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A modified electrode, which can be used as an efodelectrocatalytic oxidation processes of dy#s$h aqueous solutions,
was fabricated by the electrodeposition of a legidenlayer on a titanium substrate. The modifiegictbde was used for the
electrochemical degradation of an acid green dye rEsults of the electrocatalytic oxidation precesthe dyestuff solutions
were expressed in terms of the remaining dye cdratiion and chemical oxygen demand (COD) valueg. different operating
conditions of the treatment process were studidd dptimum operating conditions for the dye and ifiredi electrode were
determined, where good results for complete remof/éthe dye and COD were achieved. The optimum itiond were applied
to the treatment of a sulfur black dye in true wastter solutions.
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INTRODUCTION

The removal of undesirable organic or dyestuff umiies
from liquid (usually aqueous) solutions
electrochemical processes is based on the selesftismitable
electrodes and potential/current conditions. Thestawater
treatment by indirect electrochemical oxidation b been
investigated. It has been reported that when ausodhloride

solution is electrolyzed, Glis formed at the anode, which

disproportionates in the presence of Gdhs generated at the
cathode [1-6].

Cl,+ 20H ——» CIO+ CI + H,0
Oliver etal [7] proposed that the oxidation ofgamic
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impurities to CQ occurs as a result of heterogeneous
electrochemical oxidation reactions on the
electrocatalyst surface (modified electrode), whathelevated

through current densities, is covered with a mixed film ro&tallic

oxides. Also, at high current densities, oxygenlatian from
water is a predominant anodic side-reaction, wicietates an
oxygen saturated environment at the electrodeisolut
interface. It is well known that reactive intermetgis such as
OH- and O- radicals are involved in the electrodicam
evolution of oxygen. It is possible that one ortbof these
radical species, formed on the anodic electroddasey
participate in oxidizing the organic constituent3he
decoloration of dye at a Pt anode in an electrobgkition
using electrogenerated oxygen or chlorine specéss deen
investigated. Decoloration is weak in the preserafe
electrogenerated oxygen species but increases IKCh
electrolyte solution. Decoloration in this solutiofs
accomplished by the electrogenerated hypochlaadte Also,

anodic
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when placed in contact with a Pt anode, cottoni¢abdyed
with reactive dyes is decolorized significantlyeafta short-
term electrolysis in an electrolyte containing K@iyt the
decoloration of dyed fabrics is very weak in arcetdyte that
is free from KCI. In addition, a study investigafithe use of
electrochemical methods for decolorizing azo dyesan
electrolyte solution containing halide ions hasvehdhat the
degree of decoloration was affected by molecularctire of
azo dyes [8].

If the decomposition potential of the solvent liggher
than that of the targeted impurity, or
electrocatalyst can be found, then direct electotbal
oxidation of impurities can be used in waste treatnj9-15].

Amadelli et al [16] studied the feasibility of bisphenol-A

(BPA) degradation by means of electrochemical didaain

if a suiabl

in terms of chemical oxygen demand (CO&nd color
reduction to determine the overall treatment edficiy of the
combined process. Operating variables, such asewattr
flow rate, conductivity, pH, applied current and amt of
polyaluminum chloride (PAC), were explored to detire
their respective effects on the efficiency of tlecrochemical
oxidation of the textile wastewater.

The treatment of the textile wastewater, contagranhigh

concentration of Clions, by an electrochemical method using

Ti/RuO,, Ti/Pt, and Ti/Pt/Ir electrodes was investigated,[
24]. All three anodes proved to be very effectindhie direct
or indirect oxidation of organics present in wasigaw. Textile
wastewater from a reactive azo dyeing and finishpngcess
for cellulosic fibers was treated by an electroctoain
oxidation method using Ti/Pt as the anode and Istsnsteel

aqueous solutions using a platinum mesh or titaniun304 as the cathode [25]. The strong oxidizing piaeonf the

supported lead oxide film anodes. Synthetic efflsein
concentrations ranging from 20 to 200 ppm and 2N\8G| at
pH > 10.5 were used. When a lead oxide film eletdravas
used instead of a platinum mesh, the only effeseoled was
an increase in the rate of the BPA disappearandbeasame
current density.

The performance of highly doped Sn@nodes for the
oxidative treatment of wastewater containing bialally
refractory compounds was compared with RPEDd Pt by

chemicals produced when the wastewater was pakssugh
the electrocatalytic cell resulted in the oxidatiohorganic
pollutants to carbon dioxide and water. Ninety-tpercent of
the COD was removed after 40 min of electrolysi®.89 A
cmi? in presence of sodium chloride in an acidic medium

The aim of this work was to develop an electrodliam
system for dyestuff wastewater treatment for elation of
acid green and similar organic dyes.

