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Abstract

Distillery spent wash (DSW) is an extremely cumbersome and recalcitrant effluent. The present technologies are implemented
for the industry to remove certain pollutants like chemical oxygen demand and color, to safe and acceptable limits for final
disposal into surface water or on land and to meet the requirements of regulatory standards. In view of this above condi-
tion various methods such as Electrochemical (EC) and ozone-assisted EC processes are implemented. Pair of aluminum
(Al-Al) electrodes are more effective than other electrodes such as iron (Fe), copper (Cu), and graphite (Gr). Pair of Al-Al
electrodes eliminate the chemical oxygen demand by 54.45% and color by 52.35%. Punched Al-Al electrodes minimize
the chemical oxygen demand by 61.75% and color by 58.45%, respectively. Continuous electrochemical process reduces
the chemical oxygen demand by 94.88% and color by 78.65%, respectively. Ozone-assisted electrochemical process using
conventional plain electrodes removes chemical oxygen demand by 72% and color by 92%, respectively. Ozone-assisted
punched electrodes enhance the degradation rate of chemical oxygen demand and color by 87.2% and 92%, respectively.
Continuous ozone-assisted EC process with punched electrode removes chemical oxygen demand and color by 97.27% and
98.72%, respectively. Ozone-assisted EC was found more beneficial as compared to conventional plain EC. A pilot plant
is designed to treat the intensive, recalcitrant, caramelized distillery spent wash, hence augmenting with ozone assisted EC
method helps in achieving the desired satisfactory result.

Keywords Ozone-assisted electrochemical - Electrochemical (EC) - Punch electrodes - Distillery spent wash (DSW) -
Chromophoric groups - Molasses

Introduction

Sugar is the major industrial sector after textiles in India
with an annual turnover of Rs 41,000 crores. India is among
the top five sugar producing countries in the world and ranks
second after Brazil with an annual production of 321 lakh
tons of sugar. The latter is the primary feedstock for alcohol
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manufacture by 285 distillery units (capacity 10 to 300
KLD) producing 27,00,000 m* of ethanol (250 L alcohol
per ton of molasses) (Mohana et al. 2009; Santal and Singh
2013; Premalatha et al. 2014; Ghosh Ray and Ghangrekar
2019). Sugarcane molasses comprise 50% fermentable sugar
and around 4-10 kg of molasses which are essential for the
manufacture of 1 L of alcohol (Ozyonar and Karagozoglu
2012; Sahu et al. 2019); Davis 2001; Biradar 2003; David
et al. 2015; Santal et al. 2016; Ravindra et al. 2017a, b;
Wagh et al. 2019). In the manufacture of alcohol, fermen-
tation and distillation are the principal steps and the spent
wash released in the distillation section is the key source of
wastewater generated from the distillery (Chandraraj and
Gunasekaran 2004; Mohana et al. 2007; Asaithambi et al.
2012; Wagh and Nemade 2017). Distillery operations lead
to the generation of about 15 L of spent wash for every liter
of alcohol produced, and the spent wash is classified as a
high strength process effluent with a high concentration of
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dissolved organic and inorganic compounds (Zafar et al.
2019; Yadav 2012). In addition, a raw spent wash is char-
acterized by its dark color, high temperature, and low pH
(4.2-4.5). The typical characteristics of the DSW are pre-
sented in Fig. 1.

Indian distilleries produce 27,00,000 m?> alcohol generat-
ing about 4, 05,00,000 m?3 of spent wash annually (15-20 L
per liter of alcohol) (Kobya and Gengec 2012; Kobya and
Demirbas 2015). The population equivalent of distillery
spent wash based on BODs is in 6.2 billion which means
that the contribution of distilleries in India to organic pol-
lution is approximately six times the current population of
India. Other wastewaters generated from distillery include
yeast sludge, cooling water, boiler blowdown, bottling plant
waste, floor washings, and other miscellaneous sources like
leakages and spillages (Biradar 2003). Distillery spent wash
poses a serious threat to water quality in several regions of
the country—lowering of pH value of the stream, higher
organic load (BOD, COD), depletion of dissolved oxygen
content, destruction of aquatic life, and bad smell are some
of the major pollution problems. Groundwater contamina-
tion by effluent with high BOD and salt content near the
lagoon sites, in most of the distilleries, has been reported
widely (Wagh and Nemade 2015a).

