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ABSTRACT

The experiments were carried out in an electro coagulation reactor with
aluminumassacrificial electrodes. Theinfluence of electrolysistime, current
density, pH, NaCl concentration, rotational speed of thestirrer and electrode
distance on reduction of color, COD and BOD were studied in detail. From
the experimental results, 25mA/cm2 current density, pH of 7, 1 g/l NaCl, 100
rpm, 28 °C temperature and 1.5 cm electrode distance were found to be
optimum for maximum reduction of color, COD and BOD. Thereduction of
color, COD and BOD under the optimum condition were found to be 92%,
89% and 85% respectively. The electrode energy consumption was
calculated and found to be varied from 103kWh/kg depending on the
operating conditions. Under optimal operating condition such as 25mA/
cm2 current density, pH of 7, 1 g/l NaCl, 100 rpm, 28 °C temperatureand 1.5
cm electrode distance, The experimental results proved that the electro
coagulation isasuitable method for treating pul p and paper plant effluents
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INTRODUCTION

Thelndian paper industriesisthelargest industry
and more than 100 year old. Among world it ranks
20th paper producing country™ . Theseindustriesdis-
turbing the ecol ogical balance of the environment by
discharging awidevariety of wastewater.Indiawasaso
thefirst country intheworld to use bamboo asthe ba-
ssraw materid for making paper duethelimited forest
resources other raw material like bagasse, straw, jute
etc wereidentify and now extensively used waste pa-
per isaso being used for the paper making. Almost al
variety of paper isproducesusingthismaterid™. Waste
generated by the pul p and paper industriescarriesvery
high BOD, COD, Toxic substancesreca citrant organ-

ics, pH, turbidity, high temperature and intense color.
The coloring body present inthewastewater from pulp
and paper industriesisorganicin natureandiscom-
prised of wood extractives, tanninresns, synthetic dyes,
lignin and its degradation products formed by the ac-
tion of chlorineon lignin?. Thepaper-making process
requireslargeamount of water for the production pro-
cesses (about 250-300 m3 per tones of paper) hence
itisawater-intensive process. Consumption of water
depends upontheraw material used inindustria pro-
cesses. Thenatural raw material are used for the pro-
cessesarewood, cellulose, vegetabl es, bagasses, rice
husk, fibersand also waste-paper. Thiscreatesahigh
level of wastewater from processing®. Thegenerd char-
acterigtics of the pulp and paper industry effluent can
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belisted as: 1) highlignin content, 2) high absorbable
organic halide concentration, 3) color, 4) low biode-
gradability whichisindicated by their high chemical
oxygen demand to biochemical oxygen demandratios,
and 5) potentia toxicity problems Theseeffluentscon-
tain anumber of compoundswhich are harmful tore-
celvingwatersand areinhibitory or reca citrant to bio-
logicd trestment. Conventiona trestment processeslike
chemical pre-treatment®, lagooning, and activated
dudgetreatment’>® are not adequate to meet theregu-
latory effluent standardsfor being discharged into saw-
ers. Therefore, the pul p and paper industry hasto use
tertiary stageto meet the effluent discharge standards.
Severd treatment methodsarein useinlargeindustries
including physcio-chemica andbiologica process. The
biologica treatment isaso not very effectivein reduc-
ing colour™, although BOD and COD reduction has
been found to be satisfactory. However, ligninand its
derivatives show high stability to degradation®. Pri-
mary treatment methodslike physical, chemical and
thermal pre-treatment may be followed by anaerobic,
aerobic and enzymatic treatment methodsto remove
the residual organics, which is largely degradable.
Electro Coagulation can, however, be used as an ef-
fective primary treatment method to remove much of
the, colour, and COD (and BOD). Thistreatment will
makethe secondary treatment cost effectiveaswell as
efficient intheremova of BOD, COD and colour. The
present paper dealswith the COD, BOD and col our
removal of pulp and paper industrieseffluent using a u-
minum electrodes.

