficiency. The optimunfggHEC

was found to be 7. And finally, the COD removactiefficy decreased as the initial oil concentratisas increased
from 10 — 80 ppm.
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INTRODUCTION

Control of water pollution has reached primary impoce in developed and a humber of developing tti@sn The
prevention of pollution at source, the precautigrnaiinciple and the prior licensing of wastewaté&ctiarges by
competent authorities have become key elementsiafessful policies for preventing, controlling aratiucing
inputs of hazardous substances, nutrients and ater pollutants from point sources into aquaticsystems [1].

There is a growth in demand for new water treatntechnologies as the world’'s population increases faesh
water sources are polluted. Waterborne diseasestirisommon in developing countries due to theklaf funding
or appropriate know-how for water purification. Urefry also uses these limited water sources andohasquiesce
to lower quality raw water as a higher proportidrfresh water is required for human consumption.st®aater
treatment technologies used in both municipal aistrial applications have to be further developedrder to
reduce the pollution of receiving water bodies [Phus, more attention needs to be directed towded®loping
various means to provide people with improved watgply.

In view of the increasingly stringent environmerpalicy adopted by industrialized countries, a grayvattention
has been directed to the problem of water pollubigroil-water emulsion generated by several indalsactivities
such as refineries, machining shops, off-shordgiats, automotive repair shops and oil transpantatdistribution
and storage facilities. Oil-water emulsions notyapresent an environmental hazard to aquaticolfevirtue of
the increase in biological oxygen demand (BOD)disb threaten human life. Methods of demulsificatd—water
emulsion include chemical, mechanical and eleceotbal techniques. Chemical coagulation is caroet by
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adding salts such as ferric sulphate or aluminiulptsate to the emulsion followed by a precipitatieaction. This
method generates a high water-content sludge tiéimdant dewatering and disposal problems besgldith cost
of the coagulating chemicals. Mechanical methodsh sas ultrafiltration are limited in use becausethsf rapid
fouling of the membranes used in ultrafiltration[8lectrocoagulation is receiving an increasingeptance by
industry in view of its advantages compared to othethods [4-9]. Electrocoagulation is a simple afittient
method where the flocculating agent is generatesitinby electro-oxidation of a sacrificial anod®]. In addition,
EC has been applied to treat water containing astes [11-12], textile wastewaters [13], foodstuéfstes [14],
dyes [15], heavy metal-containing solution [16] afidoride [17]. The electrocoagulation/floatatiomopess
provides an alternative technique for removing ytalits from water and waste water. This processlieg
applying an electric current to sacrificial eledes inside a reactor tank. The electrodes gen#ratpositive and
negative ions which combine to form metal hydrogidocs. These metal hydroxide flocs combine witle t
destabilized contaminants creating metal oxides laydtoxides which precipitate. Along with ions geaton,
hydrogen gas bubbles are also generated from thedm These gas bubbles stick to the pollutaniges and
float them to surface of the water. The EC treatnechnology offers an alternative to the use ofahgalts or
polymers and polyelectrolyte addition for breaketgble emulsions and suspensions and allow foeregsihoval of
pollutants by sedimentation and flotation [18].

It was stated that coagulation occurs with theenirbeing applied, capable of removing small pkagisince direct
current applied, setting them into motion. Alsocélecoagulation could reduce residue for waste yetidn [19].

Electrocoagulation consists of pairs of metal sheatled electrodes, that are arranged in paitsrof—anodes and
cathodes. Using the principles of electrochemidting cathode is oxidized (loses electrons), wHile water is
reduced (gains electrons), thereby making the wedtz better treated. When the cathode electrodesneontact
with the wastewater, the metal is emitted into dbparatus. When this happens, the particulatesearealized by
the formation of hydroxide complexes for the pugo$ forming agglomerates. These agglomerates ediorm
at the bottom of the tank and can be removed thrdiltgation [20].

