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Abstract: The experiments were carried out in an electro wladign reactor with aluminum as sacrificial
electrodes. The influence of electrolysis time rent density, pH, NaCl concentration, rotationadesp of
the stirrer and electrode distance on reductionodér, COD and BOD were studied in detail. From the
experimental results, 25mA/cm2 current density,gfH, 1 g/l NaCl, 100 rpm, 28C temperature and 1.5
cm electrode distance were found to be optimumnfaximum reduction of color, COD and BOD. The
reduction of color, COD and BOD under the optimuomdition were found to be 92%, 89% and 85%
respectively. The electrode energy consumption ezsulated and found to be varied from 103kWh/kg
depending on the operating conditions. Under optioperating condition such as 25mA/cm2 current
density, pH of 7, 1 g/l NaCl, 100 rpm, 28 temperature and 1.5 cm electrode distance, Tperiwental
results proved that the electro coagulation isitalle method for treating pulp and paper plariuefits for
reuse.
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1.Introduction

The Indian paper industries is the largest induatrgg more than 100 year old. Among world it ran@h?2
paper producing country.[1] These industries dishg the ecological balance of the environment by
discharging a wide variety of wastewater. India aB® the first country in the world to use bamhsadhe
basis raw material for making paper due the limftadst resources other raw material like bagasisaw,
jute etc were identify and now extensively usedte@asper is also being used for the paper makitrgost

all variety of paper is produces using this matgdihWaste generated by the pulp and paper inghsstr
carries very high BOD, COD, Toxic substances regaltt organics, pH, turbidity, high temperaturedan
intense color. The coloring body present in thetexaater from pulp and paper industries is organic i
nature and is comprised of wood extractives, tamagins, synthetic dyes, lignin and its degradation
products formed by the action of chlorine on lig&jnThe paper-making process requires large amofint
water for the production processes (about 250-3@0per tones of paper) hence it is a water-intensive
process. Consumption of water depends upon thenaterial used in industrial processes. The nataral
material are used for the processes are wood,l@stluvegetables, bagasses, rice husk, fibers land a
waste-paper. This creates a high level of wasteviadm processing [3]. The general characteristicthe
pulp and paper industry effluent can be listedlashigh lignin content, 2) high absorbable orgamitide
concentration, 3) color, 4) low biodegradabilityiehnis indicated by their high chemical oxygen dathto
biochemical oxygen demand ratios, and 5) potetuidtity problems. These effluents contain a nuntifer
compounds which are harmful to receiving waters amdinhibitory or recalcitrant to biological tresnt.
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Conventional treatment processes like chemicaltneiament[3], lagooning [4], and activated sludge
treatment [5, 6] are not adequate to meet the abgyl effluent standards for being discharged sawers.
Therefore, the pulp and paper industry has to eg@ty stage to meet the effluent discharge statsda
Several treatment methods are in use in large fridasncluding physcio-chemical and biological gees.
The biological treatment is also not very effectiveéeducing colour [7], although BOD and COD refitut
has been found to be satisfactory. However, ligmd its derivatives show high stability to degraafaf8,

9]. Primary treatment methods like physical, cheiniand thermal pre—treatment may be followed by
anaerobic, aerobic and enzymatic treatment metb@mdemove the residual organics, which is largely
degradable. Electro Coagulation can, however, bd as an effective primary treatment method to k&mo
much of the, colour, and COD (and BOD). This treaitrwill make the secondary treatment cost effectiv
as well as efficient in the removal of BOD, COD amudour. The present paper deals with the COD, BOD
and colour removal of pulp and paper industriekiefft using aluminum electrodes.

