Available online at www.pelagiar esear chlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2015, 6(6):15-20

Library
| SSN: 0976-8505
CODEN (USA) CSHIA5

Direct current electrocoagulation of azo-2-naphthol dye using aluminium
electrodes. Effect of metal ion on dye colour removal

Victor N. Mkpenie* and Iniobong V. Mkpenie

Department of Chemistry, University of Uyo, Uyo, Nigeria

ABSTRACT

A solution of azo-2-naphthol dye containing a metal ion was subjected to direct current electrocoagulation (DCE).
Different initial dye concentration in the range 0.01-1.0 % (w/v) was investigated with different metal ionsincluding
Fe*", Fe** and Cu®*. The results obtained showed significant complexation of the metal ions with dye.
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INTRODUCTION

Electrocoagulation is an electrochemical techniguewhich a variety of unwanted dissolved particlasd
suspended matters can be effectively removed frgue@us solution by electrolysis. This technique nitgally

used by Miwa [1] to effect dechlorophyllation of aqueous extract of stevia in order to obtain thee$ glycosidic
components from stevia leaves. Since then, elezaguation has gained importance and its applitgbg still

explored in diverse areas. Separation of metalsguslectrocoagulation techniques has been poptlaecent.
Notable ones include, separation of heavy metaly],jurification of industrial wastewater from texinetals [4],
removal of heavy metals from waste fountain solu{fe], treatment of metal-loaded soil leachates [éinoval of
lead and zinc from battery industry wastewaterspignium from industrial wastewater [8], Chromiultj(and

Chromium(V1) from synthetic wastewater [9], heavetal ions removal from metal plating wastewater-180,

removal of cobalt(ll) [14], Nickel(ll) and silve([15], Manganese(ll) ions [16], indium(lll) ion T}, strontium and
cesium [18], from aqueous solution, removal of motiy from mine wastewater [19], removal of arsefnam

ground water [20-22], removal of mecury(ll) [23]daimon(ll) from tap water [24].

Electrocoagulation is also very important in treatment of textile industry wastewater [25-27]. Dgenoval from
textile wastewater [28-30], decolourization of dyetic Methyl Orange wastewater [31], dye colour ogal from

simulated dye bath effluent [32], removal of Meting Blue [33] dispersed red dye [34], decolouraraf Acid

Yellow 23 solution [35], have all been accomplistgdelectrocoagulation techniques. It has also seecessfully
utilized in the removal of colour from tea efflu¢@6] and spent wash [37].

As versatile as electrocoagulation technique isctaebcoagulation of a mixture of dye and metal ismrarely
reported. Since color and metal ions have beenvedhby electrocoagulation techniques independeittlyill be
interesting to know which of them (dye or metal)iavill be preferentially removed or if both can tenoved at the
same time when direct current is applied.
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In this paper, we report electrocoagulation of atame of metal ion, Fe(ll), Fe(lll) Cu(ll) and aznaphthol dye in
aqueous ethanol using aluminium electrodes.

MATERIALSAND METHODS

General

All chemicals used were of analytical grade. The,dy-phenylazo-2-naphthol (PAN) was obtained froom o
previous work [38]. Aluminium plates were purchasedally. Direct current was sustained by a GW éksDC
power supply. Absorbance was measured from a U\bMispectrophotometer (UV-780c).

Preparation of sample solutions for e ectrocoagulation

The initial concentration of dye used for the alecbagulation was 0.01, 0.1 and 1.0 % (w/v) respelgt The
metal ion concentration was fixed at 0.01 % (w/M)e various metal ions used for this study wer&,Feg” and
CU?*. The dye and the metal ion were dissolved in agsiegthanol (50 %). The dye-metal ion solutions were
scanned through 200-800 nm wave length using U\bl&sspectrophotometer to obtain the wavelength of
maximum absorptiormax for each metal ion. Thig,. obtained were as follows: dye#¥esolution: 450 nm; dye-
Fe** solution: 500 nm; dye-Clisolution: 600 nm.

