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Abstract

Itisattempted in the present work to reduce the dye from the dye-house effluent by electro oxidative destruction. Experiments
are carried out in batch electrochemical cell under galvanostatic condition process using metal oxide coated on Ti as anode and
stainless steel as cathode. Different oxide coated electrodes have been used as anode material in the present investigation. It is
observed from the present investigation that the dye effluent can be effectively treated using electrooxidation.
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Introduction

Textile dye processes are among the major industrial wa-
ter users; in many areas, this industry has the wastes most
difficult to treat satisfactory. Textile dye wastewater is well
known to contain strong color, high pH, temperature and COD
and low biodegradability especialy the effluent from the dye-
ing stages of the dyeing and finishing process. The removal of
dyes color istherefore a challenge to both the textile industry
and the wastewater-treatment facilitiesthat must treat it. Dye-
ing wastewater is usualy treated by conventional methods
such as biological oxidation and adsorption. Because of the
large variability of the composition of textile wastewaters,
most of these traditional methods are becoming inadequate.
Ozonation has been proposed as a potentia aternative. It has
been shown to be quite effective in decol orizing textile waste-
water; however, the cost of ozonation for such purposes needs
to be further ascertained interest in the use of electrochemical
methods for the treatment of wastewaters. The organic and
toxic pollutants present in treated wastewaters such as dyes
and phenols are usually destroyed by a direct anodic process
or by an indirect anodic oxidation via the production of oxi-
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dants such as hydroxy! radicals, ozone, etc.

Electrochemical techniques have been successfully used
for treatment of different kind of wastewater. DellaMonica et
a. [1] studied the electrochemical oxidation of sewage waste-
water. The authors reported that the nitrogen compounds
present in the sewage wastewater could be removed with more
than 70% efficiency. The effect of current density, benzene
initial concentration and electrode material on anodic oxidation
was critically examined. Harrison and Mayne [2] reported on
electro oxidation of organic compoundsusing lead oxide coated
electrode. Comninellis [3] studied the phenol degradation in
the presence of sodium chloride for wastewater treatment.
Tomcsanyi et al. [4] studied the adsorbed intermediate of chlo-
ride oxidation using RuQO,/Tio, electrode. Fernandez et al. [5]
presented Vol mer-Kristhaltic mechanism for the chlorine evo-
|ution electrode reaction. The el ectrode mechanism during el ec-
trochemical oxidation is very important for its efficiency and
suitability for the electrochemical process. It is attempted in
the present work to study the electrooxidation of dye house
effluent at various operating conditions.

Mechanism of Hypochlorite generation

Hypochlorite ions are generated during electrolysis of
chloride ion present in the wastewater [6]. The reactions in-
volved during the electrolysis of chlorideionsaregiven as
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Thechlorideions are converted into chloride at the anodic
surface

2CI"— Cl +2e (2)

While water isionized at the cathode to give hydroxyl
ion and hydrogen

2H,0+2e—H,+20H" @)
In the bulk, the liberated chlorine reacts with water to
produce hypochlorous acid

Cl+H,0—>HOCI+Cl+H* A3)

The generated hypochlorous acid further dissociated to
give hypochloriteion and hydroxyl ion

HOCI—OCI- +H* @)

The hydroxyl ion reacts with hydrogen to from water
molecule

H* +OH—H,0 (5)

During the electrochemical generation of hypochloriteion,
thefollowing sidereactions also might occur: Chlorate may be
formed either chemically or electrochemically when hypochlo-
riteionsreached saturated level, i.e.

2HCIO+CIO—CIO,+2H* +2CI (6)
and
6ClO+3H,072CIO,+2H"+4Cl+1/20,+6e  (7)

The equations 4-7 give the mechanism for generation of
hypochlorite ion. The generated hypochlorite ions, and free
chlorite act asmain oxidizing agentsin electrochemical oxida-
tion process. The side reactions (6& 7) should be controlled in
order to get better oxidation efficiency.

Asmentioned earlier, the generated hypochloriteions act
asmain oxidizing speciesin the degradation of pollutant present
in the wastewater. The disperse yellow-7 reacts with OCI-
according to thefollowing reaction

C,HN, +460CI"— 46CI- +19CO,+2N, +8H,0

-r, =dc/dt =k[A] [C H, N ][CIO] (12)

where A is the active area of the electrode. The rate of
pollutant degradation is now function of chlorite ion concen-
tration, dye pollutant concentration and the electrode area. The
electrode arearemains constant throughout processing and hence
it can beignored in the rate equation. Aslong as the side reac-
tions are controlled the quantity of hypochlorite ion may also
be assumed as constant during the process. The equation 11 is
simplified to

19H16

r S=k (12)
B

Wherecisthe concentration of formaldehyde at unit time
and ¢, istheinitial formaldehyde concentration. The slope of
the plot of In c/ci versus electrolysis time gives the value of
reaction rate constant k .

