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ABSTRACT

Modern environmental legislation is becoming mucbreminternationally coherent and less prescriptiand
focused on prevention of pollution through contsbhazardous materials and processes as well gsrotection of
eco-systems. Active Pharmaceutical Intermediatem fivaste water streams of APl companies are enggrgin
contaminants in the aquatic environment, becausé¢heir adverse effect on aquatic life and humansese
contaminants are high in COD and difficult to treaiblogically. A number of technologies have been developed
over the years to remove organic matter from indalstivastewater. The most important technologieslude
coagulation/flocculation process, membrane filtoati and oxidation process. These methods are gkyera
expensive, complicated, time consuming and requskiifed personnel. The high cost of coal-basedvattd
carbons has stimulated the search for cheaper mdtives. Low cost and non-conventional adsorbeikis |
activated carbon, Lignite, Fly ash, Neem tree |saaee used as a adsorbents for removing COD ofdtndhl waste
water. Activated carbon is a commonly used adsdrbesugar refining, chemical and pharmaceuticadustries,
and water and wastewater treatment. Increasing irequents for clearer and more polished effluentrfrmany
processes suggest that, barring the developmem¢wftechnologies, industrial need for activatedboar will only
increase in future. Fly ash has shown quite effecidsorbent capacity for COD reduction from thdustrial
wastewater. Though its capacity is lower than tbhtommercial grade activated carbon, the low miatetost
makes it an attractive option for the treatmentrafustrial waste water which contains phenolic connpds. The
study aims at demonstrating that adsorption asfitst stage of treatment increases efficiency &f shhbsequent
biological treatment. Experiments are carried out different wastewater samples from chemical plaors
adsorbents viz. activated carbon, bentonite, agdité. The effectiveness of adsorbents in the rehwivefractory
organics by way of reducing chemical oxygen densmdi colour is evaluated. The results of COD redrctare
fitted into different models available in literatuincluding the new model Rathi Puranik equatiohicW requires
least experimentation for predicting COD values

Keywords: Adsorption efficiency, low cost adsorbents, R&hranik model, Phenolic compound, COD removal.

INTRODUCTION

Cleaner production

The primary function of the economic activitiegsasprocess input resources (raw materials, enevgier, etc.) into
usable outputs. However all the inputs are notsftamed into products? The portion that does nbtrgasformed
into useful outputs comes out as wastes. This fmamation into waste depends on the technology eyaad and
efficiency of the process.

Since the 1960’s, mostly, problems with emissiohpallutants from industrial sources to the envirant were
addressed by the utilization of end of pipe (EOBlution control technologies. These approachesiced the
direct release of some pollutants to achieve regtacompliance but did not really solve the probde Often, the
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pollutants were only transferred from one sink e bther. Additionally, end —of- pipe treatmentvisry cost
intensive with huge operation and maintenance @sarg

Since 1972, pollution control patterns have beguwhtange. During the 1970s and 1980s, various gtaiand
strategies emerged, such as minimization of wastsce reduction instead of end-of-pipe treatmpaliution
prevention, and “no or less” waste generation sce

Cleaner Production (CP) on the contrary is a coms®emse approach: Instead of treating waste andsiemssin
end-of-pipe treatment plants, we try to define waysprevent the production of the pollutants. Thfgproach
includes organizational changes, motivation anihitrg for good housekeeping as well as changeavinmaterials,
process technology, internal and external recycling

CP Concept

Cleaner production is a pro-active and integratellit®on to pollution problems by eliminating or rezing
pollutants at the source during the course of pctdn processes. Cleaner production , with gretlity and
buoyancy, begins a new era of “Pollution Prevenition the history of environmental protection andl lWwecome
the best approach for pollution control in this neamtury.

Cleaner Production concepts have consequencebdartiole life cycle of a product and can foster iowements
in product design, selection of raw materials,céficy in production and energy usage, safety dumanufacture
and consumer use, reparability, and recyclables.

More specifically, Cleaner production aims to regltice consumption of natural resources per ungrofiuction,
the amount of pollutants generated, and their enwirental impact, while making alternative produatsd
processes financially and politically more attreeti As the European Environmental Agency stat€edner
Production is about the creation of a truly sustdife econoniy Cleaner Production brings economic benefits via
increased resource efficiency, innovation and rédnc

What is Cleaner Production?