Fig. 1 Pie chart showing the
typical characteristics of the
distillery spent wash
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There are several methods available for handling distill-
ery spent wash, which include aerobic, anaerobic, phys-
icochemical, composting, incineration, and wet air oxida-
tion processes (Karri et al. 2017; Ravindra et al. 2017a,
b; Fu et al. 2019; Rashidi et al. 2019; Hairuddin et al.
2019). Each of these technologies has different levels of
acceptability and techno-economic viability based on the
characteristic merits and limitations. Anaerobic digestion
exploits the ability of various populations of bacteria to
perform different steps in a degradation process to break
down large organic molecules to water, carbon diox-
ide, and methane (Erhan et al. 2012; Wagh and Nemade
2018a). This process provides chemical building blocks for
the growth and maintenance of the bacterial population.
Anaerobic treatment is now a well-established primary
treatment methodology for handling distillery spent wash
based on different types of reactors (conventional digester,
fluidized bed reactor, fixed film reactor, and UASB)
(Biradar 2003). Several full-scale operating installations
for anaerobic treatment of spent wash based on various
techniques have demonstrated 70-85% BOD removal effi-
ciency. In view of the high strength of spent wash, these
efficiencies result in 15-30% of BOD and 30-40% of COD
remaining as residual pollutants. Spent wash after anaero-
bic treatment will still be a strong effluent with a high
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residual BOD, COD and also dark color with a significant
concentration of dissolved inorganic and organic salts
(David et al. 2015; Wagh and Nemade 2018a).

The objective of the present study is to minimize the
limitations associated with the inherent inability of the
current technology and the high cost of the treatment. To
dispose of these impurities (COD, color), electrochemical
(EC), ozone, and ozone-assisted electrochemical process
have been implemented. Day-by-day rules and legisla-
tion are mandatory to dispose of the distillery effluent.
So, there is an urgent need to develop new technology to
handle the intensive unwanted residual effluent generated
during ethanol manufacturing.

Materials and methods

Distillery spent wash (DSW) was collected from Vikhe
Patil distillery industry At-post Pravara Loni, taluka;
Rahata, district- Ahmednagar, Maharashtra state, India.
DSW was collected in polythene bottle, which was care-
fully cleaned with distilled water. To avoid the contami-
nation, polythene bottle with samples was washed 3-4
times and then the sample was collected. The collected
DSW was immediately brought to the research laboratory
and stored in the refrigerator at 4 °C in order to avoid
any deterioration in the physicochemical property of the
spent wash until further use. Initial characteristics of the
sample were carried out to confirm the concentration and
parameters such as COD, BOD, TDS, and pH. Different
pairs of electrodes (Al-Al, Fe-Fe, Cu—Cu, and Gr-Gr)
were implemented to carry out EC process. Electrodes
were purchased from Vimal iron private limited, MIDC,
Ahmednagar, Maharashtra, India.

Fig.2 EC process in the batch
mode
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Experimental plan

