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ABSTRACT

This research deals with electro coagulation treatment of the synthetic dye solution. The main criteria in
this work are to select the right operating parameters for high efficiency of color removal with minimum
energy consumption. This process was evaluated using TiO2/Al electrode by spray pyrolysis with TiCl3

and the effectiveness was related with Al. SEM, XRD and EDS analysis were used to analyze the
morphological, structural investigation, and percentage of the components of the electrode. The competence
of the procedure for electro coagulation to treat synthetic waste water comprising Coralene Navy RDRLSR,
Coralene Red 3 G, Rubru RD GLFI dye (disperse dye) has been tested for the impact of operating factors
like pH, time, current and electrolyte concentration. The results showed that this method was accomplished
to attain the elimination of color (97.2 percent) at pH 7.0 at the original pH of the effluent with TiO2/Al.
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Introduction

The freshwater scarcity in developing countries
such as India emerges due to rapid industrialization
and insufficient water management. The cotton dye-
ing industries are one of India’s major contributors
to river and groundwater pollution (Rafi et al.,
1996). Roughly 80% of the woven apparel of the
nation emanates from Tirupur town in Tamil Nadu,
about 55 km east of Coimbatore. With many num-
bers of knitting, dyeing and bleaching, printing,
embroidery and compacting, elevating and calen-
daring units, the effluent from these units, have
high COD and salt levels. Many methods, such as
physical, chemical and biological methods used to
treat wastewater, have benefits and drawbacks.
Most of these methods are expensive and inefficient.
In recent years, research on wastewater treatment
has focused on electrochemical coagulation because

it is easy to operate with less sludge production
(Verma et al., 2012; Nadjib Drouiche et al., 2012;
Alinsafi et al., 2005).

Electrocoagulation system was useful to treat oil
emulsion wastewater (Hooshmandfar et al., 2006)
and fabric wastewater (Hu et al., 2005). This method
was also found to be useful in treating heavy metal
wastewater (Bensadok et al., 2008; Zongo et al., 2009;
Nanseu-njiki et al., 2009; Attour et al., 2014;
Vasudevan et al., 2009; Lacasa et al., 2011). But this
system faces a high amount of electricity consump-
tion and has an effect on operating costs. Since the
demand for electrical energy is proportional to the
treating time, this route with customary electrodes
such as aluminum resulted in a double consump-
tion of electrical energy compared to energy con-
sumption using stainless steel electrodes (Drouiche
et al., 2009). Despite the fact that traditional elec-
trode materials (Al and Fe) have better color elimi-
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nation efficacy and are possible to dissolve. There-
fore, a new economically viable electrode or elec-
trode/hybrid EC device is needed that requires a
lesser amount of current and time (Zhu et al., 2014).
In the batch process (Jegathambal et al., 2015) modi-
fied electrodes such as TiO2/Al prepared by the
thermal decomposition of TiCl3 are used success-
fully.

The aim of this study is to prepare TiO2/Al from
spray pyrolysis method with TiCl3 and to analyze
the competence of the EC process for color removal
efficiency (CRE%) was assessed for the elimination
of dye using TiO2/Al-TiO2/Al and compared with
Al-Al. Color removal and electrode efficiencies are
the methodological parameters used in this work
with the optimization of operative parameters such
as pH, applied current, electrolyte concentration
and time.

