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bstract

It is attempted in the present investigation to treat organic pollutant present in the textile effluent using an electrochemical treatment technique.
xperiments are carried out in a batch electrochemical cell covering wide range in operating conditions. Due to the strong oxidizing potential of

he chemicals produced, the effluent COD is reduced substantially in this treatment technique. The influence of effluent initial concentration, pH,
upporting electrolyte concentration and the anode material on pollutant degradation has been critically examined.

It is further attempted in the present investigation to reuse the treated wastewater for dyeing purpose. Several cycles of dyeing operations have

een performed with the treated textile wastewater and the dye uptake and water quality have been critically examined at each cycle of dyeing
rocess. The results indicate that the electrochemical method is a feasible technique for treatment of textile wastewater and electrochemically
reated wastewater can be effectively reused for dyeing application.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The day-to-day human activities and industrial revolution
ave influenced the flow and storage of water and the quality
f available fresh water. Many industries like textile, refineries,
hemical, plastic and food-processing plants produce wastew-
ters characterized by a perceptible content of organics (e.g.
henolic compounds) with strong color. For example, a typical
extile dyeing process consists of desizing, scouring, bleach-
ng, dyeing, finishing and drying operations. Except the last two
tages, each operation is associated with rinsing step, requires
arge amount of water. In general, textile industries generate
ffluent at an average of 100–170 l kg−1 of cloth processed,
hich is characterized by strong color, high COD with wide
ariation in pH [1,2].
Conventionally effluents containing organics are treated with
dsorption, biological oxidation, coagulation, etc. Though the
onventional methods have individual advantages, they are

∗ Corresponding author. Present address: Department of Chemical Engineer-
ng, A.C. College of Technology, Anna University, Chennai 600025, India.
el.: +91 44 2203536.

E-mail address: nbsbala@annauniv.edu (N. Balasubramanian).

e
c
A
c
d
a

t
i

304-3894/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2007.01.063
acking of effectiveness if applied individually. For example,
iological treatment is the most efficient and economic way of
educing the environmental impact of the industrial effluents
ontaining organic pollutants, but this technique is time consum-
ng and cannot be employed for textile effluent, as textile effluent
s recalcitrant to biodegradation. On the other hand, the physical
dsorption is expensive and difficult for adsorbent regeneration.
urther, biological and chemical methods generate consider-
ble quantity of sludge, which itself requires treatment. Due
o the large variability of the composition of textile wastewater,

ost of the traditional methods are becoming inadequate [3–5].
s environmental regulations become stringent, new and novel
rocesses for efficient treatment of various kinds of wastewa-
er at relatively low operating cost are needed. In this context,
esearchers are trying various alternative processes, such as
lectrochemical technique, wet oxidation, ozonization, photo-
atalytic method for the degradation of organic compounds.
mong these advanced oxidation processes, the electrochemi-

al treatment has been receiving greater attention in recent years
ue to its unique features, such as versatility, energy efficiency,

utomation and cost effectiveness [6,7].

In electrochemical technique, the main reagent is the elec-
ron, called ‘Clean Reagent’ degrades all the organics present
n the effluent without generating any secondary pollutant or
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y-product/sludge. The electrochemical technique offers high
emoval efficiencies and has lower temperature requirements
ompared to non-electrochemical treatment. In addition to the
perating parameters, the rate of pollutant degradation depends
f the anode material. When electrochemical reactors operate
t high cell potential, the anodic process occurs in the potential
egion of water discharge, hydroxyl radicals are generated [8].
n the other hand, if chloride is present in the electrolyte, an

ndirect oxidation via active chlorine can be operative [9,10].
aumczyk et al. [11] have demonstrated several anode mate-

ials, such as graphite and noble metal anodes successfully for
he mediated oxidation of organic pollutants. Comninellis [12]
xperimented anodic oxidation of phenol in the presence of NaCl
sing tin oxide coated titanium anode and reported second order
inetics for the degradation of phenol at the electrode surface.
ernandes et al. [13] studied the degradation of C.I. Acid Orange
using boron-doped diamond electrode and reported that more

han 90% of COD removal. Anastasios et al. [14] demonstrated
4% dye removal using a pilot plant electrochemical reactor for
extile wastewater treatment.