Physical and chemical processes are quite expeasiygyenerate a considerable amount of sludge which
itself needs further treatment[4,5]. The low biodepbility index of pulp and paper effluent from
bleaching process clearly shows that the biochdmimgthod cannot be used [6,7]. In recent years,
electrochemical technologies such as electro catigul electro floatation and electro oxidation éndeen
used for the treatment of pulp and paper effluntong these methods, electro coagulation emergesas
of the promising techniques due to its unique featuch as complete degradation of pollutants,desiye
generation and ease in operation. Electro coagulasi a complex and interdependent process where th
generation of coagulants takes place in situ bgalling sacrificial anode. However, very limited nke
have been reported for the treatment of pulp biegcbffluent using electro coagulation method aadde

in the present paper an attempt is made to stuehinffuence of operating parameters such as time of
electrolysis, current density, initial pH, electit@d concentration, agitation speed and electrosi@ice on
color, COD and BOD reduction and the fundamental aperating variables were optimized. The main
objective of the paper is to analyze the physicentical characteristics of the effluent and theuefit of

the effluent treatment plant of the paper mill. Twerld demand for paper has grown rapidly and was
around 5-6% per year. The paper industries haviarger investment and provide employment to 2 lakh
people. It is estimated that the capacity of thaustries increases from 8.3 million tonnes in 26104
million tonnes in 2020[6]. In India the total pradion 70% is from hardwood and bamboo fibre, agro-
waste and other 30% is from recycled material. paper, paperboard and newsprint production, 550
industries in India use wastepaper as a raw materia

2. Material and Methods

Pulp and paper effluent used in this study was inbthfrom a Nepa limited located in Nepanagar
Burhanpur District, Madhya Pradesh India The laddescbatch experimental setup used for the
electrochemical degradation studies is schematichibwn in Fig. 3.1. Experiments were carried oudii
1.4 L reactor made up of glass Electro coagulatieatment of both anionic and cationic specieo&sible

by using an aluminum plates of thickness 3mm asaleificial electrode. The plates, if connectedenes,
have higher resistance. In a parallel arrangentie@telectric current is divided between all theetmdes in
relation to the resistance of the individual c@lherefore, the electrode plates were arranged liallph
There were four electrodes connected in a bipoladenin the electrochemical reactor, each one with
dimensions of 8 cm X 8.4 cmX.3cm. The total effeetsurface area of each electrode was 64dme
electrode plates were cleaned manually by abragitinsandpaper, and they were treated with 15% HCI
for cleaning followed by washing with distilled veatprior to their use. The electrodes were spacechi
apart (because <10 mm spacing between electrodmgemqed movement of liquid adsorbate in the
interstitial spaces of the electrodes thus, himdgaffecting removal efficiency). The anode anddathode
leads were connected to the respective terminal®@fpower supply. The thickness of the plates was
3.00mm. Magnetic stirrer was used to agitate tHatisn. At the end of the experiments, sample was
filtered to remove sludge. The filtered liquid wased for color, BOD and COD analysis. The
characteristics of effluent are analyzed usingdflewing technique and are reported in Table 1.

Determination of color
The sample was centrifuged at 10,000rpm for 30 taimemove all the suspended matter. The pH of
supernatant was adjusted to 7.6 by the additioBMfNaOH and absorbance was measured at 465 nm.
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Color units (CUs) were determined from UV- vis gpaeghotometer.

Deter mination of biochemical oxygen demand

The 5-day BOD of sample was determined at-@Ousing standard dilution technique according ® th
American Public Health Association (APHA) [23]. 360 of sample was taken in air tight BOD bottle and
kept it in incubator for 5 days at 2C. Dissolved oxygen concentration (DO) was measunigidlly and
after 5 days of incubation. BOD was calculated frttva difference between initial and final value of
dissolved oxygen.

