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Studies on Removal of Dyes from wastewater using
Electro-coagulation Process

Patel N B, Soni B D, Ruparelia J P

Abstract—Electro-coagulation (EC) is one of the effective
techniques to remove colour, COD and organic compounds from
wastewater. In this paper electro coagulation technique has been
used for the removal of colour and COD from dye solutions
containing Direct Black 22 and Acid Red 97 using batch process.
For batch the process effect of operational parameters such as
current density, initial pH of the solution, time of electrolysis and
electrode materials were studied to attempt maximum reduction
of COD and colour. Different electrodes used in practical work
were iron, and aluminium with D.C. current.

I. INTRODUCTION

N e of the major challenges facing mankind today

is to provide clean water to a vast majority of the
population around the world. The need for clean water is
particularly critical in Third-World Countries. Rivers, canals,
estuaries and other water-bodies are being constantly pol-
luted due to indiscriminate discharge of industrial effluents as
well as other anthropogenic activities and natural processes.
The reuse of wastewater has become an absolute necessity.
There is, therefore, an urgent need to develop innovative,
more effective and inexpensive techniques for treatment of
wastewater. A wide range of wastewater treatment techniques
are known which includes biological processes as well as a
range of physico-chemical processes that require chemical
additions. A host of very promising techniques based on
electrochemical technology are being developed that do not
require chemical additions. These include electro coagulation,
electro-flotation and electro-oxidation. Electro coagulation,
has reached profitable commercialization. This process has
the potential to extensively eliminate the disadvantages of the
classical treatment techniques. [1] In addition, this process
has been applied to treat water [26-42] containing Foodstuff
wastes, oil wastes, dyes, suspended particles, chemical and
mechanical polishing waste, and organic matter from landfill
leachates, defluorination of water, synthetic detergent effluents,
mine wastes and heavy metal-containing solution.

Dyeing and finishing are the two important processes
generally applied in most of the textile manufacturing in-
dustries. These two processes generate considerable amount
of wastewater, which may contain strong colour, suspended
particles, high pH and high chemical oxygen demand (COD)
concentration. [2]It is estimated that 1-15% of the dye is lost
during dyeing and finishing processes and is released into
wastewaters. As a result, a high amount of these dyes can
exist in effluents of dyeing processes. Most kinds of synthetic
dyes are toxic substances to human and aquatic life, which
[3, 4] can be removed by adsorption, precipitation, chemical

degradation, photo-degradation, biodegradation, [5] chemical
coagulation and electro-coagulation. [6, 7, 8]

The objective of these Studies is Removal of Dyes from
wastewater using electro-coagulation process at different pH,
dyes concentration, electrode material, conductivity, current
density, residence time and effects of A.C. and D.C. current.

II. THEORIES OF ELECTRO-COAGULATION
A. Electro-coagulation mechanism:

As shown in Fig, 1, Electro-coagulation technology offers
an alternative to conventional coagulation process, where the
metal salts are added to break the stable suspensions of
the colloidal particles. EC process involves three successive
stages: (a) formation of coagulants by electrolytic oxidation
of the ’sacrificial electrode’; (b) destabilization of the con-
taminants, particulate suspension, and breaking of emulsions;
(c) aggregation of the destabilized phases to form flocs. In
electro-coagulation, coagulants are produced in situ within
the reactor without direct addition of any chemicals. Coag-
ulants are produced by electrolytic oxidation of appropriate
anode materials, such as stainless steel, Aluminium, carbon,
graphite, iron etc. Which result in formation of highly charged
polymeric metal hydroxyl species. These species neutralize
the electrostatic charges on the suspended solids and facilitate
agglomeration resulting in separation from the aqueous phase.
The technology removes metals, colloids particles and soluble
organic pollutants from aqueous media by introducing highly
charged polymeric hydroxide species. The treatment prompts
the precipitation of certain metals and salts [7].
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Fig. 1. Electrocoagulation step wise process|[8]

An electrochemical reactor when connected to an external
power source, the anode material will electrochemically cor-
rode due to oxidation, while the cathode will be subjected
to passivation. But, for wastewater treatment, due to metal
dissolution, the use of electrodes with large surface area is re-
quired. This has been achieved by using cells with monopolar
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electrodes either in parallel or series connections. It essentially
consists of pairs of conductive metal plates placed between two
parallel electrodes and a DC power source.