Stucki et al [17]. The oxidation of a wide range of organic EXPERIMENTAL

compounds proceeds with an efficiency which is abotimes

higher than thatwith platinum anodes. The oxidation Reagents

efficiency was found to be independent of the piHcan be
concluded from the literature that an anode mdtevith a
high oxygen overpotential should be used for oxigjzan

All chemicals and reagents used in this study wee as
received without further purification. NaCl, Ca@H,0, and
KCl were of analytical grade and purchased from dWer

organic compound in an aqueous solution. Among th&ermany. HCI (37%), lead nitrate, sodium fluoridéNOs,

materials which meet this criteria are tin dioxidgnthetic
diamond, and lead dioxide [18,19].

Traditional methods [20,21] for dealing with téati
wastewater effluents
biological, physical and chemical methods.
becoming troublesome because of the large vaitiplifi the
composition of the textile wastewaters. The treatmef
textile wastewater from a large dyeing and finighimill by a
continuous process of combined chemical
electrochemical oxidation, and activated sludgattnent has
been investigated [22]. The experimental resultevessessed

and HSO, (96%) were purchased from Aldrich, USA. Acid
green 25 and sulfur black dyes were from BDH, Emgla
Other reagents were of the laboratory grade. DHdtilvater

involve various combinationg owas used throughout the work.
Thesee ar

Preparation of Modified Electrode
Pretreatment of the titanium sheet (IMI 115) (@ x 1.4

cm) was carried out following the procedure usedtandard
coagulatiormethods for the examination of water and wastewgi6y.
The titanium sheet was polished on a 320-grit peagtep,

using water as a lubricant, followed Isjliceous paste
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blasting. The sheet was then degreased in 40% Nel®éhed  Germany).
in a hot 1:1 mixture of HN@and HSQO, and finally washed
with water. The treated surface (1.0 cm x 1.2 cngsw Analyses

immersed in a 15% boiling aqueous solution of axalcid. Analytical parameters measured to evaluate tregnvent
Coating with active metal oxide was carried out iediately  efficiency were color or remaining dye concentrat{ong I*)
to minimize formation of TiQ and COD (mg @I™%), which was measured by a closed reflux

The electrodeposition of PhQvas performed at constant titrimetric method [26]. The decrease in the abande of the
anodic current of 100 mA from 0.1 M HNOsolution dyestuff solution, as a result of electrocatalytixidation
containing 0.5 M Pb(Ng), and 0.04 M NaF. During process, formed the basis of the colorimetric aily
electrolysis, the potential ranged from 1.5 to ¥.&nd the procedure for the determination of the remaininge dy
solution became dark just after the start of etdgsis, due to  concentration.
the formation of Pb®that was released from the electrode, at
the high electrolysis current used. Electrodepmsitvas RESULTS AND DISCUSSION
carried out for 30 min, achieving a Pb@ading of about 14
mg cm as a thin film on the titanium electrode. Effect of Current Density

In order to verify the reproducibility of the etemde The treatment process was carried out at pH 2.47, a
preparation, experimental runs were repeated usimge temperature of 30C, an initial dye load concentration of 100
different electrodes prepared by the same procedtesults mg I, a NaCl concentration of 2 ¢ for 10 min. It is clear
showed good reproducibility, with the current dfficcies from Fig. 1 that the removal of the dye and CODengrreatly
measured on the three electrodes within 5%. Eldetravere increased with amncrease in current density. The remaining
also sufficiently stable to allow their use in ceostive runs; dye concentration was negligible and the COD rerhoas
the analysis of solutions revealed that no metasalution very efficient at current densities of approximatdls5 mA
occurred during electrolysis. cm? For this reason a current density of 15 mA“owas

taken as optimum.
Electrolysis

Acid green dye 25, (C.I. 61570), with the molecula Effect of pH
formula GgHoogNoNaOsS,, (F.W. 622.59), was used in this A current density of 15 mA cf a temperature of 3T, a
study. The absorption maximurh.f,) of the acid green dye
was at 640 nm. The cell was made of transparespBri(150
cnt) in the form of a rectangular trough. The anodedjfied
electrode; 1.0 cm x 1.4 cm) was supported in aiocart
position parallel to the stainless cathode. Theadie between
the cathode and the anode was about 3 cm, andthme of
electrolyte in each experiment was 50 ml. Studiesevearried
out for the investigation of optimum conditions fohe
degradation and removal of the acid green dye &b @om
its synthetic solutions by the electrocatalytic dation
process. DC power supply (model GP4303D, LG Praaisi
Co., Ltd., Korea.) was used to provide the requicadent.
The current measurements were carried out usinggigald =20 5
multimeter (Kyoritsu, model 1008, Japan). Absorkeanc

measurements  were  performed usmg_ a dOUbIe'beanll—'ig. 1. Effect of current density on the removal of aciden
spectrophotometer (model 552S, Perkin-EIm&MBH, dye and COD. {cop, ( ) Dye

