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ABSTRACT

The applicability of electrocoagulation process for the treatment of battery industry wastewater and synthetic
wastewater containing copper, lead, nickel and zinc was investigated in this work. The electrocoagulation
experiments were carried out in an electrochemical reactor using a bipolar aluminum electrodes arranged in
parallel. Experiments were carried out at voltage of 9, 12 and 15 volts, pH of 3, 7 and 10, initial ion concentration
of 50, 150, 250 mg/I and contact time of 5, 10, 20, 30, 40 and 60 minutes. Effects of operating parameters such as
contact time, pH, voltage, initial metal concentration were studied. For the single treatment of the synthetic
wastewater, the optimum pH was 3 for copper, 10 for zinc and 7 for lead and nickel. The efficiency of removal
increased with the increase in voltage, time and initial metal ion concentration. The process was successfully
applied in the treatment of an industrial effluent from a local battery producing company where the concentrations
of copper, lead, zinc and nickel were reduced below the permissible limits at 60 minutes. The result of this study
shows that electrocoagulation process is a reliable and efficient method of removing heavy metals from industrial
wastewater .
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INTRODUCTON

Water pollution by heavy metal ions has become afrtée world wide environmental problems due to yapon

explosion, urbanization and industrialization. Heawetal ions are reported as priority pollutantsg do their
mobility in natural water ecosystems and due tar ttoxicity [1]. These heavy metals are not biodgetable and
their presence in streams and lakes leads to hioadation in living organisms causing health profdein animals,
plants, and human beings [2].

Effluents generated from these waste generatingstnig¢s contain metal ions whose concentrationhigteer than
the permissible limits and are regarded as toxicancinogenic. As a result of their high toxiciipdustrial

wastewater containing these heavy metals mustelaget before being discharged in the environmegmples of
toxic heavy metals are zinc, copper, nickel, mercoadmium, lead, chromium, etc. Wastewater coirtgiheavy
metal ions are generated in several industries agchmetallurgical, electroplating, photo developtn@ocesses,
paint, battery technologies, mining operationgjlieer, tanneries, paper, pesticides, pharmacalstietc.

Zinc is a trace element essential for human heliltb.important for the physiological functions lofing tissue and
regulates many biological processes. However, taohnzinc can cause eminent health problems sushoasach
cramps, skin irritations, vomiting, nausea and anef8]. Copper as an element does essential worknimal
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metabolism but the excessive ingestion brings @uitoss toxicological concerns such as vomiting,mps,
convulsions, or even death. Lead is a pollutart itharesent in drinking water and in air. Leakmwn to cause
mental retardations, reduces haemoglobin productemessary for oxygen transport and it interfergh wormal
cellular metabolism [4]. Lead has damaging effamtsbody nervous system. Nickel, exceeding its caitievel
might bring about serious lung and kidney problefrsd it is known that nickel is human carcinogeh PBeavy
metals are the more environmental priority pollitand should be removed from the wastewater toeptdhe
people and environment. Consequently, many tecksidqwave been used in the removal of heavy metat fro
aqueous solutions containing them. The currentigcies for the removal of heavy metal ions from teasiter are
broadly non electrochemical and electrochemicalhot. The non electrochemical methods are adsarptio
chemical precipitation, ion exchange, membrane, brarre filtration (ultrafiltration, nanofiltrationna reverse
osmosis), flotation, coagulation and flocculatidme electrochemical treatment methods are elecugdation,
electrodialysis, electrowinning, electrodepositietectroflotation and electrodeionization. Although the heavy
metal wastewater treatment techniques can be emghlay remove heavy metals, they have their inherent
advantages and limitations. The drawbacks othdmiguoes have necessitated the search for a lowedfesitive
method, a close recycle system or so-called efflfree technology such as electrocoagulation [6].

Electrocoagulation (EC) is an alternative techggléor wastewater treatment and recovery of vaklablemicals
from wastewater [7, 8]. Electrocoagulation useshemicals as coagulating agents. These are gedehatig the
electrolysis process by electro-dissolution of arifiaial anode made up of aluminium or iron [6]hd main

advantages of electrocoagulation over other comwesit techniques are “in situ” delivery of reactiagents and
compactness (Phalakornkule, 2010). Electrocoagumgirocess is attractive because of its simplicftpperation,
control and effective removal efficiency. Electragolation technology has successfully being useldrireatment
of heavy metal containing solution. It has beerceasfully used for the treatment and remediatiotextile waste
water [9, 10], suspended solids [11], heavy mdfids 13], leachate [14, 15], Electroplating wastw§16], Olive

oil wastewater [17], Biodiesel wastewater [18] eftis paper reports the efficiency of electrocoatiah in

removing metallic ions from aqueous solutions aatidoy industry wastewater.