The use of new anodic materials like boron-doped diamond
BDD) has also been reported in recent years as BDD elec-
rodes present additional properties including high resistance
o corrosion, high thermal stability, hardness, good electri-
al conductivity, etc. Panizza et al. [15] have demonstrated
-naphthol oxidization in acid media using synthetic BDD
hin film electrodes and reported complete incineration of 2-
aphthol. Bellagamba et al. [16] reported on electro-combustion
f polyacrylates [PA] under galvanostatic conditions using BDD
node at various current densities and in a wide range of PA
oncentrations. Canizares et al. [17] studied the electrochemical
xidation of several phenolic aqueous wastes using bench-scale
lectrochemical flow cell with boron-doped diamond anode.
omplete mineralization of the waste was obtained in the treat-
ent of phenols not substituted with chlorine or nitrogen. The

uthors reported that efficiencies of the process depend strongly
n the concentration of organic pollutants and on their nature,
nd not on the current density, at least in the operation range
tudied.

The reported works are intended to treat the textile wastewater
o a level that meets the discharge standards of pollution control
oard. However, due to dwindling water supplies, increasing
emand of the textile industries and stringent pollution con-
rol board regulations, a better alternative is to further elevate
he quality of treated wastewater to a standard where it can be
eused. Though extensive work has been reported on various
reatment techniques, the literature on reuse of treated wastewa-
er is scarce. The objective of the present work is thus to study the
lectrochemical treatment of textile effluent using oxide coated
nodes and reuses the treated wastewater for dyeing process.

. Theory
The mechanism of electrochemical oxidation of wastewa-
er is a complex phenomenon involving coupling of electron
ransfer reaction with a dissociate chemisorptions step. Basi-
ally two different processes occur at the anode; on anode having

M

i
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igh electro-catalytic activity, oxidation occurs at the electrode
urface (direct electrolysis); on metal oxide electrode, oxida-
ion occurs via surface mediator on the anodic surface, where
hey are generated continuously [indirect electrolysis]. In direct
lectrolysis, the rate of oxidation is depending on electrode activ-
ty, pollutants diffusion rate and current density. On the other
and, temperature, pH and diffusion rate of generated oxidants
etermine the rate of oxidation in indirect electrolysis. In indi-
ect electro-oxidation, chloride salts of sodium or potassium are
dded to the wastewater for better conductivity and generation
f hypochlorite ions [18]. The reactions of anodic oxidation of
hloride ions to form chlorine is given as

Cl− k1−→Cl2 + 2e− (1)

he liberated chlorine form hypochlorous acid (Eq. (2))

l2 + H2O
k2−→H+ + Cl− + HOCl (2)

nd further dissociated to give hypochlorite ion (Eq. (3)).

OCl
k3←→
k′3

H+ + OCl− (3)

The generated hypochlorite ions act as main oxidizing agent
n the pollutant degradation. The direct electro-oxidation rate
f organic pollutants depends on the catalytic activity of the
node, on the diffusion rate of the organic compounds in the
ctive points of anode and applied current density. A general-
zed scheme of the electrochemical conversion/combustion of
rganics of pollutant [19] on noble oxide coated catalytic anode
MOx) is given below. In the first step, H2O is discharged at the
node to produce adsorbed hydroxyl radicals according to the
eaction.

Ox + H2O→ MOx(•OH)+ H+ + e− (4)

In the second step, generally the adsorbed hydroxyl radicals
ay interact with the oxygen already present in the oxide anode
ith possible transition of oxygen from the adsorbed hydroxyl

adical to the oxide forming the higher oxide MOx+1.

Ox(•OH)→ MOx+1 + H+ + e− (5)

At the anode surface, the “active oxygen” can be present in
wo states. Either as physisorbed (adsorbed hydroxyl radicals
•OH) or/and as chemisorbed (oxygen in the lattice, MOx+1).
n the absence of any oxidizable organics, the “active oxygen”
roduces dioxygen according to the following reactions:

Ox(•OH)→ MOx + 1
2 O2 + H+ + e− (6)

Ox+1 → MOx + 1
2 O2 (7)

hen NaCl is used as supporting electrolyte Cl ion may react
ith MOx(•OH) to form adsorbed OCl radicals according to the

ollowing [20]:
Ox(•OH)+ Cl− → MOx(•OCl)+ H+ + 2e− (8)

