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ABSTRACT

The aim of this research was to optimize the operating parameters in
electrocoagulation process such as voltage, electrode distance and time
for the remova of chemical oxygen demand (COD), biological oxygen
demand (BOD) and total suspended solids (TSS) from dairy wastewater.
The results showed that the optimized conditions were voltage of 25V,
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€electrode distance of 3 cm and time of 45 min. Under the conditions, the
removal efficiency of COD, BOD and TSS were 86%, 84% and 82%

respectively. © 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

The large quantity of agueous waste generated
by domestic activities and industries has becomes a
significant environmental problem inworldwidedue
to its harmful nature. In dairy industries, water has
been a key processing medium. Water is used
throughout all steps of the dairy industry including
cleaning, sanitization, heating, cooling and floor
washing and naturally the requirement of water is
huge'V. Dairy wastewater i sdistinguished by thehigh
BOD and COD contents, high levelsof dissolved or
suspended solidsincluding fats, oilsand grease, nu-
trients such asammoniaor mineralsand phosphates
and therefore require proper attention before dis-
posal. Thewastewater isgenerally amixture of milk
or other dairy productsdiluted with water. Contain-
ing high level of organic materials, dairy industry

wastewater is considered to be one of the most con-
taminated wastewater and purification of the same
has aways been challenging. Thus many research
studies have been conducted with thisaim@,

Dairy wastewater includes industrial waste,
flushing waste and waste from agueous cooling sys-
tems. Industrial waste may originate from washing
milk carrying and storing containers, bottles and
glasses, sterilizing depositories, delivery station
floorsand other install ations present, such as, pumps,
boilers, etc. Waste in pasteurization and steriliza-
tion unitsis mainly composed of machine coolants.
Recelving waters can be affected by diary waste-
water with an increased rate of dissolved oxygen
depletion, adecreasein thepH level dueto the con-
version of lactose to actic acid in the fermentation
process, an increase of casein bed deposit at acidic
pH values, anincreasein funga growth duetoapH
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drop, adestruction of marinelife dueto the entry of
cleansersand detergentsfrom the cleaning process?.

A variety of different treatment processesis be-
ing currently practiced such as; physical and chemi-
cal processes, trickling filters, activated sludge, ro-
tating biological disc contactors, dissolved air flo-
tation and anaerobic purification lagoons. Dueto high
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COD removal and sludge production expenses, as
well as high energy costs, the el ectrochemical treat-
ment of dairy industry wastewater hasgrowninim-
portance. Electro-coagulation is the process of de-
stabilizing suspended, emulsified or dissolved con-
taminants in an agueous medium by introducing an
electrical current into the medium during which the

Figure 1 : Image of electrocoagulation experimental setup
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Figure 2 : Preliminary analysis of Voltage vs COD removal
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Figure 3a : Preliminary analysis of electrode distance (ED) vs COD removal
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Figure 4 : Effect of voltage with other parameters for COD removal

surface charge of the colloidal particlesreducesto The electrochemical processis characterized as be-
a point where they can overcome the vandervalce ingeasy to use, having simpleequipment, being easy
forcesin between and allow coagulationto occur®.  to operate, having agood settling ability of produced
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Figure 5 : Effect of voltage with other parameters for BOD removal

sludge, and being ableto reduce operating costsand
tolower TDSinthewastewater compared with stan-
dard chemical procedures. This procedure is used
in the treatment of wastewaters from the dairy in-
dustry, textile industry, restaurants, laundries, mu-
nicipalitiesand alcohol distillation plants. Thethree
main processes occur serialy during EC which
arel®:
(a) Electrolytic reactions at electrode surfaces.
(b) Formation of coagulantsin the aqueous phase.
(c) Adsorption of soluble or colloidal pollutants on
coagulants, and removal by sedimentation or
floatation!®.

An extensive literature survey showsthat, there
was ho research reports are available on the treat-
ment of dairy industry wastewater using e ectroco-
agulation process, which may be give the crucia
solution to environmental related problems. Hence

the present has been made to investigate the indi-
vidual and interactive effect of process variables
such asvoltage, e ectrode diatnce and treatment time
on the percentage removal of chemical oxygen de-
mand (COD), biological oxgen demand (BOD) and
total suspended solids (TSS) from dairy industry
wastewater.

MATERIALSAND METHODS

Raw wastewater and chemicals

Wastewater from dairy industry was collected
from dairy industry and stored at refrigerated con-
ditions. Initial characteristicsof the wastewater were
analyzed. The charcterstics of wastewater wasfound
to be: initial pH of 5.2, COD of 3312 ppm, BOD of
1140 ppm, TSS of 1000 ppm and Total hardness of
1020 ppm, respectively. The pH, COD, BOD, Total
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Hardnessand TSS andysiswere carried out by meth-
ods described by American Public Health Associa-
tion™. All the chemicals (HCI and NaOH) used in
this study were anlaytical grade and purchased from
local suppliers from Erode, TamilNadu.

Experimental method

Electro coagulation consists of pairs of meta
sheets called electrodes, that are arranged in pairs
of two—anodes and cathodes. Using the principles
of electrochemistry, the cathode is oxidized (loses
electrons), while the water is reduced (gains elec-
trons), thereby making the wastewater better treated.
When the cathode el ectrode makes contact with the
wastewater, the metal is emitted into the apparatus.
When this happens, the particul ates are neutralized
by theformation of hydroxide complexesfor the pur-
pose of forming agglomerates. These agglomerates

begin to form at the bottom of the tank and can be
siphen out through filtration. Image of electrocoagu-
lation experimental setup was shown in Figure 1.