As acrylic glass material is light in weight and DSW has less
effect on it, the acrylic glass material was used to make EC
cell. For the experimental work, a thin sheet of aluminum
with thickness of 3 mm was used as an electrode and has
purity of 97%. The aluminum sheet was purchased from
Mabharashtra Industrial Development Corporation (MIDC),
Ahmednagar, locally. By cutting the sheet, desired shape
and dimensions were achieved. To remove dust, dirt, and
grease, sand polish stone was used. Electrode was washed
thoroughly with 15% HCI and then rinsed with distilled
water before each experiment. The maximum submergence
of the electrode was kept to achieve the optimum dose of
in situ coagulants. Thus, the dimensions of the electrode
were taken 210 mm X 150 mm X 100 mm. Four pairs of
electrodes having contact area 100 cm? were implemented.
Electricity was supplied by connecting the electrodes to a
direct current (DC) thus improving the contact between the
discrete particles in the effluent and endorse the in situ coag-
ulants (Fig. 2). During EC process, due to the application
of direct current, corrosion of sacrificial anode electrodes
occurs resulting in formation of coagulant corresponding
to the anodic metal which eliminates objectionable con-
taminants either by chemical reactions or precipitation.
Simultaneously, production of hydrogen at the cathode
facilitates pollutant removal by electrolytic flotation (Wagh
and Nemade 2017). The rate of dissolution of metal elec-
trode in EC process enhances with an increase in current
intensity. The amount of hydrogen peroxide (H,0,) genera-
tion increases as current intensity increased. Thus, produc-
ing more hydroxyl radicals in the electrolyte is extremely
responsible for the degradation of recalcitrant pollutants.
The effect of in situ coagulant dose applied to the DSW and
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electron transition can be studied thoroughly. The dichro-
mate reflux method was used to find out chemical oxygen
demand (COD) and found to be 3875 mg/L (APHA 2008).
Initial color noted 16,656 Pt. Cobalt scale. Ozone-assisted
electrochemical process was carried out to degrade the basic
parameters of distillery spent wash (DSW). Figure 3 elabo-
rates the experimental setup. Eltech ozone generator (Model
el-oz-O-3 gm/h) was used to generate the ozone gas.

Results and discussion

Electrochemical treatment by using various
electrodes

Aluminum (Al), iron (Fe), copper (Cu), and graphite (Gr)
electrodes were implemented for experimentation. To find
out the efficacy of electrodes, various runs were carried out.

Electrochemical (EC) treatment using aluminum (Al)
electrodes

Aluminum electrodes having dimension
210 mm X 150 mm X 100 mm were executed in the
EC process. The composition of aluminum electrodes

is Al1—97.596%, Si 0.51%, Fe—1.26%, Cu—0.35%,
Mn—0.27%, and Ti—0.014%. During the EC process, as
aluminum anode electrode was dissolved in DSW the pH of
the DSW was enhanced. The maximum elimination efficacy
occurred at pH (4.1-5.8). The result found is consistent with
the literature survey (Merzouk et al. 2011; Erhan et al. 2012;
Kobya and Demirbas 2015). In electrochemical process,
precipitation and adsorption are the key mechanism, which
play main role in elimination of color and chemical oxygen
demand degradation. In acidic pH at anode electrode, AI**
is generated and reduces the solubility by neutralizing the
charge. The amorphous aluminum hydroxides Al (OH) 5 (s)
formed due to adsorption at higher pH. In EC process, pri-
marily colloidal particles formed were positively charged
and stable. In the pH range 6.5-6.9 Al (OH);(s), sweep flocs
have minimum solubility with an enormous precise surface
area that could absorb a few soluble organic compounds onto
its surface (Kobya and Gengec 2012). Literature survey rec-
ognized that the electrolysis process brings the pH of the
electrolysis to neutral and resulting in maximum coagula-
tion. Anode electrode did not get oxidized completely, and
hence, plenty amount of H' ions are not produced in acidic
pH. As per Eq. (1), the monomeric Al (OH); anion con-
centration was increased and solid Al (OH); (s) was signifi-
cantly reduced when the pH of DSW was greater than 6.5

R - DC POWER SUPPLY _ i o Vent
el [0 )
METER N ||
(1]
F 2-5%K1 solution
R é{ & iy
G ] ==
e I} @
- ;s " 1 Ozone
‘=‘6" [= =13 Gas flow Outet
ﬁ e
PERISTALTIC PUMP “ " "‘I - H
> Ozone Generator

WASTEWATER RESERVOIR
’
s
’
’
’

ELECTROCOAGULATION REACCTOR

1

\

\
1
1

ELECTROCOAGULATION REACCTOR

, 7 Awooe
F. - - - - =
~1 3+ ~ \
/ ~
d ..—.ul - o] v
;- W\
) A}OH) °o_o
, © ® ) ) \
- o . l ocououos )
t+ © o o o !
DEPOSITION o) O o—'?
' N o ’
A lcoacmv‘?w 4
'