Further, in presence of Cl ion, the adsorbed hypochorite rad-
cals may interact with the oxygen already present in the oxide
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node with possible transition of oxygen from the adsorbed
ypochorite radical to the oxide forming the higher oxide MOx+1
ccording to the following reaction and also MOx(•OCl) simul-
aneously react with chloride ion to generate active oxygen
dioxygen) and chlorine according to the following reactions:

Ox(•OCl)+ Cl− → MOx+1 + Cl2 + e− (9)

Ox(•OCl)+ Cl− → MOx + 1
2 O2 + 1

2 Cl2 + e− (10)

In the presence of oxidizable organics the physisorbed “active
xygen” (•OH) should cause predominantly the complete com-
ustion of organics and chemisorbed will participate in the
ormation of selective oxidation products [21] according to the
ollowing reactions:

1
2 R+MOx(•OH)→ 1

2 ROO+ H+ + e− +MOx (11)

+MOx+1 → RO+MOx (12)

The physisorbed route of oxidation is the preferable way
or waste treatment. It is probable that dioxygen participates
lso in the combustion of organics according to the reactions,
uch as formation of organic radicals by a hydrogen abstrac-
ion mechanism: RH + •OH→R + H2O; reaction of organic
adical with dioxygen formed at the anode: R• + O2→ROO•
nd further abstraction of a hydrogen atom with formation of
n organic hydrogen peroxide (ROOH) and another radical;
OO• + R′H→ROOH + R′. Since the organic hydrogen per-
xides formed are relatively unstable, decomposition of such
ntermediates leads to molecular breakdown and formation of
ubsequent intermediates with lower carbon numbers. These
equential reactions continue until the formation of carbon diox-
de and water. In this case the diffusion rate of organics on the
node area controls the combustion rate [21,22]. In the same
ay indirect electrochemical oxidation mechanism has been
roposed for metal oxide with chloride as supporting electrolyte
or wastewater treatment [23–25]. The role of hypochlorite in
lectrochemical treatment of dye effluent via chlorine generation
s

ye+ OCl− K4−→CO2 + H2O+ Cl− + P (13)

Since dye molecules of the effluent are electrochemically
nactive, the reaction occurs at the anodes is chloride ion
xidation with the liberation of Cl2, which is a robust oxi-
izing agent. As regards to the reactions in the bulk, gaseous
l2 dissolves in the aqueous solutions due to ionization as

ndicated in Eq. (2). The rate reaction is less in acidic solu-
ion due to OH− instability and considerably more in basic
olution due to ready formation of OCl− (pKa 7.44) ion in
q. (3) implying that the basic or neutral pH conditions are
ore favorable for conducting reactions involving Cl2. A cycle

f chloride–chlorine–hypochlorite–chloride takes place, which

roduces OCl−. The pseudo steady state theory can be applied to
ach of the intermediates products (HOCl and OCl−) taking part
n the bulk solution. Taking all other reactions are irreversible
rocesses, the rates of reactions ri specifically for the sequence

g
b
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re (Eqs. (1)–(3) and (13))

rCl2 = k2[Cl2] (14)

HOCl = k2[Cl2]− k3[HOCl]+ k′3[H+][OCl−] = 0 (15)

OCl− = k3[HOCl]− k′3[H+][OCl−]− k4[Dye][OCl−] = 0

(16)

rDye = K4[Dye][OCl−] (17)

hen using Eqs. (15) and (16) we can easily deduce the following
xpression:

rCl2 = −rDye = k4[Dye][OCl−] (18)

Finally, as regard to bulk solution, it is also to be noted that
rCl2 = rCl− from material balance of Eq. (13), that is

rCl2 = rCl− = k2[Cl2] = −rDye = k4[Dye][OCl−] (19)

here the rate of reaction ri and the rate constants ki (i = 2, 3
nd 4) are defined with respect to bulk and the rate expression
or main electrode reaction as per the Eq. (1) can be written as.

r′Cl− = −r′Cl2 = k1[Cl−]. (20)

here k1 is heterogeneous electrochemical rate constant. Hence,
n the following section an attempt has been made to establish a
elation between the reacting species in bulk and at the electrode
urfaces. The basic relationship applicable to all electrochemical
eactions is Faraday’s law that relates to the amount of substance
eacted at the surface to the charge (IAt) passed is MAIAt/nF
assuming 100% current efficiency) and the characteristic mea-
urable parameter is current density, iA, which is IA/Ae. Thus, the
lectrochemical reaction rate (for the disappearance of reactant
) can be expressed as(

