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Abstract: The removal of COD and oil from dairy wastewatersvexperimentally investigated using direct
current (DC) electrocoagulation (EC). In the EQlairy wastewater, the effects of initial pH, elebtsis time,
initial concentration of COD, and current intensitiere examined. The COD in the aqueous phase were
effectively removed when aluminum plates were usgdacrificial electrodes. The optimum operatinigea

for each operating variable was experimentally mieitged. The batch experimental results revealed @D

in agueous phase was effectively removed. The Bve@D removal efficiencies reached 87%. The optimu
current intensity, pH and electrolysis time for @0%g/dm3 and were 3A, 9, 75 min, respectively. Meaargy
consumption was 112.9 kWh/kg
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I ntroduction

The dairy industry, like most other agro-industrigenerates strong wastewaters characterized Hy hig
biological oxygen demand (BOD) and chemical oxygksmand (COD) content. Furthermore, the dairy
industry is one of the largest sources of induséffluents. A typical European dairy generatesrapimately
500 m3 of waste effluent daily [2]. Since dairy ¥eastreams contain high concentrations of orgaratian
these effluents may cause serious problems, instefnorganic load on the local municipal sewagattnent
systems. Environmental problems can results fraohdrge of dairy wastewater (DW). IntroductionMibst

of the wastewater volume generated in the dairystrgt results from cleaning of transport lines andipment
between production cycles, cleaning of tank truackashing of milk silos and equipment malfunctions o
operational errors [4-6]. DW treated using physibemical and biological treatment methods [3-5]wdeer,
since the reagent costs are high and the soluble

COD removal is poor in physical-chemical treatmanoicesses, biological processes are usually peef¢ri.
Among biological treatment processes, treatmempiimds, activated sludge plants and anaerobic tesdtare
commonly employed for DW [8]. In contrast the cangr, high energy requirements of aerobic treatrpéarits

are a significant drawback of these processes. @Omrentrations of dairy effluents (DE) significamtl
moreover, dairy effluents are warm and strong. DE i@eal for anaerobic treatment. Furthermore, no
requirement for aeration, low amount of excess gdugroduction and low area demand are additional
advantages of anaerobic treatment processes, ipar@on to aerobic processes. Wastewaters fronddhrg
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industry are usually generated in an intermitteay wso the flow rates of these. Effluents changeitcantly.
High seasonal variations are also encountered dérdgtjuand correlate with the volume of milk recelvier
processing; which is typically high in summer apd lin winter months. Moreover, since the dairy isity
produces different products, such as milk, bugteghurt, ice-cream, various types of desserts &eese, the
characteristics of these effluents also vary gyeatepending on the type of system and the metldds
operation used [9]. The effluent contains varidiegs like inorganic nitrogen (proteins, urea, eichcids, or
as ions such as NH4+, NO2- and NO3- ). Phosphatisophosphate and polyphosphate), sulphate, sdegen
solids (SS) and volatile suspended solids (VS8)ares and metal elements (Na, K, Ca, Mg, Fe,Né@and
Mn etc). The typical composition of waste watedalry plant is shown in Table 1.1.

Table 1.1: Treatment performance levels of various methods for dairy wastewaters

Initial COD Method COD removal Reference

(mg/L) efficiency (%)

9359 (AF) Anaerobic filter reactor 91.8 [7]

4000 Aerobic purification 96.8 [12]

3200 Buoyant fitler bioreactor (BFBR) 90 [10]

10000 Nanofiltration and reverse osmags#b [19]
membranes

1.1 Treatment Technologies of Wastewater in Dairy Industry

Wastewaters from agro-industries are charactefigzechemical oxygen demand (COD) due to their haylel

