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Abstract- Distillery industry is one of oldest industries which
is highly complex and characterized by high BOD, COD,
suspended solids, dissolved solids, total solids, and color and
low pH. The aim of the present study was carried out to assess
the feasibility of Electro-chemical coagulation (ECC) process
for the treatment of Bio-digester effluent (BDE) using
Aluminium and Stainless steel in a monopolar configuration.
The effects of various operating parameters such as voltage
and electrolysis duration for the removal Color and COD
were investigated. At the current density of 52.85 A/m? and
electrode gap 1 cm and pH 9.66 the chemical oxygen demand
(COD) and color removal efficiencies were 75.9% COD
reduction and 72% color reduction for Al-Al electrode. At the
current density of 132.85 A/m? and electrode gap 1 cm and pH
11.54 the chemical oxygen demand (COD) and color removal
efficiency were maximum with 63.2% COD reduction and
66% color reduction for SS-SS electrode.

Keywords- Aluminum and Stainless steel electrodes, Bio
digester effluent, Chemical oxygen demand, Color reduction,
Electro-chemical coagulation.

I. INTRODUCTION

India is the fourth largest producer of ethyl
alcohol in the world and conjointly the second largest in Asia
(V. Khandegar et al., 2014). Distillery and Sugar industries is
recognized together of the foremost polluting industries and
waste within the variety of ‘‘spent wash’’ is among the worst
pollutants created by distilleries each in magnitude and
strength (Krishna.B.M et al., 2009). The characteristics of
distillery spent wash depend on the quality of the feed stock
and the various aspects of the ethanol production process.
During the wastewater is generated in various manufacturing
processes fermentation, distillation column and rectification
column etc. The by-product of sugar cane molasses like
potable liquor and industrial alcohol are deriving fractional
distillation of residual part of sugarcane juice after extraction
of crystalline juice and hence it contains the major polluting
parameter like Chemical oxygen demand, Biological oxygen
demand, total solids, Chlorides and Sulphate (Anil.K.Saroha
et al., 2012). An even small concentration of these compounds
present in effluent causes toxicity and foul odors to water. If
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these effluents are improperly treated, they will pose a serious
threat to all aquatic species because hydrolysis of the
pollutants in wastewater can produce a lot of toxic products. If
disposed untreated on land, it reduces alkalinity of the soil and
crops may be destroyed (Jyoti Mehta et al., 2014). The
conventional wastewater treatment systems have inherent
limitations as they employ chemicals, emit foul odours,
require technical skills to operate and expensive involving a
lot of investment in construction, maintenance and moreover
they are not environmentally friendly (S. Venkata Mohan et
al., 2010).

To overcome the limitation and disadvantage of the
conventional treatment unit treatment can be used to achieve
maximum removal efficiency. Nowadays a new sustainable
technology is replacing the conventional treatment unit which
is based on the electrochemistry and hence the process is
known as Electrocoagulation. The major advantage of this
technology is that; it generates approximately 83% less sludge
volume as compared to classical chemical coagulation
(Kaustubh S Sasane et al., 2015).

The aim of this study was carried out to assess the
feasibility of Electrochemical coagulation (ECC) process for
the treatment of distillery spent wash using Aluminum and
Stainless steel electrode in a monopolar configuration. The
Oeffects of various operating parameters such as voltage and
electrolysis duration for the removal COD and Color were
investigated.

Il. MATERIALS AND METHODS

In the present study, bio — digester effluent (BDE)
collected from a distillery was characterized for various
parameters and the results are shown in table 1. The effluent
was characterised for various parameters namely COD, Color,
total solids, total dissolved solids, nitrate, phosphate, sulphate
and chloride, etc., as per the standard method of analysis.
Dilution of the waste has been tested for treatment: high
abatement levels could be obtained with shorter time of
treatment, lower current densities and best energy efficiency.
(i.e 1:10 dilute the sample by tap water).
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I11. EXPERIMENTAL SETUP