VR

Ae

)
d[A]

dt
= iA

nF
(21)

here IA is the current passed in time t, MA the molecu-
ar weight, n the number of electrons transferred per mole of
eaction, Ae the electrode area, VR the reactor volume and

is the Faraday (96,500 C or A s/mol). It has to be noted
rA =−d[A]/dt = iAa/nF, where a is specific electrode area

Ae/VR). Assuming the main electrode reaction is governed by
simple Tafel type expression, then(

VR

Ae

)
d[A]

dt
= iA

zF
= k′[A]exp(bE) (22)

r

r′Cl = r′Cl2 = k1[Cl−] = k′1a[Cl−]sexp(bE) (23)

The reaction may be assumed to be under diffusion control as
he reacting species, Cl− in the electrolyte is dilute. The reactant
l− is transported for the bulk to electrode surface where it under

oes electrochemical oxidation to Cl2 and it may be transported
ack to bulk by diffusion reaction in the bulk. Then,

iA

zF
= kL([Cl−]− [Cl−]s) (24)
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ysis was carried out under batch mode. The effluent volume of
75 ml containing dye initial concentration: 0.33 g l−1 (CODi:
350 mg l−1); supporting electrolyte concentration: 0.58 g l−1;
pH 7 was taken for all experiments. Electrolysis was carried out
N. Mohan et al. / Journal of Haza

limination of [Cl−]s using Eqs. (23) and (24), results can be
ritten as

iA

zF
= k1[Cl−] (25)

here

1

k1
= 1

kL
+ 1

k′a exp(bE)
(26)

rom a material balance of species Cl− by taking note of Eqs.
12) and (13) we can write

iA

zF
= k′[Cl2] (27)

iA

zF
= k′′[Dye][OCl−] (28)

During electrolysis, since the constant current is applied, the
ate of generation of [OCl−] will remain constant under a given
et of experimental condition, but it varies as the applied current
s altered. Then

iA

zF
= kobs[Dye] = k[COD] (29)

Adopting the same classification for the reactors as for con-
entional reactors, thus the electrochemical reaction rate (for
emoval of COD) can be expressed as(

VR

Ae

)
d[COD]

dt
= iA

nF
= k[COD] or

ln

(
[COD]o

[COD]

)
= kat (30)

In electrochemical conversion the high molecular weight aro-
atic compounds and aliphatic chains are broken to intermediate

roducts for further processing. In electrochemical combustion,
he organics are completely oxidized to CO2 and H2O.

The progress of the destruction of the organic pollutant has
een monitored by COD estimation. The potentials required for
xidation of organic pollutants are generally high and the pro-
uction of oxygen from the electrolysis of water molecules may
etermine the reaction yield. The current efficiency of the elec-
rolysis can be calculated based on which is defined as follows:

E (%) = (decrease in COD)(volume of solution)

mass of oxygen equivalent to electricity
× 100

= (�COD)V

16It/2F
× 100 (31)

The instantaneous current efficiency (ICE) may be computed
rom (instantaneous) difference between two values of COD of
he solution as follows [18]:
CE = [(COD)t − (COD)t+�t]

8I�t
FV (32)

here CODt and CODt+�t are the values of the chemical oxy-
en demand at times t and �t, respectively, V the volume of
s Materials 147 (2007) 644–651 647

he effluent in liters, I the current (A) and F is the Faraday con-
tant. If the parameter ICE is plotted as function of time, the area
nder the curve integrated, the result divided by the total time
τ) elapsed up to the point when ICE = 0, an average current effi-
iency is obtained that is called the electrochemical oxidability
ndex (EOI):

OI = 1

τ

∫ τ

0
ICE dt (33)

By calculating the fraction of current that oxidizes the organic
pecies and converting it to its equivalent in grams of oxygen
er gram of the organic species has been used to define the elec-
rochemical oxygen demand (EOD). Since τ is the time elapsed
ntil electrolysis is essentially complete (i.e. ICE≈ 0), one can
eplace τ for t; hence, the electrochemical oxygen demand is
efined as

OD = 8

[
iτ

Fgorg

]
EOI (34)

here gorg is gram of organic pollutant present. The ICE and
OD have been estimated for all the experimental runs in the
resent investigation and critically examined.