Analytical method

The removal efficiency (RE) was calculated by
using thefollowing equation®

C,—C
RE =| > ¢ [x100
( Co j )

where, ¢ and c, is the initial and final concentra-
tions of pollutants.

RESULTSAND DISCUSSIONS

Preiminay studies

Preliminary studies are donewhether the electro
coagulation method is suitable for treatment dairy
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Figure 8 : Effect of electrode distance with other parameters for BOD removal

wastewater. It is used to identify the range where
the efficiency of removal is high. From the pre-
liminary studies (Figure 2 to Figure 4) we analyze
that all parameters have a considerable effect on
treatment of wastewater by electro coagulation
method. For voltage the maximum COD removal is
obtained in the range 24-26v. The treatment effi-
ciency increases with increase in time till 45 min
after that it tends to reach stable condition. Hence
thetimerangeif fixed as 30-60 min. For electrode
distance the amount of COD removal increaseswith
increase in distance. Decrease in distance leads to
ion diffusion and colour change. Finally the range
of maximum removal is obtained between 2-4cm
respectivel y*1,

Optimisation
Voltage Optimisation

Effect of voltage with other parameters for the
removal of COD is shown in Figured-4a.

The maximum removal of COD is obtained at
the voltage 25. At this voltage optimum removal of
COD takesplace. After that increasein voltage leads
to decomposition and colour changes takes place.
This discoloration occurs due to the short circuit of
electrodes due to increase in voltages. it can’t able
to withstand the increasing voltage it leads to the
decrease in removal. hence the curve became de-
clined after certain voltage limit™-13,

Above figure shows the effect of voltage with
time and electro distance variation. The maximum
BOD removal is obtained at voltage 25. After that
the decrease in BOD level. so that decomposition
of metal takes place and foam formation occurg*
15

The effect of voltage with other parameters for
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Figure 9 : Effect of electrode distance with other parameters for HARDNESS

HARDNESS remova is shown in Figure-6. The
maximum removal is obtained in voltage 25. From
this, voltage 25 is taken as optimum for the electro
coagulation method for treatment of dairy wastewa-
ter. The decrease in voltage gives proper separation
of effluent but increasein voltage above 25 leadsto
decomposition which reduces the efficiency of the
treatment.

Electrodedistance optimisation

The removal of COD gradually increases with
varying the voltage and distance. At a point of dis-
tance 3, it attains the maximum removal. After that
the curve is dlightly declined due to the increase in
voltage. The reason behind thisiswhen the voltage
increases electric charged ions gets accelerated
which passes over the electrodes create damage to
thecircuit.

Electrode distance playsamagjor rolefor electro
coagulation treatment. If thedistanceisreduced there

might be short circuit between the electrodes and
efficiency will be low. Hence electrode distance is
increased for efficiency (Figure 7). Dueto increase
in electrode distance removal efficiency increases
and a so the éectric resistance and voltage increased
with the increase of the electrode distance, which
caused higher energy consumptionl17,

From this Figure.8,9 the electrode distance 3
gives the maximum removal of BOD. Astimein-
creasesremoval efficiency will be high largeamount
of corrosion takes placein electrodesduetoincrease
in time which gives high removal efficiency. The
maximum HARDNESS removal is obtained at the
electrode distance 2 cm. From this figure the dis-
tance 2 cm is optimized which gives high removal
efficiency.

Removal
Timeoptimisation
The efficiency of the electro-coagulation treat-
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ment increases with increasesin time. But the effi-
ciency reaches a stable value at a particular period
of time. After that COD removal isvery low. From
the graph we get aconclusion that upto 45 minthere
isincreasein COD removal and after that timethere
isdlight changein remova of COD (Figure 10).
TheBOD remova ismaximum at thetime of 45
min. From the Figure 11 we conclude that there is
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dlight decrease in BOD removal when time is in-
creased. According to Faraday’s law the electroly-
sis time determined the total amount of Fe3+ and
Fe2+ ions produced during the electrochemical pro-
cess and subsequently affect the pollutant elimina-
tion efficiencied®19,

From the Figure 12 the removal of hardnessis
maximum at 45 min. After that theremoval efficiency
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Figure 12 : Effect of Time with other parameters for HARDNESS removal

becomelinear with increaseintime. Finally we con-
clude that 45 min is optimum time for electro-co-

agul ation method.

Optimization of processparameterss

Theresults showed that the optimized conditions
werevoltage of 25V, electrode distance of 3 cm and
time of 45 min. Under the conditions, the removal
efficiency of COD, BOD and TSS were 86%, 84%
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and 82% respectively.
CONCLUSIONS

This investigation shows that electro coagula-
tion method can be successfully applied to the treat-
ment of dairy wastewater with minimal sludge pro-
duction. The sludge production is not high in this
method. During primary characterization the values
arevery high and after treatment thereis maximum
reduction of pollutant valuein thedairy sample. For
BOD value, 84.21% reduction takes placeand COD
reduced to 85.8%. The hardness is reduced to
82.84%. Further we tested for protein recovery in
the dairy sample but it contains minimum amount of
protein. It has the value of 0.2625 mg/L. So there-
covery of protein from the wastewater is not fea
sible as it increases the cost of recovery.
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