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Removal Accompanying Increase in Dissolved
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Abstract—In the present scenario of indian economy, sugar
mills and distilleries are backbone of agro-industrial
economy.At the same time these industries are facing severe
effluent treatment problemsThey treat effluent by
conventional methods which are not adequate In the present
work attempt is made to remove organic matter from the
effluent by using bagasse flyash as an economical adsorbent.
The studies were carried out in a batch operation to optimize
the parameters like adsorbent dose, pH, initial concentration
and contact time. The dissolved oxygen of the diluted effluent
(1% concentration) was also reported along with COD.
Experimental results for 100 ml of batch sample indicates that
with an increase in adsorbent dose, COD decreases steeply up
to 3 gm, and remains constant with further increase in
adsorbent dose. Moreover, the dissolved oxygen of a diluted
effluent (1% concentration) was found to increase from 3 mg/l
to 8.5 mg/l. This analysis shows the importance of increased
dissolved oxygen content for the aquatic life. The optimum pH,
contact time and initial concentrations were found to be 6, 2.5
hr and 6000 mg/l respectively.

Index Terms—Batch adsorption, flyash, Chemical Oxygen
demand, dissolved oxygen

|. INTRODUCTION

In todays world distilleries have their own succesful
contribution to countris economy.Ethyl alcohol, the major
product of distilleries is going to be very valuable because
of rising fuel prices. Among the raw material sources for
distillery, two very important raw materials are cane sugar
molasses and beet sugar molasses. Didtillery waste water
(stillage) is the main by product originating in the
digtilleries, and its volume is 10 times of ethanol produced..
It is not surprising that the utilization of the stillage raises
serious problems, and that many attempts have been made
all over the world to solve them.

Didtillery wastewater is usually comprised of high
volume of greatly acidic matter which presents many
disposal and treatment problems. Waste streams generally
contain high levels of both dissolved organic and inorganic
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materials.

The treatment of the effluent for removal of organic
matter can be carried out by various chemical and biological
methods. Still there is potential for adoption as an important
method for it. Activated carbon adsorption can be
considered as one aternative. But 10-20 % loss during
regeneration is a limitation to this method considering huge
size of effluent treatment plants and the quantity of the
effluent. The limit for disposing off the effluent to the river
and inland water is 250 mg/l. The DO of the effluent ranges
from zero to 4 for the distillery effluent.

The adsorption operation exploits the ability of certain
solid to preferentially concentrate specific substance from
solution onto their surfaces. In this manner, the component
of either gases or liquid solutions can be separated from
each other. The scale of operations range from the use of a
few grams of adsorbents in the laboratory to industrial
plants with an adsorbent inventory exceeding 35000 kg The
adsorption is effective method for removal of inorganic and
organic pollutants from effluent of various process
industries.

Adoptation of bagasse flyash, a sugar industry solid waste
into zeolitic material for the uptake of phenol was studied
by Shah et al. [1]. Ahamaruzzaman [2] has studied Role of
flyash in removal of organic pollutants from wastewater.
Removal of dissolved organic matter by granular-activated
carbon adsorption as a pretreatment to reverse osmosis of
membrane bioreactor effluents was studied by Reznik et.
al.[3]. Marin and. Beiras [4] have carried out work on
adsorption of different types of dissolved organic matter to
marine phytoplankton .

Matilainen et al. [5] presented coagulation and
flocculation as effective methods for removal of natural
harmful organic matter from water. Ren et. al.[6]
experimentally reported the application of carbon nanotubes
(CNTs) as a new type of adsorbents for the removal of
various inorganic and organic pollutants, and radionuclides
from large volumes of wastewater.

Hami et al. [7] investigated effective use of powdered
activated carbon (PAC) on the performance of a pilot-scale
laboratory dissolved air flotation (DAF) unit. Experimental
findings shows that for dosages of activated carbon in the
range of 50-150 mg/l, the removal efficiencies for BOD
increased from 27—70% to 76-94% while those for COD
increased from 16-64% to 72—92.5% for inlet values of 45—
95 mg/l and 110-200 mg/I for BOD and COD respectively.