. Materials and methods

All the reagents used were of AR grade. NaCl was used as
upporting electrolyte and synthetic Acid Brown 14 dye effluent
as been used for the electro-oxidation in the present study. The
olor index of the dye was 20,495. It contains two chromogenic
ystems. The structure of dye is given in Fig. 1.

.1. Experimental setup and procedure for electrolysis

The schematic diagram of the experimental setup given in
ig. 2 consists of a glass beaker of 100 ml capacity with PVC

id having provision to fit a cathode and an anode. Salt bridge
ith reference electrode was inserted through provided in the

id. Proper provisions are also made in the lid for insertion
f thermometer and for periodic sampling. The cathode was
tainless steel plate and the anode taken was commercially avail-
ble Ti/TiO2, RuO2 coated expanded mesh of area 0.1 dm2 or
i/TiO2, RuO2, PbO2 or Ti/TiO2, SnO2 of same area. Experi-
ents were carried out under galvanostatic condition conditions

sing a DC-regulated power source (HIL model 3161) of 0–2 A
nd 0–30 V. Stirring was done with a magnetic stirrer. Electrol-
Fig. 1. The structure of Acid Brown 14.
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The results of the experiments on electro-catalytic treatment
of textile effluent carried out covering wide range in operating
conditions are presented in Figs. 3–9 and in Tables 1 and 2. The
rate of COD reduction has been plotted as COD/CODi versus

Fig. 4. The effect of pH on pollutant degradation; dye initial concentra-
tion 0.33 g l−1; supporting electrolyte concentration 0.58 g l−1; current density
3 A/dm2.
Fig. 2. The schematic diagram of experimental setup.

t different current densities, viz. 1, 2, 3, 4 and 5 A/dm2. During
lectrolysis, samples were collected at different time intervals
nd the COD was measured.

.2. Analytical measurements

The pollutants concentrations are presented in terms of chem-
cal oxygen demand. The samples were subjected to COD
nalysis and the analysis was made by strictly following the
PHA method [26]. UV–vis spectra of untreated dye efflu-

nt and treated effluent were measured by using a UV–vis
pectrophotometer (Systronics 118) and HPLC was carried out
sing Shimadzu model LC8A preparative liquid chromatograph
long with Shimadzu SPD6A spectrometric detector. The 100%
ethanol and the mixture containing 70% methanol (HPLC

rade) and 30% water were used as a solvent and effluent. ODS
octa decylsilane) column was used for separation.

.3. Experimental procedure for reusability study of treated
ffluent

For reuse study, the dye bath has been prepared in accordance
ith dye recipe, i.e. 0.33% of dye, 10% glauber salt, 1% acetic

cid. Pre-weighed dye and fresh water soaked wool fabric was
ntroduced into the cold dye bath. The dye bath temperature
radually elevated to boiling in 20 min time and maintained for
bout 1 h. The water level in the dye bath has been maintained
uring the dye processing. The dyed fabric was rinsed with cold
ater and dried under the shade, then subjected for dye uptake

tudies. The effluent generated during dyeing process has been

ollected and treated electrochemically and the treated wastew-
ter then subjected for dyeing application. The procedure has
een repeated for several times in order to check the reusability
f electrochemically treated wastewater for dyeing application.

F
t

ig. 3. Influence of the current density on COD/CODi with electrolysis time.
ye initial concentration 0.33 g l−1(CODi: 350 mg l−1); supporting electrolyte

oncentration 0.58 gl−1; pH 7.

. Results and discussions

.1. Electro-catalytic treatment
ig. 5. The effect of supporting electrolyte concentration on pollutant degrada-
ion. Initial dye concentration 0.33 g l−1; current density 3 A/dm2.
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Table 1
Characteristics of effluents and treated effluents of Acid Brown 14 [dyeing performed with glauber salt]

Parameters [mg l−1] I II III IV V VI VII VIII IX X XI

(A) Untreated effluents
pH 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
TS 7964 11400 16300 12950 17300 11200 18500 17000 18000 18000 19500
TDS 6428 10550 15960 12130 12800 10000 17000 15000 16500 16000 25000
TSS 1536 850 340 820 4500 1200 1500 2000 500 1000 500
Cl− 2977 2836 3545 3505 3362 3500 3485 3435 3598 3475 3254
TH 30 60 60 40 40 40 40 40 40 40 40
Ca·H 20 20 20 20 20 20 20 20 20 20 20
Mg·H 10 40 40 20 20 20 20 20 20 20 20
COD 4800 3200 4320 3040 4480 4800 3440 3760 4246 4300 4500