Materials and Methods

TiO2/Al Electrode preparation by Spray Pyrolysis

The precursor using TiCl3 was prepared in the
preparation as proposed by Beck and Co-workers
(Beck F et al., 1985; Parameswari et al. 2014) was
adopted by spray pyrolysis to prepare TiO2/Al elec-
trode. The TiO2 coating was done on a well-cleaned
aluminum substratum, sand blasted for better ad-
herence of the coated material and cleaned with
triple distilled water, followed by coating. The pre-
cursor solution was impelled (Stroke pump) to a 100
kHz ultrasonic atomizer (Lechler Inc.) to the hot
surface of the metal substrate from a tubular quartz
reactor (diameter 5 cm and length 30 cm). The Al
substratum was mounted on the case of the sample
and raised the temperature by heating quartz bulbs
positioned above and below the duct. The precursor
was sprayed on the substratum at 200 oC and was 20
cm below the carrier gas such as oxygen and nitro-
gen with the nozzle to substrate length. The solution
flow rate was 3mL/10 min for one time deposition
of a 40 mL solution batch. The specimen was then
gradually cooled down to room temperature by 10
°C/min. The electrodes are measured at 9cm/
3.2cm/0.5 cm lengths.

Electrocoagulation (EC) Process

Dye Solution - Synthetic wastewater was prepared
at concentrations of 150mg/L in distilled water
which was acquired from a small dyeing unit in

Coimbatore. (Commercial name of the dye;
Coralene Navy RDRLSR, Coralene Red 3 G, Rubru
RD GLFI)

A 500 mL beaker along with a magnetic stirrer
and DC power supply was used as an electrochemi-
cal reactor. Two EC process sets were executed at
25°C with TiO2/Al—TiO2/Al and Al to achieve
higher Color Removal Efficiency (CRE percent).
[(These electrodes will be represented as’ A’ (TiO2/
Al— TiO2/Al) and’ B’ (Al— Al)]. The electrode with
a total active area of 28.5cm2 and the distance of
10mm between both the electrodes were placed
with 250 ml of sample solution for each test. Elec-
trodes were plopped with water before each test
and put in 15 percent hydrochloric acid to extract
dust from the surface and thus weighed the elec-
trodes after drying. After each experiment, the elec-
trodes were washed with water, dried up and
weighed. The test solution was filtered, and the fil-
trate was characterized for color removal. The test
solution’s pH has been attuned with 0.5N HCl or
NaOH. Certain parameters were kept constant for
each optimization of working parameters based on
the early experimentations.
 Color Removal Efficiency (CRE) - Efficiencies in
color removal (CRE percent) were calculated from
the following expression

CRE% =100*(Ab-At)/Ab

Where Ab and At were, respectively, the dye ab-
sorbance in solution prior to electrocoagulation and
at time t. The spectrophotometer JascoV-670 was
used to determine the dye solution’s wavelength
(542 nm).
Surface Morphology and structural Investigation
of electrodes- Scanning Electron Microscope (SEM)
[JEOL 6390], was used to analyze the surface mor-
phology and structural analysis of TiO2/Al elec-
trodes. Elemental analysis by Energy Dispersive X-
Ray Spectroscopy (EDS) and micro structure of the
particles present in the electrode and sludge by X-
Ray diffractometer [SHIMADZU-6000] were stud-
ied.

Results and Discussion

Morphological study of TiO2/Al

SEM, EDS Analysis Fig. 1. a, b. represents the SEM
and EDS spectrum of Al and TiO2/Al prepared
from spray pyrolysis. SEM micrograph of TiO2/Al
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showed that there are compressed units and that the
size and shape of the particles are regular. The peak
corresponding to 3keV for Cl appears in the metal
as well in the coated electrode and the peaks corre-
sponding to Ti and O peaks agree the presence of
titanium oxide. SEM micrograph shows that the
surfaces that have been obtained are permeable. In
addition, the surface layer crashes are noticeable
with pores, by the speedy progress in the size of the
TiO2 layer on the Al substratum. In Fig. 1b the peaks
at 0.6, 4.3 and 4.5keV are related to the required en-
ergy of Ti and oxygen links to the TiO2 particles and
confirms the presence of elemental compounds in
the Al substratum. The peaks are correlated to
around 1.5 keV are linked to the prerequisite ener-
gies of Al with O2.