Cleaner Production can be defined as: A new andtigeeway of thinking about products and the preessthat
makes them. It is achieved by the continuous agiitin of strategies to minimize the generation efsi@s and
emissions.

Cleaner Production means improvements to a pramugtiocess do the process uses less energy, watdhar
input, or generates less waste or less environiheht&mful waste.

Cleaner Production means increasing productiortieffcy while at the same time minimizing waste dhe
pollution of our environment.

UNEP Definition of Cleaner Production:
“Cleaner Production means the continuous applinattd an integrated preventive environmental sthatég
processes and products to reduce risks to humahnharenvironment”.

“Cleaner Production is a forward-looking, ‘anticipaind prevent’ philosophy

Paracetamol is one of the most common drugs usethanworld, and is manufactured in huge quantities.
Paracetamol was first synthesised by Morse in 187he reduction of p-nitrophenol with tin in glatacetic acid.
The p-aminophenol produced by the reducing actfdhetin was acetylated in situ by the acetic acid

Paracetamol (acetaminophe;(4-hydroxyphenyl) acetamide) has analgesic andpyetic properties, but no
relevant anti-inflammatory action. It is used foettreatment of various mild to moderate pain cihon$ and to

reduce fever. Despite a long therapeutic use, #ehanism of action of paracetamol is unclear. R#aawol is one
of the most popular analgesics as single drug ondfti-ingredient preparations, often in combinatiwith weak

opioids.

Routes available for production of Paracetamoal:
Being an important pharmaceutical product (drugkapetamol can be manufactured by different routésrid
over, the following four routes have been establisfor the manufacture of Paracetamol:

- Phenol Route

- Para Nitrochloro Benzene (PNCB) Route
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- Nitrobenzene Route
- Para Hydroxyacetophenone Hydrazine (PHAPH) Route

The first three routes have been employed sinde tprig. In India first two routes are widely usedthe production of
Paracetamol.

Para Nitrochlor o Benzene Route(PNCB)
Currently, almost 100% of paracetamol productioshiemical industries is followed by PNCB route. 81s route
of production can be considered as the most poputaress route. The reaction scheme is given asrund

Scheme of reaction:
Reaction — 1: Unit Process — Neutralization

i ONa
@—_\IaOH -_— @ + H:0
NO;

NO»

p - nitroChlorobenzene

Reaction — 2: Unit Process — Nitration

ONa o
@ + HNO;+H,80, — | O | + H:0
I

NO, NO»

p - Nitro phenol
Reaction — 3: Unit Process — Reduction

H H
é +3H, —— + 2H,O

NO» NH;
p - Nitro phenol p - Amino phenol
Reaction — 4: Unit Process — Acetylation
OH OH

@ +(CH;CO)-0 — @ + CH;COOH
NH; NHCOCH;
p - Amino phenol Paracetamol

Process Description:

Currently, all production of paracetamol follows ©Bl process route. Manufacturers of paracetamatdimal follow

PNCB route and iron / hydrogen reduction to geRanmino phenol (PAP), an intermediate for paracetaim the

process, Chlorobenzene with hydrolysis is carriedl loy the reaction of 9% caustic soda solution with
nitrochlorobenzene. The reaction mass is filtensdl &ith suitable process control and proper desighe reactor,
the yields could be optimized, resulting into lowequirement of inputs and generation of lower dties of

effluent. The sodium salt of p-nitrophenol is thesated with concentrated sulphuric acid at 35-4%®itrophenol
is filtered. With proper filtration and water wasdikaline liquor trapped into sodium salt of p-ajthenol could be
minimized and thereby consumption of sulphuric aftid neutralization could be reduced. The dissolgatts

content in the acidic effluent could also be redice

Sodey -4

PARACETAMOL

Fig: 1 Production of paracetamol from P-Nitrochloro Benzene (PNCB)
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p-Nitrophenol is reduced with iron at 90-100°C temgiure in wooden vat. The reaction temperaturaiged by
direct injection of steam. On completion of redaotiwater is added to the reaction mass, iron slusigemoved by
filtration and the filtrate is cooled to 15°C p-Amoiphenol is filtered and the filtrate is collectéihis filtrate,

containing p-aminophenol could be re-used in thiucdon step 4-5 times before being dischargedffaseat.