Parameters [mg l−1] GW Ia IIa IIIa IVa Va VIa VIIa VIIIa IXa Xa XIa

(B) Treated effluents
pH 7.5 7.3 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2
TS 548 5808 7930 7930 7430 12000 12380 10000 10000 9000 17500 19500
TDS 504 4304 7520 7520 7120 11580 12220 9000 9500 8500 15500 18000
TSS 44 1504 410 410 210 420 160 1000 500 500 1500 1500
Cl− 173 177 212 212 212 248 248 248 248 248 248 248
TH 50 40 60 60 40 40 60 40 40 40 40 40
Ca·H 20 20 20 20 20 20 40 20 20 20 20 20
Mg·H 30 20 40 40 20 20 20 20 20 20 20 20
COD 160 680 840 840 840 920 940 860 1060 1060 1220 1000
Re·Cl2 – 10.2 10.4 10.4 11.1 10.4 7.8 12.15 16.45 12.5 14.3 12.3

Conditions: Treatment: anode, TiO2/RuO2; cathode, SS; current density, 3 A/dm2. Dy
acetic acid, 10% glauber salt.

F
c

e
o
d
g
t
i
t
d
N

t
i

b
a
F
instability and considerably more in basic solution due to ready
formation of OCl− ion in Eq. (3) implying that the basic or neu-
tral pH conditions are more favorable for conducting reactions
involving Cl2.

T
D

N
K

ig. 6. The effect anode material on rate of degradation; supporting electrolyte
oncentration 0.58 g l−1; current density 3 A/dm2; pH 7.

lectrolysis time. It can be ascertained from Fig. 3 that the rate
f COD reduction decreases with electrolysis time. The rate of
egradation is high at the beginning of the process and reduces
radually to a monotonical value at the end of the process. Fur-
her, it can be noticed from the figure that the rate of degradation

ncreases with applied current density. This can be explained that
he rate of generation of hypochlorite ion increased with current
ensity, which eventually increases the pollutant degradation.
otice that the rate of degradation increased significantly when

F
p

able 2
ye uptake values of woolen fabric with Acid Brown 14 [dyeing performed with gla

umber of cycles Ground water 1
/S values 0.117 0.07883
eing: %shade, 0.33; M:L, 1:30; raw material, scoured wool. Dye recipe: 1–2%

he current density increased from 1 to 5 A/dm2 and becomes
nsignificant beyond 3 A/dm2.

The influence of electrolyte pH on pollutant degradation has
een verified with experiments conducted under acid, alkaline
nd neutral conditions. The observed results are presented in
ig. 4. The rate reaction is less in acidic solution due to OH−
ig. 7. Variation of ICE along with COD reduction with current density; sup-
orting electrolyte concentration 0.58 g l−1; current density 3 A/dm2; pH 7.

uber salt]

2 3 4 5
0.04645 0.08799 – –
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ig. 8. Variation of transfer coefficient with current density; supporting elec-
rolyte concentration 0.58 g l−1; pH 7.

The influence of supporting electrolyte (NaCl) concentration
n the pollutant degradation rate has been tested for three differ-
nt concentrations with an initial dye concentration of 0.33 g l−1

nd the current density of 3 A/dm2 [Fig. 5]. It can be noticed that
he rate of degradation increased with supporting electrolyte
oncentration. At lower chloride concentration, the pollutant
egradation is small compared to higher chloride concentration.
his is are due to the fact that the oxide coated electrodes have

ow overpotential for oxygen evolution and then this secondary
eaction is favored in comparison with organic oxidation. On
he other hand, notice that beyond the electrolyte concentrations
igher than 0.58 g l−1, no significant influence on the rate of
egradation.

Three different anode materials ruthenium, lead and tin oxide
oated titanium have been used in the present investigation and

he influence of anode material on rate of oxidation is given in
ig. 6. It can be noticed from the figure that for the given experi-
ental conditions ruthenium oxide coated titanium anode shows

etter performance than the other electrodes. Say for example,

ig. 9. UV–vis spectra and HPLC chromatogram of raw and electrochemically
reated Acid Brown 14 dye wastewater.
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t a given electrolysis time of 50 min, ruthenium oxide coated
itanium anode shows more than 25% COD reduction than lead
xide coated anode.