MATERIALSAND METHODS

Preparation of synthetic solution

Analytical grade reagents were used in preparingkssolutions from which the various working sabuis were

obtained by diluting to the required concentratibhe stock solution of the different metallic saltsre prepared by
dissolving 1.485, 4.56, 4.397 and 3.250g of PhEDSQ, ZnSQ.7H,0 and Ni(NH),SO, respectively in 1000ctn

of distilled water.

Experimental setup

The electrocoagulation reactor was fabricated uaid@Oml cylindrical glass beaker. Aluminum rodshadiameter
of 0.8cm, length of 12.2cm and electrode distarfcesm were used as electrodes for the experimef@geactor
with monopolar electrodes connected in parallel amégulated direct current supply (0-15V, 1.5Ampdwn in

Figure 1 was used for the electrocoagulation pmacEse sacrificial electrodes were placed betwhenwo parallel
electrodes without any electrical connection. Tk arrangement provides a simple set up whicliti@es an easy
maintenance during use. When an electric currepassed through the two electrodes, the neutraksid the
conductive rods will be transformed to charged sidéich have opposite charges compared to thelplasaie

beside it.

Experimental procedure

The experiment was carried out at room temperatuasd00ml beaker in which the synthetic solutiamples were
filled up to 200ml and slowly stirred with a magedbar stirrer at 150 rpm. The working solutionsreverepared
from the stock solutions with their pH adjusteddither adding dilute HCI or NaOH. The electrodesengleaned
with sand paper to remove the passivation layerrarsed with deionized water and also dipped intbdf HCI for
1minute to energize them. The electrodes were weelidiefore and after each run. 0.5g of KCI was addexery
treated solution to prevent passivation on the aliuvm electrode surface and decrease the ohmic, das
increasing the conductivity of the water been &dafThe polarity of the cell was reversed every iBoies to
reduce the formation of the passivation layershendlectrodes. Direct current (DC) power supply wsed to pass
0.9, 1.2 and 1.5amp currents at 9, 12 and 15V otisply. After each experiment, the treated wastewavas
filtered using Whatman No.1 filter paper. The residheavy metals concentrations were determinatjusiomic
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Absorption Spectrophotometer (AAS). After each riirge electrodes were dipped in acetone for 5Smiretoove
impurities.
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Figure1: Electrocoagulation reactor

Effect of pH

EC process is highly dependent on the the pH o$dtietion [19, 20]. ThepH of the the medium chahdaring the
process. This change is dependent on the typesofretle material, initial pH and the alkalinity. pieasurements
are important in showing the type of dominant reect at the anode and cathode electrodes. Thisawsemwas
attributed to the formation of soluble *Alcations at strong acidic pH and to the formatibrmonomeric anions
Al(OH)’, at strong alkaline pH, therefore, the formationtttdse species are not constructive for waterrtrewat
process. The pH increases at low initial pH of ks 7 owing to the evolution of hydrogen and gatien of OH
ions at the cathodes. But at pH greater than 7finhépH does not change significantly becausegdeerated OH
ions at the cathode are consumed by the generatéibrs at the anode forming the needed Al(©H)cs.

In this work, experiments were conducted usingtamig of Cd*, Zr**, P and Nf* of 250mg/l each in the initial
pH range of 3-10. From the figure 2, the removéitiehcy of the metals at 20mins of electrolysimdi constant
voltage of 15V was above 92%. For copper the highemoval efficiency of 99.67% was recorded at pH 3
Subsequently the efficiency deceased as pH inale&s® lead and nickel, the removal efficiency eased as pH
increased from 3 to 7 and finally it slightly deased at pH of 7. The highest removal efficiency vea®rded at pH
7. Other researchers recorded decrease in remffia¢recy at strong acidic and a slight increasevigak alkaline
solution [6, 16]. It was ascribed to an amphotéebavior of Al(OH) which leads to soluble Al cations (at acid
pH) and to monomeric anions Al(OH)at alkaline pH). The removal efficiency of zimcieased as pH increased
from 3 t010. The highest removal efficiency of @®&was obtained at pH of 10.