The mechanism of EC is highly dependent on the chemistry
of the aqueous medium, especially conductivity; pH, particle
size, and chemical constituent concentrations. Following are
the different mechanism of electro-coagulation with Iron and
aluminium as an electrode.

B. Aluminium as electrode:

The electrolytic dissolution of the aluminium anode
produces the cationic monomeric species such as Al>* and
Al(OH)?+ at low pH, which at appropriate pH values are
transformed initially into A1(OH)3 and finally polymerized to
Aln(OH)s,, according to the following reactions:

Al — A13+(aq)

AlP*+ +3H,0 — AI(OH)3 +3H*

nAl(OH); — Al,(OH)3,

However, depending on the pH of the aqueous medium other

ionic species, such as AI(OH)?*, Al,(OH),*t and AI(OH)*~
may also be present in the system.

C. Iron as electrode:

Iron upon oxidation in an electrolytic system produces iron
hydroxide, Fe(OH),,, where n = 2 or 3. Two mechanisms
have been proposed for the production of Fe(OH),, [7].

Mechanism 1

Anode:

4Fe(s) — 4Fe™2 ) + 8e™

4Fe™? ,q) + 10 H0 +04(,) — 4Fe(OH)3(s) + 8HT (4

Cathode:

8H™ (4q) + 8e_ — 4H2(y,

Overall:

4Fe(5) + 10H20 + O2(y) — 4Fe(OH)3(,) + 4Hy ()

Mechanism 2

Anode:

Fe(y) — FeT(4q) + 2¢~

Cathode:

F62+(aq) + 2OH7(aq) — FG(OH)Q(S)

2H2O(l) +2e” — H2(g) +2OH_(aq)
Overall:
Fe(s) +2H,0 n — Fe(OH)g(S) + Hg(g)

The Fe(OH),, (5 formed remains in the aqueous stream as a
gelatinous suspension, which can remove the pollutants from
wastewater either by complexation or by electrostatic
attraction, followed by coagulation. In the surface
complexation mode, the pollutant acts as a ligand (L)
to chemically bind hydrous iron:

L-H(aq)(OH)OFG(s) — L-OF@(S) + HO

D. Mechanism of COD removal:

Chemical oxygen demand (COD) is a measure of the
amount of the oxygen used in the chemical oxidation
of inorganic and organic matter present in wastewater.
Degradation of pollutants in wastewater in its simple form
decreases oxygen requirement for chemical oxidation hence
decreases COD. [8, 9, 10]

E. Batch vs continuous electro-coagulation process:

Present study includes practical work done with only batch
process. Continuous electro coagulation process with different
metals or metals coated with metal oxides are also possible.
[11,12]

F. A.C. versus D.C .Electro-coagulation Process:

The direct current electro-coagulation (DCE) technology is
inherent with the formation of an impermeable oxide layer
on the cathode as well as deterioration of the anode due to
oxidation. This leads to the loss of efficiency of the EC unit.
These limitations of the DCE process have been minimized
to some extent by the addition of parallel plate sacrificial
electrodes in the cell configuration.

However, many have preferred [13] the use of alternating
current electro-coagulation (ACE) technology. It is believed
that the AC cyclic energization retards the normal mechanisms
of electrode attack that are experienced in DCE system, and
thus, ensure reasonable electrode life.