Proper design of the reduction vessel along witimapm stirring speed should also result in the ioyement of the
yields. The iron sludge could be used for makiranioxide for red oxide primers. Catalytic hydrogéma or

electrolytic reduction of p-nitrophenol is likelp tgive higher yields and avoid solid wastes. Hye@rogransfer
catalysis is likely to give all these advantageisheut handling hydrogen gas. Pure p-aminophenmpsrted to be
prepared by adding more p-nitrophenol to the reaatixture (if the reaction has gone to completi@ajusting the
pH between 5.0 and 6.5 and separating the p-nitroglphase and the p-aminophenol could be purifiediving

treatment with carbon in aqueous hydrochloric amitlition and it could be stabilized by the additafnsodium

sulphite.

The acetylation of p-aminophenol to crude paracetam carried out by the addition of acetic anhgdri No

attempt is made to control the temperature of ¢iisthermic reaction. The temperature could incréasaround
80°C. After cooling, crude paracetamol is filterdthe crude paracetamol is given charcoal treatraedt pure
paracetamol is recrystallized in water. The wetecalf paracetamol is centrifuged, dried and packeike

temperature control during acetylation may ensupiete acetylation of p-aminophenol and reductbrside

products formation. The filtrate, after filtrationf crude paracetamol, is dilute acetic acid sofut@mntaining
unreacted p-aminophenol and paracetamol. Secomdatylation may ensure that the conversion of paaptienol

is complete. With solvent extraction, paracetanmlld be recovered and dilute acetic acid could 8oche uses.
The filtrate obtained after filtration of pure paegamol could be re-used in the purification step tBnes before
being discharged as effluent. Paracetamol coultebevered from this effluent by lowering its termgitere or by
solvent extraction or by salting out. This wouldpirove the yields.

Experimental Work:

Considering the limited resources usually availdblemall and medium enterprises, it is appareatt anly simple
and low-cost wastewater treatment methods can bafoupractice by these companies. Accordinglyrkvoan be
undertaken by using inexpensive adsorbents vizitéigrflyash, bentonite and activated carbon fordging

adsorption characteristics with respect to the ¢gdn of COD and color from concentrated wastewategams
from the pharmaceutical plant which contain phenotimpound.

Adsor ption of pollutants from effluent stream of paracetamol manufacture;

Objective:

Whereas activated carbon is the most widely usetbradnt, it is found to be quite expensive. Consgidethe
resource constraints experienced by the small sodlestries, they use adsorption technique onlit i cost
effective. Inexpensive adsorbents like lignite éeditonite could be, therefore, considered for tetastudies with
respect to their performance in treating diffeneaste water streams from paracetamol manufactptang.

Approach:

The conventional flow-sheets of industrial wastewateatment shown below include the primary tresthoil and
grease removal, pH adjustment and clarificatioa,d6condary treatment which may consist of biokdfibemical
treatment and clarification, and depending on thelity of the waste water and the statutory disgbastandards,
tertiary treatment with activated carbon.

Waste
water Physicochemical/ Treated
pH — | Biological Adsorption Waste
i treatment - — | Water
adjustment

During primary treatment, neutralization of the teawater results in to increase of salts. Saltsigh concentration
inhibit biological activity and may cause an in@ean non-settleable suspended solids in the ttemtste water.
The flow sheet shown below is, therefore, proposhdrein adsorption with inexpensive adsorbentsnipleyed
prior to the conventional primary treatment forrgsing the efficiency of subsequent biologiceadtimeent.
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Waste

water pH Treated
— Paysicochemmical/ | Waste

— | Adsorption adstment | = Biologcal |, water

freatment

This is expected to reduce refractory organics e as BOD of the wastewater substantially at ih& Etage of
wastewater treatment itself, facilitating furthegatment.

Rathi-Puranik mathematical model:
Experimental data obtain in present investigatias lbeen co-related by Rathi-Puranik equation wisias under:

Log (CODRT)=mt+C

Where,

CODRT= (ci-c)/t

ci= initial concentration
c= concentration at time t
T=time in minute

C= constant

Log (CODRT) values have been plotted against timalithe plots. Straight line nature of all thetglindicates that
all the data obtained in the present investigatambe co-related satisfactorily by Rathi-Puramjlagion.

Discussion for Phar maceutical acidic effluent for COD values
Observation for COD value vs time for liquid effhdetreatment using adsorbent activated carbon aydtd
powder, this adsorption operation carried out ned¢hstages.