Physical and chemical processesare quite expen-
Sdveand generateacong derableamount of dudgewhich
itself needsfurther treatment!“®. Thelow biodegrad-
ability index of pulp and paper effluent from bleaching
processclearly showsthat thebiochemica method can-
not be used®7. Various treatment methods used for
bleaching effluent reportedintheliteraturearegivenin
TABLE 1. Inrecent years, el ectrochemical technolo-
giessuchaselectro coagulation, electro floatation and
electro oxidation have been used for the treatment of
pul p and paper effluent. Among thesemethods, el ectro
coagulaion emergesasoneof thepromising techniques
duetoitsuniquefeature such ascomplete degradation
of pollutants, less 9 udge generation and easein opera-
tion. Electrocoagulation isacompl ex and interdepen-
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dent processwherethe generation of coagulantstakes
placein situ by dissolving sacrificial anode. Fromthe
literatureit isfound that most of the researchers suc-
cessfully used el ectrocoagul ation method for thetreat-
ment of black liquor from pulp and paper industries
(TABLE 2). However, very limited works have been
reported for thetreatment of pul p bleaching effluent using
el ectrocoagul ation method and hencein the present
paper an attempt ismadeto study theinfluence of op-
erating parameterssuch astimeof eectrolyss, current
density, initial pH, €l ectrolyte concentration, agitation
speed and el ectrode distance on color, COD and BOD
reduction and thefundamental and operating variables
were optimized. Themain objective of the paper isto
analyzethe physco-chemica characteristicsof theef-
fluent and theinfluent of the effluent trestment plant of
the paper mill. Theworld demand for paper hasgrown
rapidly and was around 5-6% per year. The paper in-
dustrieshavean larger investment and provideemploy-
ment to 2 1akh people. It isestimated that the capacity
of theindustriesincreasesfrom 8.3 milliontonnesin
2010to 14 million tonnesin 2020 InIndiathetotal
production 70% isfrom hardwood and bamboo fibre,
agro-waste and other 30% isfrom recycled material.
For paper, paperboard and newsprint production, 550
industriesin Indiause wastepaper asaraw material.

TABLE 1: Characterigticsof pulp and paper industry efflu-
ent

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

MATERIALAND METHODS

Pulp and paper effluent used in this study was ob-
tained from a Nepa limited located in Nepanagar
Burhanpur Digtrict, MadhyaPradesh IndiaThelab-scae
batch experimenta setup used for the e ectrochemica
degradation studiesisschematically showninFigure 1.
Experimentswerecarriedoutinal.4 L reactor made
up of glass Electro coagul ation treatment of both an-
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ionicand cationic speciesispossibleby usng anaumi-
num platesof thickness3mm asthesacrificia eectrode.
Theplates, if connected in series, havehigher resistance.
Inapardld arrangement, theelectric current isdivided
between dl thedectrodesinrel ation to theres stance of
theindividua cell. Therefore, thedectrodeplateswere
arranged in paralel. There werefour electrodes con-
nected inabipolar modeinthedectrochemica reactor,
eachonewithdimensonsof 8cm X 8.4cmX.3cm. The
total effective surface area of each electrode was
64cm?2.The e ectrode plateswere cleaned manudly by
abrasionwith sandpaper, and they weretreated with 15%
HCI for deaningfollowed by washingwith distilled wa:
ter prior totheir use. Thed ectrodeswere spaced 1.5cm
gpart (because <10 mm spacing between e ectrodes pre-
vented movement of liquid adsorbateintheinterdtitial
gpacesof thedectrodesthus, hindering/affectingremova
efficiency). Theanode and the cathodeleadswere con-
nected to therespective terminalsof DC power supply.
Thethicknessof the plateswas 3.00mm. Magnetic stir-
rer was used to agitate the solution. At the end of the
experiments, samplewasfiltered toremovedudge. The
filtered liquid wasused for color, BOD and COD andy-
gs Thecharacteristicsof effluent areandyzed usingthe
followingtechniqueand arereportedinTABLE 3.

Deter mination of color

The samplewas centrifuged at 10,000rpm for 30
mintoremoveadl the suspended matter. ThepH of su-
pernatant was adjusted to 7.6 by the addition of 2M
NaOH and absorbance wasmeasured at 465 nm. Color
units(CUs) weredetermined from UV- visspectropho-
tometer.

Deter mination of biochemical oxygen demand

The 5-day BOD of sample was determined at 20
oC using standard dilution technique according to the
AmericanPublic Hedth Association (APHA), 300 m
of samplewastakeninair tight BOD bottleandkeptitin
incubator for 5daysat 20 oC. Dissolved oxygen con-
centration (DO) wasmeasured initially and after 5 days
of incubation. BOD wasca culated fromthedifference
betweeninitid andfind vaueof dissolved oxygen.

