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Abstract — Adsorption is one of the most commonly and
effectively used operation for treatment of Industrial
wastewater. The conventional flow sheet for treatment
Industrial waste water treatment used by most of the
industrial units includes primary treatment, followed by
secondary and tertiary treatments. During primary treatment,
viz. Neutralization of the wastewater, the salt concentration
increases substantially and salts in high concentration inhibit
biological activity in the subsequent stages and may cause an
increase in non-settleable suspended solids in the treated
wastewater. Hence, an alternative flow sheet is proposed,
wherein adsorption with low-cost adsorbent — Lignite could
be employed prior to the conventional primary treatment for
increasing efficiency of the biological treatment.
Experiments have been performed with adsorbents —
Activated Carbon & Lignite on Acidic and Neutralized
streams of effluent samples from H acid dye Unit. The results
obtained are highly motivating as the Chemical Oxygen
Demand (COD) reduction is found to be much better in this
modified route for the both adsorbents. Further, the
exhaustive experimental data has been obtained and the
tabulated results are extremely optimistic and suggest that the
proposed flowsheet gives better results in less time.
Therefore, it can be concluded that changing the conventional
flowsheet to the proposed modified flowsheet will lead to
increased capacity of the existing waste water treatment
facility. Further, adsorbents — Lignite also gives comparable
adsorption capacity in comparison to activated carbon.
Lignite being the cheapest adsorbent in comparison to
Activated Carbon, it is expected to be highly cost-effective
proposal. Thus, Lignite can be replaced by Activated Carbon
and conventional effluent treatment flowsheet can be
modified to have increased output and double cost benefits.
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I. INTRODUCTION

Industrial development has given a lot of impetus to the
human society and civilization and propelled its growth, but
the other side of the coin has posed a grave danger to the
environment. The enormous amount of pollution that the
industrialization has produced, seems to get the blind eye of
all in the early stages. Also, the large assimilating capacity of
the environment mitigated a lot of the pollution related
disasters for long. But the unprecedented increase in the
pollution levels started rasing the alarms in the nature in the
form of various catastrophic events. Among all the different
forms of of pollution, water pollution is very grave as it has
been one of the most polluted natural resources. Industrial
effluent has turned out to be a very big menace for our water
bodies like oceans, rivers and ponds. The solution to this
problem keeping in view the importance of Industrial growth

and advancement is the bottleneck. The very nature of the
effluent is the signature of the fact that it is a complex process
to bring down its hazardous nature and toxicity below the
prescribed limits. Of all the techniques and process for
treatment, Adsorption is considered to be the simplest, robust
and most cost effective. The inherent advantage of this
process is the wide range of adsorbents available and their
reasonable cost in comparison to other chemicals and
expensive methods. When we dig in with the adsorbents, we
find that Activated Carbon is the undoubted leader and enjoys
the maximum share among all adsorbents. Consequently, a
lot of work and study have been carried out using it. Of late
the researchers have found that other substances and in
particular colonial cousins of Activated carbon like Lignite
also have good adsorption properties and are at the same time
much cheaper than Activated Carbon. So the present work
has been carried out using Lignite as the Adsorbent.
Conventional Industrial effluent treatment involves primary,
secondary and the tertiary treatment. The concentration of
solid increases during neutralization of the wastewater with
acid/ alkali in primary treatment, which adversely affects the
subsequent adsorption process. So here adsorption will be
carried out in the first place followed by Physico-Chemical/
Biological treatment. The conventional flow sheet of waste
water treatment used by most of the industrial units includes
primary treatment, followed by secondary and tertiary
treatments. During primary treatment, neutralization of the
wastewater results in to increase of salts. Salts in high
concentration inhibit biological activity and may cause an
increase in non-settleable suspended solids in the treated
wastewater. The flow sheet given subsequently is therefore
proposed, wherein adsorption could be employed, prior to the
conventional primary treatment for increasing efficiency
further treatment.