Experiments and Results:

In this we do the experiments with Activated carlamd lignite.In which we take 250ml of effluent galemand we
add activated carbon in terms of weight percergféiient volume. similarly we do for the lignite drollow the
standard method of GPCB for the COD testing. We thle readings for various time interval for adi¢acarbon
and lignite. We do Experiment with 1% to 4% actaghtarbon and lignite.

Experimental observation for COD reduction of acidic Phar maceutical sample

Table -1 Adsorption with 1% activated carbon

Sample(250ml) with 1% activated carbon(2.5)
Time | Blank | Sample | Nomality | MWof | Volume |COD | COD*10 | %COD
(min) | readmg | reading | of FAS | oxygen |of
sample
initial | 10 21 0.2 8000 |10 1580 | 15800 |-
10 10 225 0.2 8000 |10 1550 | 15500 | 1.898
20 10 255 0.2 8000 10 1500 15000 | 5.063
30 10 29 0.2 8000 10 1420 14200 10.126
4 10 33 0.2 8000 |10 1340 [ 13400 | 15189
60 10 375 0.2 8000 10 1250 12500 | 20.886
90 101 45 0.2 8000 |10 1120 [ 11200 29114
120 101 5.05 0.2 8000 |10 1010 ] 10100 136075

1283
Pelagia Research Library



YVinesh V. Rakholiya et al

Adv. Appl. Sci. Res., 2012, 3(3):1279-1291

coD (mg/lit)

COD vs Time

18000

16000
14000

12000

10000

8000

6000

=¢—COD vs Time

4000

2000

(o] T

0 50

100

150

Time (min)

Fig: 2 Effect of Time on COD Reduction
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Fig: 3%Cod Vs Time

Table: 2 Rate of Cod by Rathi-Puranik M odel

ci c t Codrt = (ci—c)/t LOG(CODRT)
mint
15800 15800 nitial -
15800 15500 10 30 1.477
15800 15000 20 40 1.602
15800 14200 30 53.33 1.726
15800 13400 45 53.33 1.726
15800 12500 60 55 1.740
15800 11200 90 51.11 1.708
15800 10100 120 47.5 1.677
Log(CODRT) vs Time
35
20 =0.5857x- z.%/
_25
/ |
o / e=t=Log(CODRT) vs Time
515
= 10 / Linear (Log(CODRT) vs
5 / Time)
L4
0 T T T !
0 20 40 60 80
Time (min)

Fig: 4 Log(CODRT) VsTime
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Table-3 Adsor ption with 2% activated carbon

Sample(250ml) with 2% activated carbon(Sgm)

Time | Blank | Sample | Normality | MW of | Volume | COD | COD*10 | %COD
(mu) | readmg | readmg | of FAS | oxygen |of

sample

mitial | 10.1 225 025 8000 |10 1570 | 15700

10

101 255 025 3000 |10 1510 | 15100 |3.822

20

10.1 2.95 025 8000 |10 1430 | 14300 | 8917

30

101 35 025 8000 |10 1320 | 13200 | 15.924

[

101 41 025 3000 |10 1200 | 12000 | 23.567

60

101 48 025 8000 |10 1050 | 10500 | 33.121

90

101 355 025 8000 |10 912 9120 41910

120

101 6.5 025 3000 |10 720 7200 45.859

COD VS TIME(2% AC)

600 e==COD VS TIME(2% AC)

0 50 100 150
TIME(min)

Fig: 5 Effect of Time on COD Reduction
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Fig: 6% COD VsTime

Table:4 Rate of COD by Rathi-Puranik M odel

ci c t Codrt =(ci—¢)/t LOG(CODRT)
mint

1570 15700 initial - -

1570 15100 10 60 1.7781
1570 14300 20 70 1.845
1570 13200 30 83.33 1.9208
1570 12000 45 82.222 1.9144
1570 10600 60 85 1.9294
1570 9120 90 73.23 1.8653
1570 720 120 70.833 1.8502

Pelagia Research Library

1285



Vinesh V. Rakholiya et al Adv. Appl. Sci. Res., 2012, 3(3):1279-1291

Log(CODRT) vs Time
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Fig: 7 Log(CODRT) VsTime