Alvarez et al. [8] reported the application of a
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simultaneous combination of ozone and granular activated
carbon as a tertiary treatment of a wastewater generated
from the activity of various food-processing industries.
Chaudhari et al.[9] carried out experimental investigations
on the removal of molasses-derived color and chemical
oxygen demand from the biodigester effluent of a molasses-
based alcohol distillery effluent treatment plant using
inorganic coagulants. Flocculation with carbon was found to
be a better alternative to the conventional aerobic treatment
process of the biodigester effluent.

Mohana et al. [10] presented an overview of the pollution
problems caused by distillery spent wash, the technologies
employed globally for its treatment and its alternative use in
various  biotechnological  sectors.  Satyawai  and
Balakrishnan [11] presented a review of the existing status
and advances in biological and physico-chemical methods.

Adsorption is a low cost and important physical process

for the treatment and renovation of wastewater. Activated
carbon is a highly effective low cost adsorbent and shows
10 15 % carbon loss during regeneration. Reader and
Miller [12] studied the effect of estimations of ultraviolet
absorption spectra of chromophoric dissolved organic
matter on the uncertainty of photochemical production
calculations.
Hyung and Kim [13] have used natural organic matter for
adsorption to multi-walled carbon nanotubes and also
observed the effect of natural organic matter characteristics
and water quality parameters. COD is the amount of oxygen
consumed for oxidizing the organic matter. In the present
study the oxidizing agent used is potassium dichromate.

The minimum requirement of DO content for the aquatic
life is 5 mg/l. The dissolved oxygen is very significant
characteristic of the effluent. The effluent containing very
low DO is harmful for agquatic life because it affects
adversely the DO of the reservoir or river in which it is
disposed. The maximum DO that water can have is caled
saturation DO which is 9.1 at 20 °C. The DO is inversely
proportional to temperature. The factors affecting the
dissolved oxygen are: reareation, deoxygenating, respiration
and photosynthesis [14, 15]. If the DO of the water is less
than saturation DO then the mass transfer of atmospheric
oxygen into the water takes place. A deoxygenation is
mainly due to utilization of dissolved oxygen by the organic
matter in the wastewater. Respiration is the oxygen
consumption by fishes and other aguatic life. Photosynthesis
is carried out by the plant in the process of utiling food to
synthesize energy. In this process oxygen is evolved. [16].

Oxygen consumption values can be used to quantify the
amount of organic matter present in the wastewater. The
typica COD and BOD of the digtillery effluent are 70000-
100000 and 45000-60000 respectively. By using primary
and secondary treatment it can be brought down to 5000 —
8000. For further removal of organic matter many advanced
methods have been tried. The UASB reactor for post
treatment of distillery waste water was reported by Musee
et. al. [17].A Distillery spentwash was treated in the hybrid
anaerobic reactor by Guptaand Singh [18].

This paper presents the experimental investigations of
adsorption process for removal of organic matter using
bagasse flyash from digtillery effluents. The effects of
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various parameters like adsorbent dosages, pH, initia
concentration and contact time on chemical oxygen demand
and dissolved oxygen were also reported with their optimum
values.

II.EXPERIMENTAL WORK

The following parameters were optimized during the
study: adsorbent dosage, pH, Contact time and initial COD.
For al the above parameters 100 ml of distillery effluent
was taken into 500 ml conical flasks and adsorbent was
added. The flasks were kept on shaker and the samples were
filtered and collected for analysis. The COD of the effluent
and DO of the diluted effluent (1% concentration) were
measured for each run. The dissolved oxygen was measured
by using soil and water analysis kit by inserting the
electrode probe into the wastewater.

For the measurement of COD, the waste water containing
known amount of potassium dichromate with known
normality was kept at 150° C on COD digestion apparatus
(spectralab-2015 M) for 2 hours. From the literature and the
available data, two hours are sufficient for the organic
matter to decompose.