AY

Fig.3 Experimental setup

¥ @ Springer

L
SED!WNT’ -



International Journal of Environmental Science and Technology

(Chen et al. 2000; Haldar and Gupta 2020). In EC process,
the pH of the effluent enhanced, possibly due to the release
of H, (g) at the cathode (Holt et al. 2002; Wagh and Nemade
2015a). In electrochemical process, as per the ohmic heating
effect, the temperature increased with regard to time (Wagh
and Nemade 2017):

Al (OH); + OH™ — Al (OH), 1)

Table 1 illustrates color and chemical oxygen
demand elimination efficacy of aluminum electrodes. The
chemical oxygen demand removal efficacy increased with
an increase in time up to optimum time. The rate of chemi-
cal oxygen demand removal decreases and the reason may
be more mixing of colloidal particles generated during the
EC process. % chemical oxygen demand removed is around
54.45% and color 52.35%, respectively. Decolorization rate
is enhanced as Al (OH)3(s) flocs are having a large spe-
cific surface area which absorbs soluble organic compounds
(Kobya and Gengec 2012). The efficacy of color removal
and chemical oxygen demand degradation has been curtailed
because of the prolonged process of the attraction of hetero-
geneous electron present into electrolyte attracted toward the
cathode. Hence, the adhesion of such species increased with
time and a thick layer of material stops the electron transi-
tion from anode to cathode. Hence, the overall process speed
reduces with time and excess electron mobility (Shadmehr
et al. 2019; Wagh et al. 2019).

Electrochemical (EC) treatment using iron electrodes (Fe)
Iron electrodes of dimension 15 cmXx 10 cm X 1 cm and

having composition Fe 98.43%, Mn 0.94%, C 0.23%, Si
0.30%, S 0.1% were used for electrochemical process.

Electricity was supplied by connecting the electrodes to a
direct current (DC). Fe(Il) ions or ferrous oxides are gener-
ated during electrochemical process. Fe electrode had more
solubility at acidic conditions and got easily corroded into
Fe(IIl) or hematite (Egs. 2-5) (Chen et al. 2000; Kobya
et al. 2003; Modirshahla et al. 2007). The chemical oxygen
demand removal efficiency of iron electrodes had reduced
since hematite is difficult to settle. For alkaline pH, protons
present in the solution get reduced to hydrogen (H,). Con-
sequently, chemical oxygen demand removal efficiency will
be retarded at acidic pH as the proportion of hydroxide ion
produced is less. Table 2 shows maximum chemical oxygen
demand removal is 44.52% and decolorization is 41.08%.
Initial chemical oxygen demand is 3875 mg/L and color
16,656 Pt—Co units:

Atanode: Fe — Fe’™ + 2¢” )
Fe’* + 20H™ — Fe (OH), 3)
At cathode: 2H,0 + 2¢™ - 20H™ + H, 4)
Overall: Fe + 2H,0 — Fe (OH), + H, 3)

Electrochemical (EC) treatment using copper electrodes
(Cu)

Copper electrodes have dimension
152 mm X 50 mm X 10 mm and composition Cu 91.48%, Zn
8.43%, and other elements 0.09%. During electrochemical
process, electrode dissolved on a large scale and formed

Table 1 Electrochemical

. Time (min) pH Temp (°C) % COD removal % Color removal
treatment to DSW using
aluminum electrodes (mg/L) Removal (Pt—Co units)
Run EC1 Al-Al electrodes
0 3.1 25 3875 - 16,656 -
20 33 28 3525 9.03+0.4 15,565 6.55+0.33
40 3.7 38 3120 19.48+0.5 14,457 13.20+0.35
60 4.1 46 2911 24.87+0.23 13,345 19.87+0.27
80 4.3 52 2652 31.56+0.32 11,345 37.89+0.34
100 4.5 57 2200 43.22+0.18 9845 40.89+0.21
120 4.8 59 1888 51.27+0.22 8237 50.54+0.24
140 5.5 62 1761 54.45+0.19 7935 52.35+0.23
160 6.1 62 1774 54.22+0.24 7980 52.08+0.21
180 6.9 62 1783 53.98+0.3 8025 51.82+0.27

