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Abstract: Electro coagulation process using various deigns and configurations have been tested
from time to time and found to impart major role in the process. Mostly non rotating
configurations were used in the available literature. The usage of rotating electrode reactors has
come to light and found out to be effective configuration. The effect of rotating and non rotating
reactor configurations along with other affecting parameters likes current density, detention time
and energy consumption were investigated. Set of experiments were conducted using simulated
sample prepared by dissolving basic red dye in tap water to carry out the performance evaluation
of the two type of reactors configuration. A comparative study between the two configurations
was made to investigate their effectiveness in term of COD removal efficiency and economics of
treatment. The results show that rotating reactor configuration have consumed 15-17% less
energy for maximum COD removal of 96.40% and thus have better removal efficiency and lower
specific energy consumption than non rotating reactor configuration.
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1. INTRODUCTION
The major challenge standing in front of the modern world is demand, supply and availability

of clean water for domestic and industrial use [1]. Due to large quantity and diverse nature of
industrial wastewater, the issue of its treatment remains a major environmental concern. So, the
gap in demand and supply has made it compulsory to reuse the treated wastewater.

The textile wastewater from dyeing and finishing process has been a serious environmental
concern for decades. The textile wastewater contains high color, varying pH, high COD
concentration, high turbidity, suspended particles and low biodegradability [2]–[5] which
makes it difficult to use conventional technologies available. A host of modern era imparted the
use of very promising technique based on electrochemical technology like electro coagulation,
electro flotation [6] etc. EC has been a very complex process involving various multitude
mechanisms operating simultaneously to treat wastewater.

A wide variety of opinions exist in literature for key mechanism and reactor configurations. A
systematic and holistic approach is required to understand EC and its controlling parameters
[1]. Over the broad range of time period over which this technology is used it is surprising the
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Figure I: Reactor Design- 1) 3D aluminum perforated cylindrical anode. 2) Aluminum rod cathode. 3)
Textile Wastewater. 4) Sludge. 5) Mechanical stirrer. 6) DC Power Supply Unit.

available literature does not reveal any systematic approach to EC reactor design, configuration
and operation [7].

EC treatment of textile wastewater has been conducted on a laboratory scale and good
removal of COD, color, turbidity, and dissolved solids at various operating parameters have
been obtained [8]–[11]. And, the process has been found to be very efficient in COD removal
and decoloration with low energy consumption [12].

The commonly explored variables for laboratory studies include wastewater characteristics
such as pH & conductivity, and process variables such as current density, detention time,
electrode material etc. Meanwhile, an important design variable not fully investigated in
previous researches is the reactor configurations i.e. rotating and non rotating reactor
configuration.

Since the rotating and non rotating reactor configuration has not been compared in detail for
the process, it is the purpose of this study to compare the treatment of textile wastewater by both
the configurations. The two performance criteria which are of primordial importance are COD
and energy consumption in both the configurations is used for the comparison. Further goal of
this study is to select the reactor configuration with highest removals and minimum energy
consumption for the same to provide a solid universal and scientific understanding for future
design.

2. MATERIAL AND METHODS

2.1 Reactor Design: The Contrast

Since EC is an enigmatic technology. Despite being widely used for decades, there appears to
be no real consensus on the most appropriate approach for any given application, little in way of
systematic reactor design rules, and almost nothing in way of generic a priori modeling
approach [7]. The EC reactor for present study was designed considering the intersection of
three more fundamental technologies – electrochemistry, coagulation and flotation that governs
the process. All three of them were given due consideration in the design of reactor [7].
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In this investigation, a 3D perforated cylindrical aluminum anode and cathode was used for
treatment of synthetic textile wastewater with EC. The reactor was made of Plexiglas having
conical structure at the bottom to effectively collect and enhance the settling of the sludge
produced at the time of EC. The anode was made of hollow Al cylinder having pores at regular
distance in order to enhance the turbulence in the reactor. The effective area of the electrode
was 284.52 cm2. The cathode was an aluminum rod with 7 mm inner diameter, 1.2 cm outer
diameter and 14 cm height. The aluminum rod and perforated aluminum cylinder were isolated
by perforated epoxy resin. The inter-electrode distance was fixed at 2 cm. The experimental
system used is represented in Figure I.