The schematic diagram of the experimental set up is
shown in fig. 1. Electro-chemical reactor was fabricated using
Perspex glass having thickness 0.8 mm. The volume of the
reactor is found to be 1500 ml and effective volume is 1200
ml. The reactor is a rectangular shape having dimensions of
150 mm x 100 mm 100 mm. Lead wires were used to supply
DC current to the electrodes. The DC power supply unit had a
controlled cell voltage range between 0 — 33 V and a current
supply of 0 - 22 A. A digital magnetic stirrer and a magnetic
bead were used in the reactor for continuous inductive mixing
during the treatment process. The aluminum and stainless steel
electrode materials were cut to trapezoidal shape with an
effective rectangular dimension of 70 mm x 50 mm x 10 mm
(length x width x thickness) were used as electrodes. The
experiments were conducted using Al — Al and SS — SS
electrodes. The electrodes were connected in a monopolar
connection mode.

Each experimental run was performed by charging
1200 ml of the bio — digester effluent in the reactor.
Continuous stirring of the solution at 300 fixed agitation
speeds was carried out using the magnetic stirrer. The power
supply was started at time t = 0 and the corresponding time
taken as the starting time of the EC process. The electrode
gaps were maintained at 10 mm. Cell voltage was kept
constant and current across the electrodes were noted down for
each batch electrolysis time. All the experiments were
conducted for different voltages like 5V, 10V, 15V, 20V with
stirring speeds maintained at 300 rpm. Wastewater samples
were drawn at 10 min intervals and analysed for pH, color and
COD following standard methods (APHA, 2005). The
supernatant obtained from the final treated wastewater
samples after each discrete electrolytic time interval of 10, 20,
30, 40, 50, 60, 70, 80 and 90 min were analysed for water
quality parameters - TDS, TS, chloride, sulphate, nitrate and
phosphate. For each experiment, after decanting supernatant,
the scum along with the settled sludge were separated.

Plate 1: Experimental setup of Electro chemical
coagulation treatment for distillery spent wash
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IV. RESULTS AND DISCUSSION

Experiments were performed to study the
Electrocoagulation process in batch mode of operation for the
treatment of distillery spent wash. The effect of various
parameters on the Electrocoagulation process was investigated
and the results are discussed below.

Table 1 Characteristics of Distillery spent wash

S5LNo | Parameter Units Eaw wiw | Dilution
1:10

1 pH - T4q 1.76

2 Color - Brown Light
brown

3 Conductivity | mSem | 435 3335

4 Total solids | mgL 44640 6000

= TDS meL 2800 =000

[3 TS5 mgL 67440 TI000

7 BOD@ITC | mel I0Z60.F [ 3TIF

g CoD me /L BEEE3 6400

[ Hitrate meL 7554 3193

10 Phosphate meL 123795 [ 27035

11 Sulphate mgL TO9E. & ELRER:]

12 Chlorids meL 1009 5 [ T4495%

4.1 Effect of pH during ECT

A key factor which governs the overall performance
of the ECC process is the initial pH of the electrolyte. The
variation in the pH values alters the solubility of the aluminum
metal into gelatinous form of aluminum hydroxide. Figure 3
shows variation in pH during ECT at different cell voltages of
5, 10, 15 and 20V. The initial pH of the wastewater increased
using aluminum electrode from 7.76 to 8.66 at 5V, 9.11 at
10V, 9.31 at 5V and 9.66 at 20V after ECT of 90 min ET. As
the voltage increases, the final pH also increases, because
during electrolysis process OH" ions are released into the bulk
solution (Jahed et al., 2014).

0 10 20 30 40 50 60

70 80 90 100

Figure 1: pH variations as a function of ET for Distillery
spent wash at different applied cell voltages using Al
electrode.
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4.2 Effect of voltage on COD removal

As pH increases, the removal efficiency increases
during ECC treatment, increase in pH decreases COD removal
efficiency. The initial COD were 6400 mg/L. The COD of the
wastewater decreased to 2940, 2486, 1910 and 1540 for 5V,
10V, 15V, 20V respectively after ECT. A COD removal of
54%, 61.1%, 71.7% and 75.9% was obtained at 5, 10, 15 and
20V respectively and optimum removal of COD is achieved at
20V for contact time of 90 min respectively at inter-space
electrodes distance of 1 cm in monopolar configuration. The
COD removal efficiency was found to increase with an
increase in the current density. This is due to the fact that with
an increase in the current density the anode dissolution
increases due to the “Faradays law” (Anil.K.Saroha et al.,
2013).