Table: 5 Adsorption with 1% Lignite

Sample (250 ml) with 1% lignite (2.5gm)
Time |Blank | Sample | Normality | MW of | Volume |COD |COD*10 | %COD
inmin |reading |reading | of FAS | oxygen |of
sample
itial | 10.8 28 0.25 8000 10 1600 | 16000 -
20 108 205|023 3000 10 1570 | 15700 | 1.875
30 108 3.05 0.25 8000 10 1550 | 15500 3.125
45 108 33 0.25 8000 10 1500 | 15000 6.25
60 10.8 35 0.25 8000 10 1440 | 14400 8.75
90 108 37 0.25 8000 10 1420 | 14200 11.25
120 10.8 3.85 023 8000 10 1390 | 13900 13.125
COD vs Time
16500
?16000
< 15500
515000 \
§ 14500 \\ =g COD vs Time
14000 ~9
13500 T T 1
0 50 100 150
time (min)

Fig: 8 Effect of Time on COD Reduction

=4=9COD vs Time

%COD vs Time
14
12 Pd
10 P
a g -
g s o
° 7
2 ~
0 : . .
0 50 100 150
Time (min)

Fig: 9% COD VsTime

Table: 6 Rate of COD by Rathi-Puranik M odel

i T c CODRT = (ci<)/t | Log(CODRT)
i

16000 0 16000 - 0

16000 20 15700 15 1.176
16000 30 15500 16.67 1222
16000 45 15000 20 1346
16000 60 14600 1333 1124
16000 90 14200 20 1301
16000 120 13900 17.5 1243
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Log(CODRT) vs Time
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122 Y
12 —— Linear (Log(CODRT) vs
1.18 "/ Time)
1.16
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Fig: 10Log(CODRT) VsTime

Table: 7 Adsorption with 2% Lignite

Sample (250ml) with 2% lignite (5 gms)
Timein Blank  Sample | Normality | MW of | Volume | COD  COD*10 | %COD
min reading reading | of FAS | oxygen | of
sample
Initial 109 29 25 8000 |10 1600 16000 |0
15 109 32 023 8900 |10 1540 15400 | 375
30 109 34 023 8000 |10 1530 15000 | 6.25
45 109 37 023 8000 |10 1440 14400 |10
60 109 408 23 8000 |10 137 13700 | 14375
120 109 465 025 8000 |10 1250 12500 | 21.875
150 109 54 023 8000 |10 1110 11000 |3125
180 109 57 023 8000 |10 1040 10400 |35
COD vs Time
20000

15000 s

E 10000

IS —4==COD vs Time

© 5000

0 T T T "
0 50 100 150 200
Time (min)

Fig: 11 Effect of Time on COD Reduction
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T T 1
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Fig: 12%COD VsTime
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Table: 8 Rate of COD by Rathi-Puranik M odel

ai T c CODRT=(ci-c)/t | LOG(CODRT)
min
16000 0 16000 0 0
16000 15 15400 40 1.602
16000 30 15000 26.67 1.425
16000 45 14400 40 1.602
16000 60 13700 46.67 1.669
16000 120 12500 20 1.301
16000 150 11000 50 1.698
16000 180 10400 20 1.301
Log(CODRT) Vs Time
1.8

1.4 +

~

RT)
i
o

a 1

(0]

£ o038

og(

= 06

0.4

0.2

50

100

Time (min)

150

200

==g==_0g(CODRT) Vs Time

Linear (Log(CODRT) Vs
Time)

Experimental observation for COD reduction of Neutralize Phar maceutical sample

Table: 9 Adsorption with 1% Activated carbon

Fig: 13Log(CODRT) VsTime

Sannple(130ul) with 1% activated carbon(1. Sgm)
Time | Blak | Sople  Normality | MW of | Vohume | COD | COD*10 | %COD
(min) |reading |reading ofFAS | oxygen |of
sanple
mial 102|515 025 8000 |10 | 1010 | 10,100
0 102 |53 025 (8000 |10 970 |9700 |39
0 [102 |56 025 8000 [10 |90 9200 |8l
300 1102 |39 025 |%000 |10 |80 |8600 | 1485
§ 1102 |63 025 8000 |10 |70 |7800 |27
60 1102 |68 025 8000 |10 |e80 | 6800 | 3067
COD Vs Time
12,000
10,000
- o~
£ 8,000
Ee,ooo \
g 4,000 e=g==cod Vs Time
2,000
0 T T T ]
0 20 40 60 80
Time (min)