Remaining Dye or COD (mg I')

10 20 30 40 50 60

Current Density (mA)
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10 min electrolysis time, a NaCl concentratior2aj I, and
an initial dye concentration of 100 mg were used with
solutions of pH values ranging from 1.5-10. Itlisaz from the
results shown in Fig. that the maximum removal of dye and
COD could be achieved in the pH range of about @#4410.
Solutions at pH 2.47 were used in further experisien

Effect of Electrolysis Time

The above operating conditions were used for shisly
but with different electrolysis times ranging fro®r1l5 min.
The results indicate that the maximum removal oé déynd
COD can be obtained at a time exceeding 10 min.

Effect of NaCl Concentration

A current density of 15 mA ch a temperature of 3T, a
10 min electrolysis time, and an initial dye corication of
100 mg " were used with solutions of NaCl at concentrations
from 0-3 g I*. It is clear from Fig. 3 that the removal
efficiency was increased with an increase in NaCl
concentration. A NaCl concentration above 2”ghld no
additional effect on the removal efficiency.

Effect of Initial Dye Concentration

A current density of 15 mA ch a temperature of 3T, a
10 min electrolysis time, a NaCl concentratio2af I, and a
variable dye load concentration in the range oB20-mg 1*
at pH 2.47 were used. The results from Fig. 4 stiwat the
change in initial dye concentration has no effent the dye

g. 3. Effect of sodium chloride concentration on the osal
of acid green dye and COD) ¢op, () Dye.
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Fig. 4. Effect of initial dye concentration on the remowél
acid green dye and COD) ¢op, ( ) Dye.

removal below 100 mg™ When the dye concentration
exceeded 100 mg') removal of the dye was incomplete and
required a higher current density. In additionpimplete COD
removal was observed above an initial dye conctotraf 60
mg ™.

Effect of Temperature

The above operating conditions were used for shigly

with the exception of temperature: temperaturesf8®-70°C

Fig. 2. Effect of pH on the removal of acid green dye and Were used. The results obtained indicate that trenge in
COD. () Dye, ( ) cop. temperature in the specified range has almosffieat on the
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dye and COD removal. For this reasomemperature of 36C
is used throughout this work.

It can be assumed that in the present study tineval of
dyestuffs from their aqueous solutions may procédsd
indirect electrochemical oxidation rather than dire
electrochemical oxidation. The treatment by
electrocatalytic oxidation process was carried oatt
considerably low current densities not exceedingrscm?.
At these low current densities, enough Blgenerated in the
solution to drive the oxidation process. These iggeare
powerful oxidizing agents capable of the oxidatiand
removal of the tested dyestuff from its solutionuribg
electrolysis and in the presence of NaCl, the axfarhlorine
and hypochlorite could be noticeably smelt.

On the other hand, in absence of chloride contgini
electrolytes, the efficiency of the dye and COD ogal was
relatively low. This means that the amount of fodnoxygen
and/or intermediate species at these low curremsities was
not enough to enforce a complete removal of dye @&d.
This confirms that the electrogenerated @y play a main
role in the electrocatalytic oxidation process péstuff.

Treatment of Sulfur Black Dye

The treatment of sulfur black dye effluents obtdifrem a
dyeing factory was carried out using the prepare@.Hi
modified electrode. The treatment was carried opytfilst
collecting actual waste samples of equal volumes dye
concentration from the wastewater effluents ofghkur black
dyeing bath. The initial dye load concentration these
samples and their correlated COD values were 150"ragd

1070 mg Q I, respectively. The dyestuff solution was treated[7]

by the electrocatalytic oxidation technique at optm
conditions, as applied to the treatment of the goéen dye.

After the treatment process, the results of theyais for
the remaining dye concentration and COD showed tiat
solution contained 0 mg'lof dye and a COD value of 22 mg
0, I'*. These results indicate that the suggested mddifie
electrode is also highly efficient in the treatmenteffluents
containing sulfur black dye.

CONCLUSION

The prepared PhfTi electrode has a high efficiency in the
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removal of acid green and sulfur black dyes froneirth
aqueous solutions, at low current densities, sblattrolysis
times, and mild temperatures. The optimum operating
conditions of the treatment process were a cumensity of
15 mA cn® a temperature of 36C, an initial dye load

theconcentration of 100 mg') and an electrolysis time of 10 min.

The electrode was stable during the time it wagl Uee the
full study (about 4 months) without a notable desee in
efficiency.
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