100
a —— %5V
o| 75 —a—%10V
- ——%15V
g| 30 —— %20V
= 25

0

0 10 20 30 40 30 60 70 80 90

Figure 2: Percentage removal on COD for different
voltages using Al electrode

4.3 Effect of voltage on removal Color

Substrate reduction and color removal where
observed in dependence on the operational parameters (pH
and substrate loading) of the EC because the amount of energy
required depends directly on the concentration of pollutants to
be removed (Theodorosl.Liakos et el., 2016). The initial
Color was 500 physical color unit (PCU). The Color of the
wastewater decreased from 500 to 360, 280, 210 and 140 PCU
for 5, 10, 15 and 20V after ECT. Figure 3 shows Color
removal of 30%, 44%, 58% and 72% were obtained at 90 min
ET respectively at inter-space electrodes distance of 1 cm in
monopolar configuration.
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Figure 3: Percentage removal on Color for different
voltages using Al electrode

4.4 Effect of Electrolysis time on removal of TDS

The hydraulic retention time (HRT) goes on
increasing during Electrolysis time, the poly-nuclear hydroxyl
aluminum complexes such as Al, (OH); #*, Al; (OH)17**, Alls
(OH)3s°*, Als (OH)>* Al (OH)s 3-AI(OH)7 +~ and AIO? take
place and the phase comes when the charge density of these
ions get saturated, at this stage the destabilized element which
are suspended, dissolved in the effluent are lose its suspended
nature, as the free electron of the aluminum collides the
suspended and dissolved particulate matter which s
responsible to break the stabilized stage and at same time the
hydrogen bubble from cathode lift these impurities in the form
of floc.

(Kaustubh S Sasane et al., 2015). The initial TDS
was 5000 mg/L. The TDS of the wastewater decreased from
5000 to 3750, 2810, 2300 and 1750 PCU for 5, 10, 15 and
20V after ECT. Figure 6 shows Color removal of 25%, 43.8%,
54% and 65% were obtained at 90 min ET respectively at
inter-space electrodes distance of 1 cm in monopolar
configuration.

65 _ =0 — ——
6000 ) 5000 e [ 70 [2][mo% 5V
_ 54 60 | B
. e
sl 4000 SO13] mo%
= ig || 1ov
= Vgl mee
=| 2000 20 £l &y
10 {7 | o,
0 0 20V
| Time (min) |

Fig 4: TDS degradation as a function of ET for Distillery
spent wash at different applied cell voltages using Al
electrode.
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4.5 Effect of TS during ECT

During ECC treatment the generation of flocs is more
due to dissolution of aluminum electrodes, so generation of
solids also more. This could be because at high current
densities the amount of oxidized metal increased to form
greater amount of precipitate for the removal of pollutants
(Kara et al., 2012). The initial TS were 6000 mg/L. The TS of
the wastewater increased from 6000 to 7510, 8840, 9400 and
9725 for 5, 10, 15 and 20V after ECT of 90 min at inter -
space electrodes distance of 1 cm in monopolar configuration.

ESV m10V w15V m20V
=
H 884009725
ﬁ 6000600060006000 510

| Time (min) |

Fig 5: TS increases as a function of ET for Distillery spent
wash at different applied cell voltages using Al electrode.

4.6 Effect of Voltage on removal of Nitrate

The nitrate removal efficiency increases with
increase in the concentration of TDS. It’s referred to this fact
that with increase of the TDS (electrical conductivity), the
electrical current and floc production increases and subsequent
nitrate removal efficiency increases (Malakootian M et al.,
2011). The initial nitrate was 1553.5 mg/L. The nitrate of the
wastewater decreased from 1553.5 to 1012, 850.3, 683, and
490.5 for 5, 10, 15 and 20V after ECT. Nitrate removal of
34.8%, 45.2%, 56% and 68.4% were obtained at 90 min ET
respectively at inter-space electrodes distance of 1 cm in
monopolar configuration.