of organic contents [10]. The dairy industry gebtesaa huge amount of wastewaters: approximatelyn3.20
0.5 m3 of waste per m3 of processed milk [11]. lostrcases, these effluents are not treated ansirapy
thrown into rivers where they contribute to eutroption by phosphorus and nitrogen compounds []1-14
Treating dairy effluents is thus of crucial imparta not only for the environment, but also for phugpose of
recycling water for use in industrial processes].[T¥ow a days, many physico-chemical and biological
methods are used to treat dairy effluents, withpdsicular aim of reducing the volume of the proeld sludge.
The physico-chemical processes suffer the disadganthat reagent costs are high and the soluble COD
removal is low [10]. Moreover, chemical treatmeotaild induce a secondary pollution due to the faat
chemical additives may contaminate the treated rw#@#mong methods, methanisation is by far the most
interesting since it transforms the organic mattermilk to methane, a compound well known for its
unquestionable combustion properties. Moreovelh hégnoval rates of the COD are obtained [16] ehengh
this process does not eliminate phosphorus andgeitr compounds contained in the dairy effluentd.[17
Implementation of a complementary physicochemieatinent would reduce phosphorus and nitrogen nbnte
Electro coagulation is an electrolytic process thas been already experienced for the treatmentmabus
liquid wastes. For this to be achieved, a convergarrent is imposed on soluble anodes like aluminwon or
their alloys in an electrochemical cell acting be teactor for the experiment separated by decdantat
filtration, depending upon their density . Althoutite principle of the treatment of an effluentdertical for
both electrocoagulation and chemical coagulatibe, Electro coagulation results in the dissolutidntha
electrode to yield metal ions (Fe2+, Fe3+ or Al3#)ich are active coagulants precursors involvedhi
neutralization of the negative charges on the mdl@f the effluent. These metal ions then reacdh e
hydroxyl colloidal particles is specific in each tiese processes [18]. During electro coagulatibs,
coagulants are obtained in situ by the dissolubiothne anode, which is not the case for chemicagatation in
which the coagulants are obtained by dissolutical@ihinum or iron salts [19]. 1.2EC Mechnism.

If aluminum electrodes are used, the generated+Ala8) ions will immediately undergo further spaméous
reactions to produce corresponding hydroxides anudtyhydroxides. The aluminium ions are the common
ions generated the dissolution of aluminum. In st OH - ions are produced at the cathode. Byngithe
solution, hydroxide species are produced whichedlus removal of matrices (dyes and cations) bypradien
and coprecipitation. In the study of aluminum amdiwo mechanisms for the production of the metal
hydroxides have been proposed From previous s{@@i€] (the treatment process can be describeHdsy
((1) = (4)). The electrochemical reactions (1,2 fmlowed by the chemical one (3). Since pH insesanear
the cathode, a corrosion of aluminium takes plam®maing to the Eq. (4). [30-32](The Al(OH)n(s) foed
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remains in the agueous stream as a gelatinousrgispewhich can remove the waste matter from waester
either by complexation or by electrostatic attr@etiollowed by coagulation.

&1 _— s AU +3e
iH, O +3sa ———p 3/2H,+30H
A17+3H, 0 —————— A1(OHY ;+3H™

Al+3H20 + O ——» AL(OH)+3/2H,

2. Material and Methods
2.1 Electr ochemical reactor

The lab-scale batch experimental setup used foelgwrochemical degradation studies is schembtisabwn
in Fig. 3.1. The dimensional characteristics of éxperimental setup and the electrical assembllaogn in
Table 3.1. Electrochemical treatment of both amicand cationic species is possible by using an ialum
plate/ rod as the sacrificial electrode. The plaiesonnected in series, have higher resistante parallel
arrangement, the electric current is divided betwak the electrodes in relation to the resistantehe
individual cell.[23-24] Therefore, the electrodeatgls were arranged in parallel. There were fourtreldes
connected in a bipolar mode in the electrochemieattor, each one with dimensions of8 X 8.4 X.8.Th
electrode plates were cleaned manually by abragitinsandpaper, and they were treated with 15% fdCl
cleaning followed by washing with distilled watengy to their use[31]. The electrodes were spacgdnin
apart (because <10 mm spacing between electrodgented movement of liquid adsorbate in the intékst
spaces of the electrodes thus, hindering/affeatimgoval efficiency). The anode and the cathodesleaere
connected to the respective terminals of DC powpply. The thicknesses of the plates were 3.00nmah.tlae
Effective electrode surface was 69.2 cm2.