III. EXPERIMENTAL PROCEDURE
A. Apparatus:

The study is based on experimental work conducted at
laboratory scale in batch process. The batch unit consist
of a 0.5 L electrochemical reactor with 75mm X 65mm
X 3mm (iron, and aluminium) anode and cathode kept a
part 8mm.The applied potential was maintained constant
by means of a precision D.C. power supply and A.C.
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characteristic Direct Black 22
max (nm) 482
Chemical class Tetraazo
Mw 1068.89
TABLE I

CHARACTERISTIC OF DIRECT BLACK 22

characteristic Acid Red 97
max (nm) 496
Chemical class Diaazo
Mw 698.63274
TABLE 11

CHARACTERISTIC OF ACID RED 97

power supply. Dyes were collected from dyes manufacture
industries named Gayatri colour chemical, GIDC, Ahmadabad.

B. Characteristics of treated effluent: [14, 15, 16, 17]
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Fig. 2. Structure of Direct Black 22

1) Direct Black 22[21, 22, 23, 24, 25]:
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Fig. 3. Structure of Acid Red 97

2) characteristic of Acid Red 97:

C. Laboratory procedure:

1) Batch Process: : The commercial dyes used in this
project were purchased from industry. Dye solutions were
prepared by dissolving dyes in distilled water to prepare
100ppm of dye solution. The conductivity of solutions was
raised up and adjusted in different values by the addition
of Nacl. The conductivity measurement was [18, 19,20]
performed using a Philips conductivity meter. The pH of
the solutions was measured by pH meter and adjusted by
adding NaoH or H2SO4 solutions. Iron and Aluminium were
used as electrode. Dimensions of electrodes were 75mm
X 65mm X 3mm and the distance between two electrodes
in EC cell was 8mm in all experiments. The electrodes
were connected to a DC power supply with galvanostatic

operational options for controlling the current density. All the
runs were performed at room temperature. In each run, 500
ml of the dye solution was decanted into the electrolytic cell.
At the end of electro-coagulation, all samples were allowed
to settle for 20 min in a 500 ml vessel before any analysis.
Neither centrifuging nor filtration was performed [18].
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Fig. 4. Experimental setup for batch process

IV. ANALYSIS
A. Methods:

dyes concentrations were determined from their absorbance
characteristics in the UV- vis range (200-800 nm) with
the calibration method. The calculation of colour removal
efficiency after electro coagulation treatment was performed
using this formula: CR(%) = (CO - C) / CO X100 where
CO and C are concentrations of dye before and after electro
coagulation in mg/l respectively.

The chemical oxygen demand (COD) of dye solutions was
measured according to the standard methods for examining
water and wastewater [17].

V. RESULT AND DISCUSSION

Results obtained for batch process by
experiments changing various parameters are
as follows. (With D.C. supply)

laboratory
tabulated

A. Discussion:

1) Effect of Initial pH: : The effect of initial pH on the
COD and colour removal efficiencies is presented in Fig 5
and 6. For Aluminium and Iron electrode, for pH 8, the
colour removal efficiency is as high as 90.88, 89.55 and
COD removal efficiency is 68.33, 58.33% respectively. Colour
removal efficiency and COD removals drop dramatically at
pH > 8. There was minimum removal efficiency at the pH
= 2. Since hydroxide ions, which were generated at the
cathode, were neutralized by H+ ions, sufficient amount of iron
hydroxide complexes were not formed at this pH. At the pH >
8, colour and COD removal efficiency decreased up to 39.68,
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Electrode | Current pH Reduction | Reduction | Time
Density of COD% | of colour | Min
A/m2 %
Fe-Fe 50 2 19 58.09 5
19 53.35 10
25 40.86 15
Fe-Fe 100 2 19 62.16 5
19 54.36 10
25 45.35 15
Al-Al 50 2 15 62.54 5
15 54.08 10
22 41.87 15
Al-Al 100 2 15 65.89 5
15 59.13 10
22 54.21 15
Fe-Fe 50 5 62.5 86.33 5
50 85.00 10
35.5 79.26 15
Fe-Fe 100 5 62.5 90.67 5
50 87.00 10
355 81.57 15
Al-Al 50 5 48 88.97 5
48 87.58 10
62.5 84.90 15
Al-Al 100 62.5 65.89 5
62.5 59.13 10
68 54.21 15
Electrode | Current pH Reduction | Reduction | Time
Density of COD% | of colour | Min
A/m2 %
Fe-Fe 50 8 50 91.76 5
62.5 91.13 10
62.5 90.00 15
Fe-Fe 100 8 50 92.30 5
62.5 80.35 10
62.5 45.35 15
Al-Al 50 8 32 91.67 5
48 92.54 10
48 90.47 15
Al-Al 100 8 48 65.89 5
48 48.56 10
60 46.39 15
Fe-Fe 50 11 19 44.22 5
19 48.56 10
25 39.05 15
Fe-Fe 100 11 19 41.08 5
25 50.72 10
325 81.57 15
Al-Al 50 11 19 88.97 5
19 37.96 10
25 39.05 15
Al-Al 100 11 19 38.89 5
25 41.08 10
25 43.74 15