= 1553.5 BGET R e
=~ 56 60 |2
El 45 Z| | mo%10v
pr 34.8 40 sl
E 20 T||m%1sv
Zz, = = 0 2
0 90 — | mo% 20V
| Time (min) |

Figure 6: Nitrate degradation as a function of ET for
Distillery spent wash at different applied cell
voltages using Al electrode.
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4.7 Effect of ET on Phosphate removal

The initial Phosphate was 27025 mg/L. The
phosphate of the wastewater decreased from 2702.5 to 2180,
1695, 1287 and 935 for 5, 10, 15 and 20V after ECT.
Phosphate removal of 34.8%, 45.2%, 56% and 68.4% were
obtained at 90 min ET respectively at inter-space electrodes
distance of 1 cm in monopolar configuration. The phosphate
removal efficiency was increases due to the amount of anodic
dissolution of Al electrode increased by high current densities
resulting in a greater amount of precipitate for the removal of
pollutants (Kobya et al., 2012).
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Figure 7: Phosphate degradation as a function of ET for
Distillery spent wash at different applied cell voltages
using Al electrode.

4.8 Effect of ET on Sulphate removal

The sulphate of the wastewater decreased from
4883.8 to 4095.3, 3010.2, 2392 and 1790 for 5, 10, 15 and
20V after ECT. Sulphate removal of 16.1%, 38.3%, 51% and
63.3% were obtained at 90 min ET respectively at inter-space
electrodes distance of 1 cm in monopolar configuration. This
was due to the fact that as the current increased more Al (OH)3
was produced, which contributed to greater removal of
sulphate by precipitation and flotation. Thus, the higher values
of current electrolysed the higher mass of Al during EC;
thereby indicating that applied current density to the EC was
directly related to the Electrocoagulation (Arun kumar
sharma et al., 2017).
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Fig 8: Sulphate degradation as a function of ET for
Distillery spent wash at different applied cell
voltages using Al electrode.

4.9 Effect of ET on Chloride removal

The initial chloride was 14495.5 mg/L. The chloride
of the wastewater decreased from 14495.5 to 11786.2, 8610.7,
6752 and 5150 for 5, 10, 15 and 20V after ECT. The Chloride
removal of 18.6%, 40.5%, 53.4% and 64.4% were obtained at
90 min ET respectively at inter-space electrodes distance of 1
cm in monopolar configuration. The increase in electrolysis
time with increases chloride removal efficiency due to the
oxychloride (OCI) and chlorine gas production during ECC
treatment (Shridhar et al., 2011).

16000 14495.5 64.4 ¢ 70
— - I | m%svV
S 53.4 60 5
g 40.5 2| =10V
< - 40 |
= | 8000 =
= - 30 | Ef|=%1sv
= 18. 20 =
[ J Q
[~ ] 4000 10 [© [|moo20v
0 0
0 920

Figure 9: Chloride degradation as a function of ET for
Distillery spent wash at at different applied cell
voltages using Al electrode.
different applied cell voltages using Al
electrode.

4.10 Effect of pH during ECT

Stainless steel electrode is used in the ECC treatment.
The EC process is considerably dependent on the initial pH of
the solution because pH of the wastewater can affect the
stability of various hydroxide species formed and a change in
pH can modify the surface charge of particles and greatly
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influence the removal of colloidal dispersed organics (kara et
al., 2012).

Figure 10 shows variation in pH during ECT at
different cell voltages of 5, 10, 15 and 20V. The initial pH of
the wastewater increased using aluminum electrode from 7.76
to 8.63 at 5V, 10.2 at 10V, 11.01 at 15V and 11.54 at 20V
after ECT of 90 min ET.
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Figure 10: pH variations as a function of ET for Distillery