2.2 The Analysis

As shown by many investigators that aluminium was used as electrode material for treatment of
textile wastewater [13].  The synthetic textile wastewater was prepared in laboratory. The
wastewater was prepared by using tap water. The pH was adjusted using NaOH and H2SO4/HCl
when required. The conductivity of the wastewater was adjusted using NaCl. The required
currents were applied by a DC power supply (Kusam Meco, Model: KM-PS- 305-DII). The
analytical determination of the Color and COD removal was investigated with the standard
procedure (5220 D. Closed Reflux, Calorimetric Method) using an UV Spectrophotometer
(Shimadzu, Model: UV-1800) [14]. The pH and conductivity were measured by pH meter
(Hanna, Model: HI 98128) and conductivity meter (Lutron, Model: CD-4302).
The COD and Color removal efficiency (RE%) were calculated using the following equations:

COD Removal Efficiency (%) = 100*
0

0

C

CC �
(1)

Where; Co and C are the concentration of COD before and after treatment, respectively, in
ppm or mg/L.

Color Removal Efficiency (%) = 100*
0

0

A

AA �
(2)

Where; Ao and A are the absorbance of dye before and after treatment, respectively.
The specific electrical energy consumption per mg COD removed (ECOD) were calculated as
follows:

60***
0 CC

t
IVEcod

�
� (3)

Where, V is voltage, I is current, t is time (usually taken as 60 min for specific energy
consumption, C0 and C are the initial and final COD concentrations.

3. RESULTS AND DISCUSSION

3.1 Effect of Detention Time

There is a significant effect of detention time on treatment efficiency in an electrochemical
technique [15]. It was observed that increase in detention time had resulted in increase in COD
removal efficiency, when other affecting parameters were kept constant. This effect can be
explained by the Faraday’s law, according to which an increase in detention time will lead more
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While for quicker detention time i.e. 10 min, the COD removal efficiency was not good. It
was observed to be 46.48% and 69.40% for non rotating and rotating configurations
respectively. It was due to the fact that the metal ion (Al3+) dosage was not sufficient to
destabilize all colloidal and finely suspended particles [15].



5

1234567890

ICMAEM-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 225 (2017) 012131 doi:10.1088/1757-899X/225/1/012131

determines both coagulant dosag
solution mixing and mass transfe
parameter that affecting the system
separation mode [22].

In case of non rotating and rotat
was observed at 8 mA/cm2 and
configuration 50% of removal eff
to rotating reactor configuration
efficiency decreases.

The COD removal efficiency
configuration over non rotating re

As the current density decrease
However, the cost of the proces
electrode and electrical energy. A
one may use an optimum value 
[23].

3.3 Energy Consumption

In electro coagulation techniqu
applied voltage, current and d
combination of applied voltage, t
current directly affects metal ion
supplied it will be wasted in heat
Thus, energy consumed for unit 
Reactor Configuration.

For all experiments in continuo
time, after pseudo steady state w
mg of COD) in each experiment w
Specific energy consumed for un
find out the energy efficiency of t

�

����

���

� � � 	

�
�
�
��
�
�	


�
��


�
�
��


�

�
�
��
�	
�
�
��
�




�
�
�

��
�


�
�

	����������������
���


��
�������������
���

ge and bubble generation rates and strongly in
er at the electrodes. So current density is the ke
m’s response time and also influencing the domi

ting reactor configuration, maximum COD remo
d 6 mA/cm2 as shown in fig. III.  In case of
ficiency was achieved at higher current density i

n. As the current density was increased further

 values showed the better performance of ro
eactor configuration.

ed, the time needed to achieve similar efficienc
ss is required to determine by the consumption

As the increase in current density augment the cos
of current density for efficient treatment and m

ue of treatment, total electrical energy consume
detention. Many researchers have shown th
time and current assure high treatment efficiency
n generation, consequently treatment but if too h
ting up of system i.e. efficiency of system will d
COD removal was calculated for Non Rotating

ous flow reactor, energy consumed for 60 minut
was calculated. Energy consumed for unit remov
was calculated and reported here as specific ener
nit COD removal was analyzed with correspon
the system.