This is expected to reduce refractory organics COD
of the wastewater substantially at the first stage of wastewater
treatment itself facilitating further treatment. From multi-
stage production processes used in the production of organic
chemicals, wastewater stream is likely to contain several
organics as well as inorganic substances including products,
intermediates, side products, by products and unreacted raw
materials.
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The industrial waste water being highly complex
and varying widely in the absorbability of the compounds
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present, the detailed analysis of such wastewater streams and
study of their adsorption on different adsorbents is very
complex. It was therefore decided to consider COD as the
measured parameter, reflect the practical aspects of
wastewater treatment on the industrial scale. Thus such a
study should be of much relevance to the industry in selecting
cost effective wastewater treatment technique for complying
with the statutory regulations. The common trend that we
generally find is of preparing a synthetic mixture of known
solutes and then carrying out Adsorption. This restricts the
application of these results into industries as the Industrial
effluent is highly complex and is multi solute. The multiple
solutes present in the effluent leads to various synergistic
effects which makes the results obtained from synthetic
single solutes highly erratic when applied.

II. METHOD USED FOR COD DETERMINATION

For the contact time experiments, two waste water samples
from Dyes and Intermediates were collected from and H Acid
plant in labeled carboys and the carboys were then sealed.
The samples are of Acidic stream and neutralized stream.
These samples were directly from the process plant streams
before these had any chance of getting mixed with any other
stream. In most of the cases these were concentrated streams,
often referred as mother liquor. While carrying out
experimental studies on the waste water from each carboy
sample was analyzed for COD. During experiment 250 ml of
sample was taken from the respective carboy in a cylindrical
flask. In which 1% (2.5gm) Lignite (A/C) was added in to the
flask and magnetic stirrer was started. 5-10 ml of sample was
drawn in time interval of 10, 30, 60, 90, 120 min from this
mass. Then Filtered on filter paper and the filtrate analyzed
for COD. At the end of 2 hr the stirring was stopped and the
experiment was terminated. The experiments were repeated
with 2% A/C, 3% A/C and 4% A/C. All the experiments were
carried out at room temperature of around 30°C.

III. COD ANALYSIS METHOD USED

—  Take 2 ml of sample.

—  Take 10 ml potassium dichromate (0.25 N) in COD flask.

— Add 0.4 gm mercuric sulphate (HgSO4) in it.

—  Take 30 ml COD sulphuric (H>2SO4 + Ag>SO4)

—  Cool it up to room temperature.

— Add effluent sample in COD flask up to yellowish green
color appears.

— If x ml effluent is added then 20 — xml distilled water it
to be added in flask.

—  Put for Digestion in COD reactor at 150°c for 2 Hrs.

—  Then cool it up to room temperature.

— Titrate this solution with Ferrous Ammonium Sulphate
(0.IN) note this as actual reading using ferroin as
indicator.

— Make another titrate sample without effluent sample &
note this as Blank reading using ferroin as indicator.

oD = (Blank BR — Actual BR) x 0.25N x 8 x 1000

Volume of Sample Taken

IV. OBSERVATION TABLES & GRAPHS

Experiments were conducted from real effluent samples from
two different industries. Adsorbent used was Lignite and four
different Adsorbent Concentrations, viz. 1%, 2%, 3% and
4%.

A. Observation tables for the first industry using Lignite:
1) 1% Lignite

Time Acidic % COD Red
Initial 47500
10 45500 4.21
30 44440 6.44
60 36500 23.16
90 35000 26.32
120 34500 27.37
Neutralised
Initial 54000
10 52100 3.52
30 48500 10.19
60 45700 15.37
90 44900 16.85
120 44300 17.96
2) 2% Lignite
Time Acidic % COD Red
Initial 47500
10 42500 10.53
30 39000 17.89
60 34500 27.37
90 32000 32.63
120 31500 33.68
Neutralised
Initial 54000
10 51000 5.56
30 47800 11.48
60 43500 19.44
90 42300 21.67
120 41800 22.59
3) 3% Lignite
Time Acidic % COD Red
Initial 49500
10 44000 11.11
30 38000 23.23
60 33000 33.33
90 31000 37.37
120 29500 40.40
Neutralised
Initial 54000
10 50000 7.41
30 45500 15.74
60 41800 22.59
90 40000 25.93
120 39000 27.78
4) 4% Lignite
Time Acidic % COD Red
Initial 49500
10 43500 12.12
30 37000 25.25
60 31000 37.37
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90 29500 40.40 e o ~N
120 27000 45.45 4% Lignite (LG)
Neutralised