Chemical oxygen demand

COD was determined by the open reflux method adgegrth APHA [23]. In this method, the sample was
refluxed with potassium dichromate and sulfuricdafir 2 h and then titrated with ferrous ammonium
sulfate and COD was calculated.
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Fig. 2.1 Batch-scale EC reactor with bipolar electrodesin Parallel connection

Table1: Characteristicsof Pulp And Paper Industry Effluent

Characteristics Value
Chemical oxygen demand (COD) (mg/L) 7050
Biochemical oxygen demand 1350
Total Suspended Solids (mg/L) 1000
Conductivity (umhos/cm) 54670

pH 9

Color Dark brown

3.Results and Discussions

Effect of current density

Many authors have worked on the effect of curremsity and find that current density has signifaan
effect on efficiency of electro coagulation proceBbe experiments were carried out by varying arre
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density and observation is shown in fig-3,fig-48idhe removal of color, COD, BOD was increased with
increasing current density because of increaséhéngas bubbles density with reduction in their size
enhances upwards flux resulting increased pollulagtadation and sludge floatation [25]. The rerhofa
color, COD and BOD were increased with increasiagent density. Optimum condition for the current
density was observed at 25mA/cm2 current density6@min of electro coagulation time. After 60min of
electro coagulation not show any significant imgnoent on the percentage of color, COD and BOD

removal.
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Fig. 3. Effect of current density on percentage color removal (rpm = 100, pH -7, temperature = 280C,

NaCl concentration =1 g/l, electrode distance=1.5 cm).
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Fig. 4. Effect of current density on percentage COD removal (rpm = 100, pH 7, tem-perature = 28°C,
NaCl =1 g/l, electrode distance =1.5cm).
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Fig. 5. Effect of current density on percentage BOD removal (rpm=100, pH 7, temeperature

28°C,NaCl = 1 g/l, Electrode distance=1 .5 cm).
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Effect of pH.

pH is an important parameter for the electrocaguaprocess. Following are the reaction take place
aluminum sacrificial electrodes during the oxidatio acid and alkali medium. [18]

For acid condition

Al — A+ 4 3e-

AP +3H,0 — Al(OH); +3H
For alkali condition
Al — AP +3e”
3H,0 + 3e~ — (3/2)H(g) + 30H-
2Al + 6H,0 + 20H- — 2AI(0H)s~ +3H;

Since initially amorphous AI(OH)3 has large surfareas, which are beneficial for a quick adsorptibn
soluble organic compounds and entrapping of cdllophrticles and hence more reduction of color, COD
and BOD with increasing pH up to 7.further inciagsin pH beyond 7 reduction of color, COD,BOD
decreases because of Al(OH)4- which does not darngito the reduction of color, COD and BOD [18].
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Fig. 6. Effect of pH on percentage color removal (rpm = 100, current density = 25 mA/cm2,
temperature = 28°C, NaCl =1 g/l, electrode distance = 1.5cm

100

a0

20

= 70
é GO —5
& >0 ——6

B 4o
¥ 30 ——7
20 —=— 5

10

4] .
o] 10 20 30 40 SO [£18] 70

Time({min)

Fig. 7. Effect of pH on percentage COD removal (rpm = 100, current den-sity = 25 mA/cm2,
temperature = 28°C, NaCl = 1 g/, electrode distance= 1.5 cm)
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Fig. 8. Effect of pH on percentage BOD removal (rpm = 100, current density =25 mA/cm2,
temperature = 28°C, NaCl = 1 g/l, electrode distance = 1.5 cm)

Effect of rotational speed

The effect of rotational speed was observed byingrihe rotational speed from 50 to 200 rpm itdarfd
that with increasing in rotational speed from 5Q@® rpm significantly increases the percentageataoh

of COD and BOD up to 100 rpm because of increasésténsity of turbulence with rotational speed and
reduced the diffusion layer thickness of electrosl@$ace. Beyond the 100 rpm no significant insesain
COD, BOD removal was observed because of complategn
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Fig. 9. Effect of rotational speed (rpm) on percentage color removal (pH 7, current density = 25
mA/cm2, temperature = 28°C, NaCl = 1 g/l, electrode distance =1.5cm).
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Fig. 10. Effect of rotational speed (rpm) on percentage COD removal (pH 7, current density =25
mA/cm2, temperature = 28°C, NaCl = 1 g/l, electrode distance =1.5cm).
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Fig. 11. Effect of rotational speed (rpm) on percentage BOD removal (pH 7, current density = 25
mA/cm2, temperature = 28°C, NaCl = 1 g/l, electrode distance =1.5cm).