XRD analysis of TiO2/Al

Fig. 2. is the X-ray diffractogram of  Al and TiO2/Al.
The TiO2 phase diffraction peaks and the Al sub-
strate are present in the electrode being investi-
gated. Sharp peaks reached matching the planes
(101), (200) established the nano-crystalline struc-
ture. It indicates TiO2 nanoparticles in anatase struc-
ture. The deposition of TiO2 with 2 theta values
(24.8) was matched with JCPDS card no: 21-1272.
Calculated using the Scherrer formula, the crystal-
line size ranged from 20.2 to 53.7 nm which indi-
cates large surface area of theTiO2 particle (Cullity et
al., 1978).

Optimization of Operative Parameters

Working parameters such as (pH, time, concentra-
tion of electrolyte and applied current) are opti-

mized in this work for the elimination of dye. For
each parameter optimization the other parameters
were kept perpetually from the preliminary experi-
ments for both TiO2/Al-TiO2/Al (electrode ‘A’) and
Al-Al (electrode ‘B’) for the dye removal.

Influence of pH on Removal of disperse dye

The optimal pH level depends on the nature and
composition of the material used in the electrode.
The solution’s pH orders the presence of metal in its
ionic state, the chemical position of additional ions
in the solution, and also regulates the solution. To
find the optimal pH for high color removal of the
dye, under the above-mentioned condition, a se-

Fig. 1. SEM, EDS photograph of a. Al, b. TiO2/Al

Fig. 2. XRD Configuration for Al and TiO2/Al
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quence of experimentations were performed with
the mentioned dye solution at varying pH (4, 5, 6, 7,
8 and 9). The pH of the test solution was modified
with NaOH or H2SO4 to a suitable value that was
varied between 4 and 9. The collection and filtering
of the treated sample from which the percentage of
CRE calculated. The outcomes are given in Fig. 3.a
and Table 1.

and at the identical time the adding of the same,
may cause the suspension of the material from
TiO2/Al due to weathering followed by Al. So the
adding NaCl amount need to be optimized
(Merzouk et al., 2011).  From the electrolyte, Cl- ions
will diminution the adverse effect of other anions
and thus upsurge the accessibility of hydroxides in
the reaction medium. Dying units in textile indus-
tries use NaCl at different steps and the effluents
pawned from them contains Na+ and chloride ions,
and because of which the test solution is highly
mobile and therefore requires low voltage for elec-
trocoagulation. The EC process was performed and
the CRE found during the EC cycle are shown in
Fig. 3b, Table 1 with changing the amount of NaCl
from 0.1-0.35g / L.

At the concentration of 1g/L of NaCl, both the
electrode ‘A’ and ‘B’ demonstrated almost the same
percentage of dye extraction with 98% color re-
moval. Increasing the concentration of NaCl in the
electrode ‘A’ dye reduction was almost the same,
but in the electrode ‘B’ CRE percentage began to de-
crease, may be attributable to Al metal passivation
by increased chloride ions. As the conduction im-
proved, Cl-would influence the anode and rise the
dissolution of the anode (Lee et al., 1999; Kobya et
al., 2010), so the adding NaCl further caused in
lesser color elimination efficiency due to the deposi-
tion with salt film on the surface of the electrode
which obstruct the contact amid the electrode and
effluent thereby reducing  the contact between the
pollutant and hydroxides and from this 0.1g/L is
found to be optimum in both electrodes.

Influence of Current applied

The metal ions from the anode, interacts with the
hydroxyl ions and get precipitated and adsorbed
with contaminants, and eliminate the dye
(Ghernaout et al., 2008; Khandegar et al., 2013;
Bazrafshan et al., 2007). For the active deduction of
dye molecules, all these effects are important. High-
current operation in the area around the anode can
cause several different side reactions, like straight
oxidation of pollutants or buildup of O2, limiting the
efficacy of electrocoagulation. In contrast, more cur-
rent induces the passivity on the cathodic area, re-
sulting in a high consumption of energy. Since eco-
nomical parameters hinge on both energy and elec-
trode consumption so both should be lower .Hence
it is vital to circumventworking at high current to
resolve the excessive group of Ti(OH)n or Al(OH)n