��

�
��

��

�

����

����

����

� � � 	�
�
�
��
�
�	


�
��


�
�
��


�

�
�
��
�	
�
�
��
�




�
�
�

��
�


�
�

	����������������
���



��
�������������
���

nfluences both
ey operational
inant pollutant

oval efficiency
f non rotating
in comparison
r the removal

otating reactor

cies increased.
n of sacrificial
st of treatment,
minimum cost

ed depends on
hat optimized
y. The applied
high current is
decrease [24].

g and Rotating

tes of running
val of COD (1
rgy consumed.
nding YCOD to

��


��

��

Figure IV: Specific  Energy  consumed  at  
20  min  of detention time

Figure V: Specific  Energy  consumed  at  20  min 
 of detention time



6

1234567890

ICMAEM-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 225 (2017) 012131 doi:10.1088/1757-899X/225/1/012131

As shown in fig. IV; the energy
time varies from 0.037 to 0.083 
reactor configuration it varies fro
was approximately 50% less than

As the detention time was incre
V, the energy consumption for n
J/mg but for rotating reactor conf

Further, increasing the detentio
for both non rotating and rotat
decreases due to the fact that now

So, the energy consumed for ma
17% less for the similar results in

4. CONCLUSION
It was observed that in compari

process. The rotating reactor con
efficiency than non rotating rea
consumption decreases to 17-58%
offers better energy efficiency. 
rotating reactor configurations ha

REFERENCES

[1] M. Y. A. Mollah, R. Schen
- Science and applications,

[2] S. H. Lin and C. M. Lin, “T
coagulation,” Water Res., 

[3] N. H. Ince and G. Tezca

Figure VI:

y consumed for unit removal of COD for 20 mi
J/mg for non rotating reactor configuration bu

m 0.016 to 0.046 J/mg as current density was inc
n non rotating reactor configuration.

eased to 30 min with respect to current density as
non rotating reactor configuration varies from 0
figuration it was calculated to be 0.017 to 0.049 

on time to 40 min as shown in fig. VI, the energy
ting reactor configuration increases whereas C
w the energy was wasted up in heating.

aximum COD removal was found to be 0.028 J/m
n non rotating reactor configuration.

ison of both the configurations used for the electr
nfiguration was found to give 10-15% better C
actor configuration. It was also concluded tha
% in rotating reactor configuration for unit COD 
So, for the similar current density and detent

ave a better edge over non rotating reactor config

nnach, J. R. Parga, and D. L. Cocke, “Electrocoa
,” J. Hazard. Mater., vol. 84, no. 1, pp. 29–41, 2
Treatment of textile waste effluents by ozonation
vol. 27, no. 12, pp. 1743–1748, 1993.

anli, “Treatability of textile dye-bath effluents 

Specific Energy consumed at 40 min of detention time

n of detention
ut for rotating
creased which

s shown in fig.
0.018 to 0.055
J/mg.

mg. which was

ro coagulation
COD removal
at the energy
removal, thus

tion time, the
gurations.

agulation (EC)
2001.
n and chemical

by advanced

Further, increasing the detention time to 40 min as shown in fig. VI, the energy consumption
for both non rotating and rotating reactor configuration increases whereas COD removal
decreases due to the fact that now the energy was wasted up in heating.



7

1234567890

ICMAEM-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 225 (2017) 012131 doi:10.1088/1757-899X/225/1/012131

oxidation: Preparation for reuse,” in Water Science and Technology, 1999, vol. 40, no. 1,
pp. 183–190.

[4] a. . Vlyssides, D. Papaioannou, M. Loizidoy, P. . Karlis, and  a. . Zorpas, “Testing an
electrochemical method for treatment of textile dye wastewater,” Waste Manag., vol. 20,
pp. 569–574, 2000.

[5] L. Szpyrkowicz, C. Juzzolino, and S. N. Kaul, “A comparative study on oxidation of
disperse dyes by electrochemical process, ozone, hypochlorite and fenton reagent,”
Water Res., vol. 35, no. 9, pp. 2129–2136, 2001.

[6] K. Rajeshwar, J. G. Ibanez, and G. M. Swain, “Electrochemistry and the environment,”
J. Appl. Electrochem., vol. 24, no. 11, pp. 1077–1091, 1994.

[7] H. A. Moreno-Casillas, D. L. Cocke, J. A. G. Gomes, P. Morkovsky, J. R. Parga, and E.
Peterson, “Electrocoagulation mechanism for COD removal,” Sep. Purif. Technol., vol.
56, no. 2, pp. 204–211, 2007.