Chemical oxygen demand

COD was determined by the open reflux method
according toAPHA™, Inthismethod, the samplewas
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refluxed with potassium dichromate and sulfuric acid
for 2 hand then titrated with ferrousammonium sulfate
and COD was cdl cul ated.
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Figurel: Batch-scale EC reactor with bipolar electrodesin
Parallel connection

RESULT AND DISCUSSION

Effect of current density

Many authorshaveworked on theeffect of current
dengity andfind that current density hassignificanceef-
fect on efficiency of electro coagulation process. The
experimentswere carried out by varying current den-
sty and observationisshowninfigure 2 figure 3 figure
4. Theremova of color, COD, BOD wasincreased
with increasing current density because of increasein
the gasbubblesdensity with reductionintheir szeen-
hances upwardsflux resulting increased pollutant deg-
radation and dudgefloatation. Theremoval of color,
COD and BOD wereincreased withincreasing current
density. Optimum condition for the current density was
observed at 25mA/cm2 current density for 60min of
electro coagulationtime. After 60min of eectro coagu-
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Figure?2: Effect of current density on per centagecolor re-
moval (rpm =100, pH -7, temperature=280C, NaCl concen-
tration =1g/l, electrodedistance=1.5cm).
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lation not show any sgnificant improvement on the per-
centage of color, COD and BOD removal.
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Figure3: Effect of current density on percentageCOD re-
moval (rpm =100, pH 7, tem-perature=28°C, NaCl =19/,
electrodedistance=1.5cm).
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Figure4: Effect of current density on percentageBOD re-
moval (rpm =100, pH 7, temeperature 28°C,NaCl = 1 g/l,
Electrodedistance=1.5cm).

Effect of pH

pH is an important parameter for the
€l ectrocagulation process. Following arethereaction
takeplaceonduminum sacrificid eectrodesduringthe
oxidationinacidand akali medium/#.,
For acid condition

Al — AP+ +3e (6h)

APt 4+ 3H,0 — Al(OH); + 3H*
For alkali condition
Al — AlP* +3e-
i I i 3 (2)
3H,0 + 3e~ — (3/2)Hy(g) + 30H

2Al + 6H,0 + 20H — 2Al(OH);~ +3H,
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Sinceinitially amorphousAl(OH)3 haslarge surface
areas, which arebeneficia for aquick adsorption of
sol uble organic compoundsand entrapping of colloida
particlesand hence more reduction of color, COD and
BOD withincreasing pH up to 7.further increasing in
pH beyond 7 reduction of color, COD,BOD decreases
because of Al(OH)4 which does not contributeto the
reduction of color, COD and BOD! 3,

8

Effect of pH
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Figure5: Effect of pH on per centagecolor removal (rpm =
100, current density = 25 mA/cm2, temperature = 28°C,
NaCl =1 g/l, electrodedistance=1.5cm
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Figure6: Effect of pH on percentage COD removal (rpm=
100, current den-sity = 25 mA/cm2, temper ature = 28°C,
NaCl =19/, electrodedistance=1.5cm)

Effect of rotational speed

The effect of rotational speed was observed by
varying therotational speed from50to 200 rpmitis
found that with increasing in rotationa speed from 50
to 200 rpm significantly increasesthe percentagere-
duction of COD and BOD up to 100 rpm because of
increasesinintendty of turbulencewith rotational speed
and reduced thediffusion layer thickness of eectrodes
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surface. Beyond the 100 rpm no significant increasesin
COD, BOD removal was observed because of com-
pletemixing.
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Figure7: Effect of pH on percentageBOD removal (rpm =
100, current dendty =25 mA/cm2, temper ature=28°C, NaCl
=19/, electrodedistance=1.5cm)
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Figure 8 : Effect of rotational speed (rpm) on percentage
color removal (pH 7, current density =25 mA/cm2, temper a-
ture=28°C, NaCl = 1gl/l, electrodedistance=1.5cm).
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Figure9: Effect of rotational speed (rpm) on percentage
CODremoval (pH 7, current density =25 mA/cm2, temper a-
ture=28°C, NaCl = 1gl/l, electrodedistance=1.5cm).
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Figure10: Effect of rotational speed (r pm) on per centage
BOD removal (pH 7, current density =25 mA/cm2, temper a-
ture=28°C, NaCl = 1gl/l, electrodedistance=1.5cm).