Reaction conditions

Aluminum electrodes (Al-Al); dilution 1:2; initial pH of sample 3.1; HRT 180 min; submerges area of
electrodes 50.45 cm?; current density 1.2-3.5A/cm?; spacing between electrodes 3 cm; agitation 100 rpm

]
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Table 2 Electrochemical

e Time (min) pH Temp (°C) % COD removal % Color removal
treatment on DSW using iron
electrodes (mg/L) Removal (Pt—Co units)
Run EC2 Fe-Fe electrodes
0 3.1 25 3875 - 16,656 -
20 34 29 3670 5.29+1.45 15,543 6.68+1.07
40 39 34 3390 12.52+1.87 14,590 12.40+1.34
60 4.3 42 3211 17.13+2.10 13,888 16.62+2.18
80 4.9 47 2717 29.88+2.11 12,840 2291+2.11
100 5.2 53 2350 39.35+1.78 11,700 29.75+1.87
120 5.5 55 2200 43.22+0.75 10,187 38.83+1.56
140 5.8 59 2150 44.52+0.69 9813 41.08+1.45
160 6.5 60 2185 43.61+0.98 9865 40.77+2.56
180 7.2 60 2192 43.43+1.15 9867 40.76 +1.34

Reaction conditions

Iron electrodes (Fe—Fe); initial pH of sample 3.1; HRT 180 min; submerges area of electrodes 50.45 cm?;
current density 1.2-3.5 A/cm?; spacing between electrodes 3 cm; agitation speed 100 rpm

copper oxides which reasonably remove recalcitrant pollut-
ants (Danial et al. 2017; Ali et al. 2013; Shadmehr et al.
2019). As the color of copper oxide is dark brown, color
removal efficiency is less than other electrodes. Also, cop-
per electrodes are more costly than other electrodes. During
the electrochemical process, copper oxide was formed due
to which COD and color removal rate has been decreased.
Table 3 shows optimum chemical oxygen demand degrada-
tion is 39.35% and decolorization is 39.88%. Initial chemical
oxygen demand is 3875 mg/L and color 16,656 Pt—Co units.

Electrochemical (EC) treatment using graphite electrodes
(Gr)

Graphite electrodes having dimension 15 cmXx3 cmX 1 cm
were implemented in the electrochemical process to find
out the efficacy of electrodes. The disintegration of graph-
ite electrodes took place during electrochemical process as
oxidation of electrodes occurs. When the disintegration of
the graphite electrode starts, it will start releasing fine par-
ticles of carbon in the solution. It will also try to interfere
with the spectrophotometric measurement of chemical oxy-
gen demand and color. After 2-3 batch tests, the electrodes
need to be replaced. Graphite was unsuitable as an anodic
material for the continued electrochemical process because it
tended to be oxidized to carbon dioxide (Gonder et al. 2019).

Table 3 Electrochemical

. Time (min) pH Temp (°C) % COD removal % Color removal
treatment to DSW using copper
electrodes (mg/L) Removal (Pt—Co units)
Run EC3 Cu-Cu electrodes
0 3.1 26 3875 - 16,656 -
20 34 26 3700 451+1.45 15,500 6.94+1.56
40 4.1 33 3410 12+2.67 14,990 10+2.45
60 4.4 41 3295 14.96+1.56 13,988 16.01+1.22
80 4.7 46 2997 22.65+2.15 13,040 21.71+2.32
100 5.1 52 2750 29.03+1.78 12,700 23.75+1.67
120 5.3 53 2400 38.06+2.20 11,157 33.01+1.23
140 59 58 2350 39.35+1.56 10,013 39.88+2.11
160 6.4 59 2375 38.71+2.52 10,053 39.64+1.34
180 6.9 59 2378 38.63+1.55 10,065 39.57+0.73

Reaction conditions

Copper electrodes (Cu—Cu); initial pH of sample 3.1; HRT 180 min; submerges area of electrodes
50.45 cm?; current density 1.2-3.5A/cm?; spacing between electrodes 3 cm; agitation speed 100 rpm