MATERIALSAND METHODS

The electrocoagulation set-up is schematically showFig.(1). The cell used consisted of a cylindfrivessel with
a 10 cm diameter and holds up to 1.5 liters. Aluamnelectrodes are used; a cylindrical anode weadfiand
mounted vertically in the cell and an aluminiumkd@athode was fixed in the bottom of the cell. Thstance
between the anode and cathode was about 0.5 craolin@e of liquid treated is 1 L. A direct curresgurce was
used to supply the system with a constant curremisitl; the effect of the electrocoagulation tresitnwas
determined by analysis of the chemical oxygen deim@©OD) at different time intervals. Synthetic esiahs of
initial oil concentration of ( 10, 40, 80 ppm) wereepared by mixing vegetable oil with distilled terawith the aid
of 1 ml/L Tween 80 and using an electric stirrespged of 1000 rpm and the suitable concentrafitiaCl.
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Figurel. A schematic diagram for the electrocoagulation cell
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RESULTSAND DISCUSSION

3.1 Effect of current density
Current density is described as the amount of atiapplied per surface area of the anode. Figyreh@ws that at

constant initial oil concentration, pH, temperatamed NaCl concentration it is found that the petaga COD
removal increased with increasing the current dgnsi

In former studies it was shown that current dersiitgngly affects the performance of electrocoaiurig11].
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Figure 2. Effect of current density on % removal of vegetable oil
(Operating conditions: &30 ppm, pH= 7 , NaCl concentration= 1 g/L , Termrgtare= 25°C)
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Figure 3. Effect of initial oil concentration on % removal of vegetable oil
(Operating conditions: pH= 7 , Current density= @®mA/cri, NaCl concentration=1 g/L , Temperature= 25°C)

3.2 Effect of initial oil concentration
Figure (3) illustrates the effect of the initial aoncentration at 10, 40 and 80 ppm. It shows thatincrease in

concentration at constant electrocoagulation tiesellts in decrease in the removal efficiency. Tighédst removal
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efficiency was achieved at 10 ppm. These resuétsraaccordance with previous studies which reatchedsame

results [21].

3.3 Effect of initial pH of the solution.
The pH is one of the important factors affecting trerformance of electrochemical process. Figurestidws the

effect of the initial pH of the solution on the pentage removal of oil at 40 ppm. In the acidiaya(pH<7), the

removal efficiency increased till it reached theutnal range (pH=7) and then it decreased back espth was
increased to the basic range (pH>7).

So the best results were achieved at pH=7.
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Figure4. Effect of pH on % removal of vegetable oil

(Operating conditions: & 40 ppm, Current density=0.016 mA/fciNaCl concentration=1 mg/T,emperature=25°C)
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Figure5. Effect of NaCl concentration on % removal of vegetable oil
(Operating conditions: &30 ppm, pH=7 , Current density=0.016 mAfcnTemperature=25°C)
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3.4 Effect of eectrolyte concentration

NaCl is usually employed to increase the condugtiof the water or the wastes to be treated, rathen sulphates
and nitrates. The presence of the chloride iorolat®n has been reported to decrease passivatitre Al surface
and thereby increase the efficiency of electroctaigun processes [22].

Figure (5) shows the influence of NaCl concentrgtianging from ( 0.5 to 2 g/L), on the percentegmoval of oil
at 30 ppm. The results show that the increasinganation of NaCl has improved the percentageilaemoval,
the optimum condition of this study was NaCl= 1 géking into consideration the slight increasehia temoval
percentage beyond 1g/L. Previous studies haveshl®aed the same behavior [23].

CONCLUSION

» The use of chemicals in electrocoagulation techmigwery limited.

» Electrocoagulation efficiency depends on variouspeters.

» Electrocoagulation can be used for effective rerhof/ail from wastewater.

* Removal efficiency increases with increasing theent density.

» The increase in electrolyte concentration (NaGlyéases the removal efficiency.
» The best removal efficiency was reached in theraktdnge (pH=7).

» The removal efficiency decreases as the initiatoilcentration increases.

» Removal efficiency increases by increasing thetedeoagulation time.
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