Effect of NaCl concentration

Theeffect of NaCl concentration on color removal
efficiencyisgivenin Fgure12. Color removd increased
from 86% to 99% as NaCl concentration increased
from0.5to0 2 g/l. Whenthechlorideis present inthe
solution, the products of anodic dischargeare Cl2 and
OCI-. This OCI- acted as a strong oxidant agent to
removeorganic molecules. NaCl not only increasesthe
conductivity, but a so contributes as strong oxidizing
agents and hence color removal increases>%1, The
presence of NaCl hasaconsiderable effect on the per-
centage COD and BOD.
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Figure11: Effect of NaCl concentration on percentage color
removal (pH 7, current dendty =25 mA/cmz2, temper ature=
28°C, rpm =100, electrodedistance=1.5cm).

Effect of electrodedistance

Electrode distance hassignificant influenceonthe
color, COD, BOD removal. It is observed that with
increasingin electrode distance between 1.5- 6cm The
percentageremoval of color, COD and BOD increases
further increasingin electrode distance beyond 4.5cm
did not get any improvement on the percentage color,
COD and BOD remova becausetheé ectric potentia

———y  Snoivonmental Science

Au Tudian Yournal



120 Treatment of pulp and paper effluent by electro coagulation ESAIJ, 8(3) 2013

Current Research Paper

between the e ectrodes decreasewhileincreasing elec-
trodedistance.

90

80

0
g 0 Effect of Nadl concentration
§ 0 - —+05
g4 +1
ME ey

& =i=)

10

0+ :

] 10 0 30 a 50 60

Time{minl
Figure12: Effect of NaCl concentr ation on per centage COD
removal (pH 7, current dengity =25mA/cm2, temper ature=
28°C, rpm =100, electrodedistance=1.5cm).
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Figure13: Effect of NaCl concentration on per centageBOD
removal (pH 7, current density =25mA/cm2, temper ature=
28°C, rpm =100, electrodedistance=1.5cm).
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Figure 14 : Effect of electrodedistanceon percentagecolor
removal (pH 7, current density =25mA/cm2, temper ature=
28°C, rpm =100, NaCl =1g/l).
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Figure15: Effect of electrode distanceon per centage COD

removal (pH 7, current dendty =25 mA/cmz2, temper ature=

28°C, rpm =100, NaCl =1 g/l).
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Figure 16 : Effect of electrodedistance on per centageBOD
removal (pH 7, current density =25 mA/cmz2, temper ature=
28°C, rpm =100, NaCl =1g/l).
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dendgity =25mA/cm2, temper ature=28°C, rpm =100, NaCl
=1g/).

and presented in Figure 17. The power consumption
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per unit Color removal,BOD, COD remova were103
kWh/kgat pHO 7 < 112.9kWh/kg at pH0 9 < 143.24
kWh/kgat pHO 11 < 180 kWh/kg at pHO05< 375 kWh/
kg at pHO 3. Thus, power consumption in COD re-
moval point of view, EC at pHO 7 is better becauseit
takes miminum power consumption than power con-
sumption required at other Ph.

CONCLUSION

Electro Coagulationisafeasible processfor the
trestment of the pul p and paper industrieseffluent waste
water, characterized by the high oil and greases con-
tent, fluctuated COD, BOD and SS Concentrations.
TheTreatment of wastewater usnga uminum e ectrodes
wasaffected by theinitia pH, the current density, elec-
trodes distance, NaCl Concentration, rotational speed
The results showed that optimum operating conditions
werefoundto beaninitia pH of 7, current density of
25mA/cm?, rotational speed of 100 rpm, NaCl con-
centration of 1 g/l and eectrolysistimeof 60min. This
experimenta study clearly showed that under the opti-
mal conditions, about 92% color, 89% COD and 85%
BOD were successfully removed. Thedecolorization,
COD and BOD percentageremova werefoundtoin-
crease with theincreasein sodium chloride concentra-
tion, current density, impeller rotationa speed. Power
consumption wasfoundto lowest at 7 pH. From the
experimental resultitisfound that el ectro coagulation
technique could be successfully used for therecovery
of water from pulp and paper industries effluent for re-
use.
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