48.48 % for Aluminium and Iron electrodes because above
this pH Fe(OH),— and Al(OH)4_ are the dominant species
and they are unable to form flocs [19].

2) Effect of Time of Electrolysis: : The colour and COD
removal efficiency depends directly on the concentration of
ions produced by the electrodes. When the electrolysis period
increases, concentration of Aluminium ion increases but for
iron maximum ion production is up to 5 minutes and then
after concentration of it decreases. According to Fig 7 and 8
an increase in the time of electrolysis from 5 to 15 min yields
in increase in the efficiency of colour and COD removal up to
91% and 48% for Aluminium electrode. For iron electrode,
efficiency of colour removal decreases from 91.76 to 90%
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Fig. 5. Effect of Initial pH on Colour removal efficiency (%)
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Fig. 6. Effect of Initial pH on COD removal efficiency (%)
because of degradation of iron electrode. And COD removal
efficiency increases from 50 to 62.5%.
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Fig. 7. Effect of Time of Electrolysis on Colour removal efficiency (%) at
50 A/m2 , 8 pH

3) Effect of Current Density: : It is well known that the
amount of current density determines the coagulant production
rate, and adjusts the rate and size of the bubble production,
and hence affects the growth of flocs. Fig. 9, 10 shows the
colour removal percentage against current density applied to
the electrodes in the EC process for Aluminium and iron
electrodes. Raising current density causes a corresponding
increase in the oxidized ion production from -electrodes.
Results show that increase in current density is favourable
for Aluminium and Iron electrode. It is also clear that Fe-Fe
electrodes perform better than the same size of Aluminium
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Fig. 8. Effect of Time of Electrolysis on COD removal efficiency (%) at 50
A/m2 , 8 pH

electrodes giving higher efficiency.
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Fig. 9. Effect of Current Density on Colour removal efficiency (%) at 8 pH,
5 min electrolysis time
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Fig. 10. Effect of Current Density on COD removal efficiency (%)at 8 pH,
at 15 min of electrolysis time

VI. CONCLUSION

From the experiment it was found that

1) Treatment of degradation of dyes by electro-coagulation
has been found to be pH dependent.

2) In almost neutral medium, pH 8, COD and Colour
removal efficiencies of Aluminium and iron electrodes
are higher than those of all pH

3) Comparing overall performance of Iron and Aluminium
electrodes, Iron electrodes give higher efficiency for
COD and colour removal.

4) For Iron electrodes %colour removal decreases with
electrolysis time.

REFERENCES

[1] Bhaskar Raju G., Thalamadai Karuppiah M., Latha S.S., Parvathy S.,
Prabhakar S “Treatment of wastewater from synthetic textile industry by
electrocoagulation- electrooxidation,” J. chemical engineering 144 (2008)
51-58.