Electrocoagulation procedures

A pair of aluminum plates (12 x 4 cm) spaced 3 garewas immersed 5.5 cm into each sample sol@#68 mL)
contained in a 400 mL beaker. The solution wasatagit throughout the experiment with a magneticepsitrrer
with Teflon bar rotating at a velocity of 500 rp®odium chloride (0.5 g) was added as supportingtrelgte.
Direct current (0.3 A, 24 V) was passed throughgbleition via the two aluminium electrodes. Theaabance of

the dye-metal ion solution, before and during thecteocoagulation process was measured by a U\bMisi
spectrophotometer. At 15 minutes interval over laor period of electrolysis, 4 mL aliquot of thdugimn was
withdrawn, centrifuged and the absorbance of thpeswatant solution was measured at the wavelength
corresponding to the absorption maximum for the-whggal ion solution. The data obtained were usegbtwstruct
electrocoagulation curves.

RESULTSAND DISCUSSION

The structure of 1-phenylazo-2-naphthol (PAN) dyshown 1)

The removal of the colour of dye was monitored withe in the electrocoagulation of a mixture of dyel metal
ion solution using aluminium electrodes. The plbabsorbance vs. time is shown in Figures 1-3 ffier tarious
metal ions at different initial dye concentration.
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Fig. 1. Electrocoagulation curve for dye-Cu®* solution at different initial dye concentrations
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Fig. 2. Electrocoagulation curve for dye-Fe** solution at different initial dye concentrations

The electrocoagulation curve obtained takes a ainpittern for the three metal ions studied. A wlgkes pattern
shows that either there was no effective electrgaladion or the property monitored (dye colour) was effective
to resolve the electrocoagulation process or teegmce of metal ion prevents electrocoagulatiosusing that the
presence of metal ion is responsible for inabildyobtained the expected electrocoagulation curite & well-
defined coagulation point, metal ion may affect ¢éfectrocoagulation process by either reacting thithcoagulant
and interfering with the adsorption process or fogrcomplexes with the dye that prevent electrootsn. Since
electrocoagulation has been successfully appligtierremoval of metal ions in solution, includingdmium [39-
41], nickel and chromium [42], cobalt [43], an@dig[44] using aluminium electrodes, metal ion ifgEnce can be
neglected. Also, the presence of hydroxide formmregal ions such as Feand F&" in the dye solution would have
resulted in a faster coagulation due to possibimé#tion of more coagulants. #and Fé&'ions have been known to
combine with the OHions generated during the electrocoagulation m®te form Fe(OH)and Fe(OH) which are
also potential coagulants when iron electrodesusesl [45]. The fact that electrocoagulation wasalserved, let
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alone accelerated by additional coagulants fronmibtal ions used, eliminates possibility of meteal interference.
The plausible explanation lies with the formatidrcomplexes with the dye.
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Fig. 3. Electrocoagulation curve for dye-Fe* solution at different initial dye concentrations
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The position of the azo and hydroxyl groups is @ieat with such observation and azo group has keewn to
possess excellent donor properties which enabta thée used in coordination chemistry [46].

It therefore appears that the metal ions form cemgs with the dye which makes the dye unable todagulated
by the coagulant, Al(OH)generated in the electrocoagulation process. Tyeentktal ion complex may be
represented as showg) (

Since a similar electrocoagulation pattern was fesefor all the dye-metal ion solutions and far tak initial
concentrations of the dye, it therefore means tthatthree metal ion investigated behave alike endie solution.
Therefore, complexation is implicated.

CONCLUSION

A solution containing azo-2-naphthol dye and mialincluding F&", Fe* and C@" respectively was subjected to
electrocoagulation using aluminium electrodes. Tdge-metal ion solution did not show significant
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electrocoagulation for all the initial concentratiof the dye studied. The metal ions appeared i@ Hiarm
complexes with the dye that prevented electrocaigu process.
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