As stated earlier, the instantaneous current efficiency (ICE)
as calculated for all the experiments in the present investi-
ation. The variation of ICE along with percentage of COD
eduction with current density is given in Fig. 7. It can be ascer-
ained from the figure that the percentage COD reduction and
nstantaneous current efficiency (ICE) increased with increase
n current density initially and decreases beyond certain current
ensity value. However, the ICE and percentage COD reduction
how decreasing trend beyond the current density of 3 A/dm2.

The rate constant, k was estimated from the plot of
n COD/CODi versus electrolysis time. The rate constant has
een estimated for all the experimental runs carried out in the
resent investigation. Fig. 8 shows the variation of reaction rate
onstant with current density. At low current density, reaction
ay be dictated by Eq. (28) rather than Eq. (30). The increase in

eaction rate constant becomes insignificant beyond the current
ensity of 3 A/dm2.

.2. Spectral and chromatograms analysis

Typical UV spectra and of untreated and treated effluent has
een done for the effluent used in the present investigation. The
etention time for the peak of Acid Brown 14 is 3.05 min. The
ypical spectral and chromatogram analytical results of raw and
reated effluent are given in Fig. 9. With regards to UV spectra, it
an be ascertained from Fig. 9 that the raw effluent has the band a
ide and medium absorption band with the maximum at 560 nm

nd a wide absorption band of very high intensity below 360 nm.
t has been observed that the absorption around 560 nm disap-
eared quickly and the degree of peak below 360 nm has been
educed smaller value. The reduction of peak around 560 nm
ndicates the destruction of higher organic carbon. The HPLC
hromatograms raw and treated dye effluent is given in the same
ig. 9. It has been noticed from the figure that the raw dye efflu-
nt has several peaks with maximum peak at 3.05 min and these
eaks are reduced in the treated effluent.

.3. Reuse study

As stated earlier, it is attempted in the present investigation to
euse the electrochemically treated wastewater for fabric dyeing
pplication. The characteristics of ground water, effluents and
reated water (treated effluent) are tabulated in Table 1 along with
he experimental conditions. Table 1 is presented as follows. The
haracteristics of effluent and treated effluents are presented in
ow A and B, respectively, and the first column represents the
arameters. The column labeled I of row B represents the quality
f ground water. The ground water was used for dyeing process
nd the characteristics of effluent generated during dyeing pro-
ess performed with ground water is presented in the column

of row A in Table 1. The untreated effluents [characteristics

s column I of row A in Table 1] was treated electrochemically
s explained earlier and characteristics of the treated effluent is
iven in column II of row A in Table 1. Accordingly, the entire
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able has been prepared. It can be noticed from Table 1 that the
round water quality (column I of row B) is within the accept-
ble limit for dyeing process. Notice that the treated water of
rst cycle dyeing process (i.e. column labeled II of row A) has
igh COD, chlorides content and total solids compared to the
roundwater. This is due to the presence of glauber salt, broken
ye fragments and the treated has been subjected for dyeing pro-
ess (second cycle) and the quality of effluent generated is given
n the column II of row A. This exercise has been repeated for
everal cycles and each cycle the effluent and treated water qual-
ty have been analyzed. Similarly for example, column V of row

represents the characteristic of untreated effluent generated
uring dyeing process performed with treated effluent, whose
he characteristics of is given in column labeled IV of row B.
otice that TDS, TSS and TS do not affect the dyeing process

hese parameters are ignored in the present study. The residual
hlorine content varied from 22.15 to 128.47 ppm.

The dye uptake of fabric has been measured using spec-
rophotometer [Hitachi 3200] and the results presented in
able 2. It can be ascertained from Table 2 that the K/S value for
round water dyeing process is 0.117 and it varied from 0.087
o 0.1 for the dyeing process performed with electrochemically
reated textile effluent. It has been observed from the present
nvestigation that the K/S values of reuse studies lies within the
imit and has the quality of dyeing.

. Conclusion

Experiments were carried out in a batch electrochemical cell
or simultaneous color removal and COD reduction in the dye
ffluent. The following conclusions can be made:

. The COD reduction is significantly effected by the initial
pollutant concentration, supporting electrolyte concentration
and pH.

. The treated water can be used for effective dyeing process.

. It has been observed from the present investigation that the
quality of dyeing process performed with electrochemically
treated wastewater is in par with conventional dyeing process.

. The water consumption in textile industries can be minimized
significantly by adopting this technique.
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