50 60 70 80 90 100

spent wash at different applied cell voltages using

SS electrode.
4.11 Effect of voltage on COD removal

Figurell depicts the COD removal efficiency at
different voltages, time intervals. COD removal efficiency
increases as the electrical potential and electrolysis time
increases. The initial COD were 6400 mg/L. The COD of the
wastewater decreased to 3280, 2890 and 2610 and 2350 for
5V, 10V, 15V and 20V respectively after ECT. A COD
removal of 48.7%, 54.8%, 59.2% and 63.2% was obtained at
5, 10, 15 and 20V respectively and optimum removal of COD
is achieved at 20V for contact time of 90 min respectively at
inter-space electrodes distance of 1 cm in monopolar
configuration. This was due to the release of metal ions
increases with increase in electrical potential. Therefore, there
was an increase in floc formation and hence an enhancement
in the COD removal efficiency (Kamath et al., 2017).
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Figure 11: Percentage removal on COD for different
voltages using SS electrode
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4.12 Effect of voltage on removal Color

Degradation of the acid donor is only possible under
the reducing environment of electro-coagulation with SS
electrodes where ferric iron is reduced to ferrous iron there by
oxidizing the acid ester. During electro-coagulation with SS
electrodes, the reducing environment is easily brought about
within the first period of electro-coagulation due to oxygen
depletion during oxidation of ferrous iron to ferric iron

The initial Color was 500 physical color unit (PCU).
The Color of the wastewater decreased from 500 to 410, 330,
250 and 170 PCU for 5, 10, 15 and 20V after ECT. Figure 12
shows Color removal of 18%, 34%, 50% and 66% were
obtained at 90 min ET respectively at inter-space electrodes
distance of 1 cm in monopolar configuration.

70

| % removal of color |

0 10 20 30 40 50 60 70 80 90 100

Figure 12: Percentage removal on Color for different
voltages using SS electrode

4.13 Effect of Electrolysis time on removal of TDS

The hydrogen gas liberated at the cathode helps to
float the contaminants this influences the removal of TDS.
The TDS removal efficiency increases with increase in
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electrical potential and electrolysis time (Kamath et al.,
2017). The initial TDS was 5000 mg/L. The TDS of the
wastewater decreased from 5000 to 4050, 3250, 2450 and
1820 PCU for 5, 10, 15 and 20V after ECT. Figure 13 shows
Color removal of 19%, 35%, 51% and 63.6% were obtained at
90 min ET respectively at inter-space electrodes distance of 1
cm in monopolar configuration.

6000
= — | m% 5V
[0}
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E| 4000 - _
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P
. % 20V
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Figure 13: TDS degradation as a function of ET for
Distillery spent wash at different applied cell voltages
using SS electrode.

4.14 Effect of TS during ECT

The increase of TS with increase in the voltage and
current time is shown in the Fig. 3. From 6000 to 7320 at 5V,
6000 to 8950 at 10V, 6000 to 9157 at 15V, 6000 to 9456 at
20V were obtained at 90 min ET respectively at inter-space
electrodes distance of 1 c¢cm in monopolar configuration.
Electrical potential affected the efficiency of total solids
removal significantly. This is due to the influence of the
increased hydroxides with the increase in the voltage and
electrolysis time (Kamath et al., 2017).

ES5V E10V m15V m20V

895091579456

6000600060006000

0 90
Figure 14: TS increases as a function of ET for Distillery

spent wash at different applied cell voltages using SS
electrode.
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4.15 Effect of Voltage on removal of Nitrate

The nitrate removal efficiency increases with
increase of pH. This can be attributed to the reaction between
metal and hydroxides ions. As figure represents, with increase
of the electrical potential difference, the nitrate removal
efficiency increases. This is due to more flocs production in
high voltage (Malakoootian et al., 2011). The initial nitrate
was 1553.5 mg/L. The nitrate of the wastewater decreased
from 1553.5 to 1210, 960.3, 750, and 580.5 for 5, 10, 15 and
20V after ECT. Nitrate removal of 22.1%, 38.1%, 51.7% and
62.6% were obtained at 90 min ET respectively at inter-space
electrodes distance of 1 cm in monopolar configuration.

1553.5 -
62.6[ 70
' — "% sV
3 s17 | Orz] %Y
o 1 - 50(3
= sl VvV
2 22 301 E
Z ' : 0l 2 ]| m% 15
L T ‘?
- 10
% 20
500 ’ 0 v
0 90

Figure 15: Nitrate degradation as a function of ET for
Distillery spent wash at different applied cell voltages
using SS electrode.