[2] Mohammad Y.A., Saurabh R., Prashanth.K., Madhavi V., Tejas S., Jewel
A.G., Mehmet K., David L., "Treatment of orange II azo-dye by elec-
trocoagulation (EC) technique in a continuous flow cell using sacrificial
iron electrodes” J. Hazard. Mater. B 109 (2004) 165-171.

[3] Daneshvar N., Rabbani M., Modirshahla N., Behnajady M.A., "Pho-
tooxidative degradation of Acid Red 27 in a tubular continuous flow
photoreactor: influence of operational parameters and mineralization
products” J. Hazard. Mater. B 118 (2005)155-160.

[4] Pons M.N. Alinsa_ A., Khemis M., Leclerc J.P., Yaacoubi A., Benham-
mou A., Nejmeddine A., “Electro-coagulation of reactive textile dyes and
textile wastewater” Chem. Eng. Process. 44 (2005) 461-470.

[5] Slokar Y.M., Marechal A.M.L. ”"Methods of decoloration of textile
wastewaters ~ Dyes Pigments 37 (1998) 335-356.

[6] Kobya M. Can O.T., Bayramoglu M., Sozbir M., "Operating cost analysis
of electrocoagulation of textile dye wastewater” Sep. Purif. Technol. 37
(2004) 117- 125.

[71 Yousuf M., Mollah A., Robert Schennach, Parga Jose R., Cocke David
L., ”Electrocoagulation (EC)—science and applications” J. Hazard. Mater.
B84(2001) 29-41.

[8] Dr. Manuel A. Rodrigo, electrocoagulation / electrooxidation. ESSEE 4,
4th European Summer School on “Electrochemical Engineering” Palic,
Serbia and Montenegr 17-22 September, 2006.

[91 M S Farooqui (2004), "Combined Electrooxidation and Electrocoagula-
tion Processes for the treatment of Municipal Wastewater” Master thesis
King Fahd University of Petroleum & Minerals Dhahran, Saudi Arabia.

[10] Hector A. Moreno-Casillas, David L. Cocke, Jewel A.G. Gomes, Paul
Morkovsky, J.R. Parga, Eric Peterson., “Electrocoagulation mechanism
for COD removal” Seperation and purification Technology 56 (2007) 204-
211.

[11] Holt K. Peter., Barton W. Georay., Mitchell A. Cynthia., ” The future
for electrocoagulation as a localized water treatment technology” Chemo-
sphere 59 (2005)355-367.

[12] Bejankiwar R.S., Lokesh K.S. and Gowda T.P.H., “Electrochemical
pretreatment of wastewater from color photograph processing unit” J.
Envir. Engg, Nov-2003, 1061-1063.

[13] Eyvaz Murat, Kirlaroglu Mustafa, Aktas Tugrul Selami, Yuksel
Ebubekir, "The effects of alternating current electrocoagulation on dye
removal from aqueous solutions” Chemical Engineering Journal xxx
(2009) XXX-XXX.

[14] Aleboyeh A., Daneshvar N., Kasiri M.B., ”Optimization of C.I. Acid
Red 14 azo dye removal by electrocoagulation batch process with
response surface methodology” Chemical Engineering and Processing 47
(2008) 827-832.

[15] Mollah Y.A. Mohammad, Pathak R. Saurabh, Patil K. Prashanth, Vayu-
vegula Madhvi, Agrawal S. Tejas, Gomes A.G. Jewel, Kesmez Mehmet,
Cocke L. David., "Treatment of orange II azo-dye by electrocoagulation
(EC) technique in a continuous flow cell using sacrificial iron electrodes”
J. Hazard. Mater B109 (2004) 165- 171.

[16] Daneshvar N., Ashassi-Sorkhabi H., Kasiri M.B.,” Decolorization of
dye solution containing Acid Red 14 by electro-coagulation with a
comparative investigation of different electrode connections” J. Hazard.
Mater. B 112 (2004) 55-62.