[8] S. H. Lin and C. F. Peng, “Treatment of textile wastewater by electrochemical method,”
Water Res., vol. 28, no. 2, pp. 277–282, 1994.

[9] A. Gürses, M. Yalçin, and C. Doar, “Electrocoagulation of some reactive dyes: A
statistical investigation of some electrochemical variables,” Waste Manag., vol. 22, no.
5, pp. 491–499, 2002.

[10] J. S. Do and M. L. Chen, “Decolourization of dye-containing solutions by
electrocoagulation,” J. Appl. Electrochem., vol. 24, no. 8, pp. 785–790, 1994.

[11] Ü. B. Ö ütveren and S. Koparal, “Electrocoagulation for oil water emulsion treatment,”
J. Environ. Sci. Heal. . Part A Environ. Sci. Eng. Toxicol., vol. 32, no. 9–10, pp.
2507–2520, 1997.

[12] Y. Xiong, P. J. Strunk, H. Xia, X. Zhu, and H. T. Karlsson, “Treatment of dye
wastewater containing acid orange II using a cell with three-phase three-dimensional
electrode.,” Water Res., vol. 35, no. 17, pp. 4226–30, 2001.

[13] O. T. Can, M. Bayramoglu, and M. Kobya, “Decolorization of reactive dye solutions by
electrocoagulation using aluminum electrodes,” Ind. Eng. Chem. Res., vol. 42, no. 14,
pp. 3391–3396, 2003.

[14] American Public Health Association, American Water Works Association, and Water
Environment Federation, “Standard Methods for the Examination of Water and
Wastewater,” Stand. Methods, p. 541, 1999.

[15] M. F. Ni’am, F. Othman, J. Sohaili, and Z. Fauzia, “Removal of COD and Turbidity to
Improve Wastewater Quality Using Electrocoagulation Technique,” Malaysian J. Anal.
Sci., vol. 11, no. 1, pp. 198–205, 2007.

[16] A. El-Shazly and M. Daous, “Investigations and Kinetics Study for the Effet of Solution
Flow Rate on the Performance of Electrocoagulation Unit Used for Nutrients Removal,”
Int. J. Electrochem. Sci, 2013.

[17] P. R. Kumar, S. Chaudhari, K. C. Khilar, and S. P. Mahajan, “Removal of arsenic from
water by electrocoagulation,” Chemosphere, vol. 55, no. 9, pp. 1245–1252, 2004.

[18] N. Bekta , H. Akbulut, H. Inan, and A. Dimoglo, “Removal of phosphate from aqueous
solutions by electro-coagulation,” J. Hazard. Mater., vol. 106, no. 2–3, pp. 101–105,
2004.

[19] P. K. Holt, G. W. Barton, and C. A. Mitchell, “The future for electrocoagulation as a
localised water treatment technology,” Chemosphere, vol. 59, no. 3. pp. 355–367, 2005.

[20] A. E. Yilmaz, R. Boncukcuo lu, M. M. Kocakerim, and B. Keskinler, “The investigation
of parameters affecting boron removal by electrocoagulation method,” J. Hazard.



8

1234567890

ICMAEM-2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 225 (2017) 012131 doi:10.1088/1757-899X/225/1/012131

Mater., vol. 125, no. 1–3, pp. 160–165, 2005.
[21] B. Merzouk, B. Gourich, A. Sekki, K. Madani, C. Vial, and M. Barkaoui, “Studies on the

decolorization of textile dye wastewater by continuous electrocoagulation process,”
Chem. Eng. J., vol. 149, no. 1, pp. 207–214, 2009.

[22] X. Lu, L. Liu, R. Liu, and J. Chen, “Textile wastewater reuse as an alternative water
source for dyeing and finishing processes: A case study,” Desalination, vol. 258, no.
1–3, pp. 229–232, 2010.

[23] M. Saleem, A. A. Bukhari, and M. N. Akram, “Electrocoagulation for the treatment of
wastewater for reuse in irrigation and plantation.,” J. Basic Appl. Sci., vol. 7, no. 1, pp.
11–20, 2011.

[24] C. L. Lai and S. H. Lin, “Treatment of chemical mechanical polishing wastewater by
electrocoagulation: System performances and sludge settling characteristics,”
Chemosphere, vol. 54, no. 3, pp. 235–242, 2004.