4.16 Effect of ET on Phosphate removal

The phosphate removal efficiency depends directly
on the concentration of ions produced by the electrodes which
in-turn depends upon time. When the value of time increases,
an increase occurs in concentration of iron ions and their
hydroxide flocs. Consequently, an increase in the time
increases the phosphate removal efficiency. Figure shows
phosphate removal efficiency gets enhanced at higher time
value. At higher time, formation of metal hydroxides is more
results in higher phosphate removal efficiency via co-
precipitation and sweep coagulation (Jaymatjha 2010). The
phosphate of the wastewater decreased from 2702.5 to 2310,
1992, 1385 and 1098 for 5, 10, 15 and 20V after ECT.
Phosphate removal of 14.5%, 26.2%, 48.7% and 59.3% were
obtained at 90 min ET respectively at inter-space electrodes
distance of 1 cm in monopolar configuration.
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Figure 16: Phosphate degradation as a function of ET for
Distillery spent wash at different applied cell voltages
using SS electrode.

4.17 Effect of ET on Sulphate removal

The sulphate of the wastewater decreased from
4883.8 to 4325, 3750, 2670 and 2100 for 5, 10, 15 and 20V
after ECT. Sulphate removal of 11.4%, 23.2%, 45.3% and
57% were obtained at 90 min ET respectively at inter-space
electrodes distance of 1 cm in monopolar configuration. In this
case, bulky iron hydroxide precipitate formation was observed
clearly, and hence, the results have to be explained in terms of
entrapping of the sulphate ions into the iron hydroxide
growing precipitates, either by adsorption or by ion exchange
(Gina Marie Densmore 2015).

6000 57 . 60 .
=] 4883.8 ]| ™% 5V
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Figure 17: Sulphate degradation as a function of ET for
Distillery spent wash at different applied cell voltages
using SS electrode.

4.18 Effect of ET on Chloride removal
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The chloride of the wastewater decreased from
14495.5 to 10756.2, 8770, 7220 and 5550 for 5, 10, 15 and 20
V after ECT. The Chloride removal of 25.7%, 39.4%, 50.1%
and 61.7% were obtained at 90 min ET respectively at inter-
space electrodes distance of 1 cm in monopolar configuration.

S 14485.5 617 ¢ 70[=]
= [ 14000 s0.5m |+ 60 § oSt
E = 50| =
£| 10000 394 - 40| S| |mo%10v
= 25.7 - 30| 2
=| 6000 -20( 2|, -
= = 0 15V
L= 1 2000 0 =
0 90 %20V
| Time (min) |

Figure 18: Chloride degradation as a function of ET for
Distillery spent wash at different applied cell voltages
using SS electrode.

V. KINETIC MODEL

Kinetics studies of treatment process have important
role in determining the reaction time in any reactor system to
achieve desired removal. So, rate constant is very significant
in the design of wastewater treatment units. It is very essential
to know the type of reaction rate for design a wastewater
treatment unit in order to determine the pollutant removal to
be modelled using the adsorption kinetics (Z.V.P. Murthy et
al., 2011)

(&) Pseudo first order kinetics model

A simple kinetic model suggested for adsorption
process in solid/liquid systems is Lagergren’s pseudo first
order expression, which is given as 1

e = kq (3-91) (1)

Where, k1 is the pseudo—first—order rate constant
(min™!), and q: are concentration of reaction (mg/L) at
equilibrium and at time t (min), respectively. After integration
of this kinetic expression for the initial condition of gt equal to
0, when time (t) approaches 0, its linear form are obtained:

In(9e — 9t ) = In 9= — st )

The plot of In(H= — 9t ) vs t gives a straight line and
pseudo first order rate constant k1 can be calculated from the
slope of that line.
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(b) Pseudo second order kinetics model

The kinetic data also can be analyzed by Ho’s (Y.S.
Ho et al., 1999) pseudo second order kinetics model, which
can be represented in the linear expression as 3

t 1 t
9 K29%z 4 g (3)
(4.3)

Where, ko (g/mg/min) is the rate constant of the
pseudo second order.