The blank containing distilled water instead of waster
water in the sample tube is also kept at same temperature
and for same duration. Silver sulphate and mercuric sulphate
are used to fasten the process of decomposition. After two
hours the samples were cooled and titrated with Mohrs salt
(Ferrous ammonium sulphate) of known concentration using
ferroin indicator. The difference in the burette reading for
blank and the sample is indicator of the difference in
potassium dichromate concentration. The COD is estimated
by calculating the equivalent concentration of organic
matter required for the consumption of potassium
dichromate.

I1l. RESULTSAND DISCUSSION

A. Effect of Adsorbent Dosage

Fig.1 presents the variation of chemical oxygen demand
and dissolved oxygen with variation in adsorption dosages.
The effect of adsorbent dosage was studied by keeping the
initial concentration, pH and contact time constant. It was
observed that an increase in adsorbent dose favors the COD
removal. This dependence becomes more insignificant at
higher doses of adsorbents. This may be because of inability
of the adsorbate to utilize the adsorbent, and at very high
concentration all the organic matter may not have reached to
the entire adsorbent surface. The optimum adsorbent dose
was found to be 3 gm for 100 ml of effluent. The DO of the
diluted effluent (1% concentration) increased from 3 mg/l to
8.5 mg/l, after this adsorbent dosage the corresponding DO
of the diluted effluent approaches a constant value.

B. Effect of pH

Fig. 2 depicts the variation of Chemical oxygen demand
and dissolved oxygen with PH. The effect of pH on the
COD removal and DO diluted effluent (1% concentration)
was observed by keeping other parameters constant.
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Adsorption phenomenon is analogous to ion exchange
process. The pH of the aqueous solution has significant
effect on organic matter adsorption by the adsorbent; pH of
the solution also influences the actives sites and therefore,
solution chemistry. Effect of variation of pH on COD is
presented in Fig. It is observed from same figure that the
COD remova rate increases with increase in pH up to the
value of 6 and decreases further with increase in pH .The
rate of COD removal of organic matter increases with
increasing pH valued from 3 to 6. Further increase in pH
doesn’'t favor the adsorption. It is also seen from present
study that % removal of organic matter observed to be
maximum at corresponding pH value of 6.The dissolved
oxygen content goes on increasing in between pH of 6 and
7. Further it dropsto 5 at the pH of 10.
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Fig 2. Effect of PH

The vaue of optimum DO diluted effluent (1%
concentration) was observed to pH isfound to be 6 to 7.

C. Effect of Contact Time

Fig. 3 indicates the variation of Chemical oxygen demand
and dissolved oxygen with contact time. The effect of
contact time on COD of the effluent and DO of diluted
effluent (1% concentration) was studied by keeping the
adsorbent dose and pH at optimum level i.e. 3 gm per 100
ml and 6 respectively. As contact time was increased the
COD removal was found to increase up to 150 minutes.
There after the adsorbent saturates and further increase in
contact time has no effect on the COD removal. Also DO
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level increases from 3 mg/l to 8.5 mg/l. The optimum
contact time was found to be 150 minutes.
7000

6000
5000
4000
3000

Dissolved oxygen (mg/l)

Chemical oxygen demand (mg/l)

1
O P N W b~ OO N 0 ©

2000
—0— COD (mg/l) E
1000 f —a— DO (mgll) 4
0 2 2 2
0 50 100 150 200
Time (minute)

Fig. 3 Effect of contact time

D. Effect of Initial COD

Fig. 4 shows the variation of % COD remova and % DO
increase with initiadl COD. The effect of initiad COD i.e.
organic matter concentration on COD removal and DO was
studied. The samples of various COD concentration were
obtained by diluting the effluent. The % COD remova is
high at high initial COD. This is because of high
concentration  difference.  Excessively high initia
concentration is not desirable.

The optimum initial concentration depends on the
capacity of the adsorbent to adsorb the adsorbate. In the
present case the initiadl COD concentration of 6000 mg/l is
found to be the optimum for the maximum COD removal of
78%. The increase in DO of diluted effluent (1%
concentration) is found to be 166%, with decrease in the
initial COD from 6000 mg/l to 500 mg/l, the % COD
removal decreased from 78% to 25%.
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Fig.4 Effect of initial COD

E. Adsorption Isotherm

Freundlich isotherm is presented in following empirical
equation -X/M =b C*™

InX/M =Inb+ mInC*. Here X/M isthe catalyst loading
, C* is the equilibrium concentration of organic matter, b
and m are constants.