Fig: 14 Effect of Time on COD Reduction
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%COD Vs Time
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Fig: 15%COD VsTime
Table: 10 Rate of COD by Rathi-Puranik M odel
a T c CODRT = (ci-c)'t | Log(CODRT)
min
10100 0 10100 - 0
10100 10 9700 40 1.602
10100 20 9200 45 1.653
10100 30 8600 50 1.698
10100 45 7800 5111 1.708
10100 60 6800 55 1.740
Log(CODRT) Vs Time
1.76
1 - 0.0026x+4.50575%
/
I ———
g5 168 / =9=—Log(CODRT) Vs Time
L 166
E 1.64 ;/ .
L // 1|__|_near (Log(CODRT) Vs
e 1 ime)
1.58 T T T 1
0 20 40 60 80
Time (min)

Fig: 16 Log(CODRT) VsTime

Table: 11 Adsorption with 1% Lignite

Sample(150ml) with 1% Lignite(].5gm)

Time |Blank | Sample | Nommality MWof | Volume | COD | COD*10 | %COD
{mn) |reading |reading | of FAS  oxygen |of

sample

mtial | 10.2

351025 8000 |10 1390 | 13900

34 025 8000 |10 1360 | 13600 | 2.158

3.6 0.25 8000 |10 1320 | 13200 |5.035

385025 8000 |10 1270 | 12700 | 8.633

42 025 8000 |10 1200 12000 | 13.67

10 102
20 102
30 102
En) 102
60 102

475 1025 8000 |10 1090 [ 10900 | 2L58
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Fig: 17 Effect of Time on COD Reduction
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Fig: 18% COD VsTime

Table: 12 Rate of COD by Rathi-Puranik M odel

i T ¢ CODRT =(ci-c)'t | Log(CODRT)
it
13900 0 13900 - 0
13900 10 13600 30 1477
13900 ] 13200 35 154
13900 30 12700 40 1.602
13900 45 12000 22 1.625
13900 60 10900 50 1.698
Log(CODRT) Vs Time
1.75
17 y=0.0041x + 1.4535
= 165 /
é 16 / —4—Log(CODRT) Vs Time
? 155 // Linear (Log(CODRT) Vs
15 Time)
Ve
1.45 T T T 1
0 20 40 60 80
Time (min)

Fig: 19 Log(CODRT) VsTime

Effect of time of contact:
As expected as time increase value of COD redugdtioreases with increase in time and after thagestreach
when further increase in COD reduction value icfically increase small.

Thus it is seen from graph that as the contacinoé¢ increases from 10min to 2hr the reduction ofDC@lue
increses. Initially in the time period of 10min@6min the span of COD reductionis higher than tdfdaime period
of 1hr to 2hr.
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Further COD reduction values for the case of lgmbwder are little lower than activated carbonanrmatherwise
identical condition.

Effect of quantity of adsor bent:
Quantity of adsorbent is utilize has been change ft% to 2% adsorbent used.

As expected when quantity of adsorbent is increfisesalues of COD reduction increases. Under therwise
identical condition as quantity adsorbent increasem 1% adsorbent to 2% adsorbent COD reductidnesa
increases substantially. However when quantitydsbaption increases from 3% to 4% the values of G&duction
increases marginally.

Comparision of adsorbent activated carbon and lignite powder
In the case of acidic efffluent where in valuesG®D reduction were comparable slightly lower fosadbent
lignite powder than activated carbon.

In the second case where in neutral effluent hasa bensider for adsorption, similar trend is obsdrv

Hence activated carbon can be replaced by ligmiteder since experimental result of COD reductiolu@s do not
differ much.

CONCLUSION

All the above observation for the two cases undesitieration clearly indicate that values of CODfiTthe case
of acidic effluent are higher than the values of O for the case of neutral effluent. Thus by mgidi§ industrial
effluent treatment flow sheet by carrying of adsiomp operation initially than at the end, ratesG®®DRT can be
increased under otherwise identical condition.

Hence, in industry, adsorption operation can bdopmed for contact time 30min and higher rates @DC
reduction for acidic effluent can be utilized coniemntly to carry out “Effluent Treatment” more effavely. Thus,
either in existing plant, more quantity of effluecin be handled, or keeping effluent quantity saefiyent
treatment can be carried for lesser contact tirhesToperational cost can be decreased for thedattigories.
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