Effect of Voltage

The voltage is the product of the current deliveredhe electrode and its resistance to flow. kedaines the
coagulant dosage rate, the bubble production radeseze and floc growth resulting in a faster reaigate [21]. In
order to evaluate the effect of voltage on thecidficy of removal of the heavy metals from the wastter, a
number of experiments were carried out at differmitage of 9, 12 and 15V at constant initial cortcation of
250mg/I for 20 mins, and pH of 7 for lead and nické of 3 for copper and pH of 10 for zinc. Froigure 3, it
can be seen that the removal rates of the heavglsniecreased with increasing voltage. As the gatacreased
the efficiency removal also increased for all thetats, as shown in fig.3. The removal efficiency98f67, 98.66,
98.26 and 98.55% was recorded for copper, leadkehi@nd zinc respectively at 15volts.This also ige do the
oxidation and reduction reactions which take pliacthe reactor. This is attributed to the fact thahigh voltage,
the extent of anodic dissolution increased andatheunt of hydro-cationic complexes resulted in éase of the
removal efficiency [6].
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Fig. 2 : Effect of pH on heavy metal removal
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Fig. 4: Effect of time on theremoval of copper
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To examine the effect of initial metal ion concatiobn on the removal rate at varying time, sevesgleriments
with different initial concentration of 50, 150 a@80mg/| of zinc, lead, copper and nickel at a tamisvoltage of
15V and different times of electrolysis was carrged. Figures 4 to 7 show the change in the rematal of heavy
metals with varying initial concentration. They ahowed the same trend. The removal efficiencyeimsed with
increase in contact time. At 250mg/l, which is tlighest initial metal ion concentration, the médal concentration
reduces significantly in relatively less than loveencentration, as was observed during the expetinBait lower

initial metal ion concentration requires longerdifior an effective removal. The electrocoagulapoocess is more
effective at the beginning than at the end wherctimeentration is low.
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Fig. 5: Effect of time on theremoval of lead
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Fig. 6: Effect of time on theremoval of nickel

Competitive removal of heavy metals

The competitive removal of the heavy metals wasiedrout using 50mg/l of the aqueous solution caoirig
copper, lead, zinc and nickel at pH of 7, voltagel®V for 60min. It can be seen from figure 8 thamoval
efficiency of 99.45, 98.87, 97.66 and 95.87% watsioled for copper, lead, zinc and nickel respebtivEhe best
performance was obtained with copper. After Smielettrocoagulation process, 98.24% of copper eamved.
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Fig. 8: Competitive removal of heavy metals

Treatment of battery industry wastewater

The applicability of the electrocoagulation procéss actual wastewater was validated by treatingretustrial
effluent sample collected from a local battery preidg company. The main characteristics of theuefft sample
before and after the treatment are presented ineThbThe relatively high COD content of the wasdéaw is
indicative of the presence of organic compoundth@éeffluent. At a constant voltage of 15V and &tteolysis
time of 60minutes, the concentration of all thedyemetals (Pb, Cu, Ni and Zn) was reduced belowptrenissible
limits as can be seen from the figure 9. Compacethé removal efficiency from the synthetic solatp the
removal rates of the studied metals from batterstexaater was slower. This can be attributed tgtleence of the
organic compounds which also compete for adsorgiiothe Al(OH) flocs resulting in a substantial reduction of
the metals ions removal. The initial COD of 508mddcreased to 105mg/l, below the permissible liafier
60minutes, resulting in a removal efficiency of ab@9.3%.
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During the electrocoagulation treatment of the esaster, pH was found to increase at first few nesudf the
operation and changed only slightly afterwards ais®minutes of operation. The pH increase at thginbing
could be attributed to the generation of Ghs dissociated from water at the cathode. Thaive stability of pH
afterwards could be probably due to the formatibtihe insoluble Al(OHjflocs and the rest metal hydroxides
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Fig. 9: Concentration variation with time during theremoval of heavy metalsfrom battery waste water.

Table 1: Characteristics of the battery wastewater before and after the electr ocoagulation treatment

PARAMETER BEFORE TREATMENT| AFTER TREATMENT|
pH 42 75
Conductivity@is/cm) 1350x10 352
COD(mgll) 508 105
Turbidity(NTU) 3C 5
Pb(mg/l) 3.20 0.0231
Cu(mg/l) 76 0.0608
Ni(mg/l) 1.287 0.0113
Zn(mg/l) 6.1627 1.7301

CONCLUSION

The use of aluminium electrode in this electrocdaiipn process is safe, effective and convenienteftective
removal of heavy metals such as zinc, copper, &atnickel from synthetic aqueous and battery westey. The
removal efficiency was found to be dependent aitialrpH of the the wastewater. Optimum pH of 3 émpper, 10
for zinc and 7 for lead and nickel of pH were ohéal. Removal rate increased with increase in veltatd time.
The final concentration of Zn, Ni, Cu and Pb fadldw the permissible limits.
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