Table 1. Influence of variable pH, NaCl, applied current,
EC time on CRE (%)

The pH of raw wastewater can affect the
process’s competence positively or negatively, as it
interrupts the strength of various types of metal
hydroxides that are formed (Ün et al., 2009). The
color removal effectiveness for electrode ‘A’ was
99.5 percent at neutral pH, probably at this level,
most hydroxides like Ti(OH)2

+ and Ti2(OH)2
+ and

unsolvable Ti(OH)3 could be present and although
above pH 7 CRE percent is high, but it occurred at
alkaline pH. More over effluent pH at neutral, elec-
trode ‘A’ is active in color removal. With Al at pH 6,
the percentage of CRE was 80% as the pH aug-
mented from 6 to 9, with a progressive and abrupt
decrease in percentage of CRE, this could be attrib-
uted to the formation of further soluble metal hy-
droxides compared to insoluble aluminum ion com-
pounds, as a result of which coagulation and thus
precipitation are less desirable.

Influence of Electrolyte

Through reducing energy consumption, the sup-
porting electrolyte in electrolysis decreases the cur-
rent use there. As an addition to any electrolyte, the
movement of ions in the solution can be improved
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in the effluent. For optimization of current, experi-
ments were performed under other optimized pa-
rameters at different applied current from 0.01 to
0.06A and the results are given in Fig. 3. (C) Table 1.
As the current applied augmented from 0.01 to
0.06A, the number of Tin+ ions increased, the CRE
was 99.8% at 0.05A and subsequently a slight reduc-
tion in removal efficiency for the electrode ‘A’ and
in the electrodes ‘B’ as the current applied increased
there was a steady increase in the CRE removal, the
maximum CRE was 80 percent at 0.03A. From Fig.
3. (C) it is estimated that the highest percentage of
removal for electrodes ‘A’ was at 0.05A, with 99.8%
removal. Increasing the current further at 0.06A
CRE percentage reduction (99.6 percent), which
caused the oxide-layered cathode surface to
avertsuitabletransmission of current among the
electrodes. The optimum current for ‘A’ 0.05A
(CRE% 99.8) for ‘B’ 0.03A (CRE% 80.3).

Influence of variable EC time

To study its effect, the EC time ranged from 5 to 30
minutes and the other optimized parameters re-
mained constant. The results obtained are illus-

trated in Fig. 3. (d), Table 1. It was clearly known
that the percentage of CRE increased in the case of
electrode ‘A’ at 15 minutes CRE percentage was 99.2
and a slight reduction in CRE occurred afterwards.
Whereas in ‘B’ the CRE percentage is obtained at 10
minutes high (92.0) and slowly decreased. Metal
ions produced at the anode are agents of destabili-
zation. Due to the low current, fewer metal ions are
released from the anode that would not be sufficient
to destabilize all pollutants in the colloidal form or
suspended. The optimum EC time for ‘A’ was 15
min (CRE% 99.2) and for ‘B’ 15min (CRE% 89.2)

Conclusion

Dye elimination efficiencies (CRE percent) were
observed in all experimental parameters in short
operating time using TiO2/Al. It is also understood
that, by increasing the applied current, energy con-
sumption is increased. Due to indigenous discharge
restrictions, power and electrode usage, native en-
ergy unit values and few other additional con-
straints, an optimum current must be considered.
However, this work showed that the high CRE per-

Fig. 3. Influence of (a). pH (b).  NaCl (c). applied current (d). time on CRE (%)
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centage of fabric dyeing effluent using TiO2/Al was
at pH 7. The EC method has the benefit of treating
the fabric dyeing effluent and thereby eliminating
the pollution of the surroundings by the dye mol-
ecules with the TiO2/Al electrode and may well be
used to other dyes and for the real-time effluent in
the dyeing units.
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