: : — D.C.power supply

Digital Volmeter
iqi /F(A>J P ——""“IFB_ 1 | d F
Digital ampermeter- \Y ipolar electrodes (Fe)

Monopolar Cathode (F

Monopolar Anode (Fe)

e !

Wastewater Electrocoagulation

Megnetic Stirring bar

Megnetic Stirring controller

Fig. 2.1 Bench-scale EC reactor with bipolar electrodesin parallel connection

2.2 Wastewater samples and experimental procedure

Wastewater was obtained from a Sanchi dugdh saodih&ri Raipur Chhattisgarh containing a mixture of
exhaust solutions at a dairy factory in Chhattieg@mdia) producing approximately 10 m3 of wasteawgier
day. The com-position of the wastewater is showhable 2.1.
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Table 2.1 Characteristics of wastewater used

Characteristics Value
Chemical oxygen demand (COD) (mg/L) 1070
Oil and grease (mg/L) 500
TSS (mg/L) 1500
Conductivity ( uS/cm) 800
pH 6.0-7.5

. The pHs were adjusted to a desirable value udiGijand NaOH solutions. The conductivity of the teas
water was adjusted to the desired levels by adaimgppropriate amount of NaCl. This adjustmentdasvn
negligible effect on the initial pH of the wasteesmatAt the beginning of a run, the wastewater veasifto the
reactor and the pH and conductivity were adjustea tdesired value. The electrodes were placedtimo
reactor. The reaction was timed starting when theaer supply was switched on. Aluminum salts poed
electrode passivation and it causes a 50% incieaseatment time and power requirements. Elimingtthe
salt formation at the anode could reduce this &ffBge cell was cleaned after each experiment taiolsame
experi-mental conditions. For this reason, thetedeles were rinsed in the diluted HCI (1 + 1) Solutafter the
each experiment. Samples were periodically takem fthe reactor. The par-ticulates of colloidal afwm
oxyhydroxides gave white-brown colour into the siolu after EC. All the suspended solids were rerddve
electrocoagulation and electrolytic flotation[25-2Thus, during electrolysis, the clear solutionswadbtained.
All the suspended solids were removed by electrquiadion and electrolytic flotation. Thereforetrition was
not markedly effect COD and oil-grease removald§ugenerating during treatment was separated them
solution by filtration using Whatman filter papgo¢e size 11m) and then the solution was analy2&D and
oil-grease analysis were carried out accordinght following procedure for examination of water and
wastewater.The effluent contains several compouiitie determination of COD was carried out using
spectroscopic method[28]. For this 0.3 ml COD sofutA, 2.3 ml COD solution B and 3 ml effluent/tted
sample was taken in a 10 ml digestion tube. Thedymax 25) were heated at 148 o for 2h in a thgds
spectroquant TR -420, MERCK made). After this tubese cooled for half an hour. The absorbance’s of
digested sample were taken at 605 nm using speeteorfNicolet Evolution 100, Thermo Electron Coigtan
made) and corresponding COD was estimated. Thilngetharacteristics were calculated on the basishe
kynch theory while filtration was tested using agmetric filtration. The filter paper was suppattever a
ceramic Buechner funnel of 75 mm internal diaméfiéter area ) 4.415 x 10-3 InThe volume of filtrate
collected in the graduated vertical cylinder wasorded at regular time intervals. The cake rethaiethe top
of filter paper was carefully removed, weighed, angd at 105 °C until it attained a constant weigthe
residue was expressed as mass of solids per valuriee slurry. A plot betweent/ AV versus V used to
calculate the specific cake resistance and filtedimresistant.[29-30]

Result and Discussion
3.1 Effect of PH on COD Reduction of Dairy waste water.