Fig.5 shows the equilibrium data for Freundlich
isotherms. At initial concentration of 6000 mg/l the effluent
was treated with different amount of adsorbents M. The
equilibrium concentration C* was determined by allowing
sufficient time to attain the equilibrium concentration C*and
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same was plotted against X/M. The amount of adsorbate
adsorbed (X), is the difference between initial concentration
C,and C’, the equilibrium concentration.

It is observed from Fig.5 that adsorption process for
present study reasonably follows the Freundlich adsorption

pattern. The values of b and m are observed to be 1339.43
and 0.707 respectively.
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Fig. 5. Freundlich isotherms

IV.CONCLUSION

The bagasse flyash is found to be effective adsorbent. The
% COD remova obtained was 78 to 85. The adsorbent
dosage, pH, contact time and initial concentration of organic
metter have significant effect on the COD remova and
dissolved oxygen. The dissolved oxygen content of the
wastewater is the indicator of its organic matter.

(e}

Higher the COD minimum is the DO, because DO
is consumed by organic matter. If COD is less then
corresponding value of DO expected to be higher.
It is aso found that there is a certain limit for
increasing the adsorbent doses for given amount of
effluent. This has to be carefully controlled. An
excess use can leads to uneconomical process. The
initial concentration plays an important role
throughout the adsorption. The optimum initia
concentration was also reported in the present
study.

The adsorption was found to favor in acidic
conditions. The data obtained from the present
study is directly applicable for continuous column
design in order to decide various main parameters
such as height of adsorption column, initial
concentration, residence time and flow rate.

The flyash can be regenerated by thermal
regeneration in multi hearth or rotary furnace in
presence of steam to volatize and carbonize organic
matter. Other chemical and biological methods are
also available. Regeneration and disposal depends
on the amount and the availability of the adsorbent.

APPENDIX
BOD  hiological oxygen demand
COD chemical oxygen demand
CNT  carbon nanotubes
DAF  dissolved air floatation
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(14]
(19]
(16]
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DO dissolved oxygen
PAC  powdered activated carbon
UASB  upflow aerobic sludge blanket
reactor
Symbols
C equilibrium concentration
(0 initial concentration
M mass of adsorbent
bm  constants
X Amount of adsorbate adsorbed

V. REFERENCES

B. Shah, R. Tailor and A. Shah, “Adoptation of bagasse flyash a
sugar industry solid waste into zeolitic material for the uptake of
phenol”, Env. .Progress and Sustainable Energy, 30(3), 2011, 358-
367.

M.Ahamaruzzaman, “Role of flyash in Remova of organic
pollutants from wastewater” , Energy Fuels, 23 (3), 2009, 1494—
1511.

S.G. Reznik, |. Katz, C.G.Dosoretz, “Removal of dissolved
organic matter by granular-activated carbon adsorption as a
pretreatment to reverse osmosis of membrane bioreactor effluents’,
Water Research, 42(4), 2008, 1595-1605.

P S. Marin and R. Beiras “Adsorption of different types of
dissolved organic matter to marine phytoplankton and implications
for phytoplankton growth and Pb bioavailability”, J. Plankton
Res., 33(9), 2011, 1396-1409.

A.Matilainen, M. Vepsalainen, and M. Sillanpaa “Natural organic
matter removal by coagulation during drinking water treatment: A
Review”, Adv. in Colloid and Interface Sci., 159(2), 2010, 189-
197.

X. Ren, Changlun C.M. Nagatsu, and X.Wang, “Carbon
nanotubes as adsorbents in environmental pollution management:
A review”, J. Chem. Eng., 170(2-3), 2011, 395-410.