Experimental

Experimentsare conducted in abatch electrochemical re-
actor. The experimental set-up consists of electrolysis cell has
the provision for electrode insertion and sample probe. Com-
mercially available Graphite and SS were used as anodes and
cathode respectively. Synthetic effluents of known concentra-
tion [estimated before the experiments] were taken for the ex-
periment. The pollutant concentrations are presented in terms
of Chemical Oxygen Demand estimated by standard estima-
tion procedure. The electrolysis was carried out under
galvanostatic condition. Samples were collected at regular in-
tervalsof timefor estimation of COD estimation. Constant cell
temperature and pH were maintained for each experiment.

Resultsand discussions
Effect of current density

Experimentswere conducted at five current densitieskeep-
ing other parameters constant. The rate COD reduction in-
creased with current density [Tables 1]. Thismay be explained
that the rate of chloride ion oxidation, i.e. the generation of
hypochloriteion increased with current density, which eventu-
aly increases the pollutant degradation.

Effects of supporting electrolyte concentration

The supporting electrolyte plays important role in the
oxidation process. The cell conductivity and quantity of hy-
pochloriteion concentrations areincreased with increasein the
supporting electrolyte. Theincreasein the hypochloriteion in
turn increase the rate of COD reduction [ Table 2]. Notice that
the observation given in Table 2 similar to Table 1 except the
addition-supporting electrolyte added to the system. This ob-
servation also indicates that the formaldehyde degradation is
mostly attributed by hypochlorite ions than OH radicals.
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Table 1. Results obtained for electro oxidation of disperse yellow-7 without supporting
electrolyte. pH: 3; NaCl: nil

CD Time Potentia (V) Cell Current % COD Energy
(A/dm?)  (hrs)  anode cathode  voltage (A) reduction  consumption
V) kWH/kg COD
0.5 8 1.63 1.67 3.24 0.02 61.36 8.15
1 4 16 1.75 3.37 0.04 47.72 9.89
25 16 1.87 1.69 357 0.11 34 15.36
5 0.8 257 22 4.56 0.22 22 29.43
10 0.4 4.22 4.09 9.3 0.44 16 60.02
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Table 2. Results obtained for electro oxidation of disperse yellow-7 without
supporting electrolyte. pH : 3; NaCl: 1g1*

Effect of pH
The pH

order to check its influence on dye degradation. Experiments
were conducted under acid, alkalineand neutral conditions. Tables
2 to Table 3 compare the results obtained at three different

CD Time Potential (V) Cell voltage  Current % COD Energy
(A/dm?)  (hrs)  anode  cathode V) (A) reduction  consumption
kWH/kg COD
0.5 8 1.46 1.08 2.56 0.02 63.63 6.7
1 4 1.56 1.05 2.68 0.04 54.54 9
25 1.6 1.9 1.26 3.19 0.11 40.9 16.5
5 0.8 215 1.68 4.02 0.22 27.27 32.2
10 0.4 2.74 2.04 4.9 0.44 27.27 54
Table 3. Results obtained for electro oxidation of disperse yellow-7 without
supporting electrolyte, pH; 7; NaCl: 1g1*
CD Time Potentia (V) Cel voltage Current % COD  Energy consumption
(A/dm?)  (hrs)  anode cathode (V) (A) reduction kWH/kg COD
0.5 8 0.91 1.67 264 0.02 64.06 6.59
1 4 1.64 191 353 0.04 54.68 10.33
25 1.6 14 215 3.89 0.11 56.25 12.17
5 0.8 1.69 3.16 5.16 0.22 53.12 17.10
10 0.4 2.8 4.08 7.32 0.44 29.68 4341
Table 4. Results obtained for electro oxidation of disperse yellow-7 without
supporting electrolyte, pH; 10; NaCl: 1g1*
CD Time Potential (V) Cell Current % COD Energy
(A/dm?®  (hrs) anode cathode  voltage (A) reduction consumption
V) kWH/kg COD
0.5 8 145 11 2.54 0.02 77.77 5.23
1 4 1.48 1.03 2.68 0.04 66.66 6.43
25 16 1.76 1.44 321 0.11 66.66 8.48
5 0.8 2.02 1.75 3.38 0.22 44.44 15.37
10 0.4 2.25 212 4.7 0.44 22.22 37.23

pHs. Notice that the rate of COD reduction has been increased
from 63% to 78% when the electrolyte pH isincreased from 3
to 10. Increase in the pH of electrolyte increases the OH
radicals favors the hydrolysis reaction. Consequently oxida-
tion of dye hasbeen increased. Thereaction wasvery favorable
at neutral and alkaline conditions.

of the electrolyte solution has been varied in
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Conclusions

Dye house effluent has been treated with in situ generated
hypochloriteions. Experimentswere conducted in abatch elec-
trochemical cell covering wide range in operating conditions.
Themechanisms of the anodic oxidation of chlorideion and the
oxidation of dye with hypochloriteion arecritically studied in
thisinvestigation.
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