Since the pH of solution play, important role ifluencing the electro chemical processes, the effepHO0 in
the range of 3 to 11 was investigated. The mechmanisdestabilization of dispersed particle duringcto-
chemical treatment using aluminum electrode in lsinto that of chemical coagulation using AICI3. ribg
electro coagulation neutral pH and slightly alkalpH was found to better for COD reduction. Trea#ient
having COD of 930, 802, 159, 140 and 357 mg/dm3vadatained at pHO 3, pHO 5, pHO 7, pHO 9, and pHO
11 respectively for 75 min of electro coagulati@onsiderable COD reduction was obtained at pH® and
11 during initial period of electro coagulation.eT@0OD of the effluent during this period was 41@2 and 582
respectively (Fig. 3.1). During electro coagulafitime dissolution of aluminum take place and ituehce by
pH. At pHO 9 with 3 A current electrode loss of 2@ took placed with maximum COD reduction of 8801
and sludge formation of 4.42 g/dm3. A minimum CQCduction of 5.04% occurred at pHO 3 with 3 A cutren
and electrode loss of 1.48 gm and sludge formatféh32 g/dm3 (Table 4.3) . In the table it mayatso seen
that 4.42 gm/dm3 of sludge retained at pHO 9 ard @hile lowest amount of sludge obtained was at3H
with COD reduction of 5.04%.
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3.2 Effect of current

Reduction of organic load (COD) of DW was also sddat different current intensity (0.5 A to 3A)h&
results are presented in Fig. 3.2. From the figuneay be seen that with increase in current intgr@OD of
treated effluent decreased. The COD of DE was it 720 , 540, 403 and 302 mg/dm3 in 15 minates
current intensity 0 .5, 1, 2 and 3A respectivaifjch were further reduced to 523, 392, 210,and rhgim3

in 75 minutes of electro coagulation. The electrtmds as well as power consumption was found toease
with increase in current intensity from 0.5 to 31205, 1.20, 1.52, 1.92 gm aluminum loss took plaate0.5, 1,

2, and 3 ampere current respectively. At theseeatithe COD reductions were 51.58, 63.32, 77.158nti1
respectively. These data are presented in TableTBE increase in electrode loss and corresporidirgase

in COD reduction is due to charge neutralizatiomedative ions contain in effluent, which neutrahzhen it
combines with aluminum cations and polymeric hydttexcations and forms heavy mass which settled down
The other reason is formation on AI(OH)3 and meialymer hydroxide at alkaline pH which promote the
sweep coagulation[21].

Table 3.1: Power consummation during Electro Coagulation , distance between electrode 1.5C. M.,
Initial COD 1070 g/dm3, Treatment time 75 minutes

pH Curren | Average Power(W=V*), | Electrode Wt.of Sludge| % COD
t (A) Voltage(V) (W) loss (Q) retained(g/l) | Reduction
9 0.5 5 2.5 1.05 - 51.12
9 1 10 10 1.20 - 63.36
9 2 20 40 1.52 - 77.15
9 3 30 90 1.92 4.42 86.91
3 3 17 51 1.48 2.32 5.04
5 3 14 42 1.57 2.43 25.04
7 3 26 78 1.62 3.61 85.14
11 3 29 87 2.12 - 62.80
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Fig. 3.1 Effect of pHO on COD reduction of dairy wastewater by electro coagulation using
aluminum electrode. CODO = 1070 mg



Deepak Sharma /Int.J. ChemTech Res.2014,6(1), pp 591-599. 596

1200

1000

800 -

600 -

QoD (my/dn)

400 -+

200 -

[0} 1‘0 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 80
Time (min)

Fig. 3.2 Effect of current on COD reduction of dairy wastewater by electro coagulation

using aluminum electrode. CODO = 1070 mg/dm?®

3.3 Settling studies

Since it is necessary to remove the sludge foratdteeffluent it is necessary to go through thensextation
process. For this Jar settling process was stuatiddhe results are presented in Fig 3.3 The rsgttite were

in order of pHO09> pHO 7> pHO 3> pHO 5. The soliguid interface (H/HO) of the 0.25, 0.38, 0.5, Q.82re
obtained at pHO 3,5,7 and 9 respectively. Sincdndsy interface of solid liqguid was at pHO 9 and COD
reduction is maximum (86.11 %) at this pH, EC aDgHis favorable. From the figure it is also conled that
neutral and moderate basic pH is in favor of sgjtbf sludge. Similar to settling studies performmedhemical
coagulation treatment process, three stages dingette. zone settling, transition settling andnmressive
settling was found in EC treatment[28-30].