Initial 54000

10 49200 8.89
30 45000 16.67
60 40700 24.63

Graphs for first industry using Lignite:
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1) 1% Activated Carbon

Time Acidic % COD Red
Initial 48500
30 46500 4.12
e N 60 41000 15.46
2% Lignite (LG) 90 38600 20.41
120 36000 25.77
Neutralised
£ //“ Initial | 53000
5 L 10 51600 2.64
2 V4 g"‘g‘t‘;g; 30 49000 7.55
[~ 60 46100 13.02
g Neutralised 90 44800 15.47
O Stream 120 43600 17.74
X 2) 2% Activated Carbon
Time Acidic % COD Red
Time (min) Initial 48500
10 46500 4.12
) 30 43000 11.34
60 37500 22.68
Ve N 90 34900 28.04
3% Lignite (LG) 120 32500 32.99
Neutralised
Initial | 52500
E / 10 50800 3.24
g r 30 47700 9.45
S Z o o— Acidic 60 44400 16.98
[~ Stream 90 42600 22.30
g . 120 40700 27.70
@] == Neutralised 3) 3% Activated Carbon
N Stream Time | Acidic | % COD Red
Initial | 48500
Time (min) 10 45500 6.19
30 42600 12.16
60 37000 23.71
90 34400 29.07
- / 120 31900 34.23
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Neutralised
Initial 52500
10 50200 4.38
30 48100 8.38
60 43800 16.57
90 41600 20.76
120 39000 25.71
4) 4% Activated Carbon
Time Acidic % COD Red
Initial 48500
10 45200 6.80
30 42000 13.40
60 35800 26.19
90 32800 32.37
120 29900 38.35
Neutralised
Initial 52500
10 49900 4.95
30 47400 9.71
60 42400 19.24
90 39400 24.95
120 36600 30.29

D. Graphs for first industry using Activated Carbon.
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V. DISCUSSION

Above we find a tabular and graphical representation of the
experiment performed. We can see that for Acidic stream the
% COD reduction are 27.37, 33.68,40.40 and 45.55 as
compared to 17.96,22.59,27.78 and 31.11 for Neutralized
streams when using 1%, 2%, 3% and 4% Lignite respectively.
Similarly, for Acidic Streams % COD reduction are 25.77,
32.99, 34.23, 38.35 as compared to 17.74, 24.70, 25.71 and
30.29 for Neutralized streams when using 1%, 2%, 3% and
4% Activated Carbon respectively for the first industry As is
very evident from the data and graph, Adsorption using
Lignite is giving much better results in Acidic stream than on
the neutralized stream. Also we can see that the results given
by Lignite are better than Activated Carbon.

VI. CONCLUSION

The tabular data, graphical representation and subsequent
discussion makes it very clear that adsorption using
Adsorbents will yield much better results on Direct acidic
streams from the Industry rather than on Neutralized stream
after the Neutralization stage. It implies a dual advantage of
higher COD reduction than the Conventional treatment and
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also a better performance of the subsequent Biological
process. This hints at a very significant modification and
advantage in the treatment of Waste water, wherein for
existing units, effluent can be treated in less time or newer
units can treat more effluent in the same time, thereby we can
conclude that the proposed Modified route will lead to
increased output of Common Effluent Treatment Plants
(CETP) for Industrial effluent treatment and at the same time
using low cost adsorbent-Lignite will give better performance
than Activated Carbon thus leading to double financial gains
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