[17] Daneshvar N., Khataee A.R., Djafarzadeh N. ”The use of artificial neural
networks (ANN) for modeling of decolorization of textile dye solution
containing C. I. Basic Yellow 28 by electrocoagulation process” J. Hazard.
Mater. B137 (2006) 1788-1795.

[18] Daneshvar N., Oladegaragoze A., Djafarzadeh N. “Decolorization of
basic dye solutions by electrocoagulation: An investigation of the effect
of operational parameters” J. Hazard. Mater. B129 (2006) 116-122.

[19] Daneshvar N., Khatace A.R., Amani Ghadim A.R., Rasoulifard M.H.
”Decolourization of C.I. Acid Yellow 23 solution by electrocoagulation
process: Investigation of operational parameters and evaluation of op-
erational electrical energy consumption (SEEC)” J. Hazard. Mater. 148
(2007) 566-572.

[20] Song Shuang, He Zhigiao, Qiu Jianping, Xu Lejin, Chen Jianmeng.,
”Ozone assisted electrocoagulation for decolorization of C.I. Reactive
Black 5 in aqueous solution: An investigation of the effect of operational
parameters” separation and purification Technology 55 (2007) 238-245.

[21] www.enviromag.org/ec.html. (Weblink browsed on 15th October, 2010)

[22] www.jagson.com/directdyes.htm. (Weblink browsed on 17th October,
2010)



NIRMA UNIVERSITTY JOURNAL OF ENGINEERING AND TECHNOLOGY, VOL.1,NO.1, JAN-JUN 2010 25

[23] www.pburch.net All About Hand Dyeing About Dyes. (Weblink browsed
on 13th October, 2010)

[24] www.dyeproservices.com/PDF/MPD\ %2021-Elephant\20Grey.pdf.
(Weblink browsed on 15th October, 2010)

[25] Mohammad Y.A., Pathak R, Patil K, Vayuvegula Madhavi, Agrawal S,
Gomes A.G., Kesmez Mehmet, Cocke L., "Treatment of orange II azo-
dye by electrocoagulation (EC) technique in a continuous flow cell using
sacrificial iron electrodes” J.Hazard. Mater. B109 (2004) 165-171.

[26] Chen Guohua., "Electrochemical technologies in wastewater treatment”
Separation and Purification Technology 38 (2004) 11-41

[27] Linares-Hernandez Ivonne, Barrera-Dyaz Carlos, Roa-Morales Gabriela,
Bilyeu Bryan, Urena-Nunez Fernando. ”A combined electrocoagulation-
sorption process applied to mixed industrial wastewater.” J. Hazard.
Mater. 144 (2007) 240-248.

[28] Yavuz Yusuf, "EC and EF processes for the treatment of alcohol
distillery wastewater”, Separation and Purification Technology 53 (2007)
135-140.

[29] Modirshahla N., Behnajady M.A., Kooshaiian S. "Investigation of the
effect of different electrode connections on the removal efficiency of Tar-
trazine from aqueous solutions by electrocoagulation” Dyes and Pigments
74 (2007) 249-257.

[30] Golder A.K., Samanta A.N., Ray S., "Removal of trivalent chromium
by electro coagulation” Separation and Purification Technology 53 (2007)
33-41.

[31] Ching-Yao Hu, Shang-Lien Lo, Wen-Hui Kuan, ”Simulation the kinetics
of fluo- ride removal by electrocoagulation (EC) process using aluminium
electrodes.” Journal of Hazardous Materials 145 (2007) 180-185

[32] Lin h. Sheng and Peng f. chi, ”"Continuous Treatment of Textile
Wastewater by Combined Coagulation, Electrochemical Oxidation And
Activated Sludge” Wat. Res. Vol. 30, No. 3, pp. 587-592, 1996

[33] Bayramoglu Mahmut, Kobya Mehmet, Can Orhan Taner, Sozbir Mustafa
”Operating cost analysis of electrocoagulation of textile dye wastewater”
Separation and Purification Technology 37 (2004) 117- 125

[34] Raghu S., Ahmed Basha C., "Chemical or electrochemical techniques,
followed by ion exchange, for recycle of textile dye wastewater”, Journal
of Hazardous Materials 149 (2007) 324-330.