3.4 Filtration studies

To find the filtration characteristics the treatftluent, it waste also taken for filtration at atspheric pressure
gravity filtration processes described earlierffttration of alum treated DW. The results are greed in Fig.
3.4 The cake resistance were found in order & 8.609 m/kg at pHO 9 < 0.75 x 109 m/kg at pHO(J &78
x 109 m/kg at pHO 5 < 0.84 x 109 m/kg at pHO3 aittdrfmedia resistance were 1.8 /m at pHO 3 < afm
pHO5 <2.205/m at pHO7 < 2.34 at pHO 9. The aluata are presented in Table 3.2. The above vahdesaie
cake resistance is low at high PH while the fittexdia resistance is low at low

pH. Low values of (0.4 to 0.6 times) in EC treatina comparison to chemical coagulation (CC) tresit
shows porous sludge formation in EC treatment. Vdlees of Rm - ia about 1.2-1.5 times to that olatdiin
chemical coagulation. The values of and Rm gs le comparison to reported by various investigaz9-30]
for treatment of municipal effluent, distillery Bfént and textile effluent.
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Fig. 3.3 Settling studies at different pH for electro coagulation treatment of dairy wastewater
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Fig 3.4. Filtration studies during e ectro coagulation of dairy wastewater using aluminum
electrode. CODO = 1070 mg/dm?®

Table 3.2 Filterability of slurry: Effect of initial pH

Initial K.-10% | p*10® C p*10-3 o* 10-° R 10"
PH (s/m6) (s/m3) (Kg\m3) (Kg\ms) (m\Kg) (m_l)
3PH 0.2 4 4.65 1 .84 1.8
5PH 0.25 4.5 6.27 1 0.78 2.0
7PH 0.28 5 7.22 1 0.75 2.205
9PH 0.3 5.3 8.84 1 0.66 2.34

Power consumption

To find out the power required per unit COD remotaé data were evaluated and presented in Fig.TB&
power consumption per unit COD removal were 103 K&yrat pHO 7 < 112.9 kWh/kg at pHO 9 < 143.24
kWh/kg at pHO 11 < 180 kWh/kg at pHO5< 375 kWh/kgHBIO 3. Thus, power consumption in COD removal

point of view, EC at pHO 7 and pHO 9 is bettecaspared to EC at other pHO.[30]
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Fig. 3.5 Power consumption per unit COD removal by eectro coagulation at different pH.
CODO0 = 1070 mg/dm3

4.Conclusion

Electro Coagulation is a feasible process for tbatment of the dairy waste water, characterizethéyigh oil
and greases content, fluctuated COD, BOD and S&dbirations. The Treatment of Dairy Waste watengusi
aluminum electrodes was affected by the initial gté current density, COD. The Result shows tiait COD
effectively removed at 9 pH. When the initial comication of COD was 1070 mg/dm3. For the 75 min of
electro coagulation time. With increase in currieténsity, COD of treated effluent decreased. teiduced to
140 mg/dm3 at the current intensity of 3A. theulealso indicate that the removal efficiency bé&tCOD is
87% at current intensity 3A and pH 9. The settlaig=C treated DE solid liquid interface (H/HO) wasst
observed 0.92 at 9 pH. The filtration studies of tE€ated sludge show the cake resistance werexQl6®
m/kg at pHO 9 and filter media resistance 2.34¢ipHD 9. At the optimum condition of COD reductigower
consumption in EC for per unit COD removal wer@.91kWh/kg at pHO 9 The EC treated DE have COD 140
mg/dm3can be used in the industries for coolingpese as well as irrigation purpose.
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