Effect of NaCl concentration

The effect of NaCl concentration on color removificency is given in Fig. 12. Color removal inceel
from 86% to 99% as NaCl concentration increasethf@o5 to 2 g/l. When the chloride is present in the
solution, the products of anodic discharge areddli@ OCI-. This OCl- acted as a strong oxidant agent
remove organic molecules. NaCl not only increades t¢onductivity, but also contributes as strong
oxidizing agents and hence color removal increfses26]. The presence of NaCl has a considerdfdete
on the percentage COD and BOD.
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Fig. 12. Effect of NaCl concentration on percentage color removal (pH 7, current density = 25
mA/cm2, temperature = 28°C, rpm = 100, electrode distance = 1.5 cm).
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Fig. 13. Effect of NaCl concentration on percentage COD removal (pH 7, current density = 25
mA/cm2, temperature = 28°C, rpm = 100, electrode distance = 1.5 cm).
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Fig. 14. Effect of NaCl concentration on percentage BOD removal (pH 7, current density = 25
mA/cm2, temperature = 28°C, rpm = 100, electrode distance = 1.5 cm).

Effect of electrode distance

Electrode distance has significant influence on ¢hlor, COD, BOD removal. It is observed that with
increasing in electrode distance between 1.5 - @tm percentage removal of color, COD and BOD
increases further increasing in electrode distdmegond 4.5 cm did not get any improvement on the
percentage color, COD and BOD removal because ldwdrie potential between the electrodes decrease
while increasing electrode distance
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Fig. 15. Effect of Electr ode distance on percentage color removal (pH 7, current density = 25
mA/cmz2, temperature = 28°C, rpm = 100, NaCl = 1 g/l).
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Fig. 16. Effect of electrode distance on percentage COD removal (pH 7, current density = 25 mA/cm2,
temperature = 28°C, rpm = 100, NaCl = 1 g/l).
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Fig. 17. Effect of electrode distance on percentage BOD removal (pH 7, current density = 25 mA/cm2,
temperature = 28°C, rpm = 100, NaCl =1 g/l).

Power Consumption

To find out the power required per unit Color remgBOD, COD removal, the data were evaluated and
presented in Fig. 18. The power consumption per@ailior removal,BOD, COD removal were 103 kWh/kg
at pHO 7 < 112.9 kWh/kg at pHO 9 < 143.24 kWh/kgHD 11 < 180 kWh/kg at pHO5< 375 kWh/kg at
pHO 3. Thus, power consumption in COD removal poinview , EC at pHO 7 is better because it takes
miminum power consumption than power consumptiquired at other Ph

KMy

PrH
Fig. 18. Effect of pH on power consumption (pH 7, currdensity = 25 mA/cm2, temperature =€8rpm
=100, NaCl =1 g/l).

4. Conclusion

Electro Coagulation is a feasible process for teatment of the pulp and paper industries efflwesmste
water, characterized by the high oil and greaseteot, fluctuated COD, BOD and SS Concentratiomg T
Treatment of waste water using aluminum electrodess affected by the initial pH, the current dgnsi
electrodes distance, NaCl Concentration, rotatiepded The results showed that optimum operating
conditions were found to be an initial pH of 7, reunt density of 25mA/cfn rotational speed of 100 rpm,
NaCl concentration of 1 g/l and electrolysis tinfe60min. This experimental study clearly showedt tha
under the optimal conditions, about 92% color, 89@D and 85% BOD were successfully removed. The
decolorization, COD and BOD percentage removal weund to increase with the increase in sodium
chloride concentration, current density, impelletational speed. Power consumption was found tesbw
at 7 pH. From the experimental result it is fouhdttelectro coagulation technique could be sucolgsf
used for the recovery of water from pulp and papeéustries effluent for reuse.
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