The plots of time versus COD concentration for
determining the reaction order are shown in below Figure 19
and 20. Result shows that the removal of COD exhibited
pseudo first order kinetics with good correlation coefficient of
(> 0.65) according to equation In(qe — qt). The rate constant
was found to be 0.067 and 0.069 for Aluminum and Stainless
steel electrode at 20 V respectively.

Figures 19 (a) and 20 (a) shows that pseudo second
order Kkinetic with no correlation coefficient because the
correlation value less than zero.

12 y = 0.067x + 3.630
10 R?=0.638
—] 8 L 2
5 o ¢
il 6| o @
o
=| 4
— 2 4 Aluminum 20V
0 ¢

0 10 20 30 40 50 60 70 80 90 100

Figure 19: plot of time versus concentration — pseudo first
order reaction for aluminum electrode
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Figure 19 (a): plot of time versus concentration pseudo
second order reaction for Aluminum electrode
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Figure 20: plot of time versus concentration — pseudo first
order reaction for Stainless steel electrode
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Figure 20 (a): plot of time versus concentration — pseudo
second order reaction for Stainless steel electrodes

e Current Density (CD):
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Current density was found to be one of the most
important parameter of electrolytic process. It was determinate
with the help of following equation.

Current density (A/m?)

I
" Elertrode surface area x Number of positive electrodes

Where;

I is the current in ampere (A)
CD for Aluminum at 20V = 52.85 A/m?
CD for Stainless steel at 20V = 132.85 A/m?

e Energy Consumption:

For the optimum design of EC treatment, energy
consumption has also been evaluated. It was determinate with
the help of following equation.

_ur
Energy consumption (kwh/m3) — v

Where;

U is the cell voltage in volt.

I is the current in ampere (A)

t is the electrolysis time (h).

V is the volume of wastewater taken in the reactor
For Aluminum at 20V = 0.055 kwh/L

For Stainless steel at 20V = 0.1425 kwh/L

e Operating Cost

Operating cost can be calculated by following
equation

Operating cost = a Cenergy + b Celectrode

Where; a is the electrical energy price rupees/kwh, b is the
electrode material price repees/kg

_um
Cenergy (kwh/m3) — v

Where; U is the cell voltage in volt, | is the current in ampere
(A), t is the electrolysis time in seconds, V is the volume of
wastewater taken in the reactor in L.

_ ITMw
Celectroce (Kg Of electrode/m3) — zEV
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Where; | is the current in ampere (A), t is the
electrolysis time in seconds, Mw is the Molecular weight of
electrode, z is the no of electron transferred, F is the Faraday’s
constant (96500 C/mol), V is the volume (m?®).

For Aluminum at 20V = 2081.2 Rs/m?
For Stainless steel at 20V = 5231.2 Rs/m?

VI. CONCLUSION

Electrochemical coagulation (ECC) is an efficient
process to treat distillery spent wash characterized by presence
of high COD concentration and colour content. Aluminum and
stainless steel electrodes were tested for their efficiencies with
regard to colour and COD reduction. This efficiency varies
with electrode material. Aluminum electrode was found to be
more efficient than Stainless steel electrode in colour and
COD removal. On the other hand, the high efficiency of COD
and color removal was found at 20V in the presence of
aluminum electrode. Energy consumption was less with
aluminum when compared to stainless steel electrode for the
maximum COD removal. The total aluminum electrode
dissolution at optimum voltage of 20V is 1.788 gram and
weight of aluminum electrode consumed during ECC
treatment is 1.862 gram. The total stainless steel electrode
dissolution at optimum voltage of 20V is 15.367 gram and
weight of stainless steel electrode consumed during ECC
treatment is 14.532 gram. The results conclude that the
electrode material play an important role in electrochemical
coagulation method for treatment of distillery spent wash. An
economic aspect has to be taken care before selection of
electrode material characteristics with regard to current
efficiency. It was found that the one step treatment by
electrochemical process was not sufficient and further
treatment by appropriate biological method is required to
bring down the pollutant concentration within the statutory
limits of effluent disposal.
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