(]
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Table 4 Electrochemical

. Time (min) pH Temp (°C) % COD removal % Color removal
treatment to DSW using
graphite electrodes (mg/L) Removal (Pt—Co units)
Run EC4 Gr-Gr electrodes
0 3.1 24 3875 - 16,656 -
20 34 29 3680 5.03+2.12 15,872 4.7+25
40 37 33 3220 16.90 +2.07 14,497 12.96 +1.45
60 4.2 41 3011 22.29+1.75 13,395 19.58 +2.76
80 4.7 46 2752 28.98+1.56 12,445 25.28+1.89
100 5.1 52 2500 3548+2.34 11,245 32.48+3.23
120 54 53 2270 41.42+0.79 10,837 34.94+2.65
140 5.7 58 2151 44.49+1.11 9935 40.35+2.76
160 6.3 59 2164 44.15+1.34 9950 40.26 +2.72
180 6.9 59 2173 43.92+1.56 9945 40.25+1.58

Reaction conditions

Graphite electrodes (Gr—Gr); agitation speed 100 rpm; initial pH of sample 3.1; HRT 180 min; spacing
between electrodes 3 cm; submerges area of electrodes 50.45 cm?; current density 1.2-3.5A/cm?

Table 4 shows graphite electrode removes chemical oxy-
gen demand 44.49% and maximum color removal 40.35%.
The initial chemical oxygen demand and color of DSW are
3875 mg/L and 16,656 Pt. Cobalt scale, respectively.

To find the efficiency of color and chemical oxygen
demand removal, different pairs of electrodes (Al-Al, Fe—Fe,
Cu—Cu, and Gr—Gr) were implemented. From all the experi-
ments, it is found that the pair of aluminum electrodes are
more effective than all other electrodes. Optimum chemical
oxygen demand removed by Al, Fe, Cu, and graphite elec-
trodes is 54.45%, 44.52%, 39.35% and 44.49%, respectively.
Similar results were reported by Manisankar et al. (2004),
Krishna et al. (2010), Khandegar and Saroha (2012), and
Wagh and Nemade (2015a). For continuous EC process,

a pair of aluminum electrode were implanted since it
gave the highest efficacy as compared to other electrodes.

Continuous Electrochemical Process

In the presence of NaCl, continuous electrochemical pro-
cesses were carried out by using aluminum electrodes to
minimize the passivation of electrodes on a large scale. The
total submerged area was 71.50 cm?. Initial chemical oxygen
demand is 5803 mg/L, color 21,191 Pt—Co units and pH 3.1.
The continuous EC process seems to be more effective than
the conventional EC process. The efficacy of degradation
may be enhanced by replacing anode and cathode electrodes
continuously in each run (Wagh et al. 2019). Figure 4 shows
effect of electrolysis time on color and chemical oxygen

Fig.4 Effect of electrolysis time 100
on COD and color removal
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Fig.5 Influence of pH in degra- 100
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demand removal. Figure 5 indicates the influence of pH on
chemical oxygen demand and color removal.

Ozone treatment

Experiments were conducted within the range of pH
7-7.4, and the Ozone supply rate was constant at 3
gm/h. During the experimentation, the pH of samples
had decreased from 7.4 to 7.7. This shows that during
ozonation, the probable development of acidic by-prod-
ucts was generated. Distillery spent wash contains alcohol
(-OH) and aldehyde (-CHO) groups, which were oxidized
by Ozone to Carboxylic acids. Ozonation of melanoidin
decreases in pH from 8.4 to 7.4 and the degradation of
by-products were identified to consist mainly of acid frac-
tions (Biradar 2003; Wagh and Nemade 2017). The chem-
ical oxygen demand removal was 11% during the first
15 min. The decrease in chemical oxygen demand during
the first 15 min may be due to the oxidation of simple
organic compounds to CO,, and the overall chemical oxy-
gen demand reduction after an hour was 30%. There was
no significant change in chemical oxygen demand and
color removal in the distillery spent wash sample. The
removal of organic matter was much slower as compared
to the color removal which indicates the preferential
attack of the chromophoric groups to complete oxidation.
Decolorization rate was higher during the first 10—15 min,
and the overall decolorization efficacy was above 85%.
The results obtained are summarized in Table 5.
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Table 5 Ozone treatment to distillery spent wash