M.L. Hami, M.A. Al-Hashimi, and M.M. Al-Doori, “Effect of
activated carbon on BOD and COD removad in a dissolved air
flotation unit treating refinery wastewater”, Desdination, 216(1-3),
2007, 116- 122.

P.M.Alvarez, J.P. Pocostales, and F.J. Beltran “Granular activated
carbon promoted ozonation of a food-processing secondary
effluent”, J. Hazard. Materials, 185(2-3), 2011, 776-783.

P. K.Chaudhari, I. M.Mishra, and S. Chand “Decolourization and
removal of chemical oxygen demand (COD) with energy recovery:
Treatment of biodigester effluent of a molasses-based alcohol
distillery using inorganic coagulants’, Colloids and Surfaces
Physicochem. Eng. Aspects, 296(1-3), 2007, 238-247.

S. Mohana, B.K. Acharya, and D.Madamwar “Distillery spent
wash: Treatment technologies and potential applications—A
Review”, J. Hazard. Materials, 163(1), 2009, 12-25.

Y. Satyawali, and M. Balakrishnan, “Wastewater treatment in
molasses-based alcohol distilleries for COD and color removal-A
review”, J. Environ. Mgmt., 86(3), 2008, 481-497.

H.E. Reader and W.L. Miller, “Effect of estimations of ultraviolet
absorption spectra of chromophoric dissolved organic matter on
the uncertainty of photochemical production calculations’, J.
Geophysical Research, 116(9), 2011, 1029-1039.

H. Hyung and JH. Kim, “Natura organic matter (NOM)
adsorption to multi-walled carbon nanotubes: effect of NOM
characteristics and water quality parameters’, Environmental
Science and Technology, 42(12), 2008, 4416-4421.

E. B. Besselievne, and M. Schwartz, “The Treatment of Industrial
Waste” 2nd ed., McGraw Hill Koga Kusha Ltd, 1976.

Metcalf and Eddy “Wastewater Engineering, Treatment and
Reuse” 4th ed., TataMcGraw Hill, 2003.

P.N.Modi “Sewage Treatment and Disposal and Wastewater
Engineering” Standard Book house Delhi, 1st ed., 280-300, 2001.
N. Musee, M.A. Trerise, and L. Lorenzen, “Post-treatment of
Distillery Wastewater after UASB using Aerobic Techniques’, S.
Afr. J. Enal. Vitic, 28(1), 2007, 50-53.

S. K. Gupta, and G. Singh “Anaerobic Hybrid Reactor — A
promising Technology for the Treatment of Distillery Spent
Wash”, J. Indian School of Mines, 11(1), 2007, 25-38.



International Journal of Chemical Engineering and Applications, Vol. 2, No. 6, December 2011

Mr. Sunil J. Kulkarni has received B.E. and M.E.
degree in Chemical Engineering from Tatyasaheb
Kore Ingtitute of Engineering and Technology,
Warananagar, Maharashtra - India in 1998 and
2006 respectively. He is presently working as
Assistant Professor in  Chemical Engineering
department, a Datta Meghe College of
Engineering, Airoli, Navi Mumbai. His research
areas of interest include Adsorption and
Wastewater Engineering

Mr. Suhas V. Patil has received B.Tech. and
M.Tech. Degrees in Chemical Engineering from
Dr. Babasaheb Ambedkar Technological
University, Lonere-India in 1995 and 2005
respectively. He has been awarded Gold medal
for M. Tech. Chemica  Engineering
Examinations. He is presently working as
Associate Professor and Head of Chemical
Engineering department, at Gharda Institute of
Technology, P.O. Lavel, India. His research

areas of interest include Heat transfer augmentation and heat exchanger

network analysis.

438

Y.P.Bhalerao  graduated in Chemical
Engineering from University Department of
Chemical Technology, Jalagaon, Maharashtra in
2000.He obtained M.Tech. in Chemical
Engineering from Dr.BATU, Lonere in 2006.
Currently, He is an Assistant Professor in the
Department  of  Chemical Engineering,
S.R.Shroff Ingtitute of chemical Technology,
vataria, Gujarat, India. His research interests
include Pinch analysis and application.