[35] Kobya Mehmet, Can Orhan Taner, Bayramoglu Mahmut ” Treatment
of textile wastewaters by electrocoagulation using iron and aluminium
electrodes” Journal of Hazardous Materials B100 (2003) 163-178.

[36] Dimoglo A., Akbulut H.Y., Cihan F., Karpuzcu M., "Petrochemical
wastewater treatment by means of clean electrochemical technologies”
Clean Techn Environ Policy 6 (2004) 288-295.

[37] Asselin Melanie, Drogui Patrick, Brar Satinder Kaur, Benmoussab
Hamel, ois Blais Jean-Franc, ”Organics removal in oily bilgewater by
electrocoagulation process”, Journal of Hazardous Materials 151 (2008)
446-455.

[38] Drogui Patrick, Asselin Melanie, Brar K. Satinder, Benmoussa Hamel,
ois Blais Jean-Franc “Electrochemical removal of pollutants from agro-
industry wastewaters” Separation and Purification Technology 61 (2008)
301-310

[39] Arslan-Alaton Idil, Kabdas K., Hanbaba Deniz, Kuybu Elif. ”Electroco-
agulation of a real reactive dye bath effluent using aluminium and stainless
steel electrodes” Journal of Hazardous Materials 150 (2008) 166-173.

[40] Veli Sevil, zturk O. Tuba, Dimoglo Anatoly “Treatment of municipal
solid wastes leachate by means of chemical- and electro-coagulation”
Separation and Purification Technology 61 (2008) 82-88

[41] Kobya M., Delipinar S.” Treatment of the baker’s yeast wastewater by
electro-coagulation” Journal of Hazardous Materials 154 (2008) 1133-
1140.

[42] Engil S. Ayhan, Ozacar Mahmut “Treatment of dairy wastewaters by
electroco agulation using mild steel electrodes” Journal of Hazardous
Materials B137 (2006) 1197-1205.

Nirav B Patel B.E. degree in Chemical Engineer-
ing from Vishwakarma Govt. Engineering College
(VGEQ) affiliated with Gujarat University, Gujarat,
India in June - 2008. M.Tech. degree in Chemical
Engineering (Environmental Process Design) from
NIRMA University, Gujarat, India in June - 2010.
Currently an Assistant Engineer - Environment in
Akshar Chem (India) Ltd, Chhatral. Current research
interests include area of waste water Technology.

Bhavna D Soni received her B.E. and M.E. degree
in Chemical Engineering from Maharaja Sayajirao
University, Baroda, India in1994 and 2002 respec-
tively. She worked as a project officer in United
Phosphorus Limited, Ankleshwar, as a lecturer
in Government Polytechnic, Rajkot and in Vish-
wakarma Government Engineering College, Ahmed-
abad. She is currently full time PhD Student in
Chemical Engineering Department, Nirma Univer-
sity, Ahmedabad. Her current research interests in-
clude area of wastewater treatment processes, elec-
trochemical engineering and chemical engineering thermodynamics.

Dr Jayesh Ruparelia received his/her B.E. degree
in Chemical engineering from Dharmasinh Desai
Institute of Technology, Gujarat University, India, in
1997, M.Tech. degree in environmental engineering
from Indian Institute of Technology, Bombay, Mum-
bai, in 2004, and the Ph.D. degree in environmental
engineering from the Indian Institute of Technology,
Bombay, Mumbai, in 2009. He is currently an Pro-
fessor in the Department of Chemicalr Engineer-
ing at Institute of Technology, Nirma University,
Ahmedabad. His current research interests include
areas of industrial effluent treatment, cleaner production and environmental
issues in chemical industries.