Time (min) pH COD removal (%) Color
removal
(%)
Run O1
15 7.1 11 43
30 7.5 16 73
45 7.5 23 33
60 74 30 38
75 73 29.55 87.5
Run 02
15 7.1 15 44
30 7.5 18 75
45 7.5 26 84
60 74 30.5 86.5
75 73 31.23 87.5
Run O3
15 8.4 14 47
30 8.2 15 75
45 8.1 22 84
60 8.0 28 85
75 7.7 29 85

Ozone-Assisted Electrochemical process

A pair of punched aluminum electrode were implemented
to carry out the EC process, and Eltech ozone generator
(3 g/h) was implemented to purge the ozone gas from
the bottom of the experimental tank. Table 6 indicates
the variation of chemical oxygen demand and color with
respect to time. During the process of Ozone-Assisted
EC, the pH of the DSW changes due to Ozonolysis
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Table 6 Ozone-assisted electrochemical treatment to DSW

Time (min) pH % COD removal % Color removal
(mg/L) Removal (Pt—Co units)

Run OA1
0 3.1 3875 - 16,656 —
20 3.5 3111 19.71+£2.08 13,000 21.95+1.25
40 4.0 2656 3145+235 11,257 3241+2.33
60 43 2025 47.74+£2.12 9615 42.27+2.87
80 4.7 1723 55.53+2.86 7605 54.34+2.37
100 52 1303 66.37+2.35 5510 66.91+2.34
120 5.7 887 77.10+1.40 3434 79.38+2.68
140 6.5 493 87.2+1.83 1331 92.00+2.19
160 6.7 512 86.78+1.48 1345 91.92+1.76
180 6.9 517 86.65+1.86 1362 91.82+2.03

Reaction conditions

Initial pH of sample 3.1; HRT 180 min; aluminum electrodes; sub-

merges area of electrodes 71.50 cm?; current density 9.75 Alem?;

ozone flow rate 3 gm/hr

and Oxidation process (Wagh et al. 2019). The Ozone-
Assisted Electrochemical process enhances the character-
istics of distillery spent wash by breaking the carbon—car-
bon double bond present in the melanoidin (Fig. 6) (Wagh
and Nemade 2017; Asaithambi et al. 2016).

Continuous ozone-assisted EC process

Continuous ozone-assisted EC process had been carried out
for 360 min and chemical oxygen demand and color disinte-
gration was then checked. As Ozone is a powerful oxidizing
reagent it breaks the carbon—carbon double bond of mela-
noidin structure hence the molecular weight of melanoidin
is decreased on a large scale. The efficiency of color removal
and chemical oxygen demand removal depends upon differ-
ent parameters such as the initial pH of the DSW, current
density applied to the electrodes, the spacing between the

Fig.6 Cleavage of C=C bond
in melanoidin

Table 7 Continuous ozone integrated electrochemical treatment to
DSW

Time (min) pH % COD removal % Color removal
(mg/L) Removal (Pt—Co units)

Run OA3
0 3.1 7022 0 21,147 0
20 35 5968 15.1+1.13 19,455 8+2.02
40 4.0 5407 23+1.34 16,494 22+2.23
60 43 4862 30.7+2.27 12,688 40+2.72
80 4.7 4494 36+2.07 11,207 47+2.13
100 52 3721 47+2.21 9347 55.8+2.12
120 5.7 3376 52+2.46 8438 60.1+2.02
140 6.5 2768 60+1.32 7216 65.9+2.42
160 6.7 2457 65+1.45 6074 71.3+1.26
180 6.9 2228 68+.1.76 5034 76.2+1.26
200 7.3 1966 72+.1.23 4017 81+.1.13

Electrodes polarity changed and added NaCl (200gm)
220 7.7 1724 754+.1.11 3121 85.2+.1.27
240 8.1 1411 799+.1.06 2114 90+.1.21
260 83 1143 83.7+.1.24 1203 94.3+.1.56
280 85 823 88.3+.2.72 845 96+.1.91
300 8.7 610 91.3+.096 434 97.94+.1.88
320 8.8 192 97.27+.0.57 314 98.51+.1.46
340 89 191 97.27+.0.72 269 98.72+.0.86
360 8.9 191 97.27+.0.72 269 98.72+.0.86

Reaction conditions

Initial pH of sample 3.1; HRT 360 min; aluminum electrodes; sub-
merges area of electrodes 71.50 cm?; current density 9.75 Alem?;
ozone flow rate 3 gm/hr

electrodes and the concentration of DSW. Table 7 shows
the maximum chemical oxygen demand removal achieved
up to 97.27% and color removal up to 98.72%.
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Design of pilot plant to treat recalcitrant pollutants

Distillery spent wash needs hybrid methods to minimize
the parameters of chemical oxygen demand and biochemi-
cal oxygen demand. In reality, an ample amount of litera-
ture survey is available but cannot be calculated in advance
exact efficiency of the EC process prior to the design efflu-
ent treatment plant. In this section, small-scale pilot plants
were designed to test chemical oxygen demand and color.
Setup of the pilot plant is shown in Fig. 7. The various con-
straints of distillery effluent differs from industry to indus-
try, and it depends upon the manufacturing process and
molasses feed. Therefore, the efficiency of the EC process
changes dramatically. The pilot plant consists of different
units such as distillery spent wash collection tank having
dimensions of 4.5 mx2.10 mXx 1.0 m. The total volume of
the tank is 9. 45 m® (9450 L). The clarified unit was used
to clarify the effluent. Sand filtration unit was used to fil-
ter the effluent. The dimension of the sand filtration unit
was 3.1 mx0.65 mx0.55 m. Ozone-Assisted Electrochemi-
cal unit was installed with the dimension of tank having
1.8 m x 0.95 mXx0.95 m. The total volume of the tank
was 1.71 m (1710 L). Total submerged area of electrodes
were 11,250 cm?. 8 pairs of aluminum electrodes were
designed for the EC process, and each pair having a sub-
merged area of 700 cm? (35 cmx 20.1 cm). According to
different researchers (Kobya and Gengec 2012; Prajapati
and Chaudhari 2015; Asaithambi et al. 2012; Wagh et al.
2019) the design of EC unit and electrodes were made. The
design of a pilot plant was purely based upon trial-and-error
method, and it removes chemical oxygen demand and color
by 98.27% and 99.02%, respectively.

Conclusion
This study brings to notices the major findings of the dif-

ferent treatments like Electrochemical, Ozone, and Ozone-
Assisted electrochemical technology for treatment of
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distillery spent wash (DSW). Experiments were conducted
in laboratory with batch mode operation. In this research
work, parameters like chemical oxygen demand and color
were used to assess the removal efficiency of selected treat-
ment methods. Maximum chemical oxygen demand is
removed by Al, Fe, Cu, and graphite electrodes as 54.45%,
44.52%, 39.35%, and 44.49%, respectively. Ozone can
degrade 31.23% chemical oxygen demand and 87.5% color
of distillery spent wash. Ozone-Assisted Electrochemical
proves to be more effective than individual ozonation and
Electrochemical treatment. The rate of floc formation was
enhanced in acidic condition and color removal mecha-
nisms were controlled by adsorption and coagulation was
eliminated. The optimal chemical oxygen demand and
color removal by Ozone-Assisted Electrochemical pro-
cess was 97.27% and 98.72%, respectively. It also proves
that punched electrodes were more effective than conven-
tional plain electrodes. Chemical oxygen demand and color
removal rates are enhanced by 7.3% and 6.1%, respectively.
Thus it can be said that the Hybrid treatment like Ozone-
Assisted Electrochemical process enhances the degradation
of the complex organic compound to simple biodegrad-
able carboxylic acids. The development of carboxylic acids
represents the degradation of melanoidin.Thus from the
above experimental study it can be stated that augmentation
with Ozone Assisted EC process gives more